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Change 1

HP-IB Programming Manual Part

Chapter 3 HP-IB Programming Reference

The following HP-IB commands have been added to the HP 87510A with firmware revision
2.02.

LMAXS?
LMINS?
MAXD?
QUTPPEAK?
RPLPPS?
SEET
SINDTMEM
SINSPEAK
TARLRP?

SINDTMEM {ON|OFF}
SINDTMEM ON makes the analyzer store data trace to the sub-trace with each sweep. (Query)

SINSPEAKU{ON|OFF} . »
SINSPEAK ON makes the analyzer search the maximum or minirmum point with each sweep.

OUTPPEAK?
Qutputs the maximum and minimum values when SINSPEAK is set to ON. (Query)

Query response. {minimum value}{stimulus value at the minimum point}{maximum
value}{stimulus value at the maximum point}{maximum value ~minimum value}{number
of points at minimum point}{number of points at the mazimum point}<new line><"END>

- TARLRBP? valuel value2

Searches the point at a specified target point from 2 point at a specified stimulus value. (Query)

valuel target value
value? start point to search

Query response. {stimulus value of left target point},{stimulus value of right target
point}<new line><"END>
MAXD?

Qutputs the maximum and minimum of difference between Data Trace and Sub-trace (Data
Trace — Sub Trace). (Query only)

Query Response. {Minimum value},{stimulus value at minimum point},{maximum
value},{stimulus value at the maximum point}<new line><"END>
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RPLPPS?

Searches for the maximum ripple peak to peak value and outputs the resultant data and
stimulus values at these points. (Query only)

Query Response. {maximum ripple peak},{stimulus value at local maximum
point},{stimulus value at local minimum point} <new line><"END>

LMAXS?U value

Outputs the nth local maximum value and stimulus value from the left of range which is set by
the ANARANG command. (Query only)

value 1~

Query response. {n th local maximum value},{stimulus value at the local maximum point}
<new line><"END>

3.40282347E + 38 will be output when no appropriate points are found.

LMINS?Uvalue

Outputs the nth local minimum value and stimulus value from the left of range which is set by
the ANARANG command. (Query only)

value 1~

Query Response. {n th local maximum value},{stimulus value at the local minimum poini}
<new line><"END>

3.40282347E + 38 will be output when no appropriate points are found.

SEET {ON|OFF}
SEET ON makes the analyzer display both of text displayed using PRINT statement of HP
Instrument BASIC and measurement traces. »




Using HP Instrument BASIC with the HP 87510A Part

Page A-3, Table A-1, HP-IB Commands for EXECUTE
Add the foliowing commands to the table A-3:

LMAXS?
LMINS?
MAXD?
OUTPPEAK?
RPLPPS?
SEET
SINDTMEM
SINSPEAK
TARLRP?
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Change 2

HP-IB Programming Manual Part

Chapter 3 HP-IB Programming Reference

The following HP-IB commands have been added to the HP 87510A with firmware revision
2.10.

ATTW
UPDD

ATTW value

Sets the waiting time when the attenuator switch is changed at the power sweep mode. The
waiting time is defined by value muitiplied by 250 usec. (Option 010 only, No warning wili
be shown even if this command is executed with the HP 87510A with no option 010.) The
power-on default setting is 1 ms. The preset does not have effect on this setting.

value I~ 255

UPDDL{ON|OFF}

Sets the refresh of the display on or off. When UPDD is turned ON, the operating speed to

measure or setup will be faster. It is recommended to use this command with ALL BASIC to
avoid to make a misreading because the status display on the CRT may not coincide with a
current status when UPDD is turned OFF. This command is also effect to the list table. When

UPDD is turned OFF, the list table does not display during editing the table. This command is not

effect to the limit table.

Change 2
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OUTPUT1 Output Signal or OUTPUT2 Output Signal

This signal (latch output signal) can be set at the low or high level by inputting a negative pulse
to INPUTI or using an HP-IB command. (Related HP-IB commands: OUT1H, OUT1L, OUT2H and

OuUT2L)

PASS/FAIL Output Signal

This signal is set to a high level (positive logic} or to a low level (negative logic) when the limit
testing result is OK (PASS). It is set to a low level (positive logic) or to a high level (negative
logic) when the test result is NG (FAIL). This signal is effective only when the limit test

function is ON.

WRITE STROBE Output Signal for PASS/FAIL Output

When the limit testing result is output to the PASS/FAIL output line, a negative pulse is output
to WRITE STROBE QUTPUT. This output signal notifies external devices of the limit testing
result output to the PASS/FAIL QUTPUT.

SWEEP END Output Signal
When the HP 87510A completes a sweep, a negative pulse is output. The pulse width is 10 us.

A +5V gutput pin is provided for an external device. A maximum of 100 mA current may
be supplied. This line has no phase. However, if an excess current flows, a protective circuit
functions to cut off the main power of the HP B7510A. When the overcurrent subsides, the
main power is turned ON again. In this case, all device settings are initialized.

Figure C-2 shows the schematic drawing of input/outpul ports and control signal lines.

¥
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P 87510A
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Figure C.2. Schematic Drawing of Parallel 1/0 Ports

Pin Assignment

Figure C-2 shows pin numbers. Table C-1 shows assignment of signals to pins.

Figure C-3. Parallel I/0 Port Connector Pin Numbers
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Table C-1. Assignment of Signals to Pins (Standard)

Pin No. Signal Name Signal Standard
1 GND ov
2 INPUTI TTL level, Pulse input, Pulse width of 1 us or more
3 QUTPUTI TTL level, Latch output
4 OUTPUTZ TTL level, Latch output
5 Output port A0 TTL ievel, Latch output
6 Qutput port Al TTL level, Latch output
7 Output port A2 TTL level, Latch output
8 Output port A3 TTL level, Latch output
9 Output port A4 TTL level, Latch output
10 Output port Ab TTL level, Latch output
11 Qutput port Ab TTL level, Latch output
12 Qutput port A7 TTL level, Latch output
13 Output port BO TTL level, Latch output
14 Qutput port Bl TTL level, Latch outpui
15 Qutput port B2 TTL level, Latch output
16 Output port B3 TTL level, Latch output
17 Output port B4 TTL level, Latch output
18 Output port B5 TTL level, Latch output
19 Output port B6 TTL level, Latch output
20 Output port B7 TTL level, Latch output
21 Input/ocutput port CO | TTL level, Latch output
22 Input/output port C1 | TTL level, Latch output
23 Input/output port C2 | TTL level, Latch output
24 Input/output port C3 |TTL level, Latch output *
25 Input/output port DO | TTL level, Latch output
26 Input/output port D1 | TTL level, Latch output
27 Input/output port D2 | TTL level, Latch output
28 Input/output port D3 | TTL level, Latch output
29 Port C status TTL level, Input mode: Low, Output mode: High
30 Port D status TTL level, Input mode: Low, Output mode: High
31 Write strobe signal TTL level, Negative logic, Pulse output
32 +5 V pull-up
3% ISWEEP END signal TTL level, Negative logic; Pulse output (Width: 10 usor - -
more)
34 +5V +5V, 100 mA max.
35 PASS/FAIL signal TTL level, PASS: High, FAIL: Low, Latch output
36 Write strobe signal TTL level, Negative logic, Pulse (for PASS/FAIL) output

. _B7510-30008 Beferece Manual part, rev:2/82 B
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Table C-2. Assignment of Signals to Pins (Option 006)

Pin No. Signal Name Signal Standard
1 GND ov
2 INPUT1 TTL level,Pulse input, Pulse width of 1 us or more
3 OUTPUTI TTL level, Latch output
4 OUTPUT2 TTL level, Latch output
5 Qutput port AO TTL tevel, Latch output
6 Qutput port Al TTL level, Latch output
7 Qutput port A2 TTL ievel, Latch output
8 Qutput port A3 TTL level, Latch output
9 Output port A4 TTL level, Latch output
10 Output port A5 TTL level, Latch output
11 Output port A6 TTL level, Latch output
12 QOutput port A7 TTL ievel, Latch output
13 Output port BO TTL level, Latch output
14 Output port Bl TTL level, Latch output
15 Output port B2 TTL level, Latch output
16 Output port B3 TTL level, Latch output
17 QOutput port B4 TTL level, Latch output
18 Not used
19 Cutput port B5 TTL level, Latch output
20 Output port B6 TTL level, Latch output
21 QOutput port B7 TTL level, Latch output
22 Input/output port CO |TTL level, Latch output
23 Input/output port CI | TTL level, Latech output
24 Input/output port C2 |TTL level, Lateh output H
25 Input/output port C3 | TTL level, Latch output
26 Input/output port DO |{TTL level, Latch output
27 Input/output port D1 | TTL level, Latch output
28 Input/output port D2 | TTL level, Latch output
29 Input/output port D3 | TTL level, Latch ouiput
30 Port C status TTL level, Input mode:Low, Output mode:High
31 Port D status TTL level, Input mode:Low, Qutput moede:High
32 Write strobe signal TTL level, Negative logic, Pulse output
33 |SWEEP END signal TTL level, Negative logic, Pulse output (Width:10 us or more)
3 PASS/FAIL signal TTL level, PASS:High,FAIL: Low, Latch output
35 +5V +5 V, 100 mA max.
35 Write strobe signal TTL level, Negative logic, Pulse output
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HP-IB Commands for Parallel I/0 Port Control

The HP-IB commands related to parallel /O ports are summarized below. For more information
on HP-IB commands, see the HP-IB Programming Manual.

Note The HP-IB commands summarized below are used to control the standard
i Paralle! 1/O and Option 006. For the HP-IB commands related to Option 005
w (8-bit 1/0), see Appendix D.

Data Output Commands

The following commands output data to the corresponding ports (A to H). When ports C, D,
E, F, G, and H are used as output ports, ports C and D must be defined as output ports using
HP-IB commands (COUT and DCGUT).

m OUTAID outputs 8-bit data to port A.
DUTBIO sutputs 8-bit data to port B.
QUTCIO outputs 4-bit data to port C.
QUTDIO outputs 4-bit data to port D.
OUTEID outputs 8-bit daga to port E.
OUTFIO outputs 16-bit data to port F.
DUTGIO outputs 20-bit data to port G.
QUTHIO cutputs 24-bit data to port H.

Data Input Commands

The following commands read data from the corresponding input ports (C to E} and returns the
values to the HP-IB. Before receiving data, ports C and D must be defined as input ports using
HP-IB commands (CIN and DIN).

S
m OQUTPINPCIO? reads 4-bit data from port C and returns its value to the HP-IB.
= QUTPINPDIO? reads 4-bit data from port D and returns its value to the HP-IB.
s OUTPINPEIO? reads 8-bit data from port E and returns its value to the HP-IB.

Commands for Setting Input/Output Directions of Ports C and D

The following commands set the input/output directions of ports C and D. When the power is
turned ON, ports C and D are defined as input ports. Pressing key do not affect this
setting. This setting is saved to an instrument state file using the Save function.

. m. CIN defines port C_as an input port.
w COUT defines port C as an output port.
a DIN defines port D as an input port.
= DOUT defines port D as an output port.

Positive and Negative Logic Setting Commands

The following commands set positive or negative logic for port input/output signals and
PASS/FAIL cutput signal, When the power is turned ON, negative logic is set. Pressing
key do not affect this setting. This setting is saved to an instrument state file using the Save
function.

m NEGL sets negative logic.
m POSL sets positive logic.
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OUTPUTI and OUTPUT2 Level Setting Commands
The following commands set OUTPUTI1 and QUTPUT?Z levels:

# QUT1H sets QUTPUTI at the high level.
w QUT1L sets OUTPUTI at the low level.
m OUT2H sets QUTPUTZ at the high level.
m DUT2L sets QOUTPUT2 at the low level,

Commands for Setting OUTPUT1 and OUTPUTZ at the High or Low Level
upon input of a Pulse to INPUT1

The following commands set OUTPUT1 and OUTPUTZ at the high or low when a negative pulse
is input to INPUT!. When the power is turned ON, both QUTPUTI1 and OUTPUT? are set at
the high level. Pressing key do not affect this setting. This setting is saved to an
instrument state file using the Save function.

# QUTI1ENVH sets OQUTPUTI at the high level when a pulse is input to INPUTI.
wm QUT1ENVL sets OUTPUTI at the low level when a pulse is input to INPUTI.
w CUTZ2ENVH sets OUTPUTZ at the high level when 2 pulse is input to INPUTI1.
m OUTZENVL sets OUTPUTZ at the low ievel when a pulse is input to INPUTI.

Command for Checking Input to INPUT1

This command checks whether a pulse has been input to INPUT1. Sending this command
after a pulse is input to INPUTI will return a HIGH. If no pulse has been input to INPUTI, the
return values will be LOW. After HIGH is received, succeeding values will be cleared. (set to o

LOW)




Option 005 Parallel I/0 Mode A (8-bit)

This appendix provides information on the HP 87510A with Option 005 Paraliel [/O Mode A
{8-bit 170 port).

I/0 Port

The 1/0 port on the analyzer rear panel communicates with the external devices such as a
handler on a production line.

Pin Assignment

The 8-bit 1/0 port consists of 15 TTL compatible signals, which are 8-bit output, 4-bit inpui,
sweep end, pass/fail, and ground. The pin assignments are shown in Figure D-1.

1IN 2
H-th o
T 7 *
ouUT 5
H-out 3
OUT 3

M- SWEEP S0

e

TREY

Figure D-1. 8-bit 1/0 Port Pin Assignments

The signals carried through each pin are described below.

SWEEP.END  outputs a negative pulse when the analyzer completes a sweep. The puise
width is > 10 ps. '

QUT O thru? output signals to external devices and are controlled by two HP-IB
commands, 0UT8I0, as described below. Once QUT8IC is executed, the signal
is latched until OUT8I0 is executed again.

IN O thru 4 input signals from external devices and are read by the HP-IB command
INP8ID, as described below.
PASS/FAIL is affected only when the Limit Testing, described in “Limit Line and Limit

Testing” in Chapter 12, is active. This signal is set HIGH and LOW if the test
result is PASS and FAIL (positive logic), or FAIL and PASS (negative logic)
respectively.
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Related HP-IB Commands
There are six HP-IB commands which directly control an 1/0 port.

ouUT810

INPBIG

INPBID?

NEGL

OUTPINPSIO?

POSL

outputs 8-bit data to the QUT 0 thru 7 lines. The OUT 0 signal is the LSB (least
significant bit), while the OUT 7 signal is the MSB (most significant bit).

inputs 4-bit data from the IN 0 thru 3 signals to the analyzer’s memory. The IN
0 signal is the LSB (least significant bit), while the IN 3 signal is the MSB (most
significant bit).

inputs data from the 4-bit parallel input port to the HP 875104, and outputs
the data to the controller.

sets negative logic for the PASS/FAIL output signal. When the power is turned
ON, negative logic is set. Pressing key do not affect this setting. This
setting is saved to an instrument state file using the Save function.

is a query command which outputs 8-bit data to the controller. The data is
obtained as 4-bit data by the INP8I0 command and four upper significant bits
{(value = 0) are attached to extend the 4-bit data to 8-bit data.

sets positive logic for the PASS/FAIL output signal. When the power is turned
ON, negative logic is set. Pressing key do not affect this setting. This
setting is saved to an instrument state file using the Save function.
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Figure 2-8. Data Processing Flow
Table 2-2. HP-IB Commands to Output Data Array
Active Channel Inactive Channel
Data Output Formatted Data _ Formatted Data
Data Trace Sub Trace Data Trace Sub Trace

Complex Data at | CUTPFORMT OUTPTMEM? OUTPRIFORM? — - DUTPITMEM? -
All Points? '
Complex Data at | GUTPFORMP? OUTPTMEMP?
Specified Point?
Rea.lt]z)ata at AH jOUTPRFCRM?Y QUTPRTMEM? QUTPIRFORM? OUTPIRTMEM?
Poin

1 Number of data output is two times of the Number Of Points {(NOP},
2 Number of deta output is two (a real part and an imaginary part).
3 Number of data output is equal to NOP.

87510-50000 Programming Manual part, rev:2/92 ) _ Programming Basics  2-13




Data Transfer Using ASCIH Transfer Format (Form 4). When Form 4 is used, each number is
sent as a 24 character string, each character being a digit, or decimal point.

i0

20

30

40

50

60

70

80

90

100
110
120
130
140
180
160
170
180
190
200
210
220
230
240
250
260
270
280
280
300
310
320
330
340
350

360

370
380
390

i

! Data Transfer Using ASCII Transfer Format

]

DIM Dat(1:201),Stim(1:201)

ASSIGN CHpB7510 TO 717 ! When iBASIC is used, change "71i7" to "B0O".
ABORT 7 ! When iBASIC is used, change "7" to "8Y.
CLEAR €Hp87510

i
GUTPUT @€Hp87510;"PRESY I Preset HP 875104
OUTPUT @Hp87510;"CHAN1; AR; LOGM"

INPUT "Enter center frequency (Hz).",F_cent

INPUT "Enter frequency span (Hz).",F_span

QUTPUT QHpB7510;"CENT ";F_cent

OUTPUT QHp87510;"SPAN " ;F_span

1

Define branch when interrupt occurs
Clear status registers

Set enable bits of STB and ESB
Wait for registers are cleared
Check STB

Set enable interrupt

Sweep mode is SINGLE

Wait until sweep end

ON INTR 7 GOTO Sweep_.end

QUTPUT QHp87510;"CLES"

QUTPUT QHp87510;"*SRE 4;ESNB 1"

REPEAT

UNTIL SPOLL(€Hp87510)=0

ENABLE INTR T;2

OUTPUT ¢Hp87510;"SING"
Loop_top:G0TD Loop_top

VR ad ot sk sem amm cwe e

Sweep_end:
f
»
QUTPUT QHp87510;"POIN?" ! Query NOP '
ENTER ©Hp87510;Nop
QUTPUT @HpB7S510;"FORM4" ! Set ASCII Transfer Format
1

QUTPUT @Hp87510;"OUTPRFORM?" ! Real part of the formatted trace data
ENTER €Hp87510;Dat(%)
i

OUTPUT @Hp8TS510;"OUTPSTIM?" 1! Stimulus data
ENTER ©Hp87510;Stim(*) '

FGR I=1 TO Nop
PRINT Stim(T);"Hz",Dat(I) ;"dB"

NEXT I

END

Figure 2-9. Sample Program: Data Transfer using ASCII Transfer Format (Form 4)

Lines 260 and 270 Find out how many points to expect.

Line 280 Tell the HP 87510A to use the ASCII transfer format.

Line 300 Request the real part of the formatted trace data.

Line 310 Transfer the data from the HP 87510A to the computer, and put it in

the receiving array Dat (%),

Lines 330 and 340 Request and transfer the stimulus data.
Lines 340 through 380 Display data.

— 214 —Programming Basics
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10 H

20 ! Reading Calibration Data

30 !

40 DIM Dat(1:201,1:2)

50 DIM Head$[6]

60 ASSIGN @Hp87510 TG 717 ! When iBASIC is used, replace "717" to "800".

70 ABORT 7 ! When iBASIC is used, replace “7" to “8".
80 CLEAR @Hp87510
90 !

100  INPUT “Connect THRU and press [Return] to do cal."”,Dum$
110  GOSUB Setup
i20 GOSUB Cal

130  OUTPUT ¢Hp87510;"SAvVCH ! Re~draw trace

140  OUTPUT @Hp87510;"PUIN?T" ! Ask Number of points
150  ENTER @Hp87510;Nop ! Enter NOP

170 H

180 INPUT "Press [Return] to transmit cal data.",Dum$

190  ASSIGN @Dt TO 717;FORMAT OFF ! Set data I/0 path

200  OUTPUT ¢Hp87510;"FORM3" ! TEEE 64~bit Floating Point Format

210  OUTPUT QHp87510;"OUTPCALCO1?" ! Query calibration array

220 ENTER @Dt USING "#,8A";A$ ! Enter header

230  ENTER €Dt;Dat(*) ! Enter data

240  ENTER €Dt USING “#,1A";B$ ! Enter terminator

250 INPUT “Transmit done. Disconnect THRU and press [Return].",Dum$

260 '

270 GOSUB Setup

280  GOSUB Cal

290 OUTPUT Q@Hp87510;"SAVC" ! Re-draw trace
]

300 ¢ ¥
316  INPUT "Press [Return] to retransmit cal data.",Dum$

320  V$=VAL$ (Nop*2%8)

330  Numv=LEN(V$)

340  Head$="000000" ! Initialize header value

350 FOR I=1 TO Numv

360 Head$[7-1,7~1]=V$ [ Numv-I+1i,Numv-I+1]

370 NEXT I

380 ¢

390 OQUTPUT QHp87510;"INPUCALCC1 "; ! Store cal data by HP-IB
400 QUTPUT €Dt USING "#,8A";"#6"kHead% ! Send header oo eesme
410 OUTPUT ©Dt;Dat(x),END ! Send data

420  OUTPUT CHpBT7510;"SAVC" ! Re-draw trace

430 i

440  ASSIGN @Dt TO * ! Clear 1/0 path

460 DISP "Retransmit completed. Connect DUT."

470  OUTPUT @Hp87510;“CONT" ! Svweep mode is CONT

480 STOFP

490 !

Figure 2-15. Reading Calibration Data (1/2)
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500 Setup: !

510 F_cent=7 E+7

§20 F_span=200000.

5§30 OUTPUT ©Hp87510;"PRES;"

540 OUTPUT €HpB7510;"CHAN1; AR; LOGH"
5§50 OUTPUT ©Hp8V510;"CENT ";F_cent
560 QUTPUT €Hp87510;"SFAN ";F_span
570 OUTPUT €Hp87510;"SING"

580 RETURN

690 !

600 Cal: !

610 OUTPUT QHpB7510;"swet 4"
620 OUTPUT €@Hp87510;"CALIRESP"

630 0N INTR 7 GOTO Sweep_ end

640 OUTPUT €Hp87510;"CLES"

650 OUTPUT QHpB7510;"*SRE 4;ESNB 1"
660  REPEAT

670 UNTIL SPOLL(@Hp87510)=0

680 ENABLE INTR 7;2

690 OUTPUT €Hp87510;“STANC"

700 Loop.top:GOTO Lcop_top
710 Sweep_end:

720 ¢
730 OUTPUT QHp87510;"*0PCT"
740 ENTER @Hp87510;Dum
750 OUTPUT CHp87510;"RESPDONE"
760 RETURN
770 _END . |
Figure 2-15. Reading Calibration Data (2/2) *
Line 50 Declare the dimension part of the file header.
Line 110 Preset and set up the HP 87510A, and hoid the trigger.
Line 120 Perform a response calibration,
Line 130 Re-draw the trace with the calibration data.
Line 210 Request outputting the calibration data.’
Line 220 Enter the file header.
Line 230 Enter the calibration data.
Line 240 Enter the file terminator.
Line 280G Perform the calibration to set the correction ON, e
Line 320 Calculate the number of bytes transferred, and represents it in the
string format.
Line 330 Count the number of characters in the string which contains the
number of bytes transferred,
Line 340 Enter O as the initial value in all header arrays.
Line 350 through 370  Place the number of bytes transferred to the header array digit by
digit from the sixth array to the first array of the header.
Line 390 through 410  Send the file header and calibration data.
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OSNT

OFSD value |s]

Specifies the one-way electrical delay from the measurement (reference) plane to the standard.

- under (CAL))
value —10to 10 (s)
OFSL value
Specifies energy loss, due to skin effect, along a one-way length of coaxial cable offset.

under (CAL))
value 0 to 1.0x 10 (Q/s)

OFSZ value [ohm]
Specifies the characteristic impedance of the coaxial cable offset.

nder (CAL))
value 0.1 to 5.0x10° (0)
OPEP
Lists the key parameters for both channels 1 and 2 on the display.

- under (G3FY))

OPTT? »

Returns instalied option number of the front panel ports. If nothing is instailed, OPTI? returns
the string, “STD". If Option 004 {delete reference channel option) is installed, OPTI? returns
“0047. (query only)

OSE value
Enables the operational status register,
value 0 to 32,767

- OSER?

Outputs the current value in the event register of an operational status register.
OSNT

Sets the negative transition filter of an operational status register. For details, refer to
Appendix B. (Query)
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OSPT

Sets the positive transition filter of an operational status register. For details, refer to Appendix
B. (Query)

OSR?
Outputs the operational status register value.

OUTI1ENVH
Sets OUTPUT! set to HIGH when a pulse input has occurred at INPUTL.

OUTI1ENVL
Sets OUTPUT1 set to LOW when a puise input has occurred at INPUTL.

OUT1H
Sets OUTPUTI to HIGH.

OUTI1L
Sets OUTPUT1 to LOW.

OUTZ2ENVH
Sets OUTPUT?Z set to HIGH when a pulse input has occurred at INPUTIL.

OUT2ENVL
Sets OUTPUTZ set to LOW when a pulse input has occurred at INPUT1.

OUT2H
Sets OUTPUTZ to HIGH.

OUT2L
- Sets OUTPUT2 to LOW.

OUTSIO value
Outputs the data to the 8-bit parallel ocutput port. (Option 005 only)
value 0 to 255
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QUTPIRTMEM?

OUTPFILT? value[suffix]

Outputs filter parameters within the range specified by the ANARANG command. Command
parameter sets the offset of xdB to the maximum peak value to determine the cutoff points.
For details, refer to Appendix E. (Data format:loss, bandwidth, center frequency, Q, AL.F, AR.F

)

value Relative offset value from maximum
suffix refer to “Suffix”
OUTPFORM?

Outputs the formatted trace data (Data format: real, imaginary)

OUTPFORMP? value
Outputs the formatted trace data at the specified point (Data format: real, imaginary)

value 1 to “number of points”

OUTPIFORM?
Outputs the formatted data from the inactive channel (Data format: real, imaginary)

OUTPINPS10?
Outputs the data entered from the 4-bit parallel input port. (option 005 only)

OUTPINPCIO?
Qutputs the data entered from port C (4 bit} of the 24-bit /0 port.

OUTPINPDIO?
Outputs the data entered from port D (4 bit) of the 24-bit 1/0 port.

OUTPINPEIO?
Outputs the data entered from port E {8 bit) of the 24-bit 1/0 port.

Outputs the real part of the formatted data from the inactive channel.

OUTPIRTMEM?
Qutputs the real part of the trace memory data from the inactive channel.
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OUTPITMEM?
Outputs the trace memory data from the inactive channel. (Data format: real, imaginary)

OUTPLIMF?

Outputs the limit test results only for the failed points. (Data format: stimulus, result (always
1), upper limit, lower limit; Form 4)

OUTPLIML?

Outputs the limit test results for each point. (Data format: stimulus, result (0 for pass, 1 for
fail, —1 for no test), upper limit, lower limit; Form 4)

OUTPLIMM?

Outputs the limit test result for the marker bosif:ion. (Data format: stimulus, result (0 for pass,
1 for fail, —1 for no test), upper limit, lower limit)

OUTPMARK?

Outputs the active marker values. (Data format: marker value, marker aux. value, stimulus)

OUTPMAX?

Outputs the maximum value within the range specified with the ANARANG command. For £
details, refer to Appendix E. (Data format:maximum, stimulus) i

OUTPMEAN? ¥

Outputs the mean value within the range specified with the ANARANG command. For details,
refer to Appendix E. (Data format:mean)

OUTPMEMO?
Outputs the memory data from the active channel. (Data format: real, imaginary)

OUTPMEMOT?

Outputs memory trace value on 16 points stimulus which is set by the STIMROUT command. If
there are points that is not set by STIMROUT command, OUTPMEMOT? returns the value at 100
kHz. (Data format: real x 16)

OUTPMEMTP? value
Outputs the memory data at a specified point. (Data format: real, imaginary)
value 1 to “number of points”
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STODDISK

STDTARBI
Defines the standard type to LOAD with an arbitrary impedance.

under (CAL}; Query)

STDTDELA
Defines the standard type as transmission line of specified length.

under (CAL); Query)

STDTLOAD
Defines the standard type as LOAD (termination),

(LLD under (CALY; Query)

STDTOPEN
Defines the standard type as an OPEN.

(BPEN under (GAD); Query)

STDTSHOR
Defines the standard type as a SHORT.

under (Cal}); Query)

STIDROUT{1-16} value [suffix]

Sets stimulus of data trace up to 16 for OUTPDATAT? query. To execute STIDROUT? query, pass a
number as the parameter.

value 1 (kHz) to 300 (MHz)
suffix refer to “Suffix”

STIMROUT{1-16} value [sufix]

Sets stimulus of memory trace up to 16 for GUTPDATAT? query. To execute STIDROUT? query,
pass a number as the parameter. ' N '

value 1 {kHz) to 300 {(MHz)
syffix refer to “Suffix”
STODDISK

Selects internal flexible disk drive for mass storage device.
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STODMEMO
Selects RAM disk drive for mass storage device.

STOP value [sufiix]

Defines the stop value of the stimulus. ((STOF); Query)
Sets the stop frequency of a segment.

STOP under (MENU); Query)

value 1 (kHz) to 300 (MHz)

suffix refer to “Suffix”

STPSIZE value [suffix]
Specifies the frequency step for a list sweep table.
E- under (MENU}; Query)

value 0 to 299.999 (MHz)
suffix refer to “Suffix”

SWET value [s]
Manually sets the sweep time.

E under (MENU); Query)
value 6.0x10™* to 86,400 (s)

SWETAUTO
Automatically sets the sweep time,

under Query)

SWPT parameter
Selects the sweep type. (Query)
paremeter....... . description

LINF Linear frequency
LOGF Log frequency
LIST Frequency list

TARL? value

Outputs stimulus of first found point which has value specified by parameter of this command
from right of range which is set by ANARANG command. For more information, refer to
Appendix E. (Data format: stimulus)

value 1 (kHz) to 300 {MHz)
suffix refer to “Suffix”
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OUTPRESF?

QOUTPRESF? searches maximum local-maximum (fs) and minimum local-minimum {fp) within
specified range, then, searches x1 dB below points for both side from fs and x2 dB above points
for both side from fp. The first point founded on the left-hand side of fsis fsl, and right-hand
is fs2. In a similar way, fpl is first point found on the left-hand side of fp, and fp2 is right-hand
point. See Figure E-19.

Specified Range

Figure E-19. OUTPRESF?

Equivalent Circuit Analysis Commands

The following commands make an equivalent circuit analysis for the measurement data and
return the analysis result. The equivalent circuit analysis is made within the range specified by
the ANARANG command. FoHowing commands are only available when the polar format and
admittance conversion is selected.

The EQUCPARA? command makes a 4-device equivalent circuit analysis for the crystal resonator
and returns equivalent circuit constants. The EQUCPARA? regards the following circuits as
equivalent circuits:
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Figure E-20. Four-Device Equivalent Circuit for Crystal Resonator

C
s
Where,
Co : Parallel capacity
C : Meoetional capacity
Ls : Motional inductance
R, : Motional resistance

The EQUCPARA? command obtains the above constants in the following procedure:
1. Obtains the admittance characteristic circle diagram.
2. Obtains the susceptance {Bfs) and its frequency (fs) at the maximum conductance (Gmax)

point.

3. Obtains frequencies f, and 12 (f; < f,) of two points where the conductance is half the

maximum conductance (Gmax).

4. Assumes that the frequency at which the phase becomes 0° near the parallel resonance

frequency is f,.

5. Assumes that the frequency at which the phase becomes 0° near the series resonance .

frequency is f,.

6. Calcuiates the constants using the above values and the following equations:

Where,

— —E18—Wavelform Analysis-Commands —

Gmax
Qx B

2ufe

l
I

- QR} x 21rf5

77)
-7
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Q= 71

fo-hfi
Susceptance Gmax
2
fq
N

Gmax, Bfs

fe
|

\’_/ Conductance

fa

CABAEC®H

Figure E-21. Admittance Characteristic Chart

If there are no f, and f, points on the admittance chart, Cg is calculated using the following
equation:
Bfs

Go= 507,

EQUCPARS?

The EQUCPARS? command returns fz, fa, Jr, J1, and fz in addition to Co, Cy, Ly, and E;

which are returned by the EQCUPARA? command. For more information on paramelers, see
“FQCUPARA?",
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MANUAL CHANGES

HP 87510A MANUAL IDENTIFICATION

Gain-Phase Analyzer Model Number: HP 87510A
Date Printed: Dec. 1991

Operation Manual Part Number: 87510-80000

This suppiement contains information for correcting manual errors and for adapting the manual to newer instruments that contains
improvements or modifications not documented in the existing manual.

To use this supplement
1. Make ali ERRATA corrections .
2. Make alf appropriate serial-number-related changes listed below

SERIAL PREFEX OR NUMBER  MAKE MANUAL CHANGES SERIAL PREFIX OR NUMBER  MAKE MANUAL CHANGES

» New item

ERRATA
Using HP Instrument BASIC part

Page 7-7, Using the 8-bit |/O Port in BASIC Programs (option 005 only)

Change the description as follows: !
READIO(15,2) reads the 4-bit data from the 8-bit I/O port and returns it as a decimal value.
Page A-5, READIO
Change the table item as following:
Item Description | Range
"registér number T pumeric expression 0 Ot 800 (Select code 8)
2 to 4 (Select code 15)

2 (Select code 15: option 005 only)

NOTE
Manual change supplement are revised as often as necessary 0 keep manuals as current and accurate as possible. Hewlett-Packard
recommends that you periodically request the [atest edition of this supplement. Free copies are available from all HP offices. When
requesting copies, quote the manual identification information from your suppiement, or the model number and print date from the titie

page of the manual.

Date/Div: September,1992/33
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MANUAL CHANGES

HP 87510A MANUAL IDENTIFICATION

Gain-Phase Analyzer Model Number: HP 87510A
Date Printed: Dec. 1891

Operation Manual Part Number: 87510-90000

This suppiement contains information for correcting manual errors and for adapting the manual to newer instruments that contains
improvements or modifications not documented in the existing manual, .

To use this suppiement
1. Make all E TA corrections
2. Make all appropriate seriai-number-refated changes listed below

SERIAL PREFIX OR NUMBER  MAKE MANUAL CHANGES SERIAL PREFIX OR NUMBER  MAKE MANUAL CHANGES

All Chapter 1
32407 Chapter 2-4
» New item

This manual change sheet includes following contents:

Errata for the Operation Manual ............ - Chapter 1
.Chapter 2to 4

Supplemental information for the revision 2.0 or later

»

NOTE
Manual change supplement are revised as often as necessary to keep manuals as current and accurate as possible. Hewlett-Packard
recommends that you periodically request the latest edition of this supplement. Free copies are available from all HP offices. When
requesting copies, quote the manual identification information from your supplement, or the modsl number and print date from the title

page of the manual.

3ate/Div: September,1992/33 ﬁ HEWLETT
age 1
[F] PACKARD
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Errata for Operation Manual

This chapter provides errata correction information of for the Operation Manual.

Function Reference Part

Page 2-4, Option Available

Change Item To
Option (B0, Delete Operation Manual Option 009, Delete Operation Manual
Option 0B1, Extra Operation Manual Option 910, Extra Operation Manual

Page C-8, Command for Checking Input to INPUTI1
Change the description as follows:

INPT? command checks whether a pulse has been input to the INPUTI. Sending INPU? after
a pulse is input to the INPUT! will return 1. If no pulse has been input to the INPUTI, the
return value will be 0. Once 1 is read, this value will be cleared. (Setto 0.)

HP-IB Programming Manual Part
Change as follows:

Page 3-46, OUTPTESS? value

Outputs the specified test number’s result. For more information, refer to the Service Manual.

(Under SERVICE MENU. under (SYSTEM))

value 0 to b4

Page 3-65, TARL? value

Output stimulus of the first found point which has a value specified by the parameter of this
command for left direction from the right edge of analysis range which is set by the ANARANGE
command. For more information, see Appendix E. (Data format: stimulus)

value -5.0x10° to 5.0x10° (dB) (Log mag format)
~5.0x10° to 5.0x10° (deg) (Phase and Expanded phase formats)
—5.0x10° to 5.0x10° (s) (Delay format)
~5.0x10° to 5.0x 10° (Units) (Polar, Lin mag, Real, and Imaginary formats)

suffix refer 1o “Suffix”
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Page 3-65, TARR value

Qutput stimulus of the first found point which has value specified by parameter of this
command for right direction from the left edge of analysis range which is set by ANARANGE
command. For more information, see Appendix E. (Data format: stimulus)

value ~5.0x10° to 5.0x10° (dB) (Log mag format)
~5.0x10° to 5.0x10° (deg) (Phase and Expanded phase formats)
~5.0x10% to 5.0x 10° (s) (Delay format)
—5.0x10° to 5.0x10° (Units) (Polar, Lin mag, Real, and Imaginary formats)

suffix refer to “Suffix”

Page 3-67, xTST?
Executes a power-on self test and returns the test result,

Page E-13, OUTPXFIL?
Change Figure E-14 to the following figure:

;'““”““—“‘““—“— Specified Range ————w
: |
Insertion odR
Loss '—’—"——“}, E
T
Blocking Levet __}——1"" | ’-¢ ] i
Rejaction Leval | i [ Psasband Ripple
- |
| "7 . [ALF1ARFA et ]
‘3’(153/ ™ Spricus Level™
ow:
xed8 — 1 | L~ o
down
i J 1
T i |
: ALF.2 ARFZ
| —"
*Pole?” _——:ﬂ’.ﬁ%”’—/

returns these points

Canter
of Range

-
T CASAEQT

Figure E-14. OUTPXFIL?
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Page E-14, OUTPCFIL?
Change Figure E-15 to the follwoing figure:

!‘"m"""*—-—-"-— Specltied Rangs w—-—-mw'-{
’ di3 inssrilon
Const 4 E i———— Loss
Loss I
: - i Passhand
} ~ Ripple
XidB _
down e ]
5 l | [ _Spurious
Biocking Leve! i i Level
Rejnction Lavel et
XadB | f A ‘i“‘-"-—« D
down~—{ | | FALFY [ ARFL |
| | |
N |
! i
| ¥
! i
i i
Pole? returns ~—_ : !

these points

CASAEDTZ

Figure E-15. OUTPCFIL?

Page G-2, One-Point Correction

Add a foliowing iine to the sample program:

185 OUTPUT @Hp87510;"RECCOFF" Turn OFF the receiver correction. *
Note The notation, svc, is displayed on the left of the grid. This is not an obstacle to
the operation. To turn off this notation, execute the following line:
# QUTPUT @HpS?SlO; "RECCON" Turn ON the recetver correction.
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Using HP Instrument BASIC part
Change Figure 10-14 to the following figure:

10 INPUT “ENTER FILE NAME (without EXT.)",File_name$

20 MASS STORAGE IS ¥:;INTERNAL"®
21

22

30 DIM Dat(1:201,1:2)

40 File_name$=File_name$g" _D"
41

42

50 ASSIGN @File TD File_name$
60 ENTER @File USING "17X,#"
70 INTEGER Kop

80 ENTER @File;Nop '

90 ENTER @File USING "4X%,&"
100 ENTER QFile;Dat{*)

110 ASSIGN QFile TO #*

120 PRINT Dat(*)

130 END

!
!
!
!
H
H
!
!
L
!
H
!
!
!

Select flexible disk drive

When you want to use RAM disk,
change ":INTERNAL" to ':MEMORY"
Assume data size of "Dat" is 201 points
Add extension "_D" to filename
When you want to use D0OS format,
change extension "_D" to ".DAT"
Upen target file

Skip the data header

Declare the variable, "Nop"
Skip a NOP data of header

Skip the header

Load data from file

Close file

Print data

Figure 10-14. Loading Trace Data




Manual Change for Function Reference

Page 2-4, Options Available
Add following items:

Option 010, Extended Output Power Range

This option increases the output power range and adds power sweep capability.

Page 3-6, Specifications When Option is Installed
Add following item:

Specifications When Option 010 Extended Output Power Range is Installed

s QOutput Power Characteristics

RAN e .. .. i e ~45 to +15 dBm
BT 1 4« 0.2 dB
Level Accuracy (at 23£5°C, 0 dBm output level, 50 MHz) ................. ' ?.r ........... +1 dB
Flatness (at 2345°C, relative to O dBm output Jevel at 50 MHz)
100 Kk t0 300 KHZ ... o e i, +3, -5 dB
300k to OO MHZ ... oo +2.5, -4.5 dB
T00M o0 300 MHz ... oo i e e +3, -5 dB
Linearity (at 23+5°C, relative to 0 dBm output level at 50 MHz) ...................... +1 dB

- All'of the above data is from the RF OUT 1 port when the RF OUT 2 port-is terminated.

a Spectral Purity Characteristics

Harmonics (at +15 dBm output level) ... ... ... . < —-20 dBc
m Power Sweep Characteristics

MU DAL ..o 60 dB

ResOIutIONn .. ..o 0.1dB
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commeee- 32— Manunl Change-foz Funetion Beference

Page 8-2, Key

Change Figure 8-2 to the following figure:
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Figure 8-2. Softkey Menus Accessed from the Key




Page 8-3, Stimulus Menu
Change Figure 8-3 to the following figure:

I
rowan] KT
wra| KL
i) K
Wonrs| KL
] KT J
| 1)
oW FrEG K:D
o | KL

—e ./

TR
Figure 8-3. Stimulus Menu
Change as jollows:

;PGHER; (POWE) makes the power level the active function and activates the power menu, which
sets the output power level. The allowable power range is —15 dBm to +5 dBm. When the
option 010 is installed, the allowable power range becomes —50 dBm to +20 dBm. Default
setting is 0 dBm. Setting resolution is 0.1 dBm.
Add following description:

Q (CWFREQ) sets the frequency for power sweep. (Option 010 only)

*

Page 8-7, Sweep Type Menu
Change as jfollows:
Four sweep types are available:

s Linear frequency sweeps in Hz

& Logarithmic frequency sweeps in Hz

m Power sweeps in dBm (Option 010 only)

m List frequency sweep in Hz. Two independent frequency sweep lists are available,

Change Figure 8-6 to the following figure:
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|

LN mzlo KT )

LOG FREQ

LIST FREQ
st E1!

=

POWER
SWEEP
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FREQ BASE
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wer] KL J
RETURN __[_J

euommameam

Kaﬂ 5

Figure 8-6. Sweep Type Menu

Add fouowmg description:

PDHER SWEEP (POWS) activates a power sweep mode that characterizes power-sensitive
DUTS. In this mode power is swept at a single frequency, from a start power vajue to a stop
power value, selected using the (START) and (STOP) keys and the entry block. This feature is
convenient for measurements like gain compression or AGC (automatic gain control} slope. To

set the power sweep frequency, use CW FREQ in the stimulus menu.

In power sweep, the entered sweep time may be automatically changed if it is less than the
minimum time required for the current configuration (number of points, 1F bandwidth, ete).

This function is only available when the option 010 is installed. *

Page 8-9, Edit List Menu
Change Figure 8-8 to the following figure:
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Figure 8-8. Edit List Menu

EDIT: [LIST {J (EDITLIS1)or [LIST 2] (EDITLIS2) toggles between LIST 1 and LIST 2 for
editing
PDWER ELIS‘I‘J (POWL) or {FIXEB] (POWF) toggles the power setting being used when list

sweep is performed, [LIST] selects the power setting in the list table, and - [' '
the power set by (MENU) PGHER key.

] selects

Page 8-10, Edit Segment Menu
Ch,ange as foltows

R (POWE) sets power level in a list for segment by segment. The allowable range
is —15 dBm to +5 dBm. When the option 010 is installed, the allowable power range becomes
~50 dBm to +20 dBm.

Page 9-2, (meas) Key -
Change Figure 9-2 to the following figure:
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INPUT PORT CONVERSION CONVERSION
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COMVERSION }
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Figure 9-2. Softkey Menus Accessed from the Key

Page 9-3, Conversion Menu
Change as Jollows:

This menu converts the measured reflection or transmission data to the equivalent complex
impedance (Z) or admittance (Y) values. This is not the same as a two-port Y or Z parameter
conversion, as only the measured parameters are used in the equations Two simple one-port
conversions are available, depending on the measurement configuration.

*
An S, or S5 trace measured as reflection can be converted to an equivalent parallel’
impedance or admittance using the model and equations shown in Figure 9-4A.

ZRefl | Zx =Zy 7T g

Z: Refl

¥: Refi R .

MEWS-4A.

Figure 9-4A. Reflection Impedance and Admittance Conversions

In 2 transmission measurement, the data can be converted to its equivalent series impedance or
admittance using the model and equations shown in Figure 9-4B.
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Z: Trans

— Lt TIANS fn

Y: Trans

N - 48

Figure 9-4B. Transmission Impedance and Admittance Conversions

Avoid using delay format for displaying 7 and Y conversions, as these formats are not easily

interpreted.

In all conversions except for “1/8”, marker values are impedance vaiues in £ units for Z
conversions, or admittance values in S units for Y conversions in any format. The unit is

displayed as “U” on CRT.

3
75,

[T
Z:Ref] —r..}

“
“w
7\7\67\ IS 2S

RAETURN

l

Figure 9-5A. Conversion Menu

. ﬂFF {CONVOFF) turns off all the parameter conversion operations.

Z: Ret 1 (CONVZREF) converts the reflection data to its equivalent impedance values.

Z Trans (CONVZTRA) converts the transmission data to its equivalent impedance values.

Y Refl (CONVYREF) converts the reflection data to its equivalent admittance values.

Y Trams (CONVYTRA) converts the transmission data to its equivalent admittance values.

1 /"S_ (CONV1DS) expresses the data in inverse S-parameter values, ideal for use in amplifier and

oscillator design.

MORE provides the Conversion More menu described in the next section.

RE‘I’URN refurns to the previous menu, the input ports menu,
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Conversion More Menu

“MT KI]
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18Rhsss K:D

revm | T

e

Figure 9-5B. Conversion More Menu

4*phase (CONVMP4) multiplies phase data by a factor of 4.

RETURN returns to the conversion menu.

| Page 9-25, Special Function Menu

EQUIVALENT CKT (EQUCPARA?) derives parameters for the equivalent circuit used for a
crystal resonator, within the frequency range specified by '
equivalent circuit is shown in Figure 9-38.

When a measured data is not applicabte for the equivalent circuit model, then “0” will be
returned for all parameters. . . _
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Figure 9-38. Six-Device Equivalent Circuit for Crystal Résonator

Page 14-2, File Type and Data Saved

Add following note:
Note It is not possible to recall the instrument status file that is saved by a revision
2.0 instrument by a revision 1.0 instrument, The revision 2.0 &an read the
# instrument setting file of the revison 1.0. When you use the same instrument
setting file for the revision 1.0 and 2.0, use the seiting file that is saved by the

revision 1.0.

Page B-1, Preset State
__Add following item to table B-I:

Table B-1. Preset Conditions

Initialization Method
Operating Parameter Power-On (PRESET) key
Frequency List ‘
Power Setting LIST LIST
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Page E-1. Stimulus Block

Change Figure E-1 to the following figure:

MENU

§
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MEASUNE
MESTART !

COUMED CH|
- OFF

STIMULLES SWEEP TIME
MEM MENU

AWEEF TRIE

LIST SWEEP

FWEEP IV

wmre

EDIT SEGMENT

: | aiité

Illﬂt!-! mn—%u
i
JRNCBER o
1 0
o b
CONTIRAKAE !
FOWER
SWEEP
TR 1LY s
n-ofs mnu?i
EXT. TREN
““ul' CRPER BASE
EXY. TRR £t
C.!wil’ [F 13
MANRAEL TR
oM PONET wETU
SLEAR LIST EINT LIST
Mt MENU
CLEAN 1Y ERRY:
vEs BBT Y
R
Wt
FERENT
Y
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[Ty
La5T
I‘""“' POME

Figure E-1. Key

Change Figure E-2 to the following figure:
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INPUT PORT CONVERSION CONVERSION
MENLU MENU MORE MENU
MEAS ATR ' OFF ARFhass
i
A Z:R!Ml Mll.
R Z.‘Yﬂin ig*hass
Y:Tl
Yf'l'l’l;u
ve
CONVERTION i
[oFF| MORE
RETURN RETURN

E W2

Figure E-2. Key

Page Message-1, Exrror Messages
Add following error messages to Error Message List.
31 NOT AVAILABLE FOR THIS FORMAT

Command, DISPDATY, is not valid when the format is either LOG MAG & Phase, or LOG MAG &

Delay.

204 POWER ON TEST FAILED
The power on test is failed.

246 INSUFFICIENT MEMORY

A large COM variable has been made by the Instrument BASIC and the system memory is not

large enough for the operation.
BUS ERROR

Instrument needs the adjustment or the repair. Contact your local Hewlett-Packard service
center or sales office,

- ADDRESS ERROR.- -

Instrument needs the adjustment or the repair. Contact your local Hewlett-Packard service
center or sales office.

ILLEGAL INSTRUCTION

Instrument needs the adjustment or the repair. Contact your local Hewlett-Packard service
center or sales office.

DIVIDE EY ZERO

Instrument needs the adjustment or the repair. Contact your local Hewlett-Packard service
center or sales office.

PRIVILEGE VIOLATION

Instrument needs the adjustment or the repair. Contact vour local Hewlett-Packard service
center or sales office.

Manual Change for Function Reference
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FATAL ERROR: can't alloc memory

Instrument needs the adjustment or the repair. Contact your local Hewlett-Packard service
center or sales office. :

FP ERROR any OCCURRED , IN any AT xxxxxxxxH

This message is displayed when the HP 87510A, or a user operation has any problem. Contact
yvour local Hewlett-Packard service center or sales office,

FATAL ERR:No response from A2 CPU, ACK not asserted

Instrument needs the adjustment or the repair. Contact your local Hewlett-Packard service
center or sales office.

FATAL ERR:No response from A2 CPU, ACK not negated

Instrument needs the adjustment or the repair. Contact your local Hewlett-Packard service
center or sales office.

FATAL ERROR:duplicate sweep trigger

Instrument needs the adjustment or the repair. Contact your local Hewlett-Packard service
center or sales office.

FATAL ERROR occurred on A2 CPU

Instrument needs the adjustment or the repair. Contact your local Hewlett-Packard service
center or sales office.
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Manual Changes for HP-IB Command Reference
Changed HP-IB Commands
The following commands have been changed from firmware revision 2.0:

EQUCPARA?
EQUCPARS?
POWE wvalue

EQUCPARA?

Executes the six-device equivalent circuit analysis for a resonator, then oﬁtputs parameters,
Co, C;, L1, Ry, Gg, and Rp. For more information, refer to “EQUCPARA?” in Chapter 4. (Data
format: Co, Cb Lb R;, Go, Ro)

EQUCPARS?

Executes the six-device equivalent circuit analysis for a resonator, then outputs parameters,
Co, Cy, Ly, Ry, fs; Ja, Jr, J1, f2, Go, and Bo. For more information, refer to “EQUCPARS?” in
Chapter 4. (Data format: CO, CI) LI: RI! .fS, .ﬁlv .f;‘: ﬁ': fg.s G@: 1?0)

* f1 < Sz

*

POWE value [dBm]

Sets the source output level.
(POWER: under (MEND); Query)

value -15 to +5 (dBm)
—B0 to +20 {dBm) (Option 010 only)

Manual Changes for HP-IB Command Reference 3.1




New HP-IB Commands

The following commands have been added to the HP 87510A with firmware revision 2.0.

ATTN{ODB | 20DB | 40DB}
CONVYREF
CONVZREF
CWFREQ value
EQUCO? value
EQUM wvalue
ERRH{ON|OFF}
OUTPCERR?
POWF

POWL

POWG?

POWS

SERM?

ATTN{ODB| 20DB|40DB}
Sets the power attenuator vaiue to 0 dB, 20 dB or 40 dB.

(Under SERVICE MENU under (SYSTEM)

CONVYREF
Converts the reflection data to its equivalent admittance values.

(Y: Refl under (MEAS); Query) N

CONVZREF

Converts the reflection data to its equivalent impedance values.

: Refl under (MEAS); Query)

CWFREQ value [sufiix]

Sets the frequency for power sweep. (Option 010 only)
(GHEREY) under (EERD) Query

value 10° to 3.0x10% (Hz)

suffix See “Suffix” of the HFP-IE Programming Manual.

EQUCO0? value [sufiix]

Returns a Cp at the specified frequency. For more information about EQUC0?, see “EQUCO?
value” in Chapter 4.

value 10° to 3.0x10% (Hz)
suffix See “Suffix” of the HP-IB Programming Manual.
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SERM?

EQUM value

Specifies how many points are used for an approximation of a circle for EQUCPARA? and
EQUCPARS?T command. The default value is 8. For a detail information about EQUM, refer to
“EQUCPARA?” in Chapter 4.

value Integer: 2 to 801

ERRH/{ON|OFF}

Select whether halting or rebooting insirument when a system error has occurred. If ERRHON is
sent, instrument will stop all functions when the system error is occurred. If ERRHOFF is sent,
instrument will reboot when the system error is occurred. Default setting is ERRHOFF. For more
information, see Service Manual .

OUTPCERR?

Outputs ceramic resonator parameters. For information about each parameter, see
“OUTPCERR?” in Chapter 4. (Data format: Gy, Fy, Gs, Fa, v0l;, mpls, 10ls)

POWF

Selects the fixed power which is set by (MENU) (MENU) POVER key or POWE command when a list sweep
being performed. To use a power set in list table send a POWL command. The default setting is

POWL. (POWER [F_HEBJ under (MENU); Query)

POWL

Selects the power which is set in the list table when a list sweep being performed. You can
also select fixed power setting which is set in (MENU) P by sending a POWF comimand. The

default setting is POWL. (PGWER;” IST]N under (MENU); Query)

POWO?

Verifies whether the option 010 extended output power range is installed or not. If power
sweep options is installed, query operation returns a string; “0107. If not installed, query
returns “STD”. {Query only)

POWS e e e
Select the sweep type to the power sweep. (Option 010 only)

(POWER SWEEP. under (MEND); Query)

SERM?

Verifies whether the service mode is ON or OFF. If the service mode of channel 1 and 2 is
turned off, a SERM? returns O, or other case, returns 1. This command has no correspondent
softkey. For more infomation, see Service Manual . {Query only)
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Added and Changed Waveform Analysis

Commands

i KRR SRR

This chapter provides a brief description for the waveform analysis commands which are
added to the firmware revision Z.0. This chapter corresponds to the appendix E of the HP-IB

Programming Manual.

Following commands are added or changed from revision 2.0:

= EQUCPARAT
m EQUCPARS?
s EQUM

m EQUCO?

m OUTPCERR?

Added and Changed Waveform Analysis Commands _ 4-1.



EQUCPARA?

QCutputs six-device equivalent circuit parameters of the crystal resonator; Cy, C, Ly, E;, Go, Ry.
Syntax
EQUCPARA?

This command is query only.

Query Response
CO, CI’ LI: RI) GO, ‘Rﬂ

Each term represents equivalent circuit as shown below:

Go
| ©
1 W
Co Ro
*
Li C:+ R
Figure 4-1. Six-Device Equivalent Circuit of Resonator
Descriptions

When EQUCPARA? is sent, instrument performs followings: |
1. Obtains the admittance characteristic circle diagram.
2. Obtains the maximum conductance {(Gpmaz).

3. Obtains frequencies f; and 2 (7 < fz) of two points where the conductance is half the
maximum conductance (Gmaz).

Caleulate f; by f, = V1 x f2.

Obtains susceptance By at f.

Calculate ws by wy = 2 x 7w x f,.

A

Assumes that the frequency at which the phase becomes 0°* near the parallel resonance
frequency is f, and obtains its conductance G,

8. Calculate wy by wey = 2x 7 x f,.
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EQUCPARA?

9. Assumes that the frequency at which the phase becomes 0°" near the series resonance
frequency is fr.

10. Calculates the constants using the above values and the following equations:

fs Bl + B
- ¢ = 2L
Qs fz - fl 2y
'
L = Qs R, = _Co
wsGmazr CoGmas
Gmar 1
C. = R, = ~R
w, Qs ° Grmax !
By, T }"31‘-‘94.130132
Co = Wy Go = Ga 1+ RoRwa?Co?

* EQUCPARA? interpolates the (° phase points even if it does not exist in measured data.

If the number of points between the maximum peak point {fpmaes) and the minimum peak point
(fBmin) of the conductance is less than 10 points, EQUCPARA? approximates an admittance circle.
The circle approximation can be performed if there are 3 points for analyze. You can specify
how many points are used for circle approximation by using EQUM command for reducing the
analysis time.

If EQUCPARA? fails a circle approximation, 0 will be return for all parameters.

If there are only 2 points for analysis, EQUCPARAT returns four-device equivalent circuit
parameters. In this case, EQUCPARA? returns 0 for Gy and Ry,

If there is only 1 point for analysis, EQUCPARA? returns O for all parameters.

EQUM value

Specifies how many points are used for an approximation of a circle for EQUCPARA? and
EQUCPARS? command. EQUCPARA? (or EQUCPARS?) thins the measured points out for the
specified points, then make circle approximation. When the EQUM parameter is set greater than
the number of points, EQUCPARAT uses all points for the circie approximation. Default value is
8.

value 2 to 801

Notes

This command is only available when the LOG MAG & Phase, or Polar format is selected. If the
other format is selected, 0 will be returned for query response.

This command-can be invoked with the EXECUTE command of Instrument BASIC. -

Example

For the external controller:
10 OUTPUT 717;7POLA" Set to POLAR jformat.
100 QUTPUT T717;"EQUCPARAZ" Send the EQUCPARAT query to the HP 8§7510A.
110 ENTER 717;C0,C1,L1,R1,G0,R0 Keceive the equivalent circuil parameters.
120 PRINT "CO=',C0,",Ci=",C1 Display the equivalent circuit parameter
130 PRINT "Li=",L%,",Ri=",R1 on the CRT,
140 PRINT "GO=",G0,",R0="_ RO
150 END
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EQUCPARA?

For Instrument BASIC:

10

20

100
101
102
110
111

112 14

120
130
131
132
140
150
160
170
180
180

e Gl Pdded and Changed Waveform Analysis Commands . -

QUTPUT 800;"POLA"
EXECUTE “SING"

WRITEIO 8,0;4

]

!

EXECUTE "EQUM"

¥

i

EXECUTE “EQUCPARA?
CO=READIO(8,0)

1

;

C1=READID(8,1)

PRINT "“CO=",C0,",C1=",C1
L1=READIOD(8,2)
R1=READIO(8,3)

PRINT "Lt=",L1,",Ri=",R1
END

Set to POLAR format.
Make a single sweep.
Pyt the parameter of EQUM on a register.

You must put the command paramter on the register

before you use the EXECUTE command.
Invoke the EQUM command.

The EXECUTE runs the command faster
than the DUTPUT statement

Inwoke the EQUCPARA? query.

Eead the first return value from the register.
HP 87510A returns the guery response

io the register.

Fead the second return value. _
Display the equivalent circutt parameters.
Read the third return value.

Read the fourth return value.

Display the lest of query response.




EQUCPARS?

EQUCPARS?

Qutputs six-device equivalent circuit parameters of the crystal resonator; Cy, C;, L1, B, f5, Ja,
f;':f] :f2 t GD, RO

Syntax

EQUCPARS?

Query Response
Co; CI; LI: RI: .fS: fas J:” ﬁ‘: fz‘s GO: }?0
< Sfe

For information about each parameter, refer to “EQUCPARA?".

Notes

This command is only availabie when the LOG MAG & Phase, or Polar format is selected. If the
other format is selected, © will be returned for guery response,

This command can be invoked with the EXECUTE command of Instrument BASIC.
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EQUCO?

Returns Cp of the equivalent circuit of the resonator at specified frequency.

Syntax
EQUCO? value |suffix)
Where,
value - 10° to 3.0x 10® (Hz)
sufiir HZ (KHZ, MHZ, GHZ are also available)

This command is query only.

Query Response

Co
Description
Cp is calculated by using the following equation:
Co = 2t

Wy
Where,
B Imaginary part on f;
we 2x®xfy
Js Frequency which is specified as command parameter
If Z-conversion is selected, Cy is calculated by using following equations:

-1

Co = B, x w,

Notes

This command is only available when LOG MAG & Phase or Polar format is selected. If another
format is selected, O will be returned. If the specified frequency is out of analysis range, 0 will

be returned. _
If B, is 0 when the Z-conversion is activated, EQUC0? returns 0,

This command can be invoked with the EXECUTE command of Instrument BASIC.

Example
For the external controller;
100 QUTRUT 717;"EQUCO? 100MHZ" Query Cy at 100 MHz,

110 ENTER 717:C0 Receive the returned Cy.
120 PRINT "“CO=",C0 Drsplay Cy on the CRT.
130 END




EQUCO? value

For Instrument BASIC:

100 WRITEIO 8,0;1.E+8 Put the command parameter, 100 MHz, on the register.
110 EXECUTE "EQUCO?"  Inwoke the EQUCO? query.

120 CO=READID(8,0) Read a return value and enter to the variable CO,
130 PRINT "CO=",CO Display Co on the CRT,
140 END
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OUTPCERR?

Outputs the ceramic resonator parameters; Gy, fr, Ga, Ja, 101, vDle, 0I5,

Syntax

CUTPCERR?

This command is guery only.

Query Response
G‘r‘y j;'s Gﬂ-i fdr ?pll': T:ng, rpl@

Where,

G-
Jr
Ga
Ja
ol
rplz
rpls

Gain at f,-

Resonant frequency

Gain at f,

Anti-resonant {requency

Maximum ripple height in left side of resonant point

Maximum ripple height between resonant and anti-resonant point
Maximum ripple height in right side of anti-resonant point

Description
When CUTPCERRY is sent, instrument performs followings:

1.

Searches for the minimum peak in the analysis range, then returns its gain G, and frequency
S

. Searches for the maximum peak in the analysis range, then returns its gain G, anﬁ

frequency f,.

. Sets the end point of the analysis range to f,.

4. Searches the maximum height of the local maximum and the adjacent left-hand local

minimum within range, then outputs as rpl;.

5. Sets the start of the analysis range to f,, and the end of the analysis range to f,.

6. Searches the maximum height of the local maximum and the maximum value of the adjacent

—4§-8—Added-and Chanped Waveform-Analysis Commands

right-hand local minimum which are between the resonant and anti resonant points, then
outputs as rplg. - - - L L

. Sets the start of the analysis range to f;, and the end of the analysis range to the frequency

that was intial setting.

. Searches the maximum value of difference between the local maximum and the maximum

value of the adjacent left-hand local minimum which are at the right of the resonant point,
then outputs as rpls.




OUTPCERR?

Specified Range

€) ® @

o)

Figure 4.2, OUTPCERR?

Notes
This command is only available when the following formats are selected;

s LOG MAG & Phase
m LOG MAG & Delay

m LOG MAG
»
if another format is selected, the query returns 0. :

If Z-conversion is selected, then the Z,. instead of the G, and the Z, instead of the G, are
returned.

Where,
L Impedance at f;
Z, Impedance at f,

If OUTPCERR? could not find any rippies, the guery returns 0.
This command can be invoked with the EXECUTE command of Instrument BASIG: - o -

Example
For the external controller:
100 QUTPUT 717;"0QUTPCERRT" Query the cerramic resonator parameters.
110 ENTER 717;Gr,Fr,CGa,Fa,Rpll,Rpl2,Rpl3 Recieve the all return vaiue.
120 PRINT Gr.Fr,Ga,Fa,Rpli,Rpl2,Rpl3 Display the result.
130 END
For Instrument BASIC:
100 EXECUTE "QUTPCERR?" Invoke the OUTPCERR? query.
110 PRINT "Gr=",READIO(8,0) Display the part of return value.
120 END '

— Added-and Changed Wavetorm-AnslysisCommands— 48—






DECLARATION OF CONFORMITY

according to ISO/IEC Guide 22 and EN 45014

Manufacturer's Name:  Yokogawa-Hewlett-Packard, LTD.

Manufacturer's Address: 9-1, Takakura-cho, Hachioji-shi, Tokyo, 192 Japan

declares, that the product
Product Name : Gain Phase Analyzer
Model Number(s): HP 87510A

Product Options : This declaration covers all options of the above product.

conforms to the following Product Specifications :
Safety: HD-401 / IEC 348
EMC: ENS5011 (1991) / CISPR-11 Group 1, Class A
EN 50082-1 (1891) / IEC 801-24 kV CD, 8 kV AD

EN 50082-1 (1991) / IEC 801-3 (DRAFT), 3 V/m
EN 50082-1 (1991) / IEC 801-4 1 kV

Supplementary Information :

The product was tested in a typical configuration with Yokogawa-Hewlett-Packard.

Tokyo, Japan February 1, 1992 %ﬂdﬂ@/b{ '
Location Date Masaaki Shida / QA Manager







Herstellerbescheinigung

Hiermit wird bescheinigt, daB das Gerdt HP 87510A Gain-Phase Analyzer in
Ubereinstimmung mit den Bestimmungen von Postverfiigung 1046/84 funkentstort ist.

Der Deutscher Bundespost wurde das Inverkehrbringen dieses Gerdtes angezeigt und die
Berechtigung zur Uberpriifung der Serie auf Einhaltung der Bestimmungen eingeraumt.

Anm: Werden Me8- und Testgerite mit ungeschirmten Kabeln und/oder in offenen
MefBaufbaunten verwendet, so ist vom Betreiber sicherzustellen, dafl die Funk-
Entstérbestimmungen unter Betriebsbedingungen an seiner Grundstiicksgrenze eingehalten
werden. :

GERAUSCHEMISSION

Lpa < 70 dB

am Arbeitsplatz
normaler Betrieb
nach DIN 45635 T. 19

Manufacturer’s Declaration

This is to certify that this product, the HP 87510A Gain-Phase Analyzer, meets the radio
frequency interference requirements of directive 1046/84. The German Bundespost has been
notified that this equipment was put into circulation and was granted the right {p check the
product type for compliance with these requirements.

Note: If test and measurement equipment is operated with unshielded cables and/or used for
measurements on open set-ups, the user must insure that under these operating conditions,
the radio frequency interference limits are met at the border of his premises.

ACOUSTIC NOISE EMISSION

Lpa < 70 dB
operator position

normal operation
per IS0 7779







Documentation Map

Operation Manual Set (HP Part Number 87510-90000)

Reference Manual

The Reference Manual provides in-depth reference information, general information,
and specifications.

HP-IB Programming Manual

The HP-IB Programming Manual provides a summary of all available HP-IB eommand,
and shows how to make basic program to control the HP 87510A by a controller by

HP-IB.
Using HF Instrument BASIC with the HP 87510A

The Using HP Instrument BASIC with the AP 87510A describes how HP Instrument
BASIC works with the HP 87510A and any unique features.

Maintenance Manual (HP Part Number 87510-90030)
The Maintenance Manual explains how to verify conformance to published specifications.

Service Manual (Option 0B3), (HP Part Number 87510-90031)
The Service Manual explains how to adjust, troubleshoot, and repair the instrument.

HP Instrument BASIC HP Instrument BASIC Users Handbook (Option 002 only),
(HP Part Number E2083-90000)

HP Instrument BASIC Programming Techniques -
HP Instrument BASIC Interfacing Techniques ‘

These two provide some heipful hints on getting the most use from HP Instrument
BASIC programming language, and provide a general programming reference. This
manuati is furnished option 002.

HP Instrument BASIC Language Reference

The HP Instrument BASIC Language Reference provides a summary of all available HP
Instrument BASIC Language. This manual is furnished option 002.







HP 87510A GAIN-PHASE ANALYZER

OPERATION MANUAL

SERIAL NUMBERS

This manual applies directly to instruments with serial number prefix 3125J.
For additional important information about serial numbers, read “Instruments
Covered by This Manual” in Chapter 2 of the Reference Manual.

@ Piean

HP Part No. 87510-90000
Micrefiche Part No. 87510-80050
Printed in JAPAN December 1991




Notice
The information contained in this document is subject to change without notice.

This document contains proprietary information which is protected by copyright. All rights are
reserved. No part of this document may be photocopied, reproduced, or translated to another
language without the prior written consent of the Hewlett-Packard Company.

Yokogawa-Hewlett-Packard, LTD.
Kobe Instrument Division

9-1, Takakura-cho, Hachioji-shi,
Tokyo, 192 Japan

© Copyright 1981, Yokogawa-Hewlett-Packard, LTD.




Manual Printing History

The manual printing date and part number indicate its current edition. The printing date
changes when a new edition is printed. (Minor corrections and updates which are incorporated
at reprint do not cause the date to change.) The manual part number changes when extensive
technical changes are incorporated.

December 1981.... . 1st. Edition
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Safety Summary

The following general safefy precautions must be observed during all phases of operation,
service, and repair of this instrument. Failure to comply with these precautions or with specific
WARNINGS given eisewhere in this manual violates safety standards of design, manufacture,
and intended use of the instrumendt.

The Hewlett-Packard Company assumes no liability for the customer’s failure to comply with
these requirements.

Ground The Instrument

This is a Safety Class 1 product (provided with a protective earthing terminal). An
uninterruptible safety earth grand must be provided from the main power source to the
product input wiring terminals, power source to the product input wiring terminals, power
cord, or supplied power cord set. Whenever it is likely that the protection has been impaired,
the product must be made inoperative and secured against any unintended operation.

DO NOT Operate In An Explosive Atmosphere

Do not operate the instrument in the presence of flammable gasses or fumes. Operation of any
electrical instrument in such an environment constitutes a safety hazard.

Keep Away From Live Circuits

Operating personnel must not remove instrument covers. Component replacement and internal
adjustments must be made by qualified maintenance personnel. Do not replace components
with the power cable connected. Under certain conditions, dangerous voltages may exist even
with the power cable removed. To avoid injuries, always disconnect power and discharge
circuits before touching them.

DO NOT Service Or Adjust Alone

Do not attempt internal service or adjustment unless another person, capable of rendering first
aid and resuscitation, is present.

DO NOT Substitute Parts Or Modify Instrument

Because of the danger of introducing additional hazards, do not substitute parts or perform
unauthorized modifications to the instrument. Return the instrument to a Hewliett-Packard
Sales and Service Office for service and repair to ensure the safety features are maintained.

Dangerous Procedure Warnings

Warnings, such as the example below, precede potentially dangerous procedures throughout
this manual. Instructions contained in the warnings must be followed.

Warning Dangerous voltages, capable of causing death, are present in this
instrument. Use extreme caution when handling, testing, and adjusting

“ this instrument.




How To Use This Manual

This is the Operating Manual for the HP 87510A Gain-Phase Analyzer. This manual
contains specifications, installation, configuration, and operation in the procedure following
documentations. After you receive your HP 875104, begin with chapter 1. of Users Guide.

For error messages of the HP 875104, refer to Error Message in the Operation Manual.




Typeface Conventions

Bold

Italics

Computer

SOFTKEYS

Boldface type is used when a term is defined. For example: icons are
symbols.

Italic type is used for emphasis and for titles of manuals and other
publications.

Italic type is also used for keyboard entries when a name or a variable
must be typed in place of the words in italics. For example: copy
Jilename means to type the word copy, to type a space, and then to
type the name of a file such as filel.

Computer font is used for on-screen prompts and messages.

Labeled keys on the instrument front panel are enclosed in ().

Softkeys located to the right of the CRT are enclosed in ...
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Certification

Hewlett-Packard Company certifies that this product met its published specifications at the
time of shipment from the factory. Hewlett-Packard further certifies that its calibration
measurements are {raceable to the United States National Institute of Standards and
Technology, to the extent allowed by the Institution’s calibration facility, or to the calibration
facilities of other International Standards Organization members,

Warranty

This Hewlett-Packard instrument product is warranted against defects in material and
workmanship for a period of one year from the date of shipment, except that in the case of
certain components listed in General Information of this manual, the warranty shall be for the
specified period. During the warranty period, Hewlett-Packard Company will, at its option,
either repair or replace products which prove tc be defective.

For warranty service or repair, this product must be returned to a service facility designated by
HF. Buyer shall prepay shipping charges to HP and HP shalil pay shipping charges to return the
product to Buyer. However, Buyer shall pay all shipping charges, duties, and taxes for products
returned to HP from another country.

HP warrants that its software and firmware designated by HP for use with an instrument will
execuie its programming instruction when property installed on that instrument. HP does not
warrant that the operation of the instrument, or software, or firmware will be uninterrupted or
error free.

Limitation Of Warranty

The foregoing warranty shall not apply to defects resulting from improper or inadequate
maintenance by Buyer, Buyer-supplied software or interfacing, unauthorized modification or
misuse, operation outside of the environmental specifications for the product, or improper site
preparation or maintenance.

No other warranty ts expressed or implied. HP specifically disclaims the implied warranties
of merchantability and fitness for a particular purpose.
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Exclusive Remedies

The remedies provided herein are buyer's sole and exclusive remedies. HP shall not be liable
Jor any direct, indirect, special, incidental, or consequential damages, whether based on
contract, tort, or any other legal theory.

Assistance

Product maintenance agreements and other customer assistance agreements are available for
Hewlett-Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. Address are
provided at the back of this manual.
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Safety Symbols

General definitions of safety symbols used on equipment or in manuals.
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Warning

Caution

Note
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Instruction manual symbol: the product will be marked with this symbol when
it is necessary for the user to refer to the instruction manual in order to
protect against damage o the instrument,

Indicates dangerous voltage (terminals fed from the interior by voltage
exceeding 1000 volts must be so marked).

Protective conductor terminal. For protection against electrical shock in case
of a fault. Used with wiring terminals to indicate the terminal which must be
connected to ground before operating equipment. ‘

Low-noise or noiseless, clean ground (earth) terminal. Used for a signal
common, as well as providing proiection against electrical shock in case of
fauit. A terminal marked with this symbol must be connected to ground in the
manner described in the installation (Operation} manual, and before operating
the equipment.

Frame or chassis terminal. A connection to the frame (chassis) of the
equipment which normally inciudes all exposed metal structures.

Alternating current (power line).

Direct current (power line).
Alternating or direct current {power line).

Warning denctes a hazard. It calls attention to a procedure, practice, condition
or the like, which, if not correctly performed or adhered to, could result in
injury or death to personnel.

Caution sign denotes a hazard. It calls attention to a procedurd, practice,
condition or the like, which, if not correctly performed or adhered to, could
result damage to or destruction of part or all of the product.

Note denotes important information. It calls attention to a procedure, practice,
condition or the like, which is essential to highlight.
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GUIDE TO THE CHAPTERS IN THIS DOCUMENT
For information on specific topics, refer to the index at the end of this volume.

This section of this document is a complete reference for operation of the HP 87510A
Gain-Phase Analyzer using either front panel controls, or an external controller, 1t is divided
into chapters providing the following information:

& Chapter 1 provides getting started guide. Read this chapter first, when you get the
HP 87510A.

s Chapter 2 provides the general information, which includes the product description, option
and accessories available.

m Chapter 3 provides the specifications and typical characteristics of the HP 87510A.

m Chapter 4 includes a block diagram and functional description of the analyzer system. This
is foliowed by descriptions of the front panel features and display labels, and the rear panel
features and connectors

= Chapters 5 through 14 provide detailed information on front panel keys and softkeys, their
purpose and use, HP-IB equivalents in parentheses, and expected indications and results.
Specific areas of operation described in these chapters include calibration procedures for
accuracy enhancement, using markers, limit testing, plotting and printing, and saving
instrument states.

n Chapter 15 contains information for operating the systemn remotely with a controller through
HP-IB.

m Appendix provides a complete listing of the instrument preset state, a map of the operating
softkey menu structure, information on /0 ports, and information on manual changes.

s Error Messages lists analyzer error messages, with explanations.

» Index lists an alphabetical index.
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Safety Symbols

General definitions of safety symbols used on equipment or in manuals.

it is necessary for the user to refer to the instruction manual in order to

t Instruction manual symbol: the product will be marked with this symbol when
protect against damage to the instrument,

Indicates dangerous voltage (terminals fed from the interior by voltage
6 exceeding 1000 volts must be so marked).

Protective conductor terminal. For protection against electrical shock in case
@ of a fault. Used with wiring terminals to indicate the terminat which must be
connected to ground befeore operating equipment,

Low-noise or noiseless, clean ground {earth) terminal. Used for a signal

@ common, as well as providing protection against electrical shock in case of
fault. A terminal marked with this symbol must be connected to ground before
operating the equipment.

Frame or chassis terminal. A connection to the frame (chassis) of the
/ J 7% L. equipment which normally includes all exposed metal structures.

NS Alternating current (power line).
b Direct current {power line).
T Alternating or direct current (power line).

Warning Warning denotes a hazard. It calls attention to a procedure, practice, condition
or the like, which, if not correctly performed or adhered to, could result in &
injury or death to personnel. :

Caution Caution sign denotes a hazard. It cails attention to a procedure, practice,
condition or the like, which, if not correctly performed or adhered to, could
result in damage to or destruction of part or all of the product.

Note Note denotes important information. It calls attention to a procedure, practice,
condition or the like, which is essential to highlight.
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Getting Started

Introduction

This chapter describes how to set up the HP 87510A. Read this chapter when you first get the
HP 87510A. The main topics of this chapter are:

m Unpacking Your Instrument
# Operating Conditions
m Power Considerations
® Instrument Setup
m Turning on the Analyzer
u Checking the HP-IB Address

Unpacking Your Instrument

This instrument has been carefully inspected both electrically and mechanically before being
shipped from the factory. It should be in perfect physical condition, no scratches, dents, or
the like, and it should be in perfect electrical condition. Verify this by carefully performing an
incoming inspection to check the instrument for signs of physical damage, missing contents,
and to check that it passes the electrical performance test, If any discrepancy is found, notify
the carrier and Hewlett-Packard. Your HP Sales Office will arrange for repair and reglacement
without waiting for the claim to be setiled.

1. Inspect the shipping container for damage, and keep the shipping materials until the
inspection is completed.

2. Verify that the shipping container contains everything shown in Figure 1-1.

3. Make sure the serial number on the analyzer’s rear panel matches that on the shipping
documents,

4. Inspect the exterior of the HP 87510A for any signs of damage.
5. Verify that the HP 87510A is equipped with the options you ordered.

6. To verify the HP 87510A’s electrical performance, perform the Performance Test, described
in the HP 875104 Maintenance Manual (HP part number 87510-80030).
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BNC Cable

HP 87510A

Disk

¢ Sampie Program Disk, Performance Test Program, Power Cable, Operation Manual and
Maintenance Manual are not shown here,

% For Option 001, a BNC adapter s furnished.
* For Option 002, an HP-HIL keyboard, a templete, and a keyboard cable are furnished.

Figure 1-1, HP 87510A and Furnished Accessories

Caution Electrostatic discharge (ESD) can damage the analyzer and other.sensitive
# electronic devices. Use static-safe work stations and procedures.

Operating Conditions

The analyzer will operate within a wide range of temperatures, altitudes, and levels of
humidity. The operating conditions are as follows:

» Temperature : 0 to 55 °C (When disk drive is not in operation)
s Humidity (at wet bulb < 29 °C, without condensation) :

15% < RH < 95% (When disk drive is not in operation)
= Altitude : 0 to 4,500 meters (15,000 feet)

See Chapter 3 for more details. Note that enhanced accuracy performance and some instrument
specifications require an environmental temperature of 235 °C.
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Power Considerations

Warning This is a safety class 1 product (provided with a protective earth

terminal). A neninterruptable safety earth ground must be provided from

g the main power source to the HP 87510A°s power input terminals, power
cord, or supplied pewer cord set. Whenever the safety earth ground has
been impaired, the instrument must be made inoperative and secured
against any unintended operation. If this instrument is to be energized
via an antotransformer (Not Recommended) for voltage reduction, make
sure that the common terminal is connected to the earth pole of the power

source.
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Confirm that the analyzer voltage selector (shown in Figure 1-2) is set to match the AC line
voltage before plugging in the analyzer.

i

Figure 1-2. Voltage Selector

Table 1-1. AC Line Voltage

Nominal Setting AC Line Power "
115 V 90 V to 132 V (at 47 to 66 Hz)
230 V 198 V to 264 V (at 47 to 66 Hz)

For information on line fuse replacement, see Chapter 1 of the Maintenance Manual.

To protect operating personnel, the National Electrical Manufacturer’s Association (NEMa)
recommends that the instrument panel and cabinet be grounded. The HP 87510A is equipped
with a three-conductor power cord that, when plugged into the appropriate AC power
receptacie, grounds the instrument. The offset pin on the power cord is the safety ground.

To preserve the protection feature when operating the instrument from a two prong outlet, use
a three-prong to two-prong adapter (HP Part Number 1251-8196) and connect the green pigtail
on the adapter to the protective earth connection.

Caution The power plug must be plugged into an outlet that provides a protective earth
connection. DO NOT use an extension cord or power cord that does not have a

# protective ground.
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Instrument Setup
This section describes HP 87510A system setups.

Note For an HP 87510A with Option 001, connect the EXT REF INPUT connector to
the REF OVEN connector on the rear panel using the furnished BNC adapter,
# (See Figure 1-3.)
- / HP B87510A Rosr Panol
H o

Gonnact Hare

BNC Adapter
{Opticn 001 only}

Figure 1-3. Connecting BNC adapter (Option 001 Only)

»

Turning on the Analyzer

Turn the line switch on. The analyzer should power up with no error messages dispiayed, in
which case, the analyzer has passed its internal diagnostic tests and is functioning properly.

Note If an error message is displayed, or if the instrument does not appear to
# operate properly, see “Error Messages” in this manual,

and SOFTKEY

In this guide, front panel keys (hard keys) are represented by print surrounded by a box, )
Display softkeys are shown as print on a half-tone background, m

For example: “Press (SCALE REF) REFERENCE POSITION —10 (X1)" means you should press the
(SCALE REF) key, then the REFERENCE POSITION softkey, followed by the (Z), (i), @ and (XD
keys. The last key, (x1), terminates the command in basic units (dB, dBm, Hz, or degrees).

More explanation of display keys is found in after Chapter 5.
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Checking HP-IB Addresses

For hard copy output, an HP-IB cable must connect the analyzer to an HP-IB equipped printer
or plotter.

Tv communicate by HP-IB, two conditions must be satisfied:

a Each device must have a unique address.

= The analyzer must recognize each address.

To check each device’s HP-IB address, see its manual (most addresses are set with switches). To
check the analyzer's address, press {LOCAL] ; The analyzer’s
address will appear.

Table 1-2 shows the factory-set device addresses which are also the default addresses
recognized by the analyzer.

Table 1-2. Factory-set Addresses

Device HP-IB Address
HP 87510A 17
Printer
Plotter 5
External Controlier {computer) 21

To change an HP-IB address (recognized by the analyzer) to match a device address, press the
device softkey and then enter the address and (x1}.
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General Information

About this Manual Set

This HP 875104 Gain-Phase Analyzer Operation Manual is a complete guide to operating the
analyzer, It is part of a two manual set; the Maintenance Manual completes the set,

To explore the manuals further, inspect their title pages and the “Contents” and “Index”
sections.

Instruments Covered by This Manual

The instrument you received with this manual is covered by this manual without change. Any
other instrument with one of the serial number prefixes listed on the title page is also described
by this manual. (The serial number plate, shown in Figure 2-1 , is attached to the rear panel of

the analyzer.)

[ [@B) YOKOGAWAHEWLETT-PACKARD |

SER.NC.

MADE IN JAPAN 33 *

Figure 2-1. Typical Serial Number Plate

Other instruments differ from the instruments covered directly by this manual. Those
differences are documented in the Appendix A section. See Appendix A section if the serial
number prefix of your instrument is not listed on the title page.

Microfiche Copies of the Manunal

Use the microfiche part number on the title page to order a package of 10 x 15 centimeter (4 x
6 inch) microfilm transparencies of this manual and the Mainienance manual.
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HP 87510A Description

The HP 87510A is a 100 kHz to 300 MHz Gain-phase analyzer for measuring transmission
parameters It integrates a high resolution synthesized RF source, and a dual channel,
two-input receiver to measure and display magnitude, phase, and group delay responses of
active and passive RF networks. Option 001 provides a high stability frequency reference, and
Option 002 provides HP Instrument BASIC programmability. For information on other options,
see “Options Available” later in this section.

Two independent display channels and a large screen CRT display the measurement results
of one or both channels, in rectangular or polar chart formats. The display function has the
capability to display three traces simultaneously.

Digital signal processing and microprocessor control combine to provide easy operation and
measurement improvement. Measurement functions are selected with front panel keys and
softkey menus. Displayed measurement results can be printed or plotted directly with a
compatible peripheral without the use of an external computer. A built-in micro flexible disk
drive and RAM disk memory store and recall instrument states and trace data (measurement
data).

Trace math, data averaging, trace smoothing, eiectrical delay, and accuracy enhancement
provide performance improvement and flexibility. Accuracy enhancement methods range from
normalizing data to 3 term vector error correction.

Additional Features
In addition to the above capabilities, this analyzer has several features:

Advanced List Sweep Mode

The analyzer can measure specifically at user defined frequencies, power levels, IF bandwidths,
and number of points as defined in the List Segment. The list sweep mode can make the
display resolution even, even though the frequency points are not evenly dnstrlbur.ed as well
as making the frequency base display even.

Automatic Sweep Time

The analyzer can automatically shorten sweep time as much as possible for the given IF
bandwidth, number of points, averaging mode, frequency range, and sweep type.

Automatic Interpolated Error Correction

This allows the operator to perform any type of calibration, and then display any subset

of that frequency range or use a different number of points. If the operator changes the
stimulus parameter, the analyzer turns the interpolated error correction ON, and new error
coeflicients are interpolated from the coefficients of the original calibration. Interpolated error
correction provides a great improvement over uncorrected measurements, but the accuracy of
interpolated error corrected points is not specified. See Chapter 10.

Four Trace Simultaneous Measurement

The analyzer can measure and display two traces for one channel, which allows four trace
simultaneous display using the dual channel display capability. In addition, stimulus values
{frequency, power) can range independently for each channel.
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HP Instrument BASIC

This allows analyzer programmability without any external controller. HP Instrument BASIC is
a subset of HP BASIC and allows all of the analyzer’s measurement capabilities and any other
HP-IB compatible instrument to be programmed. Option 002 HP Instrument BASIC keyboard
is required to develop programs. For more information on HP Instrument BASIC, see Using HP
Instrument BASIC with the HP 87510A furnished with the analyzer and HP Instrument Users
Handbook furnished with Option 002.

/0 port

This allows thie creation of a production line measurement system when used with an
automatic handler. See Appendix C and Appendix D for more information.

Waveform Analysis Commands

The waveforia analysis function provides filter and resonator specific measurement commands.
These commands can be used to analyze filter ripple, obtain filter parameters (for example

3 dB bandwidth), or to search for a resonator’s series-resonant mode frequency and its
parallel-resonant mode (antiresonant) frequency and to derive parameters of the equivalent
circuit of resonators. Executing a command derives parameters from measurement resuits
and returns the derived parameters by HP-IB. An external controtler or HP Instrument BASIC
is required to use this command set. For more information on these commands, see HP-IB
Programming Manual. Some of these commands can be executed from the front panel using

SPCL FNCT) key. For more information on key, see “(SPCL FCTN) Key” in Chapter 9.
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Hewlett-Packard Interface Bus (HP-IB)

The analyzer is factory-equipped with a remote programming interface using the
Hewilett-Packard Interface Bus (up-1B). HP-IB is Hewlett-Packard’s hardware, software,
documentation, and support for IEEE-488.1, IEEE-488.2, IEC-625, and JIS-C1901 worldwide
standards for interfacing instruments. This provides a remote operator with the same control
of the instrument available to the local operator, except for control of the power line switch
and some internal tests Remote control is maintained by a controlling computer that sends
commands or instruetions to and receives data from the analyzer using HP-IB. Several output
modes are available for output data. A complete general description of HP-IB is available in
Condensed description of the Hewlett-Fackard Interface Bus (HP part number 53401-90030),
and in the Tutorial Description of the Hewlett-Packard Interface Bus (HP literature number

5952-0156).

The analyzer itself can use the HP-IB system to produce measurement results directly to a
compatible printer or plotter without using an external computer.
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Options Available

Option 001, High Stability Frequency Reference

This option, a 10 MHz crystal oscillator in a temperature stabilized oven, improves the source
signal frequency accuracy and stability.

Option 002, Keyboard for HP Instrument BASIC

This option adds HP-HIL keyboard and cable for editing HP Instrument BASIC program on the
HP 87510A display. '

See the previous section for information.

Option 003, Type-N Input Connecter

This option changes A channel input to type-N connector and provides probe power output for
use with active prove and high input impedance adapter.

Option 004, Delete Reference Channel
This option deletes reference channel (R ch) input and one of two power splitter output.

Option 005, Parallel 1/0 Mode A

This option provides 8-bit output, 4-bit input parallel I/0 with 15-pin HP 8751A compatible
connector on the rear panel instead of standard parailel 1/0 (24-bit 1/0). This option cannot be
installed with option 006.

Option 006, Parallel I/0 Mode B

This option provides 24-bit output, 8-bit input parallel 1/0 with 36-pin connector on the rear
panel instead of standard 24-bit I/0. This option can not be instalied with option 005.

Option O0B0, Delete Operation Manual
Option 807, Front Handle Kit

Option 908, Rack Mount Kit

This option is a rack mount kit containing a pair of flanges and the necessary hardware to
mount the instrument, with handles detached, in an equipment rack with 482.6 mm (19 inches)

horizontal spacing.
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Option 909, Rack and Handle Kit

This option is a rack mount kit containing a pair of flanges and the necessary hardware to
mount the instrument with handles attached in an equipment rack with 482.6 mm (19 inches)

horizontal spacing.)

Option 0B1, Extra Operation Manual

This option is an extra manual set containing the same manual set which is furnished with the
analyzer.

Option 0B3, Add Service Manual
This option adds Service Manual (HP Part Number: 87510-90031).

Measurement Accessories Available

Active Probes
HFP 41800A Active Probe

This is a high input impedance probe for in-circuit measurement which covers the same
frequency range as the HP 87510A. Option 003 on the HP 87510A is required to use this probe.
HP 41802A 1 M{ Input Adapter

This adapter allows use of a high impedance probe. It has a frequency range of 100 kHz to 100
MHz. Option 003 on the HP 87510A is required to use this adapter. +

System Accessories Available

System Rack

The HP 85043B system rack is a 124 cm (49 inch) high metal cabinet designed to rack mount
the analyzer in a system configuration. The rack is equipped with a large built-in work surface,
a drawer for calibration kits and other hardware, a bookshelf for system manuals, and a locking
rear door for secured access. Lightweight steel instrument support rails support the instrument
along their entire depth. Heavy-duty casters make the cabinet easily movable even with the
instruments in place. Screw-down lock feet permit leveling and semi-permanent installation:
the cabinet is extremely stable when the lock feet are down. Power is supplied to the cabinet
through a heavy-duty grounded primary power cable, and to the individual instruments
through special power cables included with the cabinet,
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Plotters and Printers

The HP 87510A is capable of plotting displayed measurement resuits directly to a compatible
peripheral without the use of an external computer. The compatible plotters are:

2 HP 7440A Option 002 ColorPro Eight-Pen color graphics plotter, plots on ISO A4 or 8 1/2 x 11
inch charts
s HP 7475A Option 002 six-pen graphics ploiter, plots on IS0 A4, A3or81/2 x 1l inchor 11 x

17 inch charts.
m HP 7550B Option 005 high-speed eight-pen graphics plotter, plots on ISO A4, A3 or 8 1/2 x 11

inch or 11 x 17 inch charts.
The compatible printers for both printing and plotting are;

s HP 3630A Paintjet Option 002 color printer
w HP 2225A (HP-IB compatible) ThinkJet printer
= HP 22278 QuietJet printer

HP-IB Cables

An HP-IB cable is required for interfacing the analyzer with a plotter, printer, computer, or
other external instruments. The cables available are HP 10833A (1 m), HP 10833B (2 m), and
HP 10833D (0.5 m).

Disks and Disk Accessories
Hewlett-Packard disks are listed below.

Table 2-1. Disks and Disk Accessories

HP Parts Number Description
92192A Box of 10 3.5 inch, 720K byte microfioppy disks
92192N Box of 100 3.5 inch, 720K byte microfloppy disks :
92192X Box of 10 3.5 inch, 1.44M byte microfloppy disks
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Instrument Specifications

These specifications are the performance standards or limits against which the instrument is
tested. When shipped from the factory, the HP 87510A meets the specifications listed in this
section. The specification test procedures are covered in the HP 87510A Maintenance Manual.

Note Applicable frequency range of all specifications is from 100 kHz to 300 MHz,
d except for the applicable frequency range is noted.
Source

Frequency Characteristics

2T 2 100 kHz to 300 MHz
Accuracy
L A 0 i +20 ppm
at 0 to 55°C (with Opt. 001, 20 minutes after poweron) .................oooooiiinn, +1 ppm
Stability (at 23 4 5°C)
............................................................... eveeeiee... . 25X IUS/day (Typ.)
Opt. 001, 48 hours after POWEr ON ..............coooiuiienneennanns +2.5x10%/8 hours (Typ.)
L ETT o) 10 taTs ¢ WA O A 1 mHz (Typ.)
Output Power Characteristics
2 F T . O -~15 to +5 dBm (Typ.)
1Lt LaTe. ¢ S PPN 0.2 dB (Typ.)
Level Accuracy (at 23 :!:5"0 0 dBm output level, 50MHz) ........ ... +1dB
Flatness (at 23 £5°C, relative to 0 dBm output level at 50 MHz) ................ +2 dB, -4 dB
Linearity (at 23 £5°C, relative to 0 dBm output level at 50 MHz) ....................... +1dB
Power Splitter
Insertion Loss
Nominal ....ovvveriiiiinii s e e 6 dB
Qutput Tracking
I00kHz < Freq. < I00MHz .. ... i 0.1 dB (Typ.)
100 MHz < Freq. < 300MHzZ ... i 0.2 dB (Typ.)
Equivalent Output SWR
I00kHz < Freq. < I00MHz ... s <L.2(Typ.)
I00MHz < Freq. <300MHz ... <1.4 (Typ.)
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Spectral Purity Characteristics

Harmonics (at —~10dBmoutputlevel) ... ..ot e < -35 dBe
Non-harmonic Spurious Signals (at 0 dBm output level, <300MHz) ................ < —-45 dBec
Phase Noise (at 10 kHz offset from 0 dBm fundamental) ........................ < —75 dBc/Hz

Other Source Information

Reverse Power Protection ... ... ... it 20 dBm, 50 Vde (Typ.)
Output Connector .........ooiiiiiiiiiiiiiiiiaa . BNC female, 50 ({{nominal), two channels
Receiver

Input Characteristics

Frequency RANge .......o.oiiiiriiiiiia it eaiicneiaeenns 100 kHz to 300 MHz (Typ.)
Impedance
L L0t 7: | R S PP 50 @
Return Loss
100kHz < Freq. < I00MHz ... .. i > 20dB
100MHz < Freq. <300 MHz .. .. .o > 15dB
Maxdimum Input Level .. ... 0 dBm (Typ.)
Damage Level
5.1 R P 50 Vde
AC (o O 20 dBm
Noise Level (at 23 £5°C, Sweep Time mode is AUTO) :
I BW B KHZ ..ottt e e et e -~70 dBm
P BW A KHZ ..ottt et et e e e e -85 dBm
4201 R U R -9%0 dBm
T BW 200 HZ ..ottt et e e e -100 dBm
P BW 20 HZ .. itiiiiit ittt it e e e -110 dBm
IF Bandwidth (IF BW) ...................oooan. 20 Hz, 200 Hz, 1 kHz, 4 kHz, and 8 kHz (Typ.)
Input Crosstalk (0 dBm inputlevel)................oii i < -100dB
Source Crosstalk (at +5 dBmoutputievel) ........ ... ... ... i, < —110 dB(Typ.)
Residual Response (except for the following points) ....................... ool < -80 dBm
170.14125 MHz, 170.9275 MHz, 227.379166667 MHz, and 228.4275 MHz
Input Connector ............coooiiiiiiiinn BNC female, 50 2 (nominal), twe inputs (R and A)
Measurement MOGe .. ..o e A/R, A, R (Typ.)

Magnitude Characteristics

Absolute Characteristics

Display Range (Ref. valuecan besetto)....... ..., £500 dBm (Tvp.)
Display Resolution (/divecan besetto)............ ... 0.001 dB/div to 500 dB/div (Typ.)
Marker ResolUtion ... . .ot e 0.001 dB or 5 digits (Typ.)
Absolute Amplitude Accuracy (at 23 £5°C and —10 dBm inputlevel) ................... +1 dB
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Ratio Characteristics

Display Range (Ref, value canbe set t0). . ..., +500 dB (Typ.)
Display Resolution (/divcanbeset to}...................oos. 0.001 dB/div to 500 dB/div (Typ.)
Marker ResolUtion ...........oovriiiiermmnmoiiiaiiaeiiiaiiiiraeas 0.001 dB or 5 digits (Typ.)
Frequency Response (at 23 £ 5°C, —10 dBm input level)
100kHz < Freq. € I00MHZ .....ooiuniii i e 40.5 dB
100 MHz < Freq. < 300 MHZ . ...ttt +1.0 dB
Note Frequency response can be corrected by calibration.

v

Dynamic Accuracy {at 23 £ 5°C, 20 Hz IF BW, - 10 dBm Rch input level, relative to ~20 dBm
Ach input level)

0dBm > AchInput Level > -10dBm ... +0.4 dB
~10dBm > Ach Input Level > —20dBm ... +0.08 dB
—20dBm > Ach Input Level > -50dBm ... £0.05 dB
—50dBm > Ach Input Level > —80dBm ....... ... ... i +0.06 dB
-60 dBm > Ach Input Level > ~70dBm ....... ... i +0.148
~70dBm > Ach Input Level > -80dBm ........... ... +0.3 dB
—80dBm > AchInput Level > ~90dBm ........... ... i +0.9 dB
~00 dBm > Ach Input Level > -100dBm ..o +3 dB
Trace Noise (at 1 kHz IF BW, —10 dBm inputlevel) ............................. < 10 mdB rms
(51721011 11 A 0.02 dB/°C {Typ.)
Phase Characteristics
Measurement MOAe ........veiiiii i e i i Normai/Expanded
Measurement Range
Normal mode ......cooiiiiiiiiiiii i ennes +100 kdeg (no radian unjt available)
Expanded mode ...........cooiiiiiiiiiiii it +5 Mdeg (no radian unit available)
Display Resolution
NOrmal MO .. ..o it a it 0.01 deg/div to 500 deg/div
Expanded mode ... ... 10 pdeg/div to 10 kdeg/div
Marker Resolution
NOEmMal MOME ..ottt ettt et ettt 0.01 deg.
Expanded MOGE . ....oo. it e e e 5 digits
Frequency Response (at 23 £ 5°C, deviation from linear phase, —10 dBm input level)
I00kHz < Freq. <100MHz ... ... +2.5 degree
I00MHz < Freq. <300MHz ... e +5.0 degree
Note This specification is only for the deviation from linear phase, Frequency
ﬁ response can be corrected by calibration.

Dynamic Accuracy (at 23 £ 5°C, 20 Hz IF BW, —10 dBm Rch input level, relative to —20 dBm
Ach input level)

0dBm > Achinputlevel > —10dBm ............ ... o +3 degree
—~10dBm > Achinputievel > -20dBm ............. ... +0.5 degree
~20 dBm > Ach inputievel > —60dBm ............ ... +0.3 degree
—60 dBm > Achinputlevel > -70dBm ......... ... i +0.6 degree
~70dBm > Achinputlevel > =80 dBm . ........ ... +1.8 degree
—80 dBm > Ach inputlevel > —~90dBm ... ... . ... *6 degree
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~90 dBm > Ach input fevel > —100dBm ....... ...l +18 degree

Trace Noise (at 1 kHz IF BW, ~10dBminputlevel ) ........coooviiiiiiiiinian, < 50 mdeg rms

1 11 1 AR 0.05 deg/*C (Typ.)
Delay Characteristics

Aperture Frequency .............. 72 % to 100% of span, where N is Number of Points (Typ.)

Display Range (Ref. valuecanbe set £0)...............couiiiiinnn, +10 psec to 0.5 sec (Typ.)

Display Resolution (/diveanbeset to) ..o 10 fsec/div to 10 sec/div

Accuracy (at = 23 £5°C, Typical)
In general, the following formula can be used to determine the accuracy, in seconds, of a
- specific group delay measurement.:
PhaseAccuracyideg]
360{deg] x Aperture[Hz]

Depending on the aperture, input level, and device length, the phase accuracy used in
either incremental phase accuracy or worst case phase accuracy.

General Characteristics

Operating Conditions
When disk drive is in operation
B L=Y 1110 =¥ 31 S 10to 50 °C
Humidity (at wet bulb < 29°C, without condensation) .................. 15% < RH < 80% -
When disk drive is not in operation Z
L ) T ) S P 0 to 55 °C
Humidity (at wet bulb < 29°C, without condensation} .................. 1§% < RH < 95%
Altitude ... ..o U 0 to 4,500 meters (15,000 feet)
Warmn Up THme ... oot i ittt ees 30 minutes
Non-operating Conditions
Lo 4o 2 o RSP ~40 to 60 °C
Humidity (at wet bulb < 29°C, without condensation) ..................c..o.. 15%<9 %
Altitude 0 to 15,240 meters (50,000 feet)
% 12 5, AR Based on IEC-348, UL 1244 certified by CSA 231
EMI .. Based on CISPR-11 Groupl Class A and FTZ 526/527
Line Power
Voltage Selector | Line Voltage | Line Frequency |[MAX. VA |
115V 90 to 132 V147 to 66 He 350
230 V 198to 264 V |47 to 66 Hz 350
B It .t 27 kg (Typ.)
Cabinet Dimensions .......................... e 425(W) x 235(H) x 553(D) mm (Typ.)
ESD
AR diSCRArge . o e e 8 kV

Contact dISCRANZE ... . i RN 4 kV
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Rear Panel Specifications

I/0 Buses

HP-IB Interface
ANSI/IEEE 488.2 compatible. There is no address switch.

1/0 Port
See Appendix C in the Reference Manual.

BNC Connectors

“EXT REF INPUT 10/N MHz” Connector

This inputs a frequency reference to phase lock the analyzer to an external frequency
standard.

Applicable input signal characteristics are:

FreQUeNCY ....ouvinroaeaiaeeaiiieererrneraaenaeees. 19 MHz +10 ppm, (N=1,2,5,10) (Typ.)
Amplitude ......... ... e 0 +5 dBm (Typ.)
Nominal IMPedanCe ... ...ttt i et 500

“REF OVEN (OPTION 001)” Connector
This ocutputs a frequency standard if Option 001 is installed. Output signal specifications are:

Frequency (at 0 to 55 °C, 20 minutes after power ON)................ 10 MHz +1.0 ppm (Typ.)
AP .. .. ittt e e 2 45 dBm {Typ.)
Nominal Inpedance . ... ... e P 500

“INT REF OUTPUT” Connector
This outputs a frequency reference to an external instrument to phase lock it to the analyzer.
Output signal specifications follow:

Frequency (at 235 °C) .. oovi i e 10 MHz %20 ppm (Typ.)
AMPHEUAE ... 0 5 dBm (Typ.)
Nominal IMpedance .........oouniiiiii i e 500
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“EXT TRIGGER" Connector
This triggers a measurement sweep.
Trigger signal specifications follow {See Figure 3-1}):

Vih
A
Positive Edge Trigger
Tp
Vii
Figure 3-1. Trigger Signal

B +2Vto +5V(TYD.)
T 0Vto +0.5 V(Typ.)
SInk current (I8) .. ..oviii i e Is € 0.4 mA (Typ.)
Pulse Width {TD) ... i i e Tp > 20 psec (Typ.)

Positive edge trigger

“EXT PROG RUN/CONT” Connector

This externally triggers RUN/CONT of the Instrument BASIC program. The signal specifications
are the same with the “EXT TRIGGER” connector,

Specifications when Option is Installed
Specifications When Option 003 Type N Connecter Is installed
= The following specifications is changed.
Input Connecter
RO oo e BNC female, 50 I (nominal)
ACh L Type N female, 50 Q@ (nominal)
Probe POWEr .......oooviiiiniieei e +15 V (150 mA), —12.6 V (80 mA) ,GND (Typ.)

Specifications When Option 004 Delete Rch Is Installed

a The following specifications is deleted.

&3 “Power Splitter” in the “Output Power Characteristics” of the “SOURCE”

r1 “Input Crosstalk” in the “Input Characteristics” of the “Receiver”

o “Ratio Characteristics” in the “Magnitude Characteristics” of “Receiver”

0 “Frequency Response”, “Trace Noise”, and “Stability” in the “Phase Characteristics” of the

“Receiver”
m The following specifications is changed.

Output Return Loss ........................ D 5 dB (Typ.)
Output COMNECLOr .. ... e e ...One channel (RF OUT)
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Input Connector

-----------------------------------------------------------

Measurement Mode ... ... e e A
Magnitude Dynamic Accuracy (At 23 + 5°C, 20 Hz IF BW assumption: reference is -20
dBm Ach input level, right after measuring reference)
0dBm > Input Level > =10 dBIm ... ..ot e e i +0.4 dB
—10dBm >Input Level > 680 dBm ... ... e +0.1 dB
—60dBm > Input Level > ~70dBm ... ..o +0.2 dB
~T70dBm > Input Level > —BOdBM ..ot e +(.6 dB
Magnitude Stability ........ ... . 0.05 dB/C (Typ.)
Phase Dynamic Accuracy {(at 23 + 5°C, 20 Hz IF BW, assumption: reference is ~20 dBm
Ach input level, right after measuring reference)
0dBm > input level > —10dBm ....... ..o +3 degree
—10dBm > inputlevel > —-60dBm ........ ... +1.5 degree
-60 dBm > input level > -70dBm ... ... +2.4 degree
=70 dBm > inputlevel > —80dBm ... ...t +3.6 degree

Phase Stability . .....oooiiiiii i e e

+1 degree/°C (Typ.)

Furnished Accessories

Accessory HP pert nomber Accessory HP part namber
Operation Manual 87510-00000 BNC Adapter? 1250-1858
Maintenance Manual 87510-90030 Keyboard Template3 08751-87111
Performance Test Program 87510-87001 ASCI Keyboard® HP 46021A
Sample Program Disk 87510-87002 ITF Keyboard Cabile3 46020-60001
BNC Cable 8120-1838 HP Instrument BASIC Manual Set3 E2083-90000
Power Cablel
1 power cabie depends on where the instrument is used, see figure on the next page

&

2 Only option 001..
3 Only option 002.
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OPTION ¥0

Plug: BS1383A, 250V
Cable 1 HP B120~33s1

OPTION 801 Avstrslie/New Zesland

/ -
k"“"-!‘mn!

Lire

Plug: NZ5S 198/7A8 Ci12, 250V
Cabie: HP #120-1389

OPTION 942

Plug 1 CEE-VIL, 256V
Cable : HP 81320~ 1889

European Continent

OPTION 983 U.3./Cannde

S

Plug: NEMA 5-15P, LT5V, 15A
Cable: HP $120-1318

OPTION 904

Cable: HP 8120-06%8

Plug: NEMA 6-15pP, 250V, 15A

OPTION 905" Any country

Piug : CEE 22-VI, 250V
Cable : HP §170+1396

OPTION 988

u-/

Cable 1 HP 3120-2104

\% e

Plug: SEV 1011.1959-24507 Type 12, 250V

OPTION 912

Meutral

Plug: DHCR 107, 220V
Cable: HP B120-2958

Plug: SABS 164, 250V
Cable: HP 81204211

OPTION 917 indis/Republic of S.Africa

OPTION 918 Japan

Rerth

Mautrak

Plug: JIS C 8303, 125V, 1S5A
Cable: HP 8120-4753

{straight, 90 * etc.).

NOTE: Each option number
family' of cords and connectors of various
materials and plug body configurations

Plug option %05 is freguently used for
interconnecting system components and
peripherals.
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System Overview

System Overview

Network analyzers measure the reflection and transmission characteristics of devices and
networks by applying a known swept signal and measuring the response of the test device.
The signal transmitted through the device or reflected from its input is compared with the
incident signal generated by a swept RF source. The signals are applied to a receiver for
measurement, signal processing, and display. A network analyzer system consists of a source,
signal separation devices, a receiver, and a display.

The HP 87510A Gain/Phase analyzer integrates a high resolution synthesized RF source
with a built-in power splitter and a dual channel two-input receiver to measure and display
magnitude, phase, and group delay of transmitted power. The HP 87510A has the capability
of programing the measurement sequence and controlling other HP-IB instruments without
an external controller. Other options are explained in Chapter 2. Figure 4-1 is a simplified
block diagram of the gain phase analyzer system. A detailed block diagram of the analyzer
is provided in the Service Manual (HP Part Number:87510-80031), together with theory of

operation.

BUILT-IN
POWER SPUTTER

100kHz-300MHz

AF OUT2
SYNTHESIZED
SOURCE
RF OUT1
«J

RECEIVER

DISPLAY

CADHER

Figure 4-1. Simplified Block Diagram of the Network Analyzer System

Overall Operation

The source RF signal is transmitted through the device under test (but) and is then applied to
receiver input A. The signal at receiver input A is compared to the original signal at receiver

input R to characterize the DUT’s transmission response.

The Built-In Synthesized Source

The analyzer's built-in synthesized source produces a swept RF signal in the range of 1 kHz
to 300 MHz. To achieve frequency accuracy and phase measuring capability, the analyzer is
phase-locked to a highly stable crystal oscillator.

System Overvisw 4.1




. &2 System Dvarview

The Built-in Power Splitter

The analyzer has a power splitter separate RF output signal to reference signal and incident
signal.

The Receiver Block

The receiver block contains identical mixers for the R, and A inputs. The signals are mixed to
produce a 10 kHz IF (intermediate frequency) which is converted to digital data for further
processing. Both amplitude and phase information are measured simultaneously, regardless of
what is displayed on the CRT.

The Microprocessors

The microprocessors take the raw data and perform all the required error correction,
formatting, scaling, and marker operations, according to the instructions from the front panel.
The formatted data is then displayed on the CRT. The data processing sequence is described

below.

Data Processing

Overview

The analyzer's receiver converts the R, and A input signals into useful measurement
information. This conversion occurs in two main steps, First, the swept high frequency
input signals are translated to fixed low frequency IF signals, using analog mixing techniques.
See “Theory of Operation” in the Service Manuai for details Second, ihe IF signals are
converted into digital data by an analog-to-digital converter (apc). From this point on, ail
further signal processing is performed mathematically by the analyzer's microprocessors. The
following paragraphs describe the sequence of math operations and the resuiting data arrays
as the information flows from the ADC to the display. They provide a good foundation for
understanding most of the response functions, and the order in which they are performed.

Figure 4-2 is a data processing flow diagram that represents the flow of numerical data from IF
detection to display. The data passes through several math operations, denoted in the figure

by single-line boxes. Most of these operations can be selected and controlied from the front
panel RESPONSE block menus. The data is also stored in data arrays along the way, denoted by
double-line boxes. These arrays are places in the flow path where data is accessible via HP-IB,
using the built-in disk drive, and the RAM disk memory.

Important Concepts
m Stimulus is whatever is being measured on the display x-axis (frequency).

= A data point or poeint is a single piece of data representing a measurement at a single
stimulus value. Most data processing operations are performed point-by-point; some involve
more than one point.

= A sweep is a series of consecutive data point measurements, taken over a sequence of
stimulus values. A few data processing operations require that a full sweep of data is
available. The number of points per sweep is user defined, while the default number of
points is 201. Note that the meaning of the stimulus values (independent variables) can
change, depending on the sweep type, although this does not generally affect the data
processing path. Examples of sweep types are linear frequency, logarithmic frequency and




frequency list mode. The frequency list mode allows you to choose specific stimulus points to

be measured.
ADC DIGITAL ¥ RATIO
fu FLTER CORRECTION
st‘emswzzp ERAOR -
AVERAGING CORRECTION HATH
CALBRATION MEMORV'
sl
]_. o COMVERSION FORMAT SHIOTHING
EH{=H=
REMARKS »
PROCESS s * : This is availabie only by HP-IB.
Figure 4-2. Data Processing Flow Diagram
Note While only a single flow path is shown, two identical paths are available,
corresponding to channel 1 and channel 2. When the channels are uncoupled,
# each channel can be independently controlled, so that the data processing
operations for one can be different from the other.

Processing Details
The ADCs

The ADCs at both ports (R and A) convert an analog signal, which is already down-converted to
a fixed low frequency IF, into digital data. See “(MEAS) Key” in Chapter 9 for more information

on inputs

Digital Filter

The digital filter detects the IF signal by performing a discrete Fourier transform (pF1) on
the digital data. The samples are converted into complex number pairs, real plus imaginary,
R+jl, which represent both the magnitude and phase of the IF signal. The filter shape can be
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altered by selecting the IF bandwidth from among 20, 200, 1 k, 4 kHz and 8 kHz, which isa
highly effective technique for noise reduction. See “(AvG) Key” in Chapter 9 for information on
different noise reduction techniques.

IF Correction

This process digitally corrects for frequency response errors in the analog down conversion
path.

Ratio Calculations

These are performed if the selected measurement is a ratio of A and R inputs. This is simply a
complex divide operation. If the selected measurement is absolute (e.g. A or R), no operation is
performed. The R and A values are also split into channel data at this point. See “(MEAS) Key”
in Chapter 9 for more information. '

Sweep-to-sweep Averaging

This is one of the noise reduction techniques This calculation involves taking the complex
exponential average of up to 999 consecutive sweeps. See “(AVG} Key” in Chapter 9.

Vector Error Correction (Accuracy Enhancement)

When a measurement calibration has been performed and correction is turned on, error
correction removes repeatable systematic errors, stored in the calibration coefficient arrays,
from the measurement data. This can vary from simple vector normalization to 3-term
correction. See Chapter 10 for details.

The calibration coefficient arrays themselves are created during a measurement calibration,

These are subsequently used whenever correction is ON, are accessible using by HP-1B, and can
be saved to the built-in disk drive or the RAM disk memory.

The results of error correction are stored in the data arrays as complex number pairs. These
arrays are acecessible by HP-IB, and can be saved to the built-in disk drive and the RAM disk
memory.

The Delay Block (Electrical Delay)
This involves adding or subiracting a linear phase in proportion to frequency. This is equivalent

to “line-stretching” or artificially moving the measurement reference plane. See “(SCALE REF)
Key” in Chapter 9 for details.

Conversion Transforms

Transforms measurement data into equivalent complex impedance (Z) or admittance (Y) values, .
te inverse parameters (R/A, 1/A or 1/R), or to phase multiples of 4, 8, or 16. See “Conversion
Menu” in Chapter 9.

Formatting

This converts the complex number pairs into a scalar representation for display, according to
the selected format. This includes group delay calculations. These formats are often easier to
interpret than the complex number representation. (Polar chart format is not affected by the
scalar formatting.) Note that after formatting, it is impossible to recover the complex data. See
“(FGRMAT) Key” in Chapter 9 for information on the different formats available and on group
delay principles.
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Smoothing

This is one of the noise reduction technigues used to smooth out noise on the trace. When
smoothing is ON, each point in a sweep is replaced by the moving average value of several
adjacent (formatted) points. The number of peints included depends on the user defined
smoothing aperture. The effect is similar to video filtering. See “(AvG) Key” in Chapter 9 for
information about smoothing.

Format Arrays

The results so far are stored in the format arrays. It is important to note that marker valyes
and marker functions are all derived from the format arrays. Limit testing is also performed on
the formatted data. The format arrays are accessible by HP-IB, and can be saved the built-in
disk drive or the RAM disk memory.

Scaling
These operations prepare the formatted data for display on the CRT. This is where the

reference line position, reference line value, and scale calculations are performed, as
appropriate for the format being used. See “(SCALE REF) Key” in Chapter 8.

Display Memory

The display memory stores the dispiay image for presentation on the display. The information
here includes graticules, annotation, and softkey labels - everything visible on the display.
When the display is printed or plotted, the information sent to the printer or plotter is taken
fror display memory. Finally, the display memory data is sent to the display.
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Fron ear Panel

Introduction

This chapter describes the analyzer operation using its front panel controls, and explains the
use of softkey menus. It provides illustrations and descriptions of the front panel features, the
CRT display and its labels, and the rear panel features and connectors.

Analyzer functions are activated from the front panel by the operator using front panel keys
or softkeys. In this manual, all front panel keys and softkey labels are shown as and

Active Function

The function currently activated is called the active function, and is displayed in the active
entry area at the upper left of the display. As long as a function is active it can be modified
with the ENTRY keypad (See “Entry Block Keys” in Chapter 7). A function remains active until

another function is selected, or (ENTRY OFF } is pressed.

Front Panel Keys and Softkey Menus

Some of the front panel keys change instrument functions directly, and others provide access
to additional functions available in softkey menus, Softkey menus are lists of up to eight
related functions that can be displayed in the softkey label area at the right-hand side of the
display. The eight keys to the right of the CRT are the softkeys. Pressing one of the softkeys
selects the adjacent menu function. This either executes the labeled function and makes it
the active function, causes instrument status information to be displayed, or presents another

softkey menu.

Some of the analyzer's menus are accessed directly from front panel keys, and some from other
softkey menus. For example, the stimulus menu accessed by pressing the key presents
all the stimulus functi ch as sweep type, number of points, power, sweep time, and trigger.
Pressing D’ allows the requxred number of points per sweep to be entered

directly from the number pad. The RE'IURN softkeys returns to previous menus, while D
both indicates completion of a specific procedure and returns to an earlier menu.

Usually, whenever a menu changes, the present active function is cleared, uniess it is an active
marker function.
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Softkeys that are Joined by Vertical Lines

In cases where several possible choices are available for a function, they are joined by vertieal
lines. For example, in the input menu under the key, the available inputs and input
combinations are listed; A, R, A/R, and only one can be selected at a time. When a selection
has been made from the listed alternatives, that selection is underiined until another selection

is made.

Softkeys That Toggle ON or OFF

Some softkey functions can be toggled on or ofFr, for example averaging, and this is indicated
in the softkey label. The current state, oN or OFF, is capitalized in the softkey label.

Exarnple:;

The word oN is capitalized, showing that averaging is currently
ON.

The word oFr is capitalized, showing that averaging is currently
OFF.

Softkeys that Show Status Indications in Brackets

Some softkey labels show the current status of a function in brackets. These incltude

i indicators An example of a toggled function is the
softkey. The I softkey is an example of a

is shown in brackets in the

softkey label.

Function Key Blocks

The front panel keys that provide access to softkey menus are grouped into the SEMULUS,
RESPONSE, and INSTRUMENT STATE function blocks.

Stimulus Block
The stimulus block keys and softkey menus control all the functions of the test signal source,

Response Block

The response block keys and softkey menus control the measurement and display functions
specific to the active channel.

Instrument State Block

The instrument state block keys and softkey menus control channel-independent system
function such as printing and plotting, save and recall, and HP-1B controller mode. In addition,
major features such as limit testing, BIN sorting and Instrument BASIC are accessed under the

sYsTEM] key.

Instrument BASIC allows BASIC program entry using a fuli keyboard, to automate DUT
measurement. Instrument BASIC may also be configured to run automatically at power on.
This function also allows the operator to control external HP-IB instrument from the analyzer.
Using HF Instrument BASIC with HP 87510A describes this feature.
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HP-IB Control

The functions accessible from the front panel can also be accessed remotely by an external
controlier using HP-IB, or the Instrument BASIC function. Equivalent HP-IB commands
are available for most of the front panel keys and softkey menu selections, The HP-IB
programming command equivalent to each front panel and softkey function is provided in
parentheses after the first reference. Additional information about HP-IB programming is
provided in HP-IB Programing Manual.

Information on Keys and Softkeys

The following chapters describe all the front panel keys and softkey menus in detail. The
purpose and use of each function is detailed, together with expected indications and results,
aliowable values, and possible limitations. This information is presented in function block
order. Each function block is illustrated and described in general terms. This is followed

by information about each front panel key in the function block, together with a map and
description of all the menus accessed from that key. Each menu is illustrated, and each softkey
funiction in each menu is explained in detail. A complete map of the softkey menu structure is
provided in Appendix E at the end of this reference, together with an alphabetical index.

Front Panel Features

G Er e b
f
‘afafo]:]
g o -'“l';, mmm
g DEOCODHS
2 BIEE 00
;m P A, S0 W 8
i =N
s B8 :
- ——— —
— 8 = 7

10

14 13 12

15 (Option 003 only)
16 {Option 003 only)

Figure 5-1. HP 87510A Front Panel
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Figure 5-1 illustrates the following features and function blocks of the analyzer front panel.
These features are described in more detail in this and subsequent chapters.

Caution A properly grounded AC outlet is mandatory when operating the analyzer.

Operating the instrument with an improperly grounded or floating ground
ﬂ prong WILL DAMAGE THE INSTRUMENT!

10.

11.

12.

13.
14.

54

LINE switch. This controls AC power to the analyzer. 1 is on, 0is oFF.

CRT display. This is used for display of data traces, measurement annotation, softkey
labels, and other information. The display is divided into specific information areas,
illustrated in Figure 5-2.

Saftkeys. These keys expand the capabilities of the analyzer with additional functions
beyond those of the front panel keys. They provide access to menu selections displayed on
the CRT,

STIMULUS function block. The keys in this block control the RF signal from the analyzer's
source, and other stimulus functions.

RESPONSE function block. The keys in this block control the measurement and display
functions of the active display channel.

ACTIVE CHANNEL keys. These keys select the active channel from two independent
display channels Any functions then entered apply to this active channel.

The ENTRY block includes the knob, the step () () keys, and the number pad. These keys
are for entering numerical data and controlling the marker.

. INSTRUMENT STATE function block. These keys control channel-independent system

functions such as the following:

= Limit testing {under the key).
= Bin sorting (under the key).
= Real time clock setting (under the key).

& Instrument BASIC (under the key).
a Changing the HP-IB addresses used by the analyzer when controlling external devices

(printer, piotter). This is done through the key.
m Printing and plotting (under the key).
= Save/Recall, under their respective keys.
key. This key returns the instrument to a known standard preset state from any
step of any manual procedure. A complete listing of the instrument preset conditions is
provided in Appendix B.
Inputs R and A. These receive input signals from a test set, source, or device under test.
Input R is used as the reference input. The input impedance of each input is 50 0.

RF OUT connector 1 and 2. These connects the RF output signal from the analyzer’s
internal source through the built-in power splitter. The output impedance at this connector

is 50 Q.
Intensity. This adjusts the intensity of the CRT display.
HP-HIL comnector. This connects the keyboard (Option 002) to use Instrument BASIC.

Built-in Flexible Disk Drive. This stores the measurement data, instrument status, Hst
sweep tables, and Instrument BASIC programs. The applicable disk formats are LIF (logical
interchange format) and DOS format.
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15. Type-N Input A Connecter (Option 003 only). Option 003 changes A channel input to
type-N connector.

16. Probe Power Connecter (Option 003 only). This connector (fused inside the instrument)
supplies power to an active probe for in-circuit measurements of AC circuits. Applicable
active probes are described in Chapter 2.

[ ]
CRT Display
(@ FORMAT (&) REFERENCE () MARKER
@ acTIvVE  @MEASURED LEVEL STATISTICS
CHANNEL INPUT ® & MARKER s&r;rassv
\ SCN;E@V BATAIHEADOUT
@i ~ i // 7 7
oo Moo bl L[ 2 L
o T = %} 1
INDICATOR = I - (SIPASSIFALL
@MESSAGE__{+1]] e 00
AREA /’/ %W,/ | E B
@ ACTIVE ] TRACE DISPLAY.
ENTRY AHEA AREA —.
—
e g : @
/ £
@STATUS / G =3
NOTATIONS + "
7
) STIMULLS @ STIMULUS 0 RUNLUGHT
START VALUE STOP VALUE
CAoReea

Figure 5-2. CRT Display (Single Channel, Cartesian Format)

The CRT displays the grid on which the measurement data is plotted, the currently selected
measurement traces, and other information describing the measurement, Figure 5-2 illustrates
the locations of the different CRT information labels, described below.

In addition to the full-screen display shown in Figure 5-2, a split display is available, as
described under “(DISPLAY) Key” in Chapter 9. In this case, information labels are provided for
each half of the display.

Several different display formats for different measurements are illustrated and described in
“(FORMAT) Key” in Chapter 9.

The screen can also be used as the Instrument BASIC display. Instrument BASIC uses a
full-screen display or 2 half-screen display below the graticule display as a text screen, and
uses all of the screen as a graphics screen.
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The following describe the information labels in detail,

1. Active Channel is the number of the current active channel, selected with the
{ACTIVE CHANNEL ) keys. If dual channel is on with an overlaid display, both channel 1 and
channel 2 appear in this area.
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16.

11,

12.

5.6 Front snd Rear Pans!

. Measured Mput(s) shows input, or ratio of inputs currently measured, as selected using the

key. The current display memory status is also indicated in this area.

. Format is the display format selected using the key.
. Scale/Div is the scale selected using the key, in units appropriate for the current

measurement.

Reference Level is the value of a reference line in Cartesian formats or the outer circle in
polar formats, selected using the key. However the reference line is invisible, it
is indicated by a small triangle adjacent to the graticule at the left.

. Marker Data Readout are the values of the active marker, in units appropriate to the

current measurement. See Chapter 11,

. Marker Stalistics, Width Volue are statistical marker values determined using the menus

accessed with the key. See Chapter 11 .

Saftkey Labels are menu labels displayed on the CRT that redefine the function of the
softkeys immediately to the right of the CRT.

. Pass/Fuil are used for limit testing using limit lines. See “Limit Line and Limit Testing” in

Chapter 12.
RUN LIGHT indicates the status of the Instrument BASIC program.
t (blank) Program stopped; can execute commands; CONTINUE not allowed.
Program paused; can execute commands; CONTINUE is allowed.
BASIC program waiting for input from keyboard; cannct execute commands.
s This indication has two possible meanings:

a. Program running; can NOT execute commands. CONTINUE not allowed.
b. System executing commanded enfered from keyboard; can NOT enier
commands. +

Stimulus Stop Value is the stop frequency of the source. When the stirulus is in
center/span mode, the span is shown in this space. The stimulus values can be blanked, as
described under “(DISPLAY) Key” in Chapter 9.

Stimulus Start Value is the start frequency of the source. When the stimulus is in
center/span mode, the center stimuius value is shown in this space.




13. Status Notations is the current status of various functions for the active channel. The
following notations are used:

Avg Sweep-to-sweep averaging is oN. The averaging count is shown immediately
below (see “(AvG) Key” in Chapter 9).

Cor Error correction is onN (see Chapter 10).

c? Stimulus parameters have changed, and interpolated error correction is on (see
“(CAL) Key” in Chapter 10).

c! Stimulus parameters have changed, and interpolated error correction is not
available (see “(CAL) Key” in Chapter 10).

Del Electrical delay, port extension, or phase offset has been added or subtracted {see
“(SCALE Rer) Key” in Chapter 9).

Ext Waiting for an external trigger.

Hid Hold sweep (see “Trigger Menu” in Chapter 8).

man Waiting for manual trigger.

Smo Trace smoothing is on (see “(AVG) Key” in Chapter 9).

Svc A service mode is turned ON. If this notation is shown, the measurement data
will be out of specifications. (See Maintenance Manual.)

* Source parameters changed: measured data in doubt until a complete fresh

sweep has been taken.
14, Active Entry Area displays the active function and its current value.
15. Message Area displays prompts or error messages.
16. HP-IB “REMOTE" Indicator displays “RMT” when the analyzer is in the remote state,

17. Title is a descriptive alpha-numeric string title defined by the user and entered gs described
at “Title Menu” in Chapter 9 under “(BiSPLAY)} Key” in Chapter 9.

Note The information provided here applies to Cartesian display formats. In polar
# chart display format, the labeling may differ.
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Rear Panel Features and Connectors

8 (Option 001 oniy) ¢

3 (
)}
J(

O
B < <
D 7 e .:—-—A 10

£ e
o [ n

} 1 12
) [

NHRCIHEY:
it oo}

2 i

Figure 5-3. HP 87510A Rear Panel
5
Figure 5-3 illustrates the features and connectors of the rear panel, described below.
Requirements for input signais to the rear panel connectors are provided in the General
Characteristics table of the General Information and Specifications section.

1. HP-IB connector. This connects the analyzer to an external controlier and other
instruments in an automated system. This connector is also used when the analyzer itself is
the controller of compatible peripherals. See Chapter 15.

2. I/O port connector. See Appendix C and D for complete information,

3. Serial number plate, For information about serial numbers, see “Instruments Covered by
This Manual” in Chapter 2.

4. EXT PROG RUN/CONT connector. This externally triggers RUN or CONT of the Instrument
BASIC program. At the positive-going edge of a pulse more than 20 gsec wide in the LOW
state will trigger RUN or CONT. The signal is TTL-compatible.

5. EXT TRIGGER connector. This triggers a measurement sweep. At the positive-going edge
of a pulse with more than 20 psec wide in the LOW state will start a measurement. The
signal is TTL-compatible, To use this connector, set the trigger mode to external using
softkey functions (see “Trigger Menu” in Chapter 8).

6. INT REF OUTPUT connector. This connects a frequency reference input of an external
instrument to phase lock it to the HP 87510A.

7. EXT REF INPUT connector. This inputs a frequency reference signal to phase lock the
analyzer to an external frequency standard for increased frequency accuracy.

5.8 Front and Bear Panel




When the HP 87510A is equipped with the external oven {Option 001), this connector must
be connected to the REF OVEN connector.

The external frequency reference feature is automatically enabled when a signal is
connected to this input. When the signal is removed, the analyzer automatically switches
back to its internal frequency reference.

REF OVEN (Option 001) connector connects to the EXT REF INPUT connector, when
Option 001 is installed. Option 001 improves the frequency accuracy and stability of the
analyzer.

. Fan. This provides forced-air cooling for the analyzer.
10.
11.
12.

Safety warnings.
Line voltage selector switch. See “Line Voltage” in the User’s Guide.

Power cord receptacle, with fuse.
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Active Channel Block

Active Channel Keys

The analyzer has two digital channels for independent measurement and display of data,
Two different sets of data can be measured simultaneously, for example the reflection and
transmission characteristics of a device, or one measurement with two different frequency
spans. The data can be displayed separately or simultaneously, as described below,

The HP-1B programming command is shown in parenthesis following the key or softkey.

ACTIVE CHANNEL

—VY) \gnz)o

C40060G1

Figure 6-1. Active Channel Keys

The (CHAN1) and (CHAN2) keys illustrated in Figure 6-1 select which channel is the
active channel. This is the channel currently controlied by the front panel keys, and its trace
and data annotations are displayed on the display. All channel specific functions selected apply
to the active channel. The current active channel is indicated by an amber LED adjacent to the

corresponding channel key.

The analyzer has dual trace capability, 50 that both the active and inactive channel traces can
be displayed, either overlaid or on separate graticules (split display). The dual channe! and
split display features are available in the display menus. See Chapter 9 for illustrations and
descriptions of the different display capabilities.

Stimulus values can be coupled or uncoupled between the two channels, independent of the
dual channel and split display functions. Refer to “(MENU) Key” in Chapter 8 for a listing of the
source values that are coupled in stimulus coupled mode.

Ancther coupling capability is coupled markers. Measurement markers can have the same
stimulus values for the two channels, or they can be uncoupled for independent control of each
channel. Refer to Chapter 11 for more information about markers.
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Entry Block

Entry Block Keys

The ENTRY block, illustrated in Figure 7-1, provides the numeric and units keypad, the knob,
and the step keys. These are used in combination with other front panel keys and softkeys to
modify the active entry, to enter or change numeric data, and to change the value of the active
marker. In general the keypad, knob, and step keys can be used interchangeably.

Before a function can be modified, it must be made the active function by pressing a front
panel key or softkey. It can then be modified directly with the knob, the step keys, or the digits
keys and a terminator, as described below.

ST ENTRY

alojo]
glolol

TR

Figure 7-1. Entry Block

The numeric keypad selects digits, decimal point, and minus sign for numerical entries, A units
terminator is required, as described below. The HP-IB programming command is shown in
parenthesis following the key or softkey.

The units terminator keys are the four keys in the right-hand column of the keypad. These
specify units of numerical entries from the keypad and at the same time terminate the entries.
A numerical entry is incomplete until a terminator is supplied, and this is indicated by the
data entry arrow “«” pointing at the last entered digit in the active entry area. When the
units terminator key is pressed, the arrow is replaced by the units selected. The units are
abbreviated on the terminator keys as follows:

Entry Block 7-1




(S7a) (G, N, KEY 43) Giga/nano (10° / 10%)

(W7E) (MA, U, KEY 42) Mega/micro (105 / 10°6)
(m) (X, ¥, KEY 41) kilo/milli (10 / 10°3)
(KEY 40) basic units: dB, dBm, degrees, seconds, Hz, or dB/GHz (may be

used to terminate unitiess entries such as averaging factor). No
HP-IB commands are required.

Note The suffix unit MHZ is a special case which should not be confused with MAHZ
# (megahertz) or mHZ (microhertz).

The knob adjusts continuously to current values for various functions such as scale, reference
level, and others. If a marker is turned on, and no other function is active, the knob can adjust
the marker position. Values changed by the knob are effective immediately, and require no

units terminator.

The step keys () (KEY 24) and () (KEY 25) step the current value of the active function up or
down. The steps are predetermined and cannot be altered. No units terminator is required
with these two keys.

(KEY 26) clears and turns off the active entry area, as well as any displayed
prompts, error messages, or warnings. Use this function to clear the display before plotting.
This key also prevents changing of active values by accidentally moving the knob. The next
selected function turns the active entry area back on.

key (KEY 27) deletes the last entry, or the last digit entered from the numeric
keypad.
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Stimulus Function Block

Introduction
A STIMULUS
=) )
{EZENTE%J [[SPANJ \

Figure 8-1. Stimulus Function Block

The stimulus function block keys and associated menus define and control the source RF output
signal to the device under test (DuT). The source signal can be swept over any portion of the
instrument's frequency range. The menus set all other source characteristics such as sweep
time and resolution, source RF power level, and the number of data points taken during the

sweep.

(sTART), (sTOP), (CENTER), and Keys

The HP-IB programming command is shown in parenthesis following the key or softkey.

(STAR)
(STOF)
(CENT)

(SPAN)
These keys define the frequency range of the stimulus, The range can be expressed as either
Start/Stop or Center/Span. When one of these keys is pressed, its function becomes the active
function. The value is displayed in the active entry area and can be changed with the knob,
. step keys, or numeric keypad. Current stimulus values for the active channel are also displayed
along the bottom of the graticule. Frequency values can be a blank for security purposes, using
the display menus.

The preset start and stop stimulus values are set to 100 kHz and 300 MHz respectively. The
allowable frequency range is 1 kHz to 300 kHz.
Because the display channels are independent, the stimulus signais for the two channels can

be uncoupled and their values set independently. The values are then displayed separately
on the display if the analyzer is in dual channel display mode. In the uncoupled mode with
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dual channel display the analyzer takes alternate sweeps to measure the two sets of data.
Channel stimulus coupling is explained in this chapter, and dual channel display capabilities are
explained in Chapter 9 .
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Figure 8-2. Softkey Menus Accessed from the (MenU) Key

The HP-IB programming command is shown in parenthesis following the key or softkey.
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The (KEY 19) key provides access to the series of menus illustrated in Figure 8-2 , which
define and control ali stimulus functions other than Start, Stop, Center, and Span. When the
key is pressed, the stimulus menu is displayed. This in turn provides access to the
other softkey menus. The functions available in these menus are described in the following

paragraphs.

Stimulus Menun

The stimulus menu specifies power level, the number of measurement points per sweep.

It includes the capability to couple or uncouple the stimulus functions of the two display
channels, and the measurement restart function. In addition, it leads to other softkey menus
that define sweep time, trigger type, and sweep type. The individual softkey functions of the
stimulus menu are described below.

|
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= R .
Meew| T
NUMBER of
POINTS

i

MEASURE
RESTART
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SWEEP 1YPE
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Figure 8-3. Stimulus Menu

| (POWE) makes power level the active function, which sets the output power level. The
allowable power range is —15 dBm to +5 dBm.

- (SWET) makes sweep time value the active function and presents the sweep

time menu, which toggles between automatic and manual sweep time,

presents the trigger menu, which selects the type of the sweep trigger.

(POIN) selects the number of data points per sweep. Using fewer points
allows a faster sweep time but the displayed trace shows less horizontal detail. Using more
points gives greater data density and improved trace resolution, but slows the sweep.

The possible values that can be entered for number of points are 2 through 801 with a step
value of 1. The number of points can be different for the two channels if the stimulus values
are uncoupled. .

In list frequency sweep, the number of points displayed is the total number of frequency points
for the defined list (see “Sweep Type Menu” in this chapter).

T: (REST) aborts the sweep in progress, then restarts the measurement. This
can update a measurement following an adjustment of the device under test,
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If the analyzer is taking a number of groups (see " 'gger _gmu in this chapter), the sweep
counter is reset to 1. If averaging is on MEASURE RESTART. resets the sweep-to-sweep

averaging and is effectively the same as

If the sweep trigger is in the :HBLD'__: mode, MEASURE executes a single sweep. If

is ON (screen displays both measurement channeis),

T executes a

(COUCON, COUCOFF) toggles the channel coupling of stimulus values. With

the preset condition), both channels have the same stimulus values (the
inactive channel takes on the stimulus values of the active channel).

In the stimulus coupled mode, the following parameters are coupled:

= Frequency

m Number of points
= Source power level
m Number of groups
» IF bandwidth

= Sweep time

= Trigger type

s Sweep type

= List sweep table

If both channels have the same inpuil parameter such as A/R and A, the following parameters
are also coupled:

m Correction mode
m Calibration coefficient

The following parameters are always common {o both channels, even if the stunuius mode is
not coupied.

m External trigger mode
m Calibration kit type and data

The following parameters are always set separately for each channel, even if the stimulus
mode is coupled.

» Measurement parameter
m Display Format

u Title (on/off)

u Scale reference value

a Electrical delay

u Phase offset

m Averaging {on/off, factor)
= Smoothing {on/off, factor)

Coupling of stimulus values for the two channels is independent of DU

the display menu and LED - in the marker mode menu. CGUPLED

becomes an alternate sweepl funct:on when dual channel display is ON: in this mode the
analyzer alternates between the two sets of stimulus values for measurement of data and both

are displayed.

{E presents the sweep type menu, where one of the available types of
weep can be selected.
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Sweep Time Menu

ﬁ
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Figure 8-4. Sweep Time Menu

: (SWETAUTO) selects the proper sweep time automatically. The following
ence between automatic and manual sweep time:

exp

n Manual Sweep Time. As long as the selected sweep speed is within the capability of the
instrument, it will remain fixed, regardless of changes in other measurement parameters.
If the operator changes measurement parameters such that the instrument can no longer
maintain the selected sweep time, the analyzer will change to the best sweep time possible.
Manual mode is turned ON by entering 2 sweep fime.

u Aulo Sweep Time. Auto sweep time continuously maintains the fastest sweep speed possible
with the selected measurement parameters to satisfy the specifications. Auto sweep time is

turned ON by pressing - (SWETAUTO) when manual sweep is ON.

Sweep time refers only to the time that the instrument is sweeping and taking data, and does
not include the time required for internal processing of the data. A sweep speed indicator “1”
is displayed on the trace for sweep times slower than 1.0 second,

Mirdimum sweep time. The minimum sweep time depends on several factors. These factors are
referred to as “measurement parameters” in the following paragraphs.

m The number of points selected
= [F bandwidth

The following table is a partial guide for determining the minirnum sweep time. The typical
values listed represent the minimum time required for a measurement with averaging orr,
Values are given in seconds.
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Table 8-1. Minimum Sweep Time In Seconds (Typical Value)

Number IF Bandwidth
or 8 kHz 4 kHz 1 kHz 200 Hz 20 Hz
Points

11 2.7 m 44m 11m 37.4m 5656.4 m
51 12.75 m 204 m 51 m 173.4 m 2.621

101 25.256 m 40,4 m 101 m 343.4m 5.191

201 50.25 m 80.4 m 201 m 633.4 m 10.331
401 100.256 m 160.4 m 401 m 1.363 20.611
801 200.25 m 320.4m B0l m 2.723 41.171

Trigger Menun
This menu selects the type of the sweep trigger.

goes back to the stimulus menu.

' inputs “: " for the manual sweep time entry.
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Figure 8-5. Trigger Menu

the left side of the display, trigger a new sweep using SINGLE,

LE' (SING) takes one sweep of data and returns to the hold mode.

(HOLD) freezes the data trace on the display, and the analyzer stops sweepmg and taking

data. The notation “H1d" is displayed at the left of the graticule. If the “+” indicator is ON at

UPS (NUMG) triggers a user-specified nurber of sweeps, and returns to the hold

If averaging is on, the number of groups should be at least equal to the averaging factor
selected to allow measurement of a fully averaged trace. Entering a number of groups resets
the averagmg counter to 1.

;'NUDUS (CONT) is the standard sweep mode of the analyzer, in which the sweep is

tnggéred automatically and continuously and the trace is updated with each sweep.
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- (EXTTOFF) turns OFF the external trigger mode.

: - (EXTTON) is used when the sweep is triggered on an externally
genera. ed signal input through the rear panel EXT TRIGGER input. The sweep is started with
a low-to-high transition of a TTL signal. If this key is pressed when no external trigger signal
is connected, the notation “Ext” is displayed at the left side of the display to indicate that the
analyzer is waiting to be triggered. When a trigger signal is connected, the “Ext” notation is
replaced by the sweep speed indicator “1” either in the status notations area or on the trace,
External trigger mode is allowed in every sweep mode.

T (EXTTPOIN) is similar to the trigger on sweep, but triggers each data

fmmt in a sweep.

N}' {MANTRIG) waits for a manual trigger for each pomt Subsequent
pressing of this softkey triggers each measurement. The annotation “man” will appear at the
left side of the display when the instrument is waiting for the trigger to occur.

Sweep Type Menu
Three sweep types are available:

a Linear frequency sweeps

w Logarithmic frequency sweeps

= List frequency sweep. Two independent lists are gvailable,

Iuterpolated Error Correction. The interpolated error correction feature functions with all
sweep types.

Interpolated error correction automatically turns ON when the stimulus parameters are
changed after measuring calibration data. See Chapter 10 for more information on interpolated
error correction.
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Figure 8-6. Sweep Type Menu

LIH FREQ (LINFREQ) activates a linear frequency sweep mode. The data is displayed on a
standard grat:acule with ten equal horizontal divisions. This is the default preset sweep type.

LGG FREQ {LOGFREQ) activates a logarithmic frequency sweep mode, The source is stepped in
logarithmic increments and the data is displayed on a logarithmic graticule.

Stimulus Function Block 87

]
%)
3
=4
&
n
i
Q
3




activates the frequency list mode, and presents the “List Sweep Menu” if two frequency lists
have been defined.

Frequency list mode allows you to measure DUT response over several distinct frequency
ranges or at specific frequency points. Each entry in the frequency list is called a SEGMENT,
regardless of it being a frequency range or single point. Each segment can specify the number
of points, source power level, and IF bandwidth. Up to 31 segments can be specified in any
combination in one of two independent lists.

Before using frequency list mode, the frequency list must be created. See “Edit List Menu”,
“Edit Segment Menu”, and “Edit Segment More Menu” later in this chapter for entering and

modifying the lists.

A tabular printout of the frequency list data can be obtained using the -
function in the copy more menu.

Q: ASE (LISDFBASE) displays data measured as frequency base in the
frequency list mode. The frequency scale is linear across the total range. Since the frequency
points may not distribute evenly across the graticule, the display resolution may be uneven,
and more compressed in some parts of the trace than in others.

{L1SDOBASE) displays data measured as order base in the frequency list mode.
The displayed frequency resolution is even across the graticule, even though the frequency
points are not distributed evenly.

- (EDITLIST) presents the edit list menu. This is used in conjunction with the edit
segment menu to defi Odlfy t,he frequency SV ist. The list frequency sweep mode is
selected with the L : - ' T 2] softkey described above.

' goes back to the stimulus menu.

List Sweep Menu

This menu activates one of the frequency lists to be swept. If there is only one list, or no list is
defined, the menu will not be provided.
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Figure 8-7. List Sweep Menu

8.8 St:mulus Function Bieck

‘




(LISSLIS1) activates LIST 1 for the list sweep.

(LISSLIS2) activates LIST 2 for the list sweep.

% goes back to the sweep type menu without any change.

Edit List Menu

This menu edits the list of frequency segments {(subsweep} defined with three other menus.
Each of two lists can specify up to 31 frequency segments, for 2 maximum of 801 points.
The segments do not have to be entered in any particular order: the analyzer automatically
sorts them and lists them on the display in increasing order of start frequency. This menu
determines which segment on the list is to be modified, while other menus change the
frequency range, number of points, power level and IF bandwidth of the selected segment.

Note The list and segment data are cleared on instrument preset, cycling the power
: and instrument state recall. The list and segment data can be saved with the
ﬁ built-in Flexible disk drive and the RAM disk memory. (See Chapter 14).

EDIT:
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Figure 8-8. Edit List Menu

ED (EDITLIS1) selects LIST 1 to edit.

(EDITLIS2) selects LIST 2 to edit.

SEGMEﬁT (SEDI) determines a segment on the list to be modified. Enter the number of a
segment in the list, or use the step keys to scroll the pointer “>” at the left to the required
segment number. The indicated segment can then be edited or deleted.

EDI’E provides the edit segment menu, where the segment indicated by the pointer “>” at the
left can be modified.

DELETE (SDEL) deletes the segment indicated by the pointer *>”.

ADD (SADD) adds a new segment {o be defined with the edit segment menu. If the list is empcy,
a default segment is added, and the edit segment menu is displayed so it can be modified. If
the list is not empty, the segment indicated by the pointer “>" is copied and the edit segment
menu is displayed.
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CLEL) provides the clear list menu.

{EDITDONE) sorts the frequency points and returns to the sweep type menu.

Edit Segment Menu
This menu is used to select arbitrary measurement frequencies. Using this menu it is possible to

- define the exact frequencies to be measured on a point-by-point basis. For example the sweep

could include 100 points in 2 narrow pass-band, 100 points across a broad stop band, and 50
points across the third harmonic response. The total sweep is defined with a list of segments
(subsweeps). Up to 31 segments can be defined, with a total of up to 801 data points.
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Figure 8-9. Edit Segment Menu

*

The frequency segments, or segments, can be defined in any of the following terms:

m Start / stop / number of peints

w Start / stop / step

m Center / span / number of points
a Center / span / step

The segments can overlap, and do not have to be entered in any particular order. The analyzer
sorts the segments automatically and lists them on the display in order of increasing start
frequency, regardless of the order in which they are entered. If duplicate frequencies exist, the
analyzer makes multiple measurements on identical points to maintain the specified number of
points for each segment, The data is displayed as a single trace that is a2 composite of all data
taken when the list display function is frequency base.

The list frequency sweep mode is selected with the LIST: FRE§ softkey in the sweep type
menu.

The frequency list parameters can be saved with the built-in floppy disk and the RAM disk
memory. (See Chapter 14.)

Note Not only the softkeys described below, use also the {START), (STOP), (CENTER),

i and keys to define the stimulus range.

v
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MARKSTAR) sets the stimulus start value to the stimulus value of the active

marker.

] {MARKSTOP) sets the stimulus stop value to the stimulus value of the active
ma.rker.

- (POINT) sets the number of points for the segment. The total number of
pomts for all the segments cannot exceed 801.

L{STPSIZE) specifies the segment in frequency steps instead of number of points,
Changmg the start frequency, stop frequency, span, or nuraber of points may change the
step size. Changing the step size may change the number of points and stop frequency in
start/stop/step mode; or the frequency span in center/span/step mode. In each case, the
frequency span becomes a multiple of the step size,

R (POWE) sets power level for segment by segment. The allowable range is - 15
dBm to +5 dBm.

- (IFBW) sets IF bandwidth for segment by segment. The allowable bandwidths are 20,
200 1 k, 4 kHz, and 8 kHz.

MORE goes to the edit segment more menu, which allows the stimulus range values to be
entered using the Entry keys, Start, Stop, Center, and Span.

SDON) returns to the edit list menu,

Edit Segment More Menu
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Figure 8-10. Edit Segment More Menu

{STAR) sets the START frequency of a segment.

: (STOP) sets the STOP frequency of a segment,
(CENT) sets the CENTER frequency of a segment.

SP}&EZ‘. (SPAN) sets the frequency SPAN of a segment about a specified center frequency.

goes back to the edit segment menu.
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Clear List Menu

|
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8-12  Stimulus Function Block

Figure 8-11, Clear List Menu

{CLEL) clears the entire list.

cancels and goes back to the edit list menu.




Response Function Block

Introduction
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Figure 89-1. Response Function Block

The keys in the RESPONSE block control the measurement and display functions of the active
channel. They provide access to many different softkey menus that offer selections for the
measuring parameters, the display mode and data format, the control of the display markers, a
variety of calibration functions, and some wave form analysis functions.

The HP-IB programming command is shown in parenthesis following the key or softkey.
k-3

The current values for the major response functions of the active channel are displayed in
specific locations along the top of the display. In addition, certain functions accessed through
the keys in this block are annotated in the status notations area at the left side of the display.
The locations of these information labels are described in Chapter 5.

The RESPONSE block keys and their associated menus are described briefly below, and in more
detail in this and the following chapters.

The key provides access to a series of softkey menus for selecting the parameters or
inputs to be measured.

The key leads to a menu which selects the display format for the data. Various
rectangular and polar formats are available for display of magnitude, phase, impedance, group
delay, real data, and imaginary data.

The key displays a menu which modifies the vertical axis scale and the reference
line value as well as electrical length and phase offset.

The key leads to a series of menus for instrument and active channel display
functions. This menus include dual channel display {(overlaid or split), active channel display
title, trace display ON/OFF, graticule display ON/OFF, and frequency blanking.

The key accesses three different noise reduction techniques: sweep-to-sweep averaging,
trace smoothing, group delay aperture, and vartable IF bandwidth.

The (3PCL FCTN) key provides the special function menu, that quickly gets certain measurement
parameters without going through the usual key sequence.

Response Function Block  9-1
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The (EAL) key, (MKR) and (MKR FCTN) keys are explained later. For information on (CAL), see
Chapter 10. For information on (MKR), and (MKR FCTn), see Chapter 11.

Key

INPUT PORT CONVERSION
MENU MENU
MEAS "[" °‘|"
A i Linm
i |
] irane
i
o
I
uPgss
CONVERS 10N l
[osr} WaPFhase
RETUN

Figure 9-2. Softkey Menus Accessed from the Key

The HP-IB programming command is shown in parenthesis following the key or softkey.

The key leads to a series of softkey menus from which the parameters and measurement
inputs are specified. »

s Alternatively, the power ratio of two inputs (A/R) or the absolute power at either input can
be measured and the results displayed.

m Using the HP 87510A’s internal math capabilities, transmission characteristics can be
converted to impedance (2), admittance (Y), or inverse data (R/A, 1/A, and 1/R).

s The math capabilities allow multiplying phase data by a factor of 4, 8, or 16.

Input Ports Menu

The input ports menu is presented when the key is pressed if there is no S-parameter
test set connected and two-port error correction is not ON. This menu defines the input ports
for power ratio measurements, or a single input for magnitude only measurements of absolute
power.
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Figure 9-3. Input Ports Menn

(AR) calculates and displays the compiex ratio of the signal at input A to the reference
signal at input R.

(MEASA) measures the absclute power amplitude at input A.

R (MEASR) measures the absolute power amplitude at input R.

presents the conversion menu, which converts the measured data to impedance
{Z) admittance (Y) or inverse data (R/A, 1/A, and 1/R). When a conversion parameter has been
defined, it is shown in brackets under the softkey label. If no conversion has been defined, the

softkey label reads E.

Conversion Menu

This menu converts the measured transmission data to the equivalent compiex impedance (Z)
or admittance (Y) values This is not the same as a two-port Y or Z parameter conversion, as
only the measured parameter is used in the following equations.

In a transmission measurement, the data can be converted to its equivalent series impedance or
admittance using the model and equations shown in Figure 9-4.

21t~ s,))
Z: Trans | Zr = 20 s
n

—t Z: Trans b

Y: Trans \ Z:

CALIED

Figure 9-4. Transmission Impedance and Admittance Conversions

Avoid using delay formats for displaying Z and Y conversions, as these formats are not easily
interpreted.
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In Z and Y conversions, marker values are impedance values in @ units for Z conversions, or
admittance values in § units for Y conversions in any format.

Z:Trang KI]
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e
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Figure 9-5. Conversion Menu

® (CONVOFF) turns OFF all parameter conversion operations.

s (CONVZTRA) converts transmission data to its equivalent impedance values.
(CONVYTRA) converts transmission data to its equivalent admittance values.

(CONV1DS) expresses the data in inverse S-parameter values, for use in amplifier and
oscillator design.

- (CONVMP4) multiplies phase data by a factor of 4.

o

(CONVMP8) multiplies phase data by a factor of 8.
(CONVMP16) multiplies phase data by a factor of 16.

{ returns to the input ports menu.
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Key

The HP-IB programming command is shown in parenthesis following the key or softkey.

Format Menu

The key presents a menu used to select the appropriate display format for the
measured data. Various rectangular and polar formats are available for display of magnitude,
phase, real data, imaginary data, and group delay. The units of measurement are changed
automatically to correspond with the displayed format. Special marker menus are available
for the polar format, each providing several different marker types for readout of values (see
Chapter 11).

The illustrations below show a reflection measurement of a bandpass filter displayed in each of
the available formats
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to display magnitude-only measurements of insertion loss, or absolute power in dB versus
frequency. Figure 9-7 illustrates the bandpass filter transmission data in a log magnitude

format.
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Figure 9-7. Log Magnitude Format
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Figure 9-8. Phase Format

(DELA) selects the group delay format. Activated markers give values in seconds.

selected, this selects the delay format using delta power instead of frequency. Group delay
principles are described in the next few pages.
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Figure 9-9. Group Delay Format

(LINM) displays the linear magnitude format (Figure 9-10). This is a Cartesian format

used for unitiess measurements such as reflection coefficient magnitude p or transmission

coefficient magnitude r, an
parameters.

8-6 Response Function Block

and for linear measurement units. It is used for display of conversion
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Figure 9-10. Linear Magnitude Format

(EXPP) displays the phase plot over 360°(Figure 9-11). When this is turned
ON, the analyzer avoids the phase plot wrap around every 360°.
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Figure 9-11. Expanded phase Format

{LOGMP) displays log magnitude trace and phase trace for the active channel
en this softkey is turned ON, some other softkeys will denote the log
magnitude and the phase as “DATA™ (data trace) and “SUBR-TRACE" (sub trace), respectively.
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Figure 9-12. Log Magnitude and Phase Format
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LOGHD) displays log magnitude trace and delay trace for the active channel
simultaneously. When this softkey is turned ON, some other softkeys will denote the log
magnitude trace and the delay as “DATA” (data trace) and “SUB” (sub trace), respectively.

i 3
i Sy

ATART W E ST T 3 e

Figure 9-13. Log magnitude and Delay Format

provides the format more menu described in the next section.

Format More Menu
This menu provides two additional formatting selections.

'_ REAL) displays only the real {resistive) portion of the measurement data in Cartesian
format (Figure 9-14). This is similar to the linear magnitude format, but can show both positive
and negative values.

o asm o~ FOY s P 4w

NN FH e .y A0 ara

Figure 9-14. Real Format

(IMAG) displays only the imaginary (reactive) portion of the measurement data
in Cartesian format. This format is similar to the real format except that reactance data is
displayed on the trace instead of impedance data.

, (POLA) displays a polar format (Figure 9-15). Each point on the polar format
corresponds to a particular value of both magnitude and phase. Quantities are read vectorally:
the magnitude at any point is determined by its displacement from the center (which has zero
value), and the phase by the angle counterclockwise from the positive x-axis. Magnitude is
scaled in a linear fashion, with the value of the outer circle usually set to a ratio value of 1,
Since there is no frequency axis, frequency information is read from the markers.

9.8 Response Function Block




The default marker readout for the polar format is in linear magnitude and phase. A log
magnitude marker and a real/imaginary marker are available in the polar marker menu (see
Chapter 11).

oo arm ERTE

CHmTER  TO sevey an poC

Figure 9-15. Polar Format

- goes back to the format menu.

Group Delay Principles

For many gain and phase measurements, the amount of insertion phase is not as important as
the linearity of the phase shift over a range of frequencies.

The analyzer can measure this linearity and express it in two different ways: directly, as
deviation from linear phase, or as group delay, a derived value. See key description
in this chapter for information on deviation from linear phase,

Group delay is the measurement of signal transmission time through a test device. It is defined
as the derivative of the phase characteristic with respect to frequency. Since the derivative is
basically the instantaneous slope {or rate of change of phase with frequency), a perfectly linear
phase shift resuits in a constant slope, and therefore a constant group delay (Figure 9-16).

A Fraquency
Phase w -
o

Figure 9-16. Constant Group Delay

Note, however, that the phase characteristic typically consists of both linear (first order) and
higher order {deviations from linear) components. The linear component can be attributed to
the electrical length of the test device, and represents the average signal transit time, The
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higher order components are interpreted as variations in transit time for different frequencies,

and represent a source of signal distortion (Figure 9-17).

Frequency
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Phase Shift
Componerit

Figure 9-17. Higher Order Phase Shift

The analyzer computes group delay from the phase slope. Phase data is used to find the
phase deviation, Ay, at the center point of a specified frequency aperture, Af, to obtain an
approximation for the rate of change of phase with frequency (Figure 9-18). This value, r,
represents the group deiay in seconds assuming linear phase change over Af.

Aporture
A m Fraguency
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Figure 9-18. Rate of Phase Change Versus Frequency

When deviations from linear phase are present, changing the frequency step can result in
different values for group delay. Note that in this case the computed slope varies as the
aperture Af is increased (Figure 9-19). A wider aperture results in loss of the fine variations in
group delay. This loss of detail is the reason that in any comparison of group delay data it is
important to know the aperture used to make the measurement,.

Reduce Noize
(Larger &/N)

Wiss Fine
Varigtions kn
Pheso Linoarly

Figure 9-19. Variations in Frequency Aperture
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In determining the group delay aperture, there is a tradeoff between resolution of fine detail
and the effects of noise. Noise can be reduced by increasing the aperture, but this will tend to
smooth out the fine detail. More detail will become visible as the aperture is decreased, but the
noise will also increase, possibly to the point of obscuring the detail. A good practice is to use 2
smaller aperture to assure that small variations are not missed, then increase the aperture to
smooth the trace.

The group delay aperture value will be a percent of the stimulus span swept which is based

on the number of points. For example, the default value of 1% means that a group delay at a
certain point is calculated using adjacent measurement points on both sides, if the number of
poinis is 201,

Group delay measurements can be made on all sweep types. Group delay aperture varies
depending on the frequency spacing and point density, therefore the aperture is not constant in
log and list frequency sweep modes.

To obtain a readout of aperture values at different points on the trace, move the marker to a
desired point. Then press GRO! _ Group delay aperture becomes the
active function, and as the aperture is varied its value in Hz is displayed below the active entry
area.

Key

The HP-IB programming command is shown in parenthesis following the key or softkey.

SCALE REFERENCE ELECTRICAL
MU DELAY MENU
SCALE REF| ATO BCALE
SCALESDV ELECTRICAL &
DELAY
REFERE NCE
POSITION
REFERENCE
WALLE
MARKER —m PHASE
REFERENCE OFFRET
SCALE FOR
{DATAH
ELEC DELAY
MENL RETUA

R

Figure 9-20. Softkey Menus Accessed from the Key

Scale Reference Menu

The key makes scale per division the active function. A menu is displayed that
modifies the vertical axis scale and the reference line value and position. In addition this menu

provides phase offset capabilities for adding or subtracting a phase offset, that is constant with
frequency, and electrical delay capability for adding or subtracting linear phase to maintain

phase linearity.
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Figure 9-21. Scale Reference Menu

: (AUTO) brings the trace data, defined by the & key, in view on the
display with a single keystroke. Stimulus values are not affected, only the scale and reference
values. The analyzer determines the smallest possible scale factor that will put all displayed
data onto the vertical graticule. The reference value is chosen to put the trace in the center of

the screen, then rounded to an integer multipie of 1-2-5 steps of the scale factor.

SCALE/DIV. (SCAL) changes the response value scale per division of the displayed trace.
In polar chart format, this refers to the full scale value at the outer circumference, and is
identical to the reference value.

. {REFP) sets the position of the reference line on the graticule of a
Cartesian display, with 0 at the boitom line of the graticule and 10 at the top line. dt has no
effect on a polar display. The reference position is indicated with a small triangle just outside
the graticule, on the left.

: (REFV) changes the value of the reference line, moving the measurement
trace correspondingly. In pelar chart format, the reference value is the same as the scale, and
is the vaiue of the outer circle.

' BEFERENCE (MARKREF) makes the reference value equal to the active marker’s
abso ute value (regardless of the delta marker value). The marker is effectively moved to the
reference line position. This softkey also appears in the marker function menu accessed from
the key. In polar chart format, this function makes the full scale value at the outer
circle equal to the active marker response value,

. (SCAFDATA for the data trace, SCAFMEMO for the sub trace) selects one of “DATA”
and “SUB” traces to be scaled by prior functions in this menu when the format is selecte
MAG & PHASE” and “LOG MAG & DELAY”. When “L0OG MAG & PHASE” format is selected,
selects one of “LOG MAG™ and “PHASE” to be scaled. When “L0G MAG & DELAY” format is
selected, SCALE FOR selects one of “LOG MAG” and “DELAY” to be scaled.

The “LOG MAG & PHASE™ and “L0OG MAG & DELAY” forrnat will be available using the “Format More
menu” accessed from the (FORMAT) key.

NI_I provides “Electrical Delay Menu”, which adds or subtracts a linear phase
slope relative to frequency or a constant phase.

9.2 Response Function Bleck




Electrical Delay Menu
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Figure 9-22. Electrical Delay Menu

(ELED) adjusts the electrical delay to balance the phase shift of the DUT. It
sunulates a variable length lossless transmission line, which can be added to or removed from

a receiver input to compensate for interconnecting cables, etc. This function is similar to the
mechanical or analog “line stretchers” of other analyzers. Delay is annotated in units of time
with secondary labeling in distance for the current velocity factor.

With this feature, and with ¥
subtracted according to the followmg formula:

an equivalent length of air is added or

¢ *
Frequency {MHz) x 1.20083
Once the linear portion of the DUT’s phase has been removed, the equivalent length of air can
be read out in the active entry area. If the average relative permittivity (¢,) of the DUT is
known over the frequency span, the length calculation can be adjusted to indicate the actual
length of the DUT more closely. This can be done by entering the relative velocity factor for
the DUT using the calibrate more menu. The relative velocity factor for a given dielectric can
be calculated by:

Length (meterg} =

Velocity factor =

£

assummg a relative permeability of 1.

; 'I'-:- (PHAQ) adds or subtracts a phase offset that is constant with frequency (rather
than lmear) The allowable range is —360° to +360°. This is independent of MARKER — DELAY

N' goes back to the scale reference menu.
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Key

The HP-IB programming command is shown in parenthesis following the Key or softkey.

The key provides access to dual channel display, active channel display title,
frequency blanking, trace display QN/OFF, and graticule display ON/OFF.

BRI FLAY
DERPLAY ALLOCATION Hhe DREPLAY WORE
BENY MENY MEBU MENY ]
BUAL CHAN alt BELECY ERP DORE
DISPLAY - GFF BesTRUET HETTER o8 -t
R e WALF 1HETR e EEP WART
DESPLAY ML SAcx
ALLOCATYON [Py e
¥
[T [ TE ARATICULE
sTane ™mE - oo
™e OKE
TRACH PREQUENCY
= OFF AN
worE ‘—-I AETURY CANCER, FETURM

Figure 9-23. Softkey Menus Accessed from the Key

Display Menu

This menu provides the capability of displaying both channels simultaneously, either overlaid or
split.
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Figure 9-24. Display Menu

F-" (DUACDN, DUACOFF) toggles between dlsplay of both measurement channels
ff to display

or the active channel only. This is used in conjunction with SP
both channels

SPLIT BISP on OFF (SPLDON, SPLDOFF) toggles between a full-screen single graticule
dzspiay of one or both channels, and a split display with two haif-screen graticuies one




above the other. Both displays are illustrated in Figure 8-25. The split display can be used in
conjunction with DI N to show the measured data of each channel simultaneously on
separate graticules. I n, the stimulus functions of the two channels can be controlled
independently using COUPLED CH: ‘OFF' in the stimulus menu. The markers can also be

controlled independently for each channel using MARKERS: UNCOUPLED: in the marker mode

menu.
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Figure 9-25. Full-screen and Split Display

‘ ' rings up the allocation menu which selects a full-screen display of
measured data or the Instrument BASIC display, and a split display with two half-screens, one
grat.lcule display above the Instrument BASIC display.

LE (TITL) presents the title menu in the softkey labels area and the character set in the
active entry area. These label the active channel display.

' ' ¥ (TRADON, TRADOFF) toggles the trace display on the screen. This function
does not affect the marker display. The markers are displayed on the screen even if the trace

display is OFF. To erase markers, use CLEAR MARKER under the (MKR) key (See Chapter 11).

E leads to the display more menu.

Response Function Block §.13




Display More Menu
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Figure 9-26. Display More Menu

; —off (DISGON DISGOFF) toggles the graticule display on the screen. This
function does nos affect the trace display.

(FRED) blanks the displayed frequency notation for security pufposes.

Frequency labels cannot be restored except by instrument preset or turning the power OFF and
then ON.

| goes back to the display menu.
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Display Allecation Menu

RETUAN

Figure 9-27. Display Allocation Menu

(DISAALLI) selects a full screen single screen or two half-screen graticules.

. (DISAHIHB) selects two half-screens, one graticule display above the
play.

DISAALLB) selects a full screen single Instrument BASIC display.

DISABASS) selects a full screen graticule and allocates three status lines for
displaying status and entering commands of Instrument BASIC under the graticule,

el

goes back to the display menu,
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Title Menn

Use this menu to specify a title for the active channel. The title identifies the display
regardless of stimulus or response changes, and is printed or plotted with the data.

SELECT
LETTER

SPRCE

BACK
SPALE

ERASE

CONE

CANCEL

—_—

1)

Figure 9-28, Title Menu

9, an

scrolled using the step keys, () and (IJ. To define a title, press step keys for the desi
set, rotate the knob until the arrow “1” points at the first letter, then press S T
As each letter is selected, it is appended to the title at the top of the graticule,

1 The active entry area displays the letters of the alphabet, digits 0 through
pecial characters including mathematical symbols. Three sets of letters can be

1 tter

p
until the complete title is defined, a maximum of 53 letters. It is also possible to,mput the

ietters from the keyboard provided with Instrument BASIC (Option 002).

E inserts a space in the title,

eletes the entire title,

4.18 Response Function Block

deletes the last character entered.

terminates the title entry, and returns to the display more menu.

cancels the title entry and returns to the display more menu without any change.
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Key

The HP-IB programming command is shown in parenthesis following the key or softkey.

The key accesses four different noise reduction techniques: sweep-to-sweep averaging,
display smoothing, variable IF bandwidth, and group delay aperture for group delay
measurement. Any or all of these can be used simultaneously. Averaging, smoothing and group
delay aperture can be set independently for each channel, and the IF bandwidth can be set

independently if the stimulus is uncoupied.

AVG

AYERAGE

] AVERAGING
RESTART

AVERAGN

AVERAGRIG
am OFF

Wl OOTHENG
AFENTyE

EMQOTHG
o OFF

GROU DELY
APERTURE

1F bW
[msatx)

IF¥ RANDHIDTH

L

Figure 9-29. Softkey Menus Accessed from the Key

Averaging

Averaging computes each data point based on an exponential average of consecutive sweeps
weighted by a user-specified averaging factor. Each new sweep is averaged into the trace until
the total number of sweeps is equal to the averaging factor, for a fully averaged trace. Each
point on the trace is the vector sum of the current trace data and the data from the previous
sweep. A high averaging factor gives the best signal-to-noise ratio, but slows the trace update
time. Doubling the averaging factor reduces the noise by 3 dB. Figure 9-30 illustrates the effect
of averaging on a log magnitude format trace.

D1 acd 1og waG
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Figure 9-30. Effect of Averaging on a Trace
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Smoothing

Smoothing (similar to video filtering) averages the formatted active channel data over a portion
of the dispiayed trace. Smoothing computes each displayed data point based on one sweep
only, using a moving average of several adjacent data points for the current sweep. The
smoothing aperture is a percent of the stimulus span swept, up to a maximum of 100%.

Rather than lowering the noise floor, smoothing finds the mid-value of the data. Use it

to reduce relatively small peak-to-peak noise values on broadband measured data. Use a
sufficiently high number of display points to avoid misleading results. Do not use smoothing for
measurements of high Q resonant devices or other devices with wide variations in the trace, as
it will introduce errors into the measurement. ‘

In polar display format, large phase shifts over the smoothing aperture will cause shifts in
amplitude, since a vector average is being computed. Figure 9-31 illustrates the effect of
smoothing on a log magnitude format trace.

If data and memory traces are dispiayed, smoothing is performed on both of them.
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Figure 9-31. Effect of Smoothing on a Trace

IF Bandwidth Reduction

IF Bandwidth Reduction lowers the noise floor by reducing the receiver input bandwidth. It
has an advantage over averaging in reliably filtering out unwanted responses such as spurs,

odd harmonics, higher frequency spectral noise, and line-related noise. Sweep-to-sweep
averaging, however, is better at filtering out very low frequency noise. A tenfold reduction in
IF bandwidth (from 200 Hz to 20 Hz, for example) lowers the measurement noise floor by about
10 dB.

Another difference between sweep-Lo-sweep averaging and variable IF bandwidth is the sweep
time. Averaging displays the first complete trace faster but takes several sweeps to reach a
fully averaged trace. IF bandwidth reduction lowers the noise floor in one sweep, but the
sweep time may be slower. Figure 9-32 illustrates the difference in noise floor between a trace
measured with a 1 kHz IF bandwidth and with a 20 Hz IF bandwidth.
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Figure 9-32. IF Bandwidth Reduction

Group Delay Aperture

Changing group delay aperture will lower the noise on the group delay trace. See Group Delay
Principles earlier in this chapter.

Another capability that can be used for effective noise reduction is the marker statistics
function, which computes the average value of part or all of the formatted trace. See
Chapter 11.

Average Menu

SMOOTH!
APER
SMOOTH

o OFF

GROUP DELY)
APERTURE
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Figure 9-33. Average Menu

" (AVERREST) resets the sweep-to-sweep averaging and restarts the sweep
count atl at the beginning of the next sweep. The sweep count for averaging is displayed at
the left of the display.

NG F TC'ITG_B (AVERFACT) makes averaging factor the active function. Any value up to

999 can be used. The algorithm used for averaging is:

Sny
F

Arny = +(1- —~) X Apn-)

where,
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Agy = current average
S(y) = current measurement

F = average factor

: F: (AVERON, AVEROFF) turns the averaging function oN or ofF for the active
channel. “Avg” is displayed in the status notations area at the left of the display, together
with the sweep count for the averaging factor, when averaging is oN. The sweep count for
averaging is reset to 1 whenever an instrument state change affecting the measured data is

made.

At the start of averaging or following AVER&GING averaging starts at 1 and averages
each new sweep into the trace until it reaches the specified averaging factor. The sweep

count is displayed in the status notations area below “Avg" and updated every sweep as it
increments. When the specified averaging factor is reached, the trace data continues to be

updated, weighted by that averaging factor.

. (SMODAPER) lets you change the value of the smoothing aperture as a
. When smoothing aperture is the active function, its value in stimulus
units is displayed below its percent value in the active entry area. The allowed range is 0.056
through 100 % of span and resolution is 0.001%.

- (SMOOOR, SMOOOFF) turns the smoothing function oN or ofF for the active
othing is oN, the annotation “Smo” is displayed in the status notations area.
The a}gonthm used for smoothing is:
D(n_,m) + ...+ D(n) + .k D(n+m)

2m + 1

Sm(n) =
where
Sm(ny = smoothed data
D(n) = unsmoothed data

m ; determined by smoothing aperture

(GRODAPER) sets the aperture for group delay measurements as a
percent of the span (see Group Delay Principles earlier in this chapter). A frequency aperture
Af at the active marker is displayed under the percent value when the format is DELAY.

IFBW) selects the bandwidth value for IF bandwidth reduction. Allowed values (in Hz)
ar  k, 4k, 1k, 200, and 20. Any other value will default to the closest allowed value. A
narrow bandwidth slows the sweep speed but provides better signal-to-noise ratio. The selected
bandwidth value is shown in brackets in the softkey label.
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IF Bandwidth Menu
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K?\?‘a PP A
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e

Figure 9-34. IF Bandwidth Menu

IFBWAUTO) selects the proper IF bandwidth automatically for each measurement
the measuring frequency is swept. This is convenient for getting fast and good
performance when the log frequency sweep type is selected.
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The best bandwidth depends on the measuring frequency. The relations between measuring
frequency and IF bandwidth are as follows:

Table 9-1. IF Bandwidth in AUTO mode

Frequency IF Bandwidth #
1 kHz to 1.999 999 kHz 20 Hz
2 kHz to 99.999 998 kHz 200 Hz
100 kHz to 999.999 999 kHz 1 kHz
1 MHz to 300 MHz 4 kHz

goes back to the average menu.
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SPCL FCTN

This key provides the special function menu, that quickly gets certain measurement parameters

without going through the usual key sequence.

SPECIAL FUNCTION

...
SPCL -3 OB BAND
FCTN winTHS
~X 4B BAMD

WIDTHS

SAND wRDTH
VALUE

EQUIVALENT

SPECIAL FUNCTION
MORE MEWU
ANALY ON
=]

ANALY PO
BaTA
ARALY WK
RANGE

ANALY MAX
RANGE

CRRRIE

Figure 9-35. Softkey Menus Accessed from the Key

Special Function Menu

~ This menu has two functions, one derives filter parameters (for example, 3 dB bandwidth) and
the other is statistical functions. These functions perform the same functions using the wave
form analysis HP-IB commands. For more information on the wave form analysis commands,

see Appendix E in the HP-IB Programing Manual.

Note These functions are independent of the marker function.

¥

[ &
* | KL
weiz| (T
-
ozt T
-
1
e T
- e

Figure 9-36. Special Function Menu
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(OUTPFILT?) displays filter specific parameters, insertion loss, ~3dB band
at the center point of two cutoff points (f..), Q, left cutoﬁ;__pq_int frequency
(ALF), and right cutoff point frequency (ARF) within the range specified by ANAL

Figure 8-37 shows a typical example of a bandpass filter measurement trace. The insertion loss
is the absolute value of the difference of the maximum within a specified range and 0 dB. BW
is the stimulus width between two cutoff poinis (f; and f2) and the center poin{ of two cutoff
points are given as fi.... Q is caiculated as:

\/31 X 32

= “Bw

ALF is the stimulus difference between the left —3 dB cutoff point and the center point of a
specified range. Similarly, ARF is the difference between the right cutoff point and the center

of a specified range.

Zeros will be returned for all parameters when two —3 dB points can not be found,

Spacified Range —————-E

]

CENT: fose

bandwidthBW

---0 d8

I

i
¥
*

OALF AR.F

Canter Frequency {defined as center of range)

crystal resonator, within the frequency range specified by A

equivalent circuit is shown in Figure 9-38
Zeros will be returned for all parameters when if no parameters can be found.

Figure 9-37. Output Filter Parameters Exampie
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Figure 9-28. Four-Element Equivalent Circuit for Crystal Resonator

. provides the Special Function more menu described in the next section.

Special Function More Menu
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Figure 9-39. Special Function More Menu

(ANAOCH1, ANAOCH2) selects the channel to be used by the special functions.
[ 1 selects channel 1 and {CHZJ selects channel 2. The channel selected is independent of
the active channel.

{3 (ANAODATA, ANAOMEMO) selects the object trace to be used by the special

AT 4] selects a data trace and [SUB] selects a sub trace for special functions.
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Note The target trace (DATA or suB) can be specified independently for each channel,
5_ softkey is effective for the currently selected channel So,

should be set after switching channels using ANA'

(ANARANG) sets the minimum frequency of the stimulus range (analysis
range) for the special functions. The default setting for the analysis range is equal to the full
stimulus range being set.

E (ANARANG) sets the maximum frequency of the stimulus range (analysis
range) for the special functions. The default setting for the analysis range is equal to the full
stimulus range being set.

returns to the input ports menu.

are specified independently from

When the analysis range exceeds the stimulus range being set, the analysis
range is reset to mafch the stimulus range.

If the stimulus setting is modified after the analysis range is set, the HP 87510A
resets the analysis range to the full range of the new stimulus range.
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Measurement Calibration

Introduction

Measurement calibration is an accuracy enhancement procedure that effectively reduces the
system errors that cause uncertainty when making a measurernent (put). Known standard
devices are measured, and the results of these measurements are used to characterize the
system.

This chapter explains the theoretical fundamentals of accuracy enhancement and the sources
of measurement errors. It describes the different measurement calibration procedures available
in the analyzer, which errors they correct, and the measurements for which each should be
used.

Accuracy Enhancement

If it were possible for a perfect measurement system to exist, it would have infinite dynamic
range, isolation, and directivity characteristics, no impedance mismatches in any part of

the test setup, and flat frequency response. Vector accuracy enhancement, also known

as measurement calibration or error correction, provides the means to simuiate a perfect
measurement system.

In any high frequency measurement, there are measurement errors associated with the

system that contribute uncertainty to the resuits. Parts of the measurement setup such as
interconnecting cables and signal separation devices (as well as the analyzer itself) all introduce
variations in magnitude and phase that can mask the actual performance of the device under
test.

For example, crosstalk due to the channel isolation characteristics of the analyzer can
contribute an error equal to the transmission signal of a high-loss test device, The measurement
system cannot distinguish the true value of the signal reflected by the device under test

from the signal arriving at the receiver input due to leakage in the system. For transmission
measurements, impedance mismatches within the test setup cause measurement uncertainties
that appear as ripples superimposed on the measured data.

Measurement calibration simulates a perfect analyzer system. It measures the magnitude and
phase responses of known standard devices, and compares the measurement with actual device
data. It uses the results to characterize the system and effectively remove the system errors
from the measurement data of a test device, using vecter math capabilities internal to the

analyzer.,

When measurement calibration is used, the dynamic range and accuracy of the measurement
are limited ondy by system noise and stability, connector repeatability, and the accuracy to
which the characteristics of the calibration standards are known.
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Correcting for Measurement Errors

The analyzer has three different measurement calibration routines to characterize one or more
or the systematic error terms and remove their effects from the measured data.

The Response Calibration effectively reduces the frequency response errors of the test setup
for reflection or transmission measurements. This calibration procedure may be adequate for

measurement of well matched low-loss devices.

The Response and Isolation Calibration effectively removes frequency response and crosstalk
errors in transmission measurements. This procedure may be adequate for measurement of well
matched high-loss devices

The 3 term calibration procedures provide the same correction measurements as the Sy,
1-port calibration of conventional network analyzers. This calibration also applies to error
correction for the = network measurement to test crystal resonators.

All the calibration procedures described above are accessed from the key and are
described in the following pages.
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Menus and Softkeys
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Figure 10-1. Softkey Menus Accessed from the Key

The HP-1B programming command is shown in parenthesis following the key or softkey.

The (KEY 15) key leads to a series of menus that implement the accuracy enhancement
procedures described in the preceding pages (see Figure 10-1). Accuracy enhancement (error
correction)} is performed as a calibration step before measurement of a test device. The
analyzer uses one of several different procedures to measure the systematic (repeatable) errors
of the system and remove their effects from the measured data. The calibration menus and
procedures are described and illustrated in the following pages. Each procedure compensates

for one or more of the systematic error terms.

Interpolated Error Correction

The interpolated error correction feature allows the operator to change sweep range, or sweep
type, without re-calibration. Interpolation is activated automatically when one or more of

these stimuius parameters is changed as listed in the following table.
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w» Sweep range is changed to fall inside of the calibrated range.

m Sweep type is changed.

m Number of points is changed.

When interpolation is on, the system errors for the newly selected frequencies are calculated
from the system errors of the original calibration,

Note There is no softkey to turn OFF interpolation.

v

Interpolated error correction functions in all sweep modes: linear frequency, log frequency,
and list sweep. :

Channel Coupling

Up to four sets of measurement calibration data can be defined for each instrument state,

one for each channel. If the two channels are stimulus coupled and the input ports are the
same for both channels, they share the same calibration data. If the two channel inputs are
different, they can have different calibration data. If the two channels are stimulus uncoupled,
the measurement calibration applies to only one channel. For information on stimulus coupling,
See Chapter 8.

Omitting Isolation Calibration

Isolation calibration can be omitted for most measurements, except where wide dynamic range
is a consideration. Use the following guidelines. When the measurement requires a dynamic
range of:

m under 80 dB: Omit isolation calibration for most measuremenis

= 80 to 100 dB: Isolation calibration is recommended with approximately 0 dBmeinto the R
mput.

m over 100 dB: Averaging should be oN with an averaging factor > 16, both for isolation
calibration and for measurement after calibration.

Stopping During the Calibration Procedure

You can stop at any point during a calibration procedure, without losing the steps you have
already performed. No special steps are necessary to leave; just do whatever task you want.

To continue the calibration where you left off, press

Saving Calibration Data

" It is recommended that calibration data be saved on the built-in disk or in RAM disk memory.
See Chapter 14. If a calibration is not saved, it will be lost if another calibration procedure is
selected for the same channel. Instrument preset, power on, and instrument state recall will
also clear the calibration data.

Specifying Calibration Kits

In addition to the menus for the different calibration procedures, the key provides access
to a series of menus used to specify the characteristics of the calibration standards used.
Hewlett-Packard calibration Kkits are predefined, or the definitions can be modified to any set of

st dards used.
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Correction Menu

The correction menu is the first menu presented by the key, and it provides access to
numercus menus of additional calibration features.

e ——
CORRECTION!
o OFF

MERY

RESIME CAL
SEQUENCE
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——

Figure 10-2. Correction Menu

; (CORRON, CORROFF) turns error correction oN or orf. The analyzer uses
the most recent calibration data for the displayed parameter.

If one of the next stimulus parameters has been changed, correction is automatically turned
OFF.

= Input measurement port is changed.
w Calibration type is changed.

If one of the next stimulus parameters has been changed, interpolated correction is
automatically turned ON and the status notation is changed to “C?” (See “CRT Dispiay” in
Chapter 5).

» Sweep range is changed to fall inside of the calibrated range.

= Sweep type is changed.

a Number of Point is changed.

If one of the next stimulus parameters has been changed, the status notation is changed to
“C!” (See “CRT Display” in Chapter 5). In this status, error corrections at a stimulus point will
be done using calibration coefficient at the nearest calibrated frequency point, '

» Sweep range is changed so both start and stop, or one of the start and stop stimulus values
are/is out the calibrated range.

A calibration must be performed before correction can be turned on. If no valid calibration
data exists, the message “CALIBRATION REQUIRED” is displayed on the dispiay.

It is recommended that calibration data be saved on the built-in disk or in RAM disk memory,
using the capabilities described in Chapter 14.

#
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CALIBRATE MENU leads to the calibration menu, which provides several accuracy enhancement
procedures. At the completion of a calibration procedure, correction is automatically turned
oN, and the notation “Cor” is displayed at the left of the screen.
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(RESC) eliminates the need to restart a calibration sequence that
ss some other menu. This softkey goes back to the point where the
calibration sequence was interrupted.

eads to the select cal kit menu, which selects one of the default calibration kits
available for different connector types. This in turn leads to additional menus used to define
calibration standards other than those in the default Kits (See “Modifying Calibration Kits”,
later in this chapter). When a calibration kit has been specified, its connector type is displayed
in brackets in the softkey label.

- provides access to the calibrate more menu, which extends the test port reference plane,
to specify the characteristic impedance of the system, and the relative propagation velocity
factor.

Select Cal Kit Menu

This selects the calibration kit for 2 measurement calibration. Selecting a cal kit chooses the
model that mathematically describes the standard devices actually used.

= Lam
weonn T
ey L HE
USER KiT KE
KT
g KT .
wioww] KL )
B e

Figure 10-3. Select Cal Kit Menu

(CALKN50) selects the 50 (0 type-N model.

(CALKNTS) selects the 75 (I type-N model.

Note If 1 . or K 55;:_ is selected, additional menus are provided during
ﬁ calibration procedures to select the connector sex. This is the connector sex of

the input port, not the actual calibration standard.

'I (CALKUSED) selects a cal kit model defined or modified by the user. For information,
See “Modifying Calibration Kits”, later in this chapter.

SAVE USER KIT (SAVEUSEK) stores the user-modified or user-defined kit into memory, after it
has been modified.

MODIFY (MODI1) leads to the modify cal kit menu, where a default cal kit can be user-modified.
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eturns to the correction menu.

Calibrate More Menu

This menu extends the test port reference plane, specifies the characteristic impedance of the
system, and specifies the relative propagation velocity factor.

VELOCITY
FACTOR

SET 20

7S, NN IS

K

rerunn| K
e S

Figure 10-4. Calibrate More Menu

goes to the reference piane menu, which extends the apparent location of
the measurement reference plane or input.

The differences between the PORT EXTEN
described in the following tabie.

)
o
o
~x
2
=
=

Differences between

Main Effect The end of a cable becomes the test | Compensates for the electrical
port plane for all measurements. length of a cable for the current
type of measurement only.
Measurements All parameters. Only the currently selected
Affected measurement parameter,

(VELOFACT) enters the velocity factor used by the analyzer to calculate

eqmva.ient electrical length. Values entered should be less than 1. For example, the velocity
factor of Teflon is:

dance with conversion parameters. Characteristic impedance must be set correctly before
calibration procedures are performed.
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goes back to the correction menu.

Reference Plane Menu

This adds electrical delay in seconds to the measurement ports to extend the apparent location
of the measurement reference plane to the ends of the cables. This is equivalent to adding

a length of perfect air line, and makes it possible to measure the delay response of the DUT
only, instead of the DUT plus the adapter, cable, or other incidental device. Read the previous
description of Port Extension for more information.

e K1)
eorn L]
sl KT
KT ]

KT )

KT ]

K13

nerw) K T ]

Figure 10-5. Reference Plane Menu

(POREON, POREQFF) toggles the reference plane extension moge. When
this function is on, all extensions defined below are enabled; when ofFF, none of the extensions
are enabled.

(PORTR) adds electrical delay in seconds to extend the reference plane at
the cable. This is used for any R input measurements.

(PORTA) adds electrical delay to the input A reference plan for any A

input measurements.

oes back to the calibrate more menu.
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Calibration Menu
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{CALIRESP) leads to the frequency response calibration. It effectively removes the £
response errors of the test setup for transmission measurements.

Only a single calibration standard is required with this procedure. The standard for
transmission measurements is a THRU. If more than one device is measured, only the data
for the last device is retained. The procedures for response calibration for a reflectign
measurement and a transmission measurement are described in the following pages.-

(CALIRAI) leads to the menus used to perform a response and isolation
measurement calibration, for measurement of devices with wide dynamic range. This
procedure effectively reduces the same errors as the response calibration. In addition, it
effectively reduces the isolation (crosstalk) error in transmission measurements. As well as
the devices required for a simple response caiibration, an isolation standard is required. The
standard normally used to correct for isolation is an impedance-matched LOAD (usuaily 50
or 75 ). Response and directivity calibration procedures for transmission measurement is
provided in the following pages.

(CALIS111) leads to the menus used to perform a 3 term calibration
ment calibration). The 3 Term calibration procedures provide the same
correction measurements as the S;; I-port calibration of conventional network analyzers.
This calibration also applies to error correction for the = network measurement to test crystal
resonators.
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Response Calibration for Transmission Measurements
This performs a frequency response only calibration for a transmission measurement.

T,y
i KT ]
OPEN { ]
il T
)
)
K13
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Figure 10-7. Response Cal Menu
Procedure
1. Press
2. Press (CAL).
3. Press
4. Connect a THRU (connect together the points at which the test device will be connected).
5. When the trace settles, press THRI |
6. The message “WAIT - MEASURING CAL STANDARD" is displayed while the data is measured.
The softkey label is then underlined.
7. Press

to complete the calibration. The error coefficients are computed and
stored. The correction menu is displayed with . Corrected data is displayed.

Now the test device can be connected and measured. It is recommended that calibration data
be saved using the built-in disk drive. See Chapter 14.

Response and Isolation Calibration for Transmission Measurements

This effectively reduces the frequency response and isolation errors for transmission
measurements of devices with wide dynamic range.

Procedure

1.

2.
3.

4.

_10-10  Measursment Calibration

Press (CAL).
Press

SPONSE # TSOL'N: RESPONSE.

Connect a cable between RF Qutput 2 and Input R.




5. Connect a THRU between RF OUTPUT 1 and Input A at the points where the test device
will be connected.

6. When the trace has settled, press T
is underlined.

Response data is measured. The softkey label

7. Press

8. Connect impedance-matched LOADs to RF Output 1 and Input A. Press ISOL’N 5]
isolation data is measured. The softkey label is underlined.

9. Press DONE RE:

computed and stored. The correction menu is displayed with CDRRE
data is displayed and the notation “Cor” at the left of the screen in
on for this channel.

It is recommended that calibration data be saved on a built-in disk or in RAM disk memory, See
Chapter 14,

to complete the calibration. The error coefficients are

. Corrected
t correction is

Modifying Calibration Kits

Note Hewlett-Packard strongly recommends that you read application note 8510-5A

before attempting to view or modify calibration standard definitions. The part

d number of this application note is 5956-4352. Although the application note is
written for the HP 8510 family of network analyzers, it also applies to the

HP 87510A. This portion of the calibration chapter provides a summary of
the information in the application note, as well as HP 87510A menu-specific
information. -

For most applications, use the default cal kit models provided in the select cal kit menu
deseribed earlier in this chapter. Modifying calibration kits is necessary only if unusual
standards are used or the very highest accuracy is required. Unless a cal kit model is provided
with the calibration devices used, a solid understanding of error correction and the system
error model are absolutely essential to making modifications. Read the introductory part of this
chapter for more information, and See the Appendix to Chapter 10.

Note Numerical data for most Hewlett-Packard calibration kits is provided in the
# calibration kit manuals.

During measurement calibration, the analyzer measures actual, well-defined standards and
mathematically compares the results with ideal “models™ of those standards. The differences
are separated into error terms which are later reduced during error correction. Most of the
differences are due to systematic errors - repeatable errors introduced by the analyzer, test
set, and cables - which are correctable. However, the difference between the standard’s
mathematical model and its actua! performance has an adverse affect; it reduces the system’s
ability to remove systematic errors, and thus degrades error-corrected accuracy. Therefore,

in addition to the default cal kit models, a “user kit” is provided that can be modified to an
alternate calibration standards model.

Several situations exist that may require a user-defined cal kit:
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= You use a connector interface different from the three built-in cal kits. {(Examples: SMA, or
BNC.)

m You are using standards (or combinations of standards) that are different from the predefined
cal kits. (Example: Using three offset SHORTs instead of OPEN, SHORT, and LOAD to
perform a l-port calibration.)

# You want to improve the built-in standard models for predefined kits. Remember that the

more closely the model describes the actual performance of the standard, the better the
calibration. (Example: The 7 mm LOAD is determined to be 50.4 ( instead of 50.0 11.)

# Unused standards for a given cal type can be eliminated from the default set, to eliminate
possible confusion during calibration. (Example: A certain application requires calibrating a
male test port. The standards used to calibrate a female test port can be eliminated from the
set, and will not be displayed during calibration.)

Definitions
The foliowing are definitions of terms:

w A standard is a specific, well-defined, physical device used to determine systematic errors.
» A standard type is one of five basic types that define the form or structure of the model to

be used with that standard {(e.g. SHORT or LOAD).
m Standard coefficients are numerical characteristics of the standards used in the model

selected,
s A standard class is a grouping of one or more standards that determines which standards are

used in a particular calibration procedure.

Procedure

The foliowing steps are used to modify or define a user kit:

1. Select the predefined kit to be modified. This is not necessary for defining a néew cal kit.

2. Define the standards. For each standard, define which type of standard it is and its electrical
characteristics,

3. Specify the class where the standard is to be assigned.

4, Store the modified cal kit.

The standard definitions of predefined calibration kits are shown in Appendix B.
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Modify Cal Kit Menu

BEruE FEARAPLY
OOy FIAARD SLNSIER ]
AL KIT MO L — | — a Lo
wrRs ™. o e -
L ey ou"n
- ... -
seposry - - -"I’
TLARE TG e -y - -
] Lt "-|.
s v e - b
.‘L e Bt - e
} — i
bt L. LX) YA
nam Sarmcant [
wom i ™ w.e oy
or {m | iy -
Lt Lk
g .y -
ol .. P - eucery
e Tarma} r——for tiniviat oY
| . —
i Dot
L
-z s il
(en Ll
I ey -
Cemford
TN WY
—
WG LD LaRL AN AR LA ——r
o e f cham wesn WORE foEm Y a—. ey
[V T
- e o~ b
-~ i iz LAREL
i ed | iaaaie
[ad o
. e
- o
rna
L]
AMETRANY
et by o e o
—reaa sy Menniussud
- TWLH prbngns W— ﬁ
“aw Lea . —— o
A} L —
i
- *
-y
-y
s [
"o
e

Figure 10-8. Modify Cal Kit Menus

This menu is accessed from : ' (See Figure 10-1), and leads to additional
menus associated with modifying cal kits The analyzer directly supports 7 mm, 5011 type-N,
and 750 type-N connector types.

For other connector types, you must modify the existing standards definitions. This menu
provides access to the default calibration standards definitions. A “User Kit” is provided for
convenience, It can be redefined without affecting the definitions.
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Figure 10-9. Modify Cal Kit Menn

' (DEFS) makes the standard number the active function, and brings up the
define standard number menus. The standard number (1 to 8) is an arbitrary reference number
used to reference standards while specifying a class Each number is similar to a register, in
that it holds certain information. Each contains the selected type of device (OPEN, SHORT,

or THRU) and the electrical model for that device. The standard numbers for the predefined
calibration kits are as follows:

1 SHORY 5 LOAD
2 OPEN 6 LOAD
3 LOAD 7 SHORT

4 DEL/THRU 8 OPEN

*

leads to the specify class menu. After the standards are modified, use this key
to specify a class to consist of certain standards.

leads to the label class menu, to give the class a meaningful label for future

reference.

LABE LABK) leads to a2 menu for constructing a label for the user-modified cal kit. If a
label is supplied, it will appear as one of the five softkey choices in the select cal kit menu.
The approach is similar to defining a display title, except that the kit label is limited to ten
characters. See ! Key, Title Menu in Chapter 9 for details.

(KITD) terminates the cal kit modification process, after all standards are defined

and all classes are specified. Be sure to save the kit with the S softkey, if it is to
be used later.




Define Standard Number Menu
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Figure 10-10. Define Standard Number Menu

selects standard No.1 as the standard definition.

selects standard No.2 as the standard definition.
selects standard No.3 as the standard definition.
selects standard Nq.4 as the standard definition.
selects standard No.5 as the standard definition.
selects standard No.6 as the standard definition.

selects standard No.7 as the standard definition.
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selects standard No.8 as the standard definition.

Define Standard Menus

Standard definition is the process of mathematically modeling the electrical characteristics
{delay, attenuation, and impedance) of each calibration standard. These electrical
characteristics (coefficients) can be mathematically derived from the physical dimensions and
material of each calibration standard, or from its actual measured response. The parameters
of the standards can be listed in Standards Definitions, Table 10-2, The menus illustrated in
Figure 10-10 specify the type and characteristics for each user-defined standard.

Measurement Calibration 18-15




Table 10-2. Standard Definitions

OFFSET | OFFSET | OFFSET | STANDARD
STANDARD! Co ci c2 DELAY | LOSS Zo LABEL
NO.| TYPE |x10715F| x10~27F/Hz|x10-F/Hz?| ps Me g

Wi ] | jJw W

Each standard must be identified as one of five “types”: OPEN, SHORT, LOAD, DELAY/THRU,
or arbitrary impedance.

After a standard number is entered, selection of the standard type will present one of five
menus for entering the electrical characteristics (model coefficients) corresponding to that
standard type. These menus are tailored to the current type, so that only characteristics
applicable to the standard type can be modified.

Any standard type can be further defined with offsets in delay, loss, and standard impedance
key, and See the specify offset menu.

A distinct label can be defined and assigned to each standard, so that the analyzer can prompt
the user with explicit standard labels during calibration (e.g. “SHORT™). Press the |
softkey. The function is similar to defining a display title, except that the iabel isﬁlimited to ten
Key, “Title Menu” in Chapter 9 for details After each standard is
defined, including offsets, press EF o terminate the standard definition.

The standard definitions can be listed on screen and printed using the COPY function, (See
Chapter 13.)

_ (STDTOPEN) defines the standard type as an OPEN, used for calibrating reflection
measurements. OPENS are assigned a terminal impedance of infinite ohms, but delay and loss
offsets may still be added. Pressing this key also brings up a menu for defining the OPEN,
including its capacitance.

As a reflection standard, an OPEN offers the advantage of broadband frequency coverage.
However, an OPEN rarely has perfect reflection characteristics because fringing (capacitance)
effects cause phase shift that varies with frequency. These effects are impossible to eliminate,
but the calibration kit models include the OPEN termination capacitance at all frequencies
for compatible calibration kits. The capacitance model is a second order polynomial (squared
term), as a function of frequency, where the polynomial coefficients are user-definable. The
capacitance model equation is:

C=Co+CixF+Cyx F?
where F is the measurement frequency.
The terms in the equation are defined with the specify open menu as follows:
CO (CO) enters the Cy term, which is the constant term of the quadratic equation and is

scaled by 10718 Farads.
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(C1) enters the C; term, expressed in F/Hz (Farads/Hz) and scaled by 10~%7,

(C2) enters the C, term, expressed in F/Hz? and scaled by 1073,

STDTSHOR) defines the standard type as a SHORT, for calibrating reflection
measurements. SHORTS are assigned a terminal impedance of G 0, but delay and loss offsets
may still be added.

(STDTLCAD) defines the standard type as a LOAD (termination). LOADs are assigned a
terminal impedance equal to the system characteristic impedance Zg, but delay and loss offsets
may still be added. If the LOAD impedance is not Zy, use the arbitrary impedance standard

definition

| (STDTDELA) defines the standard type as a transmission line of specified length,
rating transmission measurements.

(STDTARBI)} defines the standard type to be a LOAD, but with an
arbltrary impedance (different from system Zg).

* (TERT) specifies the (arbitrary) impedance of the standard, in ochms.

terminates the standard definition. Press this after each standard

de , including offsets.

Specify Offset Menu

The specify offset menu allows additional specifications for a user-defined standard. Features
specified in this menu are common to all five types of standards.

Offsets may be specified with any standard type. This means defining a uniform length of
transmission line o exist between the standard being defined and the actual measurement
plane. For reflection standards, the offset is assumed to be between the measurement plane
and the standard (one-way only). For transmission standards, the offset is assumed to exist
between the two reference planes (in effect, the offset is the THRU), Three characteristics of
the offset can be defined: its delay (length), loss, and impedance.

LELAY | i
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Figure 10-11. Specify Offset Menu
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(OFSD) specifies the one-way electrical delay from the measurement (reference)
plane to the standard, in seconds (s). {In a transmission standard, offset delay is the delay from
plane to plane.) Delay can be calculated from the precise physical length of the offset, the
permittivity constant of the medium, and the speed of light,

OFSL) specifies energy loss, due to skin effect, along a one-way length of coaxial
cable offset. The value of loss is entered as ohms/nanosecond (or Giga ohms/second) at 1 GHz.

(OFSZ) specifies the characteristic impedance of the coaxial cable offset.

This is not the impedance of the standard itself.

Label Standard Menu

This menu labels (reference) individual standards during the menu-driven measurement
calibration sequence. The labels are user-definable using a character set displayed on the
display that includes letters, numbers, and some symbols, and they may be up to ten characters
long. The analyzer will prompt you to connect standards using these labels, so they shouid be
meaningful to you, and distinct for each standard.

By convention, when sexed connector standards are labeled male (m} or female (f), the
designation refers to the test port connector sex, not the connector sex of the standard.

Standard labels are created in the same way as titles. See “(BiSPLAY) Key” in Chapter 9, “Title
Menu” in Chapter 9.

Specify Class Menus

Once a standard is specified, it must be assigned to a standard class. This is a group of from
one to seven standards that is required to calibrate for a single error term. The standards
within a single class are assigned to locations A through G as listed on the Standard Class
Assignments Table (Table 10-3). A class often consists of a single standard, but may be
composed of more than one standard.

The standard class assignments of predefined standard Kits are shown in Appendix B.

Table 10-3. Standard Class Assignments Table

CLASS A|lB|C}|D|!E|F| G| STANDARD
: CLASS LABEL
Sna
Sus
Suc
Response
Response & Isolation

The number of standard classes required depends on the type of calibration being performed,
and is identical to the number of error terms corrected. {(Examples: A response cal requires
only one class, and the standards for that class may include an OPEN, or SHORT, or THRU. A
1-port cal requires three classes.
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The number of standards that can be assigned to a given class may vary from none (class not
used) to one (simplest class) to seven. When a certain class of standards is required during
calibration, the analyzer will display the labels for all the standards in that class (except when
the class consists of a single standard). This does not, however, mean that all standards in a
class must be measured during calibration. Only a single standard per class is required. Note
that it is often simpler to keep the number of standards per class to the bare minimum needed
{often one) to avoid confusion during calibration.

Standards are assigned to a class simply by entering the standard’s reference number
(established while defining a standard) under a particular class.

Each class can be given a user-definable label as described under “Label Class Menus”.

The class assignments table can be displayed on screen and printed using the COPY function.
(See Chapter 13.)

(SPECS114) enters the standard numbers for the first class required for a
3-term calibration. {For predefined cal Kits, this is OPEN (for the 7 mm} or OPENS (for type-N).)

' (SPECS11B) enters the standard numbers for the second class required for a 3-term
ration. (For predefined cal kits, this is SHORT (for the 7 mm) or SHORTS (for the type-N) .

: (SPECS11C) enters the standard numbers for the third class required for a 3-term
calibration. (For predefined Kkits, this is the LOAD.)

- Jeads to the following softkeys.

(SPECRESP) enters the standard numbers for a response calibration. This calibration
corrects for frequency response in either reflection or transmission measurements, depending
on the parameter being measured when a calibration is performed. (For predefined kits,

the standard is either the OPEN or SHORT for reflection measurements, or the THRU for
transmission measurements.)

RESPON - (SPECREST) enters the standard numbers for a response & isolation
calibrati bration corrects for frequency response and directivity in reflection
measurements, or frequency response and isolation in transmission measurements.

Label Class Menus

These define meaningful labels for the calibration classes. These then become softkey labeis
during a measurement calibration. Labels can be up to ten characters long.

Labels are created in the same way as display titles. See Key, “Title Menu” in
Chapter 9,

Label Kit Menu

After 2 new calibration kit has been ¢i=fined, be sure to specify a label for it. Choose a label
that describes the connector type of the calibration devices. This label will then appear in the
softkey label in the correction menu and the MGD FY' label in the select cal kit menu.
It will be saved with calibration data.

This menu is accessed with the LAB - softkey in the modify cal kit menu, and is identical
to the label class menu and the label standard menu described above. It allows definition of a
Iabel up to eight characters long.
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Verify Performance

Once a measurement calibration has been generated with a user-defined calibration kit, its
performance should be checked before making device measurements. To check the accuracy
that can be obtained using the new calibration kit, a device with a well-defined frequency
response should be measured. The verification device must not be one of the calibration
standards: measurement of one of these standards is merely a measure of repeatability.

To achieve more complete verification of a particular measurement calibration, accurately
known verification standards with a diverse magnitude and phase responses should be used.
NIST traceable or HP standards are recommended to achieve verifiable measurement accuracy.

Note The published specifications for the HP 87510A network analyzer system
include accuracy enhancement with compatible calibration kits. Measurement
# calibrations made with user-defined or modified calibration kits are not subject

to the HP 87510A specifications, although a precedure similar to the system
verification procedure may be used.
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Using Markers

Key

The HP-IB programming command is shown in parenthesis following the key or softkey.

The key displays a movable active marker () on the screen and provides access to a
series of menus to control one to eight display markers for each channel (a total of sixteen).
Markers obtain numerical readings of measured values. They also provide capabilities for
reducing measurement time by changing stimulus parameters, searching the trace for specific
values, or statistically analyzing part or all of the trace.

Markers have a stimulus value (the x-axis value in Cartesian format} and a response value (the
y-axis value in a Cartesian format). In a polar chart format, the second part of a complex data
pair is also provided as an auxiliary response value., When a marker is turned ON and no other
function is active, its stimulus value is displayed in the active entry area and can be controlled
with the knob, the step keys, or the numeric keypad. The active marker can be moved to any
point on the trace, and its response and stimulus values are displayed at the top right corner
of the graticule for each displayed channel, in units appropriate to the display format. The
displayed marker response values are valid even when the measured data is above or below
the range displayed on the graticule. When the marker list is turned ON, the stimulus values
and response values of all markers are listed on the graticule.

When the marker time mode is turned ON, the x-axis is changed to the time scale, where the
start point of the x-axis is 0 seconds and the stop point indicates the sweep time and markers
have a time instead of a stimulus value. *

Marker values are normally continuous: that is, they are interpolated between measured
points. Alternatively, they can be set to read only discrete measured points. The markers for
the twe channels normally have the same stimulus values, or they can be uncoupled so that
each channel has independent markers, regardless of whether stimulus values are coupled or

dual channel display is oN.

If both the data trace and the sub trace are displayed using LOGMAG & PHASE or LOGMAG & DELAY
farmat, you can select which marker values apply to the data trace or the sub trace.

With the use of a reference marker, a delta marker mode is available that displays both the
stimulus and response values of the active marker relative o the reference. Any of the eight
markers or a fixed point can be designated as the delta reference marker. If the delta reference
is one of the eight markers, its stimulus value can be controlled by the user and its response
value is the value of the trace at that stimulus value. If the delta reference is a fixed marker,
both its stimulus value and its response value can be set arbitrarily by the user anywhere in
the display area (not necessarily on the trace).
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Markers can search for the trace maximum, mininum, mean point, any other point, peak
maximum, minimum or peak-to-peak value of all or part of the trace. The eight markers can be
used together to search for specified bandwidth cutoff points and to calcuiate the bandwidth.
Statistical analysis uses markers 0 provide a readout of the mean, standard deviation, and
peak-to-peak values of all or part of the trace.
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Basic marker operations are available in the menus accessed from the key. The marker
search and statistical functions, together with the capability for quickly changing stimulus
parameters with markers, are provided in the menus accessed from the key.

Note The marker functions are nof affected by waveform analysis command
execution. For more information on the wave form analysis commands, see the
ﬁ HF 875104 HP-IB Programing Manual.
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Figure 11-1. Menus Accessed from the Key
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The menus accessed from the key (Figure 11-1 ) provide several basic marker operations,
These include different marker modes for different display formats, and the delta marker mode
that displays marker values relative to a specified value.

Marker Menu

The marker menu (Figure 11-2 ) goes to the activate marker menu or clear marker menu
to turn the display markers oN or oFF, to assign a markers to a data trace or sub trace, to
list marker values, or to gain access to the marker deita mode and other marker modes and

formats.
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Figure 11-2. Marker Menu

R goes to the activate marker menu, from which the marker are activated.

- (MARKOFF) turns OFF all the markers and the delta reference marker, as well as
the tracking and bandwidth functions that are accessed with the (MKR FCTN) key.

CLEAR MARKER: goes to the clear marker menu, from which to turn OFF a marker.

{MARKODATA, MARKOMEMO) selects the data trace data or the sub trace to

be apphed for the marker values when the LOG MAG & PHASE or LOG MAG & DELAY format is
selected.

' (MARKLON, MARKLOFF) lists stimulus values and response values of all
ma.rkers InA mode this lists all delta markers and fixed markers.

ZNU goes to the deita marker menu, which reads the difference in values between
marker and a reference marker.

il
]
c
o,
=
ar
=
=
+ D
o
W

_ " (MARKZERO) puts a fixed reference marker at the present active marker position,
and ‘sets the fixed marker stimulus and response values at that position equal to zero. All

subsequent stimulus and response values of the active marker are then read out relative to
the fixed marker. The fixed marker is shown on the display as a small triangle “4" (delta),

sma_ller than the mactxve marker triangles. The softkey label changes from M_
= A and the notation “AREF=4" is displayed at the top right corner of the
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graticule. The marker zero is canceled by turning the delta mode OFF from the delta marker

menu or turning all the markers OFF with the

provides access to the marker mode menu, where several marker modes
can be selected including special markers for polar chart format.

Activate marker menu
This menu (Figure 11-3 ) turns the display markers ON and to designate the active marker,
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Figure 11-3. Activate Marker Menu

(MARK1?) turns on marker 1 and makes it the active marker. The active marker
appears on the display as “v”. The active marker stimulus value is displayed in the active
entry area, together with the marker number. If there is a marker turned ON, and no other
function is active, the stimulus value of the active marker can be controlled with the knob, the
step keys, or the numeric keypad. The marker response and stimulus values are displayed in
the upper right-hand corner of the screen.

{MARKZ) turns ON marker 2 and makes it the active marker, If another marker is
at marker becomes inactive and is represented on the display as “A”,

(MARK3) turns ON marker 3 and makes it the active marker.
(MARK4) turns ON marker 4 and makes it the active marker.
{MARKS) turns ON marker 5 and makes it the active marker.
(MARKSG) turns ON marker 6 and makes it the active marker.
- (MARKT) turns ON marker 7 and makes it the active marker.

3. (MARKS) turns ON marker 8 and makes it the active marker.
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Clear Marker Menu

This menu (Figure 11-4 ) turns the display markers orr. If an activated marker is cleared, the
marker of lowest number, if any, will be activated.
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Figure 11-4. Clear Marker Menu

(CLEM1) turns OFF marker 1.
(CLEM2) turns OFF marker 2.
(CLEM3) turns OFF marker 3.
(CLEM4) turns OFF marker 4. »
(CLEMS) turns OFF marker 5.
(CLEMS6) turns OFF marker 6.

(CLEMT7} turns OFF marker 7.

{CLEM8) turns OFF marker 8.

Delta Marker Mode Menu

The delta marker mode reads the difference in stimulus and response values between the
active marker and a designated delta reference marker. Any of the eight markers or a fixed
point can be designated as the reference marker. If the reference is one of the eight markers,
its stimulus value can be controlled by the user and its response value is the value of the
trace at that stimulus value, If the reference is a fixed marker, both its stimuius value and
its response value can be set arbitrarily by the user anywhere in the display area. The delta
reference is shown on the display as a small triangle A (delta), smaller than the inactive
marker triangles (A). If one of the markers is the reference, the triangle appears next to the
marker number on the trace.

The rarker values displayed in this mode are the stimulus and response values of the active
marker minus the reference marker. If the active marker is also designated as the reference
marker, the marker values are zero.
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Figure 11-5. Delta Marker Mode Menu

goes to the delta marker menu, which makes a marker the delta reference.

{ED- MKR (DELRFIXM) sets a user-specified fixed reference marker, The stimulus and
response values of the reference can be set arbitrarily, and can be anywhere in the display

area. Unlike markers 1 to 8, the fixed marker need not be on the trace. The fixed marker

is indicated by a small triangle A, and the active marker stimulus and response values are

shown relative to this point. The notation “AREF=A" is displayed at the top right corner of the
graticule. £
Pressing this softkey turns ON the fixed marker. Its stimulus and response values can then "
be changed using the fixed marker menu, which is accessed with the FI
softkey described below. Alternatively, the fixed marker can be set to
marker position, using the softkey in the marker menu.

A DELD) turns OFF the delta marker mode, so that the values displayed for the
active marker are absolute values.

- leads to the fixed marker menu, where the stimulus and response values
for a fixed reference marker can be set arbitrarily.

goes back to the marker menu.

Delta Marker Menu

This menu (Figure 11-6 ) establishes a marker as a delta reference, The active marker stimulus
and response values are shown relative to this delta reference. If marker 1 has been selected
as the delta reference, A " is underlined in this menu, and the marker menu is returned to

the screen. In the activate marker menu under HARI{ER ', the first key is now labeled
The notation “AREF=1" appears at the top right corner of the graticule.
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Figure 11-6. Deita Marker Menu

(DELR1) makes marker 1 the delta reference.
(DELR2) makes marker 2 the delta reference.
{DELR3) makes marker 3 the delta reference.
(DELR4) makes marker 4 the delta reference,
(DELRS) makes marker 5 the delta reference.
- (DELR6) makes marker 6 the deita reference.
(DELR7) makes marker 7 the delta reference.

(DELR8) makes marker 8 the delta reference.

Fixed Marker Menu

This menu sets the position of a fixed reference marker, indicated on the display by a small
triangle A. Both the stimulus value and the response value of the fixed marker can be

set arbitrarily anywhere in the display area, and need not be on the trace. The units are
determined by the display format and the marker type.

There are two ways to turn ON the fixed marker. One way is with the 4

softkey in the delta marker mode menu. The other is with the _ﬁ )
marker menu, which puts a fixed reference marker at the present actlve marker position and
makes the marker stimulus and response values at that position equal to zero.

The softkeys in this menu make the values of the fixed marker the active function. The marker
readings in the top right corner of the graticule are the stimulus and response values of the
active marker minus the fixed reference marker. Also displayed in the top right corner is the
notation “AREF=A".

The stimulus value, response value, and auxiliary response value {the second part of a complex
data pair) can be individually examined and changed. This allows active marker readings that
are relative in amplitude yvet absolute in frequency, or any combination of relative/absolute
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peration, this menu can reset any of the fixed marker values
dings of the subsequent active marker values,

readouts. Following a
to absolute zero for ab

If the format is changed while a fixed marker is on, the fixed marker values become invalid.
For example, if the value offset is set to 10 dB with a log magnitude format, and the format is
then changed to phase, the value offset becomes 10 degrees. However, in polar chart format,
the specified values remain consistent between different marker types for those formats.
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Figure 11-7. Fixed Marker Menu

(MARKFSTI) changes the stimulus value of the fixed marker. Fixed
marker stimulus values can be different for the two channels if the channel markers are
uncoupled using the marker mode menu.

»
Absolute active marker stimulus values can be read, if the stimulus value is set to zero.

JALUE (MARKFVAL) changes the response value of the fixed marker. In a Cartesian

the y-axis value. In a polar chart format with a magnitude/phase marker or a
real/imaginary marker, this applies to the first part (real part) of the complex data pair. Fixed
marker response values are always uncoupled in the two channels.

Absoclute active marker response values can be read, if the response value is set to zero,

(MARKFAUV) is used only with a polar format. It changes the auxiliary
response value of the fixed marker. This is the second part (imaginary part) of a complex
data pair, and applies to a magnitude/phase marker or a real/imaginary marker. Fixed marker
auxiliary response values are always uncoupled in the two channels.

Absolute active marker auxiliary response values can be read, if the auxiliary value is set to
Zero.

goes back to the delta marker mode menu.
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Marker Mode Menu

This menu provides different marker modes and makes available an additional menu of special
markers for use in the potar format.
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Figure 11-8. Marker Mode Menu

MARKDISC) places markers only on measured trace points determined by

0US: (MARKCONT) interpolates between measured points to allow the markers to be
placed at any point on the trace. Displayed marker values are also interpolated. This is the
defauit marker mode.

' ’LED: (MARKCOUP) couples the marker stimulus values for the two dlspfay
cha.nnels. Even if the stimulus is uncoupled and two sets of stimulus values are shown,

the markers track the same stimulus values on each channel as long as they are within the
displayed stimulus range.

MARKUNCO) allows the marker stimulus values to be controllied independently on

each channel.

(MARKTIMECN, MARKTIMEOFF) sets the x-axis units to time, where the start
point is zero and the stop point is the value of the sweep time. A marker indicates the time
passed after the sweep has started. This function is useful for testing a DUT's time transition
characteristics at a certain fixed frequency by setting span to zero.

eads to the polar marker menu.

- goes back to the marker menu.
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Polar Marker Menu

This menu is used only with the polar display format, selectable using the key. In the
polar format, the magnitude at the center of the circle is zero and the cuter circle is the full
scale value set in the scale reference menu. Phase is measured as the angle counterclockwise
from 0° at the positive x-axis. The analyzer automatically calculates different mathematical
forms of the marker magnitude and phase values, selected using the softkeys in this menu.
Marker frequency is displayed in addition to other values regardless of the marker type

selected.
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Figure 11-9. Polar Marker Menu £

|

(POLMLIN) displays a readout of the iinear magnitude and the phase of the active
marker. This is the preset marker type for a polar display. Magnitude values are read in
engineering units and phase in degrees.

(POLMLOG) displays the logarithmic magnitude and the phase of the active marker.
Magnitude values are expressed in dB and phase in degrees. This is useful as a fast method of
obtaining a reading of the log magnitude value without changing to the log magnitude format.

(POLMRI) displays the values of the active marker as 2 real and imaginary pair. The
complex data is separated into its real part and its imaginary part. The first marker value given
is the real part (= M cos ), and the second value is the imaginary part (= M sin §), where M =
magnitude.

BETHRK goes back to the marker mode menu.
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MKR FCTN) Key
The HP-IB programming command is shown in parenthesis following the key or softkey.
The (MKRFCTN) (KEY 17) key activates a marker if one is not already active, and provides access

to additional marker functions. These can quickly change the measurement parameters, to
search the trace for specified information, and to analyze the trace statistically.
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Figure 11-10. Menus Accessed from the Key

Marker Function Menu

This menu provides softkeys that use markers to quickly modify certain measurement
parameters without going through the usual key sequence. In addition, it provides access
to five additional menus used for searching the trace, for storing the search range, and for
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equal t the current active marker value. Use the knob or the numeric keypad to move the
marker to the desired position on the trace, and press the appropriate softkey to set the
specified parameter to that trace value. When the values have been changed, the marker can
again be moved within the range of the new parameters,
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Figure 11-11. Marker Function Menu

(MARKSTAR) changes the stimulus start value to the stimulus value of the

: (MARKSTOP) changes the stimulus stop value to the stimulus value of the -

MARKCENT) changes the stimulus center value to the stimulus value of the

values of the active marker and the deita reference marker. If there is no reference marker,
the message “NO MARKER DELTA ~ SPAN NOT SET” is displayed.

- (YARKREF) equals the reference value to the active marker’s response
value, without changing the reference position. In the polar format, the full scale value at the
outer circie is changed to the active marker response value. This softkey also appears in the
scale reference menu.

leads to the search range menu, which defines the range for partial search and
to turm the partial search oN or OFF.

leads to the marker search menu, which searches the trace for a particular value
or bandwidth.

(MEASTATON, MEASTATOFF) calculates and displays the mean, standard deviation,
and peak-to-peak values of the section of the displayed trace in the search range defined in
Search Range Menu. If Partial Search is ofF, the statistics are calculated for the entire trace.
A convenient use of this feature is to find the peak-to-peak value of passband ripple without
searching separately for the maximum and minimum vaiues. '

The statistics are absolute values: For the polar format, the statistics are calculated using the
first value of the complex pair {magnitude or real part).

kS
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Search Range Menu

This menu specifies and activates the range over which the marker search functions are
effective. This function is useful if a part of the entire stimulus range is analyzed.

SEARCH RNG
STORE

25

PART SacH
on OFF

ajalalalislslili

K
netunn [

e mrerm—

Figure 11-12. Search Range Menu

' : SEARSTOR) stores a search range, which is defined between the active
marker and the delta reference marker. If there is no reference marker, the message “NO
MARKER DELTA - RANGE NOT SET” is displayed.

PAR (PARSON, PARSOFF) turns partial search oN or orr. The search range is
display small triangles, “A”, at the bottom of the graticule. If no search range is
defined, the search range is the entire trace. »

goes back to the marker function menu.
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Marker Search Menu

This menu searches the trace for a specific amplitude-related point, and places the marker on
that point, and to lead more menu for searching in a partial range of the trace. The capability
of searching for a specified bandwidth is also provided. Tracking is available for a continuous
sweep-to-sweep search. If there is no occurrence of a specified value or bandwidth, the
message “TARGET VALUE NOT FOUND” is displayed.

TARGEY <I:]

K]
“oen| KLL)
oo | KT
reroe| K| T )

Figure 11-13. Marker Search Menu

{SEAQFF) turns OFF the marker search function,

(SEAMAX) moves the active marker to the maximum point on the trace. In polar format,
and LOG markers searches on |['|. and other types of marker searches on reaff"pa.rt of
measurement parameter.

MIN (SEAMIN) moves the active marker to the minimum point on the trace. In polar format,
LIN and LOG markers searches on [IT'].

{SEATARG) places the active marker at a specified target point on the trace. The target
menu is presented, providing search right and search left options to resolve multiple solutions,

For relative measurements, a search reference must be defined with a delta marker or a fixed
marker before the search is activated.

}SSRE goes to the marker search more menu.

leads to the width menu, which is used to define the sTArRT and sToP points for a
ba.ndmdth search, and to turn bandwidth search oN and oOFF.

TH. TRACKON, TRACKOFF) is used in conjunction with other search features to
track the search with each new sweep. Turning on tracking rakes the analyzer search every
new trace for the specified target value and put the active marker on that point.

When tracking is oFr, the target is found on the current sweep and remains at the same
stimulus value regardless of changes in trace response value with subsequent sweeps.

A maximum and a minimum point can be tracked simultaneously using two channels and
uncoupied markers.

RETUR& goes back to the marker function menu.
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Target Menu

The target menu places the marker at a specified target response value on the trace, and
provides search right and search left options. If there is no occurrence of the specified value,
the message “TARGET VALUE NOT FOUND” is displayed.

was| )

e KL

el T
K

T

Figure 11-14. 'Target Menu

]
[

TARGET (SEATARG) places the marker at the specified target response value. If tracking is oN
(see previous menu) the target is automatically tracked with each new trace. If tracking is orr,
the target is found each time this key is pressed. The target value is in units appropriate to the
current format. The default target value is —3 dB.

In delta marker mode, the target value is the value relative to the reference marker. If no delta
reference marker is on, the target value is an absolute value.

SEAL) searches the trace for the next occurrence of the target value to the left.

(SEAR) searches the trace for the next occurrence of the target value to the
right.

- goes back to the marker search menu.
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Marker Search More Menu

]
N

Figure 11-15. Marker Search More Menu

1
)
K?\KE PPN 2
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' (SEAMEAN) moves the active marker to the mean point on the trace (in the
search range if it has been specified).

(SEALMAX) moves the active marker to the maximum peak point on the trace in the
search range stored in the search range menu. The applicable peak profile is defined by the
and AY keys described below.

: (SEALMIN) moves the active marker to the minimum peak point on the trace in the
search range stored in the search range menu. The applicable peak profile is deffned by the

(SEAPPEAK) moves the active marker and the delta reference marker to the
oint on the trace in the search range. The

¢ for searching for the local max, min, and peak-to-peak to the respective
dlﬂ'erentlal values between active and reference markers.

(PEADX) defines the differential stimulus value (AX) of the peak for searching
for the local max, min, and peak-to-peak.

AY (PEADY) defines the differential response value (AY) of the peak for searching for the local
ma.x min, and peak-to-peak.

Note For Pea.k Define

; softkeys define the peak profile to be applicable for the
{ and PEAK*PEAK functions. These functions search a peak where,
the posxtxve—gomg ‘shoulder gradient is greater than AY/AX, and the negative-going shoulder

gradient is less than —AY/AX. Therefore, the peak define function can limit the applicable peak
to certain sharpness regardless its absolute value. The greater AY/AX, the sharper the peak.
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Example: To analyze a spurious peak on a trace, shown in Figure 11-16, using the I.
softkey, specify AY/AX, larger than that of the fundamental peak AY;/AX,, {expected not to be
detected) and smaller than that of the spurious peak AY,/AX, (expected to detect). This filters
out the fundamental peak from the search.

AX, AY are definad aa follows

AYs AY < AYz

26 AX Xz

Then, Lecsl MAX is hon.)

= fov

AXz

Figure 11-16. Peak Definition Example

The applicable peak is only specified by the ratio, Ax/Ay. The absolute values of Ax and Ay do
not matter.

goes back to the marker search menu,

Width Menu #

woe| KT

s KT

o] KL ]
KT

b g
KT ] a
K1 5
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Figure 11-17. Width Menu

(WIDV) sets the amplitude parameter (for example —3 dB) that defines the Start
and Stop points for a bandwidth search. The bandwidth Search feature analyzes a bandpass or
band reject trace and calculates the center point, bandwidth, and Q {quality factor} for the
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specified bandwidth. Bandwidth units are in the units of the current format. When A mode is
ON, the bandwndth value specified is the deference from the delta reference.

iralue, bandwidth, Q, insertion loss, and cutoff point deviation from the center
of a bandpass or band reject shape on the trace. The amplitude value that defines the passband

tumed ON and each is assxg:ned to a dedicated use. Marker 1is the start.mg pomt from which
the search is begun. Marker 2 is the bandwidth center point. Marker 3 is the bandwidth cutoff
point on the left, and marker 4 is the cutoff point on the right. If the active marker is the 5, 6,
7, or B, markers 5, 6, 7, and 8 move in the same manner as above for markers 1, 2, 3, and 4.

The width parameters obtained are also listed on the display as follows:

BW displays the bandwidth value set by the

cent dispiays the center stimulus value between cutoff points, which is marked by
the marker 2 (, or 6).

Q dispiays the Q value {= cent/BW) of the trace.

Insertion Loss displays the absolute value of the marker 1 (, or 5).

AF (left) dispiays the stimulus value difference between markers 3 {or 5) and center

frequency specified by the key.
AF (right) displays the stimulus value difference between markers 4 (or 8) and center

frequency specified by the key.
Figure 11-18 shows an example of the bandwidth search feature. .

---0dB

AF flaft) AF trighty
Canter Frequency of Stimulus
{Spacified by Keyl

Figure 11-18. Bandwidth Search Example

If a delta marker or fixed marker is on, it is used as the reference point from which the

bandwidth amplitude is measured. For example, if marker 1 is the delta marker and is set at
the passband maximum, and the width value is set to —3 dB, the bandwidth search finds the
bandwidth cutoff points 3 dB below the maximum and calculates the 3 dB bandwidth and Q.
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if marker 2 (the dedicated bandwidth center point marker) is the delta reference marker, the
search finds the points 3 dB down from the center.

If no delta reference marker is set, the bandwidth values are absolute values,

In the expanded phase mode, this function searches the two cutoff points whose values are
“+ WIDTH VALUE", and “~WIDTH VALUE". For example, when the width value is 45°, the
cutoff points’ values are +45°.

goes back to the marker search menu,
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Instrument State Function Block

Introduction
INSTRUMENT STATE
) ()

Figure 12-1. Instrument State Function Block

The instrument state function block keys and associated menus provide control of
channel-independent system functions. These include controller modes, instrument addresses,
real time clock, BIN sorting, limit lines, and limit testing, Instrument BASIC, plotting or
printing, saving instrument states and trace data on a built-in disk and a RAM disk memory.

*

Instrument State Functions and Where They Are Described

Functions accessible in the instrument state function block are described in several different
chapters of this Reference, and in other manuals.

Table 12-1 lists each function and where it is discussed. Unless otherwise noted, all references
are in this Reference and are marked with the acronym “rRer”.
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Tabie 12-1. Instrument State Function Descriptions

Instrument Function Chapter or Manual
State Key
Instrument BASIC HP Instrument BASIC Manual
Set
Using HP Instrument BASIC
with the HP 87510A
Clock This Chapter
BIN Sorting This Chapter
Limit Lines and Limit Testing This Chapter
Service Menu Maintenance Manual
(CGPY) All Features - including printing and plotting | Chapter 10, REF
Al Features - including saving instrument Chapter 14, REF
states and saving to built-in disk and RAM disk
memory.
All Features - including recall of instrument | Chapter 14, REF
state and data from built-in disk drive and
RAM disk memory.
All features - including HP-IB and address This Chapter
menus.
(PRESET} | Preset State Appendix B, REF

Key
key leads to the following menus:

HP-18 ADDRESS
MEN MENL
AYSTEM ARDRESS:
LOCAL CONTROLLER P
oonals- ADORESE:
ABLE ONLY PLOTTER
ADORERS:
PRIHTER
st ADDRES:
ADDRESSES CONTROULER
RETURK
Cawoat

Figure 12-2. Softkey Menus Accessed from the Key

This key performs the following functions:

® Returns front panel control to the user. The instrument ignores ali front pane! keys (except
the local key) when under the control of an external computer. The instrument is in “local
mode” when the user has front panel control. The instrument is in the “remote mode” when
an external computer controls the instrument.
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a Gives access to the HP-IB menu, which sets the controlier mode, and to the address
menu, where the HP-IB addresses of peripheral devices are entered. The controlier mode
determines which device controls the HP-IB bus, the instrument or computer. Only one of
them can control the bus at a time.

Local Lockount

Local lockout is a remote {computer generated) command that disables the key, making
it impossible to interfere with the instrument (except for the Power Switch) while it is under

computer control,

HP-IB Menu

The analyzer is factory-equipped with a remote programuming interface using the
Hewlett-Packard Interface Bus (HP-IB). This enables communication between the analyzer and
a controlling computer as well as other peripheral devices. This menu indicates the present
HP-IB controller mode of the analyzer. Two HP-IB modes are possible: system controller and

addressable only.
Preset and cyeling the power does not affect the selected controller mode.
Information on usable peripherals is provided in Chapter 2.

System Controller Mode

In the system controller mode, the analyzer itself can use HP-IB to control peripherals usable
with the HP 875104, without the use of an external computer. For example, the analyzer can
output measurement results directly to a printer or plotter.

Addressable Mode

This is the mode of operation most often used. In this mode, a computer can take control
of and communicate with the analyzer and other peripherals on the bus The computer can
send commands or instructions to and receive data from the analyzer. All of the capabilities
available from the analyzer front panel can be used in this operation mode. Exceptions are
some special functions such as internal tests.

Information on HP-IB operation is provided in Chapter 15 and in the HP-IB Programing
Monual,

cowmouen| K]
vt UL I

SEY
ADORESSES

(]
.

Figure 12-3. HP-IB Menu
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124 Instrumsnt State Functien Block

- is the mode used when peripheral devices are to be used and there is no
. See the description above,

The system controller mode can be used without knowledge of HP-IB programming. However,
the HP-IB address must be entered for each peripheral device.

This mode can only be selected manually from the analyzer's front panel, and can be used
only if no active system controiler is connected to the system through HP-IB. If you try to set
system controller mode when another system controller is present, the message “CAUTION:
CAN’T CHANGE -~ ANOTHER CONTROLLER ON BUS” is displayed.

is the mode used when an external controller controls peripheral devices
or the analyzer. This mode is also used when the external computer passes control of the bus to
the analyzer. :

3 goes to the address menu, which sets the HP-IB address of the analyzer, and
modify the addresses of peripheral devices in the system.

ay

Address Menu

In communications through the Hewlett-Packard Interface Bus (HP-IB), each instrument on the
bus is identified by an HP-IB address. This decimal-based address code must be different for

each instrument on the bus.

This menu sets the HP-IB address of the analyzer. It also sets the HP-IB addresses the analyzer
will use when talking to each peripheral.

Most of the HP-IB addresses are set at the factory and need not be modified for normal system
operation. The standard factory-set addresses for instruments that may be part of the system

are as follows:

Table 12-2. Default HP-IB Addresses

Instrument HP-IB Address (decimal)
Analyzer 17
Plotter 05
Printer 01
Controller 21

The address displayed in this menu for each peripheral device must match the address set on
the device itself. If the addresses do not match, they can be matched in one of two ways
Either the address set in the analyzer can be changed using the entry controls; or the address
of the device can be changed using instructions provided in its manual. The analyzer's HP-IB
address is changed through the keyboard controls, there is no physical HP-IB switch.




Figure 12-4. Address Menu

sets the HP-IB address of the ané.iyzer, using the entry controls. There is no
switch to set in the analyzer

(ADDRPLOT) sets the HP-IB address the analyzer will use to communicate

with the plotter.
(ADDRPRIN) sets the HP-IB address the analyzer will use to communicate

with the printer.

R (ADDRCONT) sets the HP-IB address the analyzer will use to
external controller.

goes back to the HP-IB menu.
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sysTem) Key
The HP-IB programming command is shown in parenthesis following the key or softkey.

This key presents the system menu.

System Menu

SET Q00K KI]

814 SORT
MENU

LmIT
MENU

)
)

Figure 12-5, System Menn

K
K
KT ]
K
K

SERVICE
MENY
i —

eads to a series of menus used to operate Instrument BASIC. See “Instrument BASIC”
apter.

- leads to a series of menus as shown in Figure 12-7, which sets an internal clock.
See “Real Time Clock” in this chapter.

eads to a series of menus as shown in Figure 12-23, which defines BINs and
specifications with which to compare a test device. See “BIN Sort Function”.

I leads to a series of menus as shown in Figure 12-15, which defines limits or
ns with which to compare a test device. See “Limit Line and Limit Testing”.

leads to a series of service menus described in detail in the Maintenance

Manual,
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Instrument BASIC

HP Instrument BASIC gives the analyzer programmability without using an external controlier.
The softkeys shown in the Figure 12-6 allows performing basic operations of HP Instrument
BASIC. When you are developing more complex programs, the HP-HIL key board (Option 002)
must be used. HP Instrument BASIC is subset of HP BASIC and allows all of the analyzer's
measuremernt capabilities and any other HP-IB compatible instrument to be programmed.

For more information about Instrument BASIC, see Using HP Instrument BASIC with the HP
875104 in this manual, and the HP Instrument BASIC Users Handbook furnished with Option

002.

FVETERM BARIC ECHT SYSTEM PEE UTILITY O Y
120 WEN MEN) WEM LAREL MENU
ARS A
wakic e Plupdby AT
T
T I a3 RE-SAVE
[ i -t Thes seare; 3
T CLBRK L spdTae cniomd by e
oY 34 v ) progrea.
e — raRE L 0. ]
The witay
lntaiy 14
IMTY o
e TOF Lk dnptrend dering:
| namrag the
RECALL o
-rr e
I
UTiLITY »TRY
IR
e = _] P J——
—_—

LTI

Figure 12-6. Softkey Menus Accessed from the 1

BASIC Menu

allows you to execute one program line at a time. This is particularly useful for

debugging.

resumes program execution from the point where it was paused.

starts a program from its beginning.

pauses program execution after the current program line has executed.

stops program execution after the current line. To restart the program, press
enters into the EDIT mode.

leads to File Utility menu.

ieads to a softkey menu defined during program execution, if the softkey menu
has been defined.
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Edit System Menu

In the edit mode, the key sequence pressing and leads to the softkey menu to
produce the character which are the BASIC commands and editor control cornmands most often
used in developing and running BASIC programs.

produces the commmand “ASSIGN @Hp87510 TG 800~ at the cursor’s current

produces the command “OUTPUT @Hp87510;""” at the cursor’s current

produces the command “ENTER @Hp87510; " at the cursor’s current position.

roduces the command “END”.

allows you to move the cursor to any line number or label, after pressing

type a line number or a label and then press (Return), the cursor moves to the
specified line or label.

- leads to the Command Entry menu. (See “Command Entry Menu”.)

- exits the edit mode,

ON KEY LABEL Menu

Softkeys in this menu are defined in a program, and the softkeys are labeled during program
execution. For more information on using this feature, see “ON KEY" in Chapter 2 of the HP
Instrument BASIC Language Reference furnished with Option 002.

EJ

File Utility Menu
; ?produces the command “CAT". CAT lists the contents of a mass storage directory.

produces the command “RE-SAVE""”. RE-SAVE creates a specified ASCH file if it does

not exist; otherwise, it re-writes a specified ASCII file by copying program lines as strings into

that file.

T produces the command “GET""”. GET reads the specified ASCII file and attempts to store
e strings into memory as program lines,

I selects between the flexible disk drive and the RAM disk memory as the storage
from Instrument BASIC programs. This settmg is independent of the setting of the

under the (SAVE) key.

leads to the Command entry menu, which allows you to execute Instruraent
BASIC commands from the front panel keys.

goes back to the BASIC menu.
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Command Entry Menu

HP 87510A Instrument BASIC allows you to enter and execute statements from the front panel
keys, if the externa! HP-HIL keyboard is not connected.

The Command Entry menu is displayed on the softkey menu area, and the active entry area
displays the letters, the digits 0 through 9, and some special characters including mathematical

symbols. Three sets of letters can be scrolled using the step keys, () and (). To enter a
statement, press the step keys for the desired lette{_ set, rotate the knob until the arrow “1”

points at the first letter, then press *. Repeat this until the complete statement
is entered, then press - to execute the statement,

m elects the character pointed to by “1”.

inserts a space.

deletes the last character entered.

deletes all characters entered.

terminates command entry, and executes the command you entered.

- cancels command entry and returns to the BASIC menu.,

Real Time Clock

This analyzer provides a real time clock to print time and date on the hard copy by Copy

function.
*

SYSTEM aacK SET TIME SET DATE
MENY MENY MENL HMENU
TME HouR MONTH
SYSTEM amc HHAM T
oDy uw oay
SET QLOCK BEC YEAR
BR sORY
WEN
oo ENTER ENTER
BATE MODE:
Mlv‘?&r
Dayttottesr
BERVKE
MENU RETURN CANCEL CANGEL

CAOTO

Figure 12-7. Softkey Menus Accessed from the SE’I‘
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Clock Menu

This menu is used to print the current time and date. When the analyzer prints or plots the
data, the current time and date is printed or plotted before the information on the screen, if

, under the (CGFY) key is turned oN.

Set Time Menu

This menu is used to set the internal clock,

enables changing the hour sgtt:_mg using the knob or the numeric entry keys. After vou
change the hour setting, press EHTE to restart the clock.

nables changing the minute setting using the knob or the numeric entry keys. After you
change the minute setting, press ENTER' to restart the clock.

nables changing the second setting using the knob or the numeric entry keys. After you
change the second setting, press EN’I’ER to restart the clock.

restarts the internal clock.

_returns to the clock menu. Pressing this key will not affect the internal clock setting.

Set Date Menu

enables changing the month setting using the knob or the numeric entry keys. After
you change the month setting, press' to restart the clock.

" enables changing the day settmg using the knob or the numeric entry keys. After you
change the day setting, press - to restart the clock.

enables changing the year setting using the knob or the numeric entry keys. After you
R to restart the clock.

change the year setting, press

estarts the internal clock.

returns to the clock menu. Pressing this key will not affect the internal clock setting.
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BIN Sort Function

The BIN sort function specifies muitiple ranges {(BINs), which define both upper and lower
limits for various characteristics of a sample for comparison checks between the BIN limits and
measurements (BIN sort testing). BIN sort testing is implemented for each measurement point.

Up to 16 BINs may be assigned to each channel {a total of 32 BINs may be specified for both
channels). If different BINs cover the same range, the range of the BIN having the lowest

number is given priority.
The upper and lower limits of a specified BIN can be displayed as BIN lines overlaying the
measurement trace on the screen.

The result of BIN sort testing for each measurement point is output to the I/O port. The bit
pattern output to the 1/0 port can be defined for each BIN. If a measurement is not within ali
of the BIN limits, it is considered to be in the out-of-BIN range and the bit pattern defined for
the out-of-BIN range is output to the [/O port.

A bit of the HP-IB Event Status register B (EsB) can be set when measurement result is within
the BIN specified. Setting bit of ESB causes an interrupt during execution of a BASIC program
and the program can detect when a measurement resuit is within the BIN specified.

Either port A or B can be selected as a bit pattern output /O port. For more information on /O
ports, see Appendix C “I/0 Ports.”

Note Option 005, Parallel /0 Mode A (8 bit /O port) can not be used for an output

< -

All BIN sort functions can be specified for each channel.

Examplie of Using the BIN Sort Function *

An example of using the BIN sort function is given here. Figure Figure 12-8 shows an example
of sorting ranges by deviation from a reference point. In this example, the upper and lower
limits of BIN1I are set to + 10 dB and -10 dB, those of BIN2 are set to +20 dB and —20 dB,
and those of BIN3 are set to + 30 dB and ~30 dB respectively. When different BINs cover

the same range, the range of the BIN having the lowest number is given priority. Therefore,
actual ranges of BINZ2 and BIN3 can be sorted by deviation from the central value as shown

in Figure 12-8. Setting the span to 0, specifying different measurement conditions for each
measurement point, or exchanging samples allows you to sort measurements or multiple
samples.
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OUT OF BIN BIN3
SR . SO PO P
D T
Lh B
................ BINZ .. BNLL
Uy
BIN1 L
...................................... IR P
BIN2 L‘L ;
....................................... I S
BIN3 I
............ 5 U?..dﬁ_..BTN.,-,M"..”-_.-30.‘....‘....,.A.m.“.,... L3
BIN UPPER  LOWER  PATTERN
1 10 B «10 dB 0000 0001
2 20 B -20 dg 0000 010
> 3 30 B8 .30 g8 0000 G011
OUT OF BIN 11131 3113

Figure 12-8. Example of Sorting by Deviation

Figure 12-9 shows an example of specifying slightly complicated BINs. Since BIN1 does

not overlap any of the other BIN ranges, the ranges between BIN1 and cother BINs become
out-of-BIN ranges. On the other hand, BIN2 and BIN3 do overlap. Since the range of the BIN
having the lowest number is given priority, BIN3 actually ranges from -30 dB to —-50 dB.

OUT OF BIN "
BINY [ 8
g bla
BIN3 ]BIN-'!
50 L
OUT OF BIN ?
BIN UPPER LOWER PATTERN
1 20 dB ¢ dg 0000 0001
2 -10 o8 -3C d8 0000 0010
> 3 ~20 db 50 dB 0000 0011
OUT OF BIN 1111 1111

Figure 12-9. A Complex Example
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BIN Sort Softkey Menu
softkey provides access to the BIN sort function menu. Figure 12-10 shows this

Ll -
SYRYTER BN SOAT FINT B4 RORT TASLE CLEAR
EN HENU SONT MEH e REENY
mABLG SIM L1 el AN LIST
- 0FF in LT vE
NI BOAT (10 LR
'y for i LMy
et uTT
SET 00K tn PonTE ot PaTTEIN:
A7 BT -
L]
€1 -y am T o
.y ST Line had PATTRG L
LIST
Wit
- T ] nox L]
N—

Figure 12-10. Softkey Menu Accessed from the Softkey

BIN Sort Menu

This menu is used to turn BIN lines ON or OFF, turn BIN sort testing ON or OFF, or select an
output port. It also leads to the BIN sort edit menu.

TN
o KT )
eor| K1

vom | KL
K1

somune] KL
KT ]

KT

rerven| KT}

Figure 12-11. BIN Sort Menu

'F- (BINSLINE) turns BIN lines ON or OFF.

(BINS) turns BEN sort testmg ON or OFF. To define upper and lower limits of
H_': S{}RT LIHE softkey described below.

a BIN or an 1/O pattern, use the E
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selects an 1/0 port to which the
may be selected. The length of

BINGB for |

returns to the system menu,

Edit BIN Sort Menu

This menu is used to add a new BIN or select the BIN to be modified. Use the #] :
softkey in this menu to call the BIN sort table edit menu, which specifies BIN's upper and
lower limits and the output bit pattern.

w] 4T
wess| KT}
eor| KT )
el KT
wool KT
g KL
KT )

DONE <:D #

Figure 12-12, Edit BIN Sort Menu

BIN: (BINSEDI) selects the BIN to be edited. Generally, up to seven BINs may be displayed.
Using the entry block controls, move the pointer “>” next to the BIN to be edited. The
indicated BIN can then__ be modified or deleted. If “EMPTY” is displayed, specify a new BIN

(BINESB) selects the BIN number to set a bit of the event status register B (£sB)
when a result of testing is in the BIN selected by this key. When “0” is set as the BIN number,
ESB is set when a result is OUT OF BIK. When “17" is set, ESB is not set.

- displays the BIN sort table edit menu, which defines or changes the upper and lower
ts of the specified BIN and the output pattern. When the BIN table is empty, a default BIN

is displayed.
(BINSDEL) deletes the BIN indicated by the pointer “>".

(BINSADD) displays the BIN sort table edit menu to add a new BIN. The initial value of the
added BIN is the same as that of the BIN indicated by the pointer. If the BIN table is empty, a
default BIN is displayed.

_“ leads to the clear menu, which clears all BINs in the BIN sort table.

(BINSDON) returns to the BIN sort menu.
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Edit BIN Sort Table Menn

This menu is used to set the upper and lower limits and output bit pattern of each BIN and the
bit pattern output for measurements in the out-of-BIN range, The BIN to be edited is selected
in the BIN sort edit menu.

o) LT ]
e L]
o] KT T

OUT OF LMY
PATTERN}

DOME
anmm————

Kﬂa?\)\

Figure 12-13. Edit BIN Sort Table Menu

BINU) sets the upper limit of the BIN. If the upper limit is specified, the lower
limit must also be specified. If the upper limit is not required, set an extremely large value; for
example, 500 dB.

* (BINL) sets the lower limit of the BIN. If the lower limit is specified, the upper

limit must also be specified. If the lower limit is not required, set an extremely small.value; for
example, ~500 dB,

{BINP) sets the bit pattern to be output from the 1/0 port when the
tained through BIN sort testing is included in this BIN. The bit pattern is
displayed in binary numbers on the edit screen.

BIND) sets the bit pattern to be output from the 1/0 port when the
measurement obtained through BIN sort testing is outside all BINs

- returns to the BIN sort edit menu.
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Clear Menu
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Figure 12-14, Clear Menu

' (BINCEL) clears all BIN settings and returns to the BIN edit menu.

returns to the BIN edit menu without clearing BIN settings.

Limit Line and Limit Testing

These are lines drawn on the display to represent upper and lower limits or device
specifications with which to compare the device under test. Limits are defined by specifying
several segments, where each segment is a portion of the stimulus span. Each limit segment
has an upper and a lower starting limit value.

Limits can be defined independently for the two channels, up to 18 segments for each channel
{a total of 36 for both channels). These can be in any combination of the two limit types.

Limit testing compares the measured data with the defined limits, and provides pass or fail
information for each measurement point. The results are indicated when sweep ends or each
data point is measured. An out-of-limit test condition is indicated in the following ways:

o

s Displaying a FAIL message on the screen

# Emitting a beep

s Displaying an asterisk in tabular listings of data

m Writing a bit into HP-IB event status register B

m Writing LOW-status of PASS/FAIL signal line of the I/0O port on the analyzer rear panel. See
Appendix C and D.

Limits are entered in tabular form. Limit lines and limit testing can be either oN or oFF while
limits are defined. As new limits are entered, the tabular columns on the display are updated,
and the limit lines (if on) are modified to the new definitions. The complete limit set can be
offset in either stimulus or amplitude value,

An example of a measurement using limit lines and limit testing is provided at the end of this
section (See “Using Limit Line Testing”).
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The series of menus for defining limits are accessed using the key. These menus are
illustrated in Figure 12-15.

SYSTEM TS EDET UMY EDIT SEGMENT
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AR LIMTY LIE SEQMERT FRMULS
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OFFSET LTS CLEAR LIST
MENU MENU
ALY
CLEAR URT
OFFREY vea
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AP, OFR.
L
S
RETUAN

Figure 12-15. Softkey Menus Access from the }L IMIT MENU softkey.
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How Limit Lines are Entered

Before limit lines can be explained, the concept of “segments” must be understood. A segment
is the node of two limit lines. See Figure 12-16.

# Segments sre defined es foilows: Limit Hnes are sat ke this:
::ﬁ;r ‘SMW:Z at the START
traguemcy

Stimusys Lipper Lower

Segmenl  prsk Pont Lt Lmit
. ane B 4 ,:>
2 b X103 +iB -8

3 i B -~

4 Atz +1diB ~¥xi8

SRR

Figure 12-16. The Concept of Segments as a Point between Two Sets of Limit Lines

As you can see in Figure 12-16, segments are distinct points that define where limit lines begin
or end, Limit lines span the distance between segments and represent the upper and lower test
limits, Figure 12-16 shows another important aspect of limit lines: The most left hand side of
set of limit lines will continue from the minimum stimulus value (sTART), and the most right
hand side of set of limit lines will continue until the maximum stimulus value {sTor).

A segment is placed at a specific stimulus value (a single frequency for example}. The first
segment defines the limit line value from the start frequency to the frequency entered for the
first segment. Once its stimulus value is entered, the upper and lower test limit, +5 dB and —5
dB for example, needs to be supplied. The limit line will start at the start frequency and the
upper and lower limits set for the first segment and will extend to the frequency and limits
values set for the first segment.

Defining a second segment defines where the first set of limit lines ends. This process is
repeated to create different sets of limit lines, each having new upper and lower limits. Up to

18 segments can be entered.

Limits can be defined independently for the two channels.

The example in Figure 12-16 shows a combination of limit lines which change instantly and
gradually.

Segment 1 is at 2 MHz has upper and lower limits of +5 and -5 dB, respectively. Notice that
the upper and lower limit lines start at the sTarT frequency (1 MHz) and end at segment 1.

Segment 2 is also set to at 2 MHz with different upper and lower limits of + 10 dB and ~10
dB, the limit line value’s change is discontinuous from segment 1 to segment 2, creating a
step in the limit line.

Segment 3 is at 3 MHz with the same limit value as segment 2 to obtain flat limit lines.

Segment 4 is at 4 MHz with the upper and lower limit values of +15 dB and —15 dB, the
limit values change gradually from segment 3 to segment 4. Notice that the upper and lower
limit lines then extend from segment 4 to the sTor frequency (5 MHz) while maintaining the
same upper and lower limits set for segment 4.
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Note Limit lines cannot be broken along the stimulus axis, so when limit lines are
needed partially along the stimulus axis, the non-limit-testing portion must be
# entered also. Set the non-limit-testing portion by forcing the upper and lower
limit values out of range, +500 dB and —500 dB for example.

Both an upper limit and a lower limit (or delta limits) must be defined: if only
one iimit is required for a particular measurement, force the other limit out of
range, +500 dB or —500 dB for example.

Turning Limit Lines Limit Testing On and Off

Limit lines and limit testing features are ofF unless explicitly turned oN by the user. After
entering the limit line data, you may turn on the limit line feature and optionally the limit
testing features. Turning these features orf has no effect on the entered limit line data.

Segments Entering Order Needs Notice

Generally, the segments do not have to be entered in any particular order: the analyzer
automatically sorts them and lists thern on the display in increasing order of stimulus value.

One exception is when two segments have the same stimulus value as described in

Figure 12-16. If the same stimulus values exist, the analyzer draws the limit lines according to
entered segment order. For exampie in Figure 12-16, segment 1 should be entered in advance
of segment 2,

Saving the Limit Line Table

Limit line data is lost if is pressed or if the line switch is turned orr. However, the
and keys can save limit line data along with all other current analyzer settings
Limit line table information can be saved in a disk file.

B

Offsetting the Stimulus or Amplitude of the Limit Lines

All limit line entries can be offset in either stimulus or amplitude values An offset will affect
all segments simultaneously.

Supported Display Formats

Limit lines are displayed only in Cartesian format. In polar format, limit testing at a single
value ¢s available: the value tested depends on the marker mode and is the magnitude or
the first value in a complex pair. The message “NO LIMIT LINES DISPLAYED” is shown on the

display using the polar format.

Use a Sufficient Number of Points or Errors May Occur

Limits are checked only at the actual measured data points. If you do not select a sufficient
number of points, it is possible for a device to be out of specification without a limit test failure
indication.

To-avoid this, be sure to specify enough limit points. In addition, if specific stimuius points
must be checked, use the list sweep features described in Chapter 8 so that the actual
measured data points are checked, exactly.
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Displaying, Printing, or Plotting Limit Test Data

The “list values” feature in the copy menu prints or displays a table of each measured stimulus
value. The table includes limit line and/or limit test information (if these functions are turned
ON). If limit testing is on, an asterisk “x” is listed next to any measured value that is out of
limits.

If the limit lines are on, and other listed data allows sufficient space, the following will also be
displayed:

w Upper limit and lower limit
m The margin by which the device passes or fails the nearest limit

For more information about the list values feature, see “Copy More Menu” in Chapter 13.

Results of Plotting or Printing the Display with Limit Lines ON

If the limit lines are ON, they are included when you print or plot the display. If limit testing is
oN, the PASS or FAIL message is included as well.

Limit Menu

This menu independently toggles the limit lines, limit testing, and limit fail beeper. It also leads
to the menus that define and modify the limits

LIMIT UNE
o OFF

LIMIT TEST
o OFF

BEEF FidL
o OFF

LUMIT UNE

2
ﬂ?\ﬂa Pa AN . WPAN

LMIT UNE :D
wenns| (T
———

Figure 12-17. Limits Menu

(LIHILINEUN LIMILINEOFF) turns limit lines oN or oFF. To define limits,

use the EDT MIT I.IN};‘, softkey described below. If limits have been defined and limit lines
are turned t lines are shown on the display for visual comparison of the measured

data in all Cartesxan formats.

If limit lines are on, they can be saved on the disk with an instrument state. In a listing of
values from the copy more menu with limit lines on and limit test oN, the upper and lower
limits are listed together with the pass or fail margins, as long as other listed data allows
sufficient space.

: UFF (LIMITESTON, LIMITESTOFF) turns limit testing oN or orf. When limit
testmg is o, the data is compared with the defined limits at each measurement point. Limit
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tests occur at the end of each sweep, whenever the data is updated and when limit testing is
first turned on.

Limit testing is available for both magnitude and phase values in Cartesian formats. In polar
format, the value tested depends on the marker mode and is the magnitude or the first value in
a complex pair. The message “NO LIMIT LINES DISPLAYED" is displayed in polar format if limit
lines are turned on,

Five different ways of indications of pass or fail status are provided when limit testing is on.

m A PASS or FAIL message is displayed at the right of the display.

m The limit fail beeper sounds if it is turned on.

u In a listing of values using the copy menu, an asterisk  is shown next to any measured point
that is out of limits,

x A bit is set in the HP-IB status byte.

» The PASS/FAIL line in the I/O port on the analyzer rear panel goes to a TTL LOW logic level.

(BEEPFAILON, BEEPFAILOFF) turns the limit fail beeper on or orFr.

g is on and the fail beeper is oN, a beep is emitted each time a limit test is
performed and a failure is detected. The limit fail beeper is independent of the warning beeper
and the operation complete beeper, both of which are described in “Display More Menu” in

Chapter 9.

LIMIOSEND, LIMIOPOIN) toggles when the pass or fail status is indicated,

or amﬁixtude value »

oes back to the system menu.

Edit Limits Menu
This menu is used to add new segments or select existing segments to be edited. The :

EDIT softkeys in this menu provides the edit segment menu (described later), which iets you

select stimulus and limit values.

Note Before editing the limit lines, it is convenient to turn the limit lines ON using
the oftkey. This displays the limit lines while you are
# editing

A table of limit values appears on the display when this menu is provided. A thorough
description of how segments work is described at the beginning of this section. Read that
information before continuing.

For each segment, the table lists the segment number, stimulus value, upper limit, and lower
limit. Limit values can be entered as upper and lower limits or as delta limits with a midpoint
values.
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Figore 12-18. Edit Limits Menu

list. The new segment
selected with the !

Edit Segment Menu

'This menu is used to set the value of the individual limit segments. The segment to be
modified, or a default segment, is selected in the edit limits menu.

The stimulus value can be set with the controls in the entry block or with a marker (the
marker is turned oN automatically when this menu is presented). The limit values can be
defined as upper and lower limits, or as deita limits and midpoint values.

As new values are entered, the tabular listing of limit values is updated.

As described in the beginning of this section, generally segments do not have to be listed in any
particular order: the analyzer sorts them automatically in increasing order of start stimulus
value when the EONE key in the edit limits menu is pressed. However, the easiest way to enter
a set of limits is to start with the lowest stimulus value and define the segments from left to
right of the display, with limit lines turned ON as a visual check.

A2:22  lastrument State Funciion Block

SEGMENT specifies which limit segment in the table is to be edited. A maximum of eight sets of
segment values are displayed at one time, and the list can be scrolled up or down to show other
segment entries. Use the entry block controls to move the pointer “ > " next to the required
segment number. The indicated segment can then be edited or deleted. If the table of limits is

designated “EMPTY", new segments can be added using the ;

LIMSEDY) displays the edit segment menu, which defines or medifies the stimulus value
and limit values of a specified segment. If the table was empty, a default segment is displayed.

(LIMSDEL) deletes the segment indicated by the pointer “ > ".

{LIMSADD) displays the edit segment menu and adds a new segment to the end of the
itially a duplicate of the segment indicated by the pointer “> ” and
softkey. If the table was empty, a default segment is displayed.

leads to the clear list menu, which clears all of the segments in the limit test.

LIMEDONE) sorts the limit segments and displays them on the display in increasing order
of stimulus values. The limits menu is returned to the screen.

L
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Figure 12-19, Edit Segment Menu

(LIMS) sets the starting stimulus value of a segment, using entry biock

. (MARKSTIM) sets the stimulus value of a segment using the active marker.
Move the marker to the desired starting stimulus value before pressing this key, and the marker
stimulus value is entered as the segment stimulus value,

P! {LIMU) sets the upper limit value for the segment. If a lower limit is specified,
an upper limit must also be defined. If no upper limit is required for a particular measurement,
force the upper limit value out of range (for example +500 dB)

- is pressed, all the segments in the table are displayed in
if they were defined as delta limits and midp%int values.

terms o pp

If you attempt to set an upper limit that is lower than the lower limit, or vice versa, both limits
will be automatically set to the same vaiue,

L (L.IML) sets the lower limit value for the segment. If an upper limit is specified,
a lower limit must also be defined. If no lower limit is required for a particular measurement,
force the lower limit value out of range {for example —-500 dB).

LIMD) sets the Iimits an equal amount above and below a specified middle
value, instead of setting upper and lower limits separately. This is used in conjunction with
IDBLE, to set the limits for testing a device that is specified at
a particular value plus or minus an equal tolerance.

For exampie, a device may be specified at -5 dB £3 dB. Enter the midpoint value as —5 dB and
the delta limits as 3 dB.

specified amplitude value vertically centered between the limits.

(MARKMIDD) sets the midpoint for DE 7 [1TS. using the active marker
to set the plitude value of a limit segment. Move the marker to the desired value or
device specification, and press this key to make that value the midpoint of the delta limits. The
limits are automatically set an equal amount above and below the marker,
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- (LIMSDON) terminates a limit segment definition, and returns to the edit limits menu.

Clear List Menu

el K]

KB)\K

l

Figure 12-20. Clear List Menu

(LIMCLEL) clears all of the segments in the limit line and returns to the edit

cancels clearing the segment and returns to the edit limit menu.

Offset Limit Menu *

This allows all segments to be offset in either stimulus value or amplitude value. This is
useful for changing the limits to correspond with a change in the test setup, or for device
specifications that differ in stimulus or amplitude.
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Figure 12-21, Offset Limit Menu
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: (LIMISTIO) adds to or Subtracts an offset from the stimulus value. This
y defined to be used for testing in a different stimulus range. Use the entry
block controls to specify the offset required.

(LIMIAMPO) adds or subtracts an offset in amplitude value. This allows
previously defined limits to be used at a different power level. For example, if attenuation is
added to or removed from a test setup, the limits can be offset an equal amount.

LIMIMAOF) uses the active marker to set the amplitude offset. Move
the marker to the desired middle value of the limits and press this softkey. The limits are then
moved so that they are centered an equal amount above and below the marker at that stimulus

value.

goes back to the limit line menu.

Using Limit Line Testing

The analyzer has limit line/testing functions for go/no-go testing. The limit lines define upper
and lower limits, and the limit testing function compares the measured data to the limit lines
and indicates the result. The following is a practical example of setting up limit lines for
testing a bandpass filter.

Example of Limit Lines for Filter Testing
The following is an example of creating limit lines to test a 70 MHz crystal bandpass filter.

Instrument Setting
Press (PRESET ) and then change these measurement settings: © .
~5dB
~“12d8
~40dB
~60d S
69.96;’MH2 69,9';MH1 70.01MHz  70.033MHz
Segment 1 Segment 2 Segment 3 Segment 4
CRTIR

Figure 12-22. Limit Line Example
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Desired Setting Key Strokes
Channel Select channel 1 (default}
Block
Response Select A/R measurement Press
Block Select LOG MAG format (default)
Stimulus Center frequency 70 MHz Press (CENTER) 70 (M/u)
Block Span frequency 100 kHz Press (SPAN) 100 (i/m)

Number of points 401 Press 401

Creating Limit Lines

Perform the following procedure, see Figure 12-23.
1. Press

3. For segment 1:

Press
Press

Press

4. For segment 2:

The limit line segments do not have to be entered in any particular order; the
analyzer automatically sorts them and lists them on the display in increasing

order of stimulus value,
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1 €9.957 MHz -40 d8 -80 o8
2 62.99 HHz -5 a8 -12 o8
3 70.05 Mz -5 dg ~12 d8
> 4 70.0323 M1z 40 GB -8 a8
END

»

Figure 12-23. Editing the Limit Lines
Modifying Limit Lines Using The Rotary Knob and Marker

Any individual segment (and its associated limit lines} can be edited after creation. Using the
marker and rotary knob is a very convenient way to modify limit lines. Use the following
procedure:

o=y

- To enter the actual measurement point for segments, press
- to place the marker on an actual measurement point only.

2. Press (GVSTEM)

ang rotate the knob.

5. To modify the stimulus point:
Press and move the marker to appropriate point, then press

and rotate the knob.

Performing Limit Test

to perform limit testing using the just edited limit lines.
When the limit lines and testing are turned ON, an out-of-limit test result is normally indicated
in six ways:

# With a FAIL message on the screen.

With a beep (on/off seiectable),

# With an asterisk in tabular listings of data (under (COPY)).

s With a bit in HP-IB event status register B.

a With a bit in the [/0 port on the rear panel.

s With HP-IB commands OUTPLIMF?, QUTPLIMIL? and OUTPLIMM?.
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Example 2.
Separated Limit Lines

Figure 12-24 shows separated limit lines and its editing table example. This can be used for
filter testing which only requires insertion loss limits Dummy limit values (+ 500000 for upper
and —500000 for lower, for example) should be entered for the no limit areas

oL AsR Ing MAG 10 amy REF 10 o i1 ~ 4l 737 aB
BG.0Ra YT e

1

CENTER 70 #mx AN 1G KK

SEE STIMALS TOPEn LOwER
1 £%.93 MHL 40000 b ~BHGG00 afl
2 £3.9% MH: 4 o8 -8 8
3 ¥0.001 mHZ o aB -8 oB
> 4 70.001 MHI 0000 B ~S500000 o
END

Figure 12-24. Limit Lines Example 2 (Separated Limit Lines)

Note Limits are checked only at each of the actual measured data points. [t is
possible for a device to be out of specification without a limit test failure
# indication if you do not select sufficient stimuius points within a segment.
Note Combining the limit test and the list sweep function, high throughput limit
line/testing can be performed for go/no-go testing. For detail information on
# the list sweep, see Chapter 8.
Note Limit line information is lost if you press or turn OFF the power.
However, the keys can save the limit line information along with all
# other current instrument settings when the limit lines are on. See Chapter 14
for details.
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Making Hard Copies

Introduction

About Making Hard Copies, Where Compatible Printers and Plotters are
Mentioned

The analyzer can use HP-IB to output measurement results direcily to a compatible printer or
plotter, without the use of an external controller. The information shown on the display can be
copied to a compatible Hewlett-Packard plotter or graphics printer. A plotter provides better
resolution than a printer for data dispiays, while a printer provides higher speed for tabular
listings. See Chapter 2 for information about compatible plotters and printers.

Where to Find Tutorial Information
Tutorial information on how to plot or print is supplied in “Using Printer and Plotter”

Printing/Plotting with or without a Controller on the Bus

To generate a plot or printout from the front panel when there is no other controlier on the
bus, the analyzer must be in the system controller HP-IB mode. 1f a controller is connected to
the analyzer, the analyzer must take control from the controller to initiate a hard copy. To do
this, the analyzer must be in the addressable mode by receiving a pass control comand from
the controller. The controller essentially gives the analyzer permission to control the bus.

See “Bus Mode” in Chapter 15 for HP-IB controller modes and “{L0CAL) Key” in Chapter 12 for
setting addresses.

Note The ASCH Save menu is provided under the key to save the graphics
image on the screen in an HP-GL file on the disk. For more information, see
# Chapter 14.
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Print/Plot Buffer

The analyzer can continue operation while a hard copy is in progress. To abort a hard copy
before it is finished, press € If a hard copy is in progress and a second hard copy is
attempted, the message “PRINT/PLOT IN PROGRESS, ABORT WITH COPY ABORT” is displayed and
the second attempt is ignored. An aborted hard copy cannot be continued: the process must be
initiated again if a copy is stili required.

cory ) Key |
The HP-IB programming command is shown in parenthesis following the key or softkey.

The key provides access to the menus used for controlling external plotters and printers
and defining the plot parameters,
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Figure 13-1. Softkey Menus Accessed from the Key
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Copy Menu

This copies the display to a printer or to a plotter using the default plot parameters, without
the need to access other menus. For user-defined plot parameters, a series of additional menus
is available,

o) K1

eenw| KT
cormam| KL
war| T3
wore! K| T}

—— s

Figure 13-2. Copy Menu

When the print or plot function is engaged, the analyzer takes a “snapshot” of the display and
sends it to the printer or plotter through a buffer. Once the data is transferred to the buffer,
the anglyzer is free to continue measurements while the data is being printed or plotted.

PRINALL) causes an exact copy of the display to be printed.

W
: (PLOT) plots the display to a compatible HP graphics plotter, using the currently defined
plot parameters (or default parameters). Any or all dispiayed information can be piotted,
except the softkey labels and the frequency list table in EDIT mode, or limit table in EDIT
mode, (List values, operating parameters, or cal kit definition can be plotted using the screen
menu explained later in this chapter. However, this is considerably slower than printing.)

Note Before pressing *, you must:
# = set the analyzer to the system controller mode.
® make sure the analyzer’s piotter HP-IB address and the plotter set HP-IB
address match.

COPA) aborts a plot or print in progress.

F. (COPTON, COPTOFF) turns the “time stamp” ON or OFF for a print or piot.
u select prmt the time and date are printed out first, followed by the information
shown on the display. When you select plot, the time and date are plotted on the message
area. See “(SYSTEM) Key” in Chapter 12 for setting the internal clock.

, LT SETUP: (DFLT) resets the plotting parameters to their default values. These defaults
are as follows:




Table 13-1. Default Plotting Parameters
® Select quadrant: Full page

¢ Define plot: All plot elements ON

e Plot scale: Fuil

e Plot speed: Fast

e Line type: 7 (solid line) for both trace and memory

Defauit setups do not apply to printing.

leads to the select quadrant menu, which provides the capability of
d.rawmg quarter-page plots. This is not used for printing.

T leads to the define plot menu, which specifies which elements of the display are
. This is not used for printing.

MORE leads to the copy more menu, which prints or plots the measurement value list,
operauon parameter list, calibration kit definition list, list sweep table, or limit test table.

Select Quadrant Menu
This selects a full-page piot, or a quarter-page piot in any quadrant of the page.

WED
b=
L
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“x e KT
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rerenf KI [ ]
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Figure 13-3. Select Quadrant Menu

(LEFU) draws a quarter-page plot in the upper left quadrant of the page.
(LEFL) draws a quarter-page plot in the lower left quadrant of the page.
" (RIGU) draws a quarter-page plot in the upper right quadrant of the page.

RIGL) draws a quarter-page plot in the lower right quadrant of the page.

. PAGE (FULP) draws a full-size plot according to the scale defined with S
the define piot menu (described next).

i returns to the copy menu.

Making Hard Copies  13.5

=
)
)
.
3
[a}
j=
&
933




Defilne Plot Menu

This menu allows selective plotting of portions of the measurement display. Different plot
elements can be turned ON or OFF as required. In addition, different selections are available
for plot speed and plot scale, to allow plotting on transparencies and preprinted forms

The definition selected in this menu affects the save graphics function under the key,
which saves a graphics screen image in an HP-GL file on the disk.

ot
T
ORTCL

DATAR:

BATA ONLY

LNE TYPE
DATA

LINE TYPE
MEMORY

SCALE MLOY
Ll

PAOT SPEED
Fasm

RETUAN
——Teen

Kaﬂ?\

Figm:e 13-4, Define Plot Menu

Pen Numbers
Pen numbers for each display elements are fixed as follows:

Table 13-2. Pen Numbers

Display Element|Channel 1| Channel 2
Data 1 2
Memory 5 6
Graticule 3 3
Text 1/4/5 2/4/6
Marker 1/5 2/6

(PLOALL) selects to plot all the information displayed on the display except for the

(LINTDATA) selects the line type of the trace data for plotting. The default
line is a solid unbroken line. If line type is set to zero, the trace data on the screen is also
specified dots only at measurement points.

. . Y - (LINTHEMO) selects the line type of the trace memory for plotting. The
defaull; hne type xs a solid unbroken line. If line type is set to zero, the trace memory on the
screen is also specified dots only at measurement points.
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leads to the scale plot menu, which selects a plot scale,

the proper plot speed for normal plotting. Slow plot speed is used for plotting directly on
transpa.rencses the slower speed provides a more consistent line width,

Scale Plot Menu

This menu selects a plot scale,
“,’}‘,fj i
m‘%”f“ L]
awiong KT ]
[
KT ]
1
1]
o | KT )

Figure 13-5. Scale Plot Menu

#

SCAPFULL) selects the normal full size scale for plotting on blank paper, and
includes space for all display annotations such as marker values, stimulus values, etc. The
entire display fits within the user-defined boundaries of P1 and P2 on the plotter, while
mamt.ammg the exact same aspect ratio as the dispiay.

' {SCAPGU, SCAPGL) expands or reduces the horizontal
and vertical scale so that the graticule lower left and upper right corners exactly correspond
to the user-defined P1 and P2 scaling points on the plotter. In the dual display mode, the
applicable graticule is channel 1 for ULE,, or channel 2 for
This is convenient for plotting on preprinted rectangular or polar forms.
To plot on a rectangular preprinted graticule, set P1 of the plotter at the lower left corner of
the preprinted graticule, and set P2 at the upper right corner.

To plot on a polar format as an accurate circle, set P1 and P2 so that a rectangular defined by
P1 and P2 become a square because the outer circumference is identical to an inscribed circle

in the rectangle.

sat the upper

When the display is split (for exanple, S |
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n
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L3

LOWER GRATIORE UPPERAOWER GRATICULE
(A} SPUT DISPLAY (5) NORMAL DISPLAY

s
Figure 13-6. Full, Upper, and Lower Graticule
Copy More Menu

This menu provides tables of operating parameters, measured data values, and cal kit
definitions, which can be copied from the screen to a printer or plotter.

|

ijsliliNslilils

gs
£3
S /7S

UMIT TEST

BN SORT)

IS 2N AN

Figure 13-7. Copy More Menu

(LISV) provides a tabular listing of all the measured data points and their
current values, together with limit information if the limit test is ON. At the same time, the
screen menu is presented to enable hard copy listings and access new pages of the table,
Twenty one lines of data are listed on each page, and the number of pages is determined by the
number of measurement points specified in the stimulus menu.
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Bune AR

Table 13-3 shows data listed on the screen when The margin listed is
smaller difference value between measurement value and either upper Limit or lower Hmit.
When plus margin means the test is pass, and minus means fail,

B, lists log magnitude values when the log magnitude format is selected as
the ¢ dlspla.y format, even if impedance {Z:trans) or admittance (Y:trans) is displayed using
Conversion function (and markers show absolute values),

=
o
a.
O
[o]
 ,
©
72}

Table 13-3. List Value Format

Display Column Number
Format 1 2 3 4 5
LOG MAG
PHASE :
DELAY | Stimulus Measurement | Margin? Upper Limit |Lower Limit
LIN MAG Data? Value? Value?
REAL
IMAGINARY
EXPANDED PHASE
POLAR
LOG MAG & PHASE | Stimulus Measurement| Measurement| Upper Limit |Lower Limit
LOG MAG & DELAY Data! Data Value? Value?

1 = is displayed at the left hand of measurement value when the it fails in the limit testing.
2 This is listed when the limit test is ON.

' ", stimulus values are listed in the first column, measurement data of
the active channel are listed in the second and third columns, and the non-active channel data
are listed in the fourth and fifth columns. The value listed for each channel are the same as
data listed in the second and third celumns in Tabie 13-3.

only active channel measurement data is listed.

OPEP) provides a tabular listing on the display of the key parameters
for both channels The screen menu is presented to allow hard copy listings and access

new pages of the table. Four pages of information are supplied. These pages list operating
parameters, marker parameters, lists, and system parameters that relate to control of peripheral
devices rather than selection of measurement parameters. The listed parameters are as follows:

» Number of points

® Sweep time

u Source power

» IF bandwidth

m Averaging factor

» Averaging switch

= Smoothing aperture

u Smoothing switch

s Group delay aperture

n Calibration kit

8 Z

m Calibration type

& Stimulus conditions when the calibration was performed
s Phase offset

& Input R and A extension
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m Velocity factor

[ provides the copy cal kit menu which prints/plots the calibration kit

Copy Cal Kit Menu

This provides a tabular listing of the calibration kit definitions. The lists can be hard copied
using the copy function. The elements are all the standard and class assignments.

SYANDARD T“}
e L

Figure 13-8. Copy Cal Kit Menu

provides the copy standard number menu which selects which
be hard copied.
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Copy Standard Number Menu
This selects which standard is to be hard copied.

T
o
£
el
o
j=8
=
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sowos] K [ )
somosl K | )

STD NO.S K:D
BTD NO.& (:D
€YD HO7 ﬁ

Figure 18-9. Copy Standard Number Menu

. (CALS) provides the tabuiar listing of the standard definitions of the standard
number n, and provides the screen menu to prepare for hard copy.

Copy List Sweep Menu

This selects one applicable list sweep table, and defines in what format the list sweep table is to
be displayed and hard copied.

*

RETURNK I F

Figure 13-10. Copy List Sweep Menu

(DISL1) selects list sweep Table 1 to be displayed and hard copied.

(DISL2) selects list sweep Table 2 to be dispilayed and hard copied.
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(DISMSTSP) displays the list sweep stimulus range in terms of Start and

i (DISMCTSP) displays the list sweep stimulus range in terms of Center and Span.

DISHNUH) displays the list sweep stimulus resolution in terms of Number

(DISMSTEP) displays the list sweep stimulus resolution in terms of Step Size.

Copy Limit Test Menu _
This defines in what format the limit testing table is to be displayed and hard copied.

e | KT
o | K1)
woanr | K|}
K1)
K]
KT ]
KT )
werms| (T

Figure 13-11. Copy Limit Test Menu

(DISLLIST) displays the limit testing table on the display, and provides the
screen menu to prepare for hard copy.

: DISMUL) selects the upper and lower format, which displays the limit
values by upper limit and lower limit.

(DISHMMD) selects the middle and delta format, which displays the limit values by
ue and maxdmum deviation (limit value) from the midpoint value,
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Screen Menu

This menu is used in conjuncti

om the front panel, make

Py
sure that the analyzer is the system controller (see Chapter 12 )

rerl T
= KT

DEFALY
BETUP

i
i

Figure 13-12. Screen Menu

PRINALL) copies one page of the tabular listings to a compatible HP graphics printer.

Plot size and speed can be change in

you must:

# ® set the ana.lyzer to the system controller mode.
& make sure the analyzer’s printer HP-IB address and the printer set HP-IB

address match.

COPA) aborts a piot or print in progress.
(COPTON, COPTOFF) turns printing or plotting time and date oN or ofF,

When you select print, the time and date are printed first, then the information displayed on
display. When you select plot, time and date are plotted just below the title area. See “SYSTEM)
Key” in (}hapter 12 for setting the internal clock.

presents the print/plot setups menu. Graphics printer and ploter are set
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Using Printer and Plotter

This section describes key features and the basic procedure of using the printing/plotting
functions.

Preparing Printers/Plotters

The HP graphics printers and plotters that have an HP-IB interface can be used {See Chapter 2).
Connect a printer or plotter to the HP 87510A with an HP-IB cable. The HP-IB address should
be set as follows:

m Printer : set to address 1
s Plotter : set to address

Available Displays To Print/Plot

m The display on any of the display formats

s List values (tabular format) All the measured data points and limit information (if it is turned
ON) are listed.

m Operating parameters (tabular format) The instrument states (key parameters for both
channeis) are listed.

m Calibration kit definition (tabular format)

The sweep list and limit lines editing display can be cutput only by using an external computer.
To display the tabular format, press (€5pv) NOF .

Output with The Time/Date
The analyzer can print or plot the display with the time and date by pressing

Adding a Title
To pr:mt or plot a dlsplay with a2 comment, you can enter a mle on the display. Greate a utle

Printing Procedure

1. To set the analyzer to the system controller mode press

If you need to abort printing, press €
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Plotting Procedure

1. 'fo set the analyzer to the system controller mode, press (TocAD) 8157 A
. If needed, set the time and title (see “Output with The Time/Date” and Addmg a Title™).

Press (C0PY)

If needed, press :m
2. To plot all information on the display, press
b. To plot traces and graticules only, press D

Lo o

Printing and Plotting Troubleshooting

1. Look for an error message on the CRT. (See Error Messages .)
2. Make sure the printer/plotter is plugged in, turned ON, connected to the analyzer, and
loaded with paper.

yzer is in the system controller mode. Press

4. Make sure the HP-IB address of the device and the address recognized by the analyzer
match (see Chapter 1}.

5. Replace the HP-IB cable.

6. If all of the above fails, contact Hewlett-Packard for assistance.

Making Hard Copies
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Saving and Recalling Instrument States and Data

Introduction

This chapter describes how to save and recall instrument states and data for later retrieval
using the built-in disk drive and the RAM disk memory.

This chapter explains the following:
m What information is saved
= (SAVE), key menu description

i
)

9
o
3
@

puR. Buinea 4t

Note The (SAVE) and (RECALL) keys do not access Instrument BASIC programs.
Instrument BASIC has its own menus (under key) for accessing the
# built-in disk drive, See “Instrument BASIC” in Chapter 12 for detail.

Storage Devices

The analyzer supports two storage devices, a built-in flexible disk drive and a RAM disk
memory. The flexible disk drive is suited to storing large numbers of files and long term data
storage. RAM disk is suited to storing tentative data and instrument states and to ssore or get

data quickly.

Note Use the built-in flexible disk to store important data, because the RAM disk
data is lost when the power to the RAM disk memory is lost for more than
ﬁ 72 hours. The operating time of the battery backup for RAM disk memory is
approximately 72 hours after the analyzer is turned OFF.
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File Types and Data Saved

Binary Files and ASCII Files

The analyzer supports two file formats, binary and ASCII, in which to save data on a disk

and memory. Binary files are used to save measurement conditions and data using the SAVE
function, and to retrieve binary data using the RECALL function. External controllers and
Instrument BASIC can read measurement data from binary data files. ASCII measurement
data or screen image files can be read by commonly available IBM PC based software for data
analysis or other secondary functions. The RECALL function car NOT read ASCII files.

Note ASCII data files can not be recalled on the HP 87510A. If you need to recall the
data, save the file in binary format. This binary data can be recalled and saved
# as an ASCII file at any time.

Data Groups

You can select and save one of the following five combinations between two file types and four
data groups to a disk.

s Binary File
ti Instrument states
o Internal data arrays
o Instrument states and internal data arrays
m ASCII File
D Internal data arrays (ASCI format) -
o Graphics image

Note DATA ONLY does not save the instrument settings such as Start and Stop
frequencies. BE CAREFUL! When you first start a series of measurements
# Always make sure that you save ALL for your first measurement with a
particular setting.

Instrument States

The instrument state group consists of all front panet settings and the calibration coefficient
arrays. This data group can retrieve identical measurement conditions for later use.

Internal Data Arrays

The internal data arrays which are essentiaily stored in the analyzer’s memory consists of the
following three data arrays. See “Data Processing” in Chapter 4 for complete information on
each data array and their relationships.

w Calibration Coefficients arrays hold the expanded calibration coefficients obtained by
calibration.

s Trace arrays hold the formatied data. This is identical with the “Data trace arrays”
described in “Data Processing” in Chapter 4.

& Sub trace arrays hold the formatted data of the “sub trace arrays”.

—— 142  Savingand Racalling Instrument Statesand Data = -




These arrays can be saved selectively to suit the application. For example, when measuring a
number of devices with the same measurement settings, you may need to save only the trace
arrays for each device.

Saving only the necessary arrays reduces the disk space required and the disk access time.

In addition, saving internal data also allows the analysis of the measurement results using an
external controller. See “File Structure of Internal Data Arrays File for Binary Files” for more
information.

Instrument States and Internal Data Arrays

These consist of the instrument states which includes measurement data. However, saving and
retrieving the complete states and data, occupies a lot of disk space.

ue]
o
0
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Internal Data Arrays (ASCII ile)

The internal data arrays saved in an ASCII file consists of the same three data arrays as saved
in a binary file,

Graphics

Graphics consists of graphic images on the screen created using HP-GL (Hewlett-Packard
Graphics Language). The HP-GL format is supported by most drawing seftware, and is the
format used by most plotters.

Additional Information

RAM Disk Memory Capacity

The RAM disk memory capacity is 63 kbytes which inciudes the directory area. The capacity of
data area depends on the disk format type. The following table shows the capacity of the data
area by disk formats:

RAM Disk Memory Capacity

LIF Format DOS format
58.75 kbyte 58 kbyte

Operating Time of the Battery Backup for RAM Disk Memory

The operating time of the battery backup for RAM disk memory is approximately 72 hours
after the analyzer is turned OFF.
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Disk Reguirements

The analyzer disk drive uses a 720 k, or 1.44 Mbyte 3.5 inch micro-flexible disk. See the
“System Accessories Available” section in Chapter 2 for disk part numbers.

Disk Formats

The analyzer's built in disk drive can access both LIF (logical interchange format) and DOS
formatted disks. The disk drive can also initialize a new disk in either LIF or DOS format. The
RAM disk memeory can also use a format of either LIF or DOS.

The following list shows the applicable DOS formats for the HP 87510A.

w 720 kbyte, 80 tracks, double-sided, 9 sectors/track
= 1.44 Mbyte, 80 tracks, double-sided, 18 sectors/track

File Names

All data saved using the built in disk drive has an identifying file name. A file name consists of
the lower and upper case alphabet, numbers, and valid symbol characters. Up to 8 characters
can be used for a file name. The following table shows the valid characters for LIF and DOS fie

names,

Table 14-1. Valid Characters for File Names

Valid Characters Description
LiF DOS Format
A-Z A-14 Upper case alphabet
a-z a-z Lower case alphabet
0-8 0-9 Numeric characters
- $&#%°10-~@°{}" Symbol characters

One of the following suffixes or extensions is automatically added to the file name depending
on: the data group type stored in the file.

Table 14.2, Suffixes and Extensions Added Automatically

Data Groups Suffixes for | Extensions
LIF for DOS
Instrument States ( ST#] LY ) .S .STA
Internal Data Arrays ( DATA ONLY :(binary) ) D .DTA
Instrument States And Internal Data Arrays ( ALL ) -4 JALL
Internal Data Arrays as an ASCII File ( DATA -ONLY. {(ASCIT) ) I TXT
Graphics Image as an HP-GL File ( GRAPHICS! ) e HPG




Copy Files Between the RAM Disk and the Flexible Disk

A copy function is provided to copy files between the RAM disk and the flexible disk.
in the SAVE menu leads the softkey to copy files. The HP-IB command “£filc”
is also available to copy files.

Note Use the same disk format type between the RAM disk and the flexible disk
i when you copy files using this function. This copy function can not copy files
ﬁ when the format type of the RAM disk is different from the format of the
flexible disk.

Auto Recall Function

When the analyzer is turned on, it locks for a file named “AUTOREC” from the built-in flexible
disk, and If found, the analyzer automatically reads the file {0 retrieve its data. If the analyzer
does not find the file, the analyzer looks for the file from RAM disk.

File Size

The maxirmum number of files that can be saved on a disk depends on the disk capacity and the
total size of the files to be saved. The file size depends on the analyzer settings, such as number
of points, calibration type, etc.

Table 14-3 shows the approximate file sizes (in bytes) of binary files versus the number of
points when the default settings are stored.

Table 14-3. File Size Versus Number of Points (binary files)

Number| State Data only
of only Cal Data Sub All
Points Trace | Trace
201 34k 19k 6.5K 6.5k 17Tk
401 34kl 336k 13k 13k 30k
801 3.4k 77k 26 k 26 k 55 k

Table 14-4 shows the approximate file sizes (in bytes) of ASCII files versus the number of points
when the default setting is stored.

Table 14-4. File Size Versus Number of Points (ASCI files) 1/2

Table 14-5 lists the approximate file sizes (in bytes} versus the number of points when

Number Data only
of Data Sub
Points Trace Trace
201 9k Sk
401 18.5k 185 k
801 25,7k 25.7k

calibration data is saved in an ASCI file with each calibration type turn on.
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Table 14-5. File Size Versus Number of Points (ASCIT files) 2/2
Number Calibration Data only
of Correction | Response Response 3-term
Isolation
201 4k 9k 15k 20k
401 8k 18k 30k 40 k
801 16 k 36 k 60 k 80 k

File Structure of Internal Data Arrays File for Binary Files

Note Binary and ASCII file structures are not compatible.

v

When internal data arrays are saved as a binary file, the arrays’ file consists of a file header at
the top of the file and the data groups following the file header.

See HP-IB Programming Manual for an example BASIC program you can use td access the
data.

File Header
Every internal data array file begins with a file header. Figure 14-1 shows the header structure, p

FRE TOR 5

Internal Use Orly (6 bytes) Data Switches {7 bytes) Internal Use Only {4 bytes}

NOT | Cal | NOT | NOT m?m&&ﬂ
USED [ COEFF} USED | USED | USED TRACE

Figure 14-1. File Header Structure

Seven data switches define which data groups follow the file head. Each one-byte switch is
either 1 or 0 (decimal vailue) if the applicable data group exists or not, respectively (if a bit

is not used, it is always zero). The data group to be followed is in the same order of these
switches. For example, when the data switch, TRACE is 1 (on), while the others are oFr, only

the TRACE (in this order) group wiil follow the header.

Data Group

Every data group consists of the same structured data segments The number of data segments
depends on the data group type as foliows:

w CAL consists of six data segments as shown in Figure 14-2. The first half of the segments are
for channel 1, and the second half of the segments are for channel 2. The contents of each
segment depends on the type of calibration performed. (See Chapter 10.)
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RESPONSE CALIBRATION * Segment Not Used

Er £r
or | ¥t * | or] %%
Et Et

N st Mg
For Channel 1 For Channel 2

RESPONSE & ISOLATION CALIBRATION

Ex | E1 £x | Et
or | of * orjori
Ed | Er Ed | £

O
For Channel For Channel 2

3 TEAM CALIBRATION

Bt | E21E3; BV €21 ED

T
For Channel 1 For Channei 2

Figure 14-2. CAL Data Group Structure

n DATA TRACE consists of two data segments.
m SUB TRACE consists of two data segments.

Data Segment
The data segment structure is as shown in Figure 14-3. *
» OF Fonts  niarmat Use Oy Cata For Ea[g%:;:aw;mt Point internal Use Only
X
lnf:?;l 4 Dytes 6 * Number Of Foints! bytes 4 rtes
- ' . . T T
¢ L i i . *
e

Figure 14-3. Data Segment

8 Number OF Foints (NOP) is a two-byte INTEGER value. This number is equal to the number
of complex data which follows.

a DATA is a set of the values for each measurement point, The values are two IEEE 754
double precision floating numbers (first value as real part, second value as imaginary part).
The data size in bytes can be determined by 16xNOP,
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File Structure of Internal Data Arrays File for ASCII File

Numerical data and strings in an ASCII data file are separated by a tab, and a string is bound by
double quotation marks,

Status Block and Data Block

An ASCII data fiie consists of a status block and data blocks. The status block consists of two
lines, the revision rumber and the date code. The Data block consists of three parts, the state
part, the title line, and the data part.

a State

The state part consists of the following instrument states:
o Channel number

o Title on the screen

o Measurement type

o Format type

o Number of points

o Sweep time

o Sweep type

o Source power

2 TF bandwidth

= Title

The title part consists of the data array names saved. Data array names are described in
the next section, '

w Data
The data part consists of stimulus and measurement numerical data.

Table 14-6 shows an example of an ASCII data file. .
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Table 14-6. Contents of ASCII Files

Block Names Contents

Status Block "87510A REV1.00"

"DATE: Apr 21 1992}

State |"CHANNEL: 1"

*TITLE: This is a title."?

"MEAS TYPE: A/R"

"FORMAT TYPE: LOG MAG"

“NUMBER of POINTS: 201"

Data Block "SWEEP TIME: 12.2 ms"

"SWEEP TYPE: LIST FREQ"

“SQURCE POWER: 0 dBm"

“IF BANDWIDTH: 4 kHz"

Title |"Frequency"—"Raw [S11] Real"—"Raw [S11] Imag"’—..34
Data® |3.00000E+5—8.20007E~1—4.09729E-1—...3
1.52238E+7—9.32143E~1—~4.1914E~2—-

Bujeoer |

} This is the date when the file is saved.

2 This line is listed when the title is defined (dispiayed).

3 “~" means tab code. Data is separated by the tab code.

4 This line lists the names of the data array saved in this file. Titles used in the ASCII files are shown in Table 14-5

through Table 14-8.
S Each line lists the measurement data at each measurement point. The number of Lines in the data block is the
same as the number of points.
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File Structure for Single Channel and Dual Channel

If you save an ASCII file when DUAL CHANNEL is turned OFF, the ASCII data file consists of
the active channel’s data. If DUAL CHANNEL is turned ON, the ASCII data file consists of the
data of both channels ! and 2. The channei 2 data follows the channel 1 data as follows:

File Structures for Single and Dual Channels

Dual Channel OFF Dual Channel ON
Status Block Status Block
Data Block Data Biock
of of
Active Channel Channel 1

(end of file)
Data Block
of
Channel 2

Data Array Namies

Data array names are used in the title line of the data block. Each real and imagifiary part of
the internal data array has one name, Table 14-7 lists all names.

Table 14-7. Data Groups and Data Array Names

Data Groups Data Array Names Descriptions
Real Part Imaginary Part
Calibration Data | Cal[1] Real Cal[1] Imag Et,! Ex,2E,3
calf2] Real Cal(2] Imag Et,? E;3
Cal[3] Real Cal[3] Imag Es*
Trace @ | Trace Real Trace Imag Trace (format) arrays
Sub Trace Sub Trace Real Sub Trace Imag |Sub Trace (format) arrays

1 When response calibration are used.
2 When response and isolation calibration are used.
3 When 3-term calibration is used.




Data Grounps

Every data group consists of data arrays. The number of data arrays depend on the data group
types. The saved data array CAL depend on the instrument state.

n CAL DATA consists of twenty data arrays. The data arrays saved depend on the calibration
type used. Table 14-8 lists the CAL data arrays, which are saved for each calibration type
selected.

Table 14-8. Calibration Type Versus CAL Data Saved

Calibration Type CAL Data Saved Error Terms! §
Response "Cal{1] Real","Cal{i] Imag" Et =
Response and Isolation "Cal[1] Real®,"Cal[1] Imag" . Ex @
"Calf2] Real","Cal{2] Imag" . Et
1 port Calibration “Cal[1] Real”,"Cal{i]} Imag" E;
“Cal[2] Real®,"Call[2] Imag" E,
“"Cal[3] Real","Cal{3] Imag" E;

1 For more information on error terms, se¢ *Appendix to Chapter 7"

and Keys

The HP-IB programming command is shown in parenthesis following the key or softkey.

The key provides access to all the menus used for saving instrument states and data on
the disk. This includes the menus used to define titles for disk files to define the content of
disk files, to initialize disks for storage, and to purge files from a disk.

The key leads to the menus that recall the contents of disk files back into'the analyzer.

Caution NEVER remove a disk from the disk drive, when the drive is accessing the
ﬂ disk. During disk access, the yellow LED on the drive lights.
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Figure 14-4. Softkey Menus Accessed from the (SAVE) and (RECALL} Keys
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Save Menu

wi KT
SYATE ONLY K:D
M| KT
sweoms] KT

x| IO
w5} KT
) 1)

Figure 14-5. Save Menu

: (SAVDAL) specifies saving the instrument states, calibration coefficients, and data trace, and
sub trace.

¥'. (SAVDSTA) specifies saving only the instrument states and the calibration

{SAVDDAT) specifies saving the internal data arrays which are defined

provides the disk menu, which initializes a new disk, and purges a file from

(STODDISK STODMEMO) selects between the flexible disk drive and the RAM

d}.sk memory as the storage device. [DISK] shows the built-in flexible disk is selected and
shows the RAM disk memory is selected. This setting does not change even when
the line power is cycled or the key is pressed.
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Title Menu
This menu defines the file name £0 be saved.

The file name can be up to eight characters long, alphabetic (upper and lower case), numeric,
special characters, see Table of Valid Characters in the file names section. If more than eight
characters are entered, the last character is over written each time you type in a character.

] 4T
e | T
wace| KL )

DOME

STOR DEV
1K)

ABA

[ ]
HEn

Figure 14-6. Title Menu

GANCEL
_—

FaN

.- The active entry area displays the letters of the alphabet, numerals, etc £
rotate the knob until the arrow | points to the desired letter, then press -
Repeat this procedure until the file name is defined, for a2 maximum of eight

#*

characters.
: Don't use this key because LIF and DOS file formats don’t allow spaces in file names,
deletes the last character entered.

. deletes the entire file name.

saves the data specified in the define save menu and returns to the Save menu.

5T0 STODDISK STODMEMO) selects between the flexible disk drive and the RAM
disk ‘memory as the storage device. {{DISK} shows the built-in flexible disk is selected and

; shows the RAM disk memory is selected. This setting does not change even when
I:he line power is cycled or the (PRESET ) key is pressed.

quits this menu without saving the file, and returns to the Save menu.
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ASCII Save Menu

e,

GRAPHICS K:[:j
M aen| K1}

DERANE
SAVE DATA

DEFINE
EXTENSION

)\?\a)\ FAP A

PETURN

e

Figure 14-7. ASCII Save Menu

(SAVDGRA) specifies saving the graphics image on the screen as an HP-GL file. The
graphlcs portion saved is selected in the define plot menu under the (COPY) key. (See Chapter
10.)

(SAVDASC) specifies saving the internal data arrays as an ASCII file. The

#nays saved are defined by the

provides the define save data menu, which selects the applicable data
arrays to be saved, *
provides the define extension menu, which changes the file extensions of

returns to the Save menu.
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Define Extension Menu

DOS format ASCH default file extensions are changed from this menu. The analyzer stores the
changed extensions in its battery backed memory, the changed extensions are saved even when
the instrument is turned off.

e
| 1T
el L)

Figure 14-8. Define Extension Menu

(ASCE) changes the extension of HP-GL files for DOS format. The extension is

é,u a
[1] . }IPGII .

GRAE) changes the extension of an ASC]I data file for DOS format. The
extension is automatically attached to the file name when an ASCII data file is sawed. The
factory setting is ¥ . TXT".

- returns to the ASCII Save menu.
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Define Save Data Menu

This menu defines which data arrays are saved on the disk using th
See “Internal Data Arrays” for description of each data arrays.

o LI

A
o
0
4
3
@

Maon| KT
i )

reerm———r

Figure 14-9. Define Save Data Menu

{SAVCAON, SAVCAOFF) toggles saving or not saving the calibration coefficients

" (SAVTAON, SAVTAOFF) toggles saving or not saving the trace arrays.
fj (SAVTMACN, SAVTMAOFF) toggles saving or not saving the memory trace arrays.

. returns to the save file menu.
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Re-save File Menu

This menu lists the sorted file names, which were previously saved, on the softkey label area
and allows updating the file with the current instrument states or data.

e,

trenene] KT
emne| KT
ivemmes] KT
trenane] KT ]

PREY FILES

K
NEXT FILES KI:]
K

STOR DEV
[oam}
AT e

Figixre 14-10. Re-save File Menu

6 hame updates the file previously saved with the current instrument states or data. The
group to be saved is determined by the file name’s extension. See “File Names” for more
details about file name extensions. P

displays the previous file names in the softkey label to re-save data.

displays the next file names in the softkey label to re-save data. w

- (STODDISK STODMEMO) seiect.s between the flexible disk drive and the RAM

dxsk memory as the storage device. [ . shows the built-in flexible disk is selected and

1 hows the RAM disk memory is selected. This setting does not change even when
the line power is cycled or the key is pressed.

Note For DOS formatted disks, all available files and directories under the current
directory are listed. A “\” is attached at the end of the label if the softkey
ﬁ label shows a directory name.

Pressing a softkey directory listing label changes the current directory to the
directory selected, and the files and directories under the new directory are

listed.
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Disk Menn

This menu provides the Purge File and Initialize menus from which to purge a file and initialize
a disk, respectively.

—_——,

ee| KL )
occrons| KL
oo | KL
I
wensze | KT

stonoey| (T
v T

Figure 14-11. Disk Menu

b
—

PURG) leads to the Purge File menu, from which to remove a file saved on the

Y (CRED) specifies creating a new directory in a DOS format disk. This
ailable for LIF files.

: (CHAD) specifies changing the current directory of a DOS format disk. This
functlon is not available for LIF files.

(FILC) leads to the Copy File menu which copies files in the built-in disk drive and
the RAM disk memory.

2 (INID) leads to the Initialize menu. A new disk must be initialized before data is
stored on it. The RAM disk memory aiso must be initialized at the first time to use or after the
power of the backup battery to the RAM disk memory is lost. The disk can be formatted in
either LIF or DOS format.

! - (INDLIF, INDDOS) selects the disk format to be used when initializing a new disk
and the RAM disk memory.

51 EV (STODDISK STODMEMO) selects between the flexible disk drive and the RAM
dzsk memory as the storage device. [D | shows the built-in flexible disk is selected and

shows the RAM disk memeory is selected. This setting does not change even when
the line power is cycled or the (PRESET) key is pressed.

N returns to the Save menu.
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Purge File Menu

This menu lists the sorted file names, which were previously saved, on the softkey label area
and allows selecting a file to be removed from the disk.

ttienme | K] )
f1le_name K:[::]
emmee| KT

t1ie_naxo K:D
KI ]

wevenes| K1 )
next Fues| K| )
"ot | KL

Figure 14-12, Purge File Menu

selects the file name to be removed and provides the purge menu to remove the

e.
displays set of previous file names in the softkey label area.

displays next file names in the softkey labels area.

. (STODDISK STODMEMO) selects between the flexible disk drive and t.hg RAM

disk memory as the storage device, : shows the built-in flexible disk is selected and
shows the RAM disk memory is selected. This setting does not change even when
the line power is cycled or the key is pressed.

Note All availabie files and directories under the current directory are listed for
DOS format disk. A “\” is attached at end of the label if the softkey label
# represents a directory name.

Pressing a softkey listing directory changes the current directory to the
directory pressed, the files and directories under the new directory are then

listed.
Note Before recalling a binary data file, set the trigger (under (MENU)) to hold to
1 avoid only momentary recall of data.
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Purge Menu
This menu confirms the purge operation and removes the selected file.

e B
= Pam

)
)

Figure 14-13. Purge Menu

emove the file and return to the purge file menu.

- returns to the purge file menu without purging the file,

Initialize Menu

A new disk must be initialized in either the LIF or DOS format before it is used. The,
initialization format is selected from the Define Format menu.

] )
DISK: YES

T
)

Figure 14-14. Initialize Menu

PANE A U

NG

_

Caution If a disk is initialized, all data on the disk is cleared. Be sure no needed data is
w saved on the disk before initialize a disk.

Seving and Recalling Instrument States znd Data  14.21




initializes the disk, then returns to the disk menu,

eturns to the disk menu without initializing the disk.

Recall File Menu

This menu lists sorted file names, which were previously saved, on the softkey label for
selection, and recalls the selected file, The data group to be recalled depends on the file name
extension or suffix. See “File Names" for more detail.

|

T
)
]
1)

nEn
T
)
3

Figure 14-15, Recall File Menu

tile nane

file name

FANER AW .ot

111e_nemo

tiie_name
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PREY FILES

NEXT FILES

STOR DEV
torax]

—

PAN AN .. U

- selects a file to be loaded and loads the instrument state or data.
displays the previous set of file names on the softkey label to load data.

displays the next set of file names on the softkey label to load data.

{STODDISK for D STODMEMO for ) selects between the flexible disk
drive and the RAM disk memory as the storage device. - shows the built-in flexible

disk is selected and shows the RAM disk memory is selected. This setting does not
change even when the line power is cycled or the key is pressed.

Note All available files and directories under the current directory are listed for a
DOS formatted disk, A “\” is attached at end of the label if the softkey label
ﬁ shows a directory name.

Pressing a softkey listing directory changes the current directory to the
directory name selected, the files and directories under new directory are then

listed.




Copy Menu

This menu lists sorted source file names to copy in the softkey label for selection. When you
select a file as the source file, the Destination menu will be displayed. The storage device of
the destination file is automatically selected to the other type rage device for the source

file, or you can select a same type of storage device using

The disk formats must be the same between the flexible disk and RAM disk memory, when this
copy function copies a file from one device to the other. '

iy,

o] KT
tienane] KT
enae| KT
tremmme| KT

K
av enes| K| )
NEXT FILES KI]
STOR DEV K

NN

Figure 14-16. Copy Menu

{ors)

selects a file as the source file to be copied.

"

- displays the previous set of file names on the softkey label to copy files.

i displays the next set of file names on the softkey label to copy files.

., STODMEMO for MEMORY) selects between the flexible disk
which the source file is to be stored.
Y1 shows the RAM disk memory

(STODDISK for DISK
e RAM disk memory as the storage device
* shows the built-in flexible disk is selected and “[ME}
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Destination Menu
This menu defines destination file names.

erveal KT

o | T

e T

ezl KT

woe| T

T

e (T
e | T

Figure 14-17. Destination Menu

: The active entry area displays the letters of the alphabet, numerals, etc
To define a destination file name, rotate the knob until the arrow 1 points to the desired
letter, than press SELE ‘. Repeat this procedure until the file name is defined, for a

maximum of eight characters. o

Don't use this key because LIF and DOS file formats don’t allow spaces in file names.

deletes the last character entered.

copies the file specified in the Copy menu to the file specified in the Destination menu,

DISK:, STODMEMO for } selects between the flexible disk
dnve and I:he RAM disk memory as the storage devxce a destmanon file will be stored.

shows the built-in flexible disk is selected and [ME shows the RAM disk memo_ry is
selected.

1424 Saving and Recalling Instrument States and Data_




15

HP-IB Remote Programming

Introduction

The analyzer is factory-equipped with a remote programming digital interface using the
Hewlett-Packard Interface Bus (HP-IB). (HP-IB is Hewlett-Packard's hardware, software,
documentation, and support for [EEE 488.1, IEC-625, IEEE 488.2, and JIS-C1901 worldwide
standards for interfacing instruments.} This allows the analyzer to be controlled by an external
computer to send commands or instructions to, and receive data from the HP-IB controlled
instrument. In this way, 2 remote operator has the same control of the instrument available to
a local operator using the front panel controls, except for the line power switch.

In addition, the analyzer itself can use HP-IB to directly control compatible peripherals,
without the use of an external controller or Instrument BASIC. It can output measurement
results directly to a compatible printer or plotter.

This chapter provides an overview of HP-IB operation. Chapter 9 provides information on
different controller modes, and on setting up the analyzer as a controller of peripherals. It also
explains how to use the analyzer as a controller to print and plot. HP-IB equivalent commands
for front panel functions are provided in parentheses throughout this manual.
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More complete information on programming the analyzer remotely over HP-IB is provided in
HP-IB Programming Manual. The HP-IB Programuming Manual includes exampies of remote
measurements using an HP 9000 series 200 or 300 computer using the BASIC programming
language. The HP-IB Programming Marnual assumes familiarity with front panel gperation of
the instrument.

A complete general description of the HP-IB is available in Tutorial Description of the
Hewlett-Fackard Interface Bus, HP publication 5952-0156. For more information on the IEEE
488.1 standard, see IEEE Standard Digital Interface for Programmable Instrumentation,
published by the Institute of Electrical and Electronics Engineers, Inc., 345 East 47th Street,
New York 10017, USA.

How HP-IB Works

The HP-IB uses a party-line bus structure in which up to 15 separately addressable devices can
be connected on one contiguous bus. The interface consists of 16 signal lines and 6 grounded
lines in a shielded cable. With this cabling system, many different types of devices including
instruments, computers, plotters, and printers can be connected in parallel.

Every HP-IB device must be capable of performing one or more of the following interface
functions:
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Talker

A talker is a device capable of sending device-dependent data when addressed to talk.
There can be only one active talker at any given time. Examples of this type of device are
voitmeters, counters, and tape readers. The analyzer is a talker when if sends trace data or
marker information over the bus.

Listener

A listener is a device capable of receiving device-dependant data when addressed to listen.
There can be any number of active listeners at any given time. Examples of this type of
device are printers, power supplies, and signal generators. The analyzer is a listener when it is
controlied over the bus by a computer.

Controller

A controller is a device capable of managing the operation of the bus and addressing talkers
and listeners. There can be only one active controller at any time. Examples of controllers
include desktop computers and minicomputers. In a multiple-controller system, active control
can be passed between controllers, but there can only be one system controller, which acts
as the master, and can regain active control at any time. The analyzer is an active controlier
when it plots or prints in the addressable mode. The analyzer is a system controiler when it is
in the system controlier mode. These modes are discussed in more detail in “HP-IB Menu” in
Chapter 12.

HP-IB Requirements

Number of Interconnected Devices: 15 maximum. *

Interconnection Path/ Maximum Cable 20 meters maximum or 2 meters per device, whichever
Length: is less.

Message Transfer Scheme: Byte serial/bit parallel asynchronous data transfer using
a J-line handshake system.
Data Rate: Maximum of 1 megabyte per second over limited

distances with tri-state drivers. Actual data rate
depends on the transfer rate of the slowest device
involved,

Address Capability: Primary addresses: 31 talk, 31 listen. A maximum of 1
active talker and 14 active listener at one time,

Multiple Controller Capability: In systems with more than one controller {(like the
analyzer system), only one can be active at any given
time. The active controller can pass control to another
controller, but only one system controller is allowed.
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Analyzer HP-IB Capabilities
As defined by the IEEE 488.1 standard, the analyzer has the following capabilities:

SHi Full source handshake.

AH1 Full accepter handshake.

T6 Basic talker, answers serial poll, unadresses if MLA is issued. No talk-only
mode.

L4 Basic listener, unadresses if MTA is issued. No listen-only mode.

SR1 Complete service request (SRQ) capabilities.

RL1 Complete remote/local capability including local lockout.

PPO Does not respond to paraitel poll.

DC1 Complete device clear.

DT1 Responds to a group execute trigger.

C1,C2,C3 System controller capabilities in system controller mode,

Ci1 Pass control capabilities in addressable mode.

E2 Tri-state drivers.

Bus Mode

The analyzer uses a single-bus architecture. The single bus allows both the analyzer and the
host controller to have complete access to the peripherals in the system,

Figure 15-1. Analyzer Single Bus Concept

Two different modes are possible, system controller, and addressable.

System
Controller

This mode allows the analyzer to control peripherals directly in a stand-alone

environment {without an external controller). This mode can only be selected
manually from the analyzer front panel. Use this mode for operation when no
computer is connected to the analyzer. Printing and plotting use this mode.
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Addressable This is the traditional programming mode, in which the computer is involved in
all peripheral access operations. When the external controller is connect the
analyzer through HP-IB (as shown in Figure 15-1), this mode allows you to
control the analyzer over HP-IB in the talker mode in order to send data, and
in the listener mode to receive commands, and aiso allows the analyzer to take

or pass control in order to piot and print.

Chapter 9 explains the two different bus modes in detail, and provides information on setting
the correct bus mode. Programming information for the addressable mode is provided in the

HP-IB Programming Manual.

Setting Addresses

In communications though HP-IB, each instrument on the bus is identified by an HP-IB address.
This address code must be different for each instrument on the bus. See “Address Menu” in
Chapter 12 for information on default addresses, and on setting and changing addresses. These
addresses are not affected when you press or cycle the power.
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Manual Changes

Introduction

This appendix contains the information required to adapt this manual to earlier versions
or configurations of the HP 87510A than the current printing date of this manual. The
information in this manual applies directly to the HP 87510A Gain-Phase Analyzer serial
number prefix listed on the title page of this manual.

Manual Changes

To adapt this manual to your HP 87510A, see Table A-1 and Table A-2, and make all of the
manual changes listed opposite your instrument’s serial number and firmware version.

Instruments manufactured after the printing of this manual may be different than those
documented in this manual. Later instrument versions will be documented in a manual
changes supplement that will accompany the manual shipped with that instrument. If your
instrument’s serial number is not listed on the title page of this manual or in Table A-1, it may
be documented in a yellow MANUAL CHANGES supplement.

Turn on the instrument or execute the “xIDN?” HP-IB command to confirm the firmware
version. See the HP-IB Programing Manual for information on the “*IDN?” command. For
additional information on serial number coverage, see Chapter 2. *

Table A-1, Manual Changes by Serial Number

Serial Prefix or Number Make Manual Changes

‘There are no earlier configurations than the
printing date of this manual

=
=
o
3
2
B
O
=5
B
o
&
[41)
&

Table A-2. Manual Changes by Firmware Version

Version Make Manual Changes

There are no earlier versions than the printing
date of this manual.
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Default

Preset State

When the key is pressed, or the analyzer is turned on, the analyzer reverts to a known
state. There are subtle differences between the preset state and the power-up state, and these
states are defined in Table B-1 to Table B-5.

Some power-up states are recalled from non-volatile memory (battery backup memory).
If power to the non-volatile memory is lost, the analyzer will have certain parameters set
to factory settings. Table B-7 lists the factory settings. The operating time of the battery
backup memory is approximately 72 hours. The battery is automatically recharged while
the instrument is ON. The recharge time (time required to fully recharge the battery) is

approximately 10 minutes.

When line power is cycled the analyzer performs a self-test routine. Upon successful
compietion of the self-test routine, the instrument state is set to the following preset
conditions. The same conditions are true following a “PRES” or “sRST” command over the

EP-IB bus.

Table B-1. Preset Conditions

Initialization Method

Edit Mode

Start/Stop, Number of Points

Operating Parameter Power-On (PRESET) key
Stimulus Conditions "
Sweep Type Linear frequency Linear Frequency
Display Mode Start/Stop Start/Stop
Trigger Type Continuous Continuous
External Trigger OFF OFF
Sweep Time 50.25 ms 5(.25 ms
Start Frequency 100 kHz 100 kHz
Frequency Span 269.9 MHz 296.9 MHz
Source Power 0 dBm 0 dBm
Power trip Clear Clear
Coupled Channels ON ON
Fregquency List
Frequency List Empty Empty

Start/Stop, Number of Points

Default

81




Table B-2. Preset conditions

Initialization Method

Operating Parameter Power-On (PRESET ) key
Response Conditions
Parameter
Channel 1 AR AR
Channe] 2 A/R AR
Conversion OFF OFF
Format Log magnitude (all inputs) Log magnitude {all inputs)
Dispiay Data Data
Dual Channel OFF OFF
Active Channel Channel 1 Channel |
Freguency Blank Disabled Disabled
Split Display ON ON
Intensity 83 % No effect (same as before
preset)
Background Intensity 0% No effect (same as before
preset)
Color Selections
Channel 1 Data Yellow No effect (same as before
preset)
Channel 1 Sub Green No effect (same as before
preset}
Channel 2 Data Biue No effect (same as before
preset)
Channel 2 Sub Pink No effect (same as before
preset) N
Graticule Gray No effect (same as before
preset)
Warning Red No effect (same as before
preset)
Text White No effect (same as before
preset)
Beeper:Done ON ON
Beeper: Warning OFF OFF
Title Empty Empty
Number of Points 201 201
IF Bandwidth 8 kHz 8 kHz
IF Averaging Factor 16; OFF 16; OFF
Smoothing Aperture 1% Span; OFF 1% Span; OFF
Group Delay Aperture 1% Span 1% Span
Phase Offset o° o°
Electrical Delay Os Os
Conjugate Matching OFF OFF
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Table B-3. Preset conditions

Initialization Method
Operating Parameter Power-On (PRESET) key

Calibration

Correction OFF OFF
Calibration Type None None
Calibration Kit 7 millimeter 7 millimeter
System Impedance 50 Q 50
Velocity Factor 1 1
Extensions OFF OFF

Input R 0s Os
Input A Os Os

Scale

L.og Magnitude 10 dB 10 dB
Phase age 0

Group Delay 10 nsec 10 nsec
Polar Chart 1 i

Linear Magnitude 0.1 0.1

Real 0.2 0.2
Imaginary 0.2 0.2
Reference Line Position

Log Magnitude 5dB 5dB
Phase 5° 5¢°

Group Delay 5 nsec 5 nsec
Polar Chart - -

Linear Magnitude 0 0

Real 5 5 *
Imaginary 5 5
Reference Value

Log Magnitude 0 dB 0dB
Phase o e

Group Delay 0 nsec 0 nsec
Poiar Chart 1 1

Linear Magnitude 0 0

Real 0 0
Imaginary 0 0
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Table B-4. Preset conditions

Initialization Method

Operating Parameter Power-On (PRESET) key

Markers

Markers 1,2,3,4,5,6,7,8 100 kHz 100 kHz

all markers off all markers off

Markers ON Data Data

Active Marker 1 1

Reference Marker None None

Marker Mode Continuous Continuous

Delta Marker Mode OFF OFF

Coupiing ON ON

Marker List OFF OFF

Marker Time OFF OFF

Marker Search OFF OFF

Marker Target Value -3 dB -3 dB

Marker Width Value -3 dB; OFF -3 dB; OFF
Marker Tracking OFF OFF

Marker Stimulus Offset 0 Hz 0 Hz

Marker Value Offset 0dB ¢ dB

Marker Aux Offset (Phase) o° 0

Marker Statistics OFF OFF

Polar Marker LIN MKR LIN MKR
Limit Lines

Limit Lines OFF OFF *
Limit Testing OFF OFF

Limit Line Table Clear No effect (Same as before

preset)

Edit Mode Upper/Lower Limits Upper/Lower Limits
Stimulus Offset 0 Hz 0 Hz

Amplitude Offset 0 dB 0dB

Beep Fail OFF OFF
BIN Sort

BIN Sort Line OFF OFF

BIN Sort Test OFF OFF

Qutput /O Port Port A Port A

BIN Sort Table Empty Empty
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Tabie B-5. Preset conditions

Initialization Method

Operating Parameter Power-On (PRESEY) key
System Parameters
HP-IB Addresses Battery backup memory No effect (same as before
preset}
HP-IB Mode Battery backup memory No effect {(same as before
preset)
Plot
Copy Time OFF OFF
Define Plot Al All
Plot Quadrant Full page Full page
Scale Plot Full Full
Plot Speed Fast Fast
Line Type for Data 7 (solid) 7 (solid)
Line Type for Memory 7 (solid) 7 {solid)
Print Standard Standard

Table B-6. Preset Conditions

Initialization Method

Operating Parameter Power-On (PRESET) key

Waveform Analysis

Analysis range Full Fuli

Analysis data CH1 CH1

Disk Format

Format LIF LIF *
Parallel 170

Direction of Port Cand D Input No effect (Same as before

preset)

Positive and Negative Logic | Negative No effect (Same as before
Setting preset)

OUTPUT1 and 2 output level |High No effect (Same as before

preset)

Dafault
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Table B-7.

Results of Power Loss to Battery Backup Memory (Factory Setting)

Parameter

Factory Setting

HP-IB Address, HP 87514
HP-IB Address, Plotter
HP-IB Address, Printer
HP-IB Address, Controller

DPC Detect or Calibration
Coefficients

Calibration Kit Definitions
Real Time Clock
Extension name, ASCII data file

Extension name, HP-GL file

17
5

21

Reset

Factory set default (See Table B-8 to Table B-13.)
1891.1.1

TXT

HPG

Predefined Calibration Kit

Predefined Standards

Table B-§. 7 mm Standard Cal Kit

OFFSET | OFFSET | OFFSET | STANDARD
STANDARD | C0 C1 C2 |DELAY| LOSS | Zo LABEL
NO.| TYPE |x10°SF|x10%F/Hz|x10°°F/H?| ps | Miss 2
1 | SHORT 0 700 50 SHORT
2 OPEN 92.85 0 7.2 0 700 50 OPEN
3 LOAD 0 700 50 |BROADBAND
4 |DELAY/THRU 0 700 50 THRU
5 LOAD. 0 700 50 SLIDING
6 LOAD 0 700 50 | LOWBAND
7 | SHORT 0 700 50
8 OPEN 79.4 0 40 0 700 50 OPEN
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Table B-9. 50 2 Type-N Standard Cal Kit

OFFSET | OFFSET | OFFSET | STANDARD
STANDARD | Co c1 c2 DELAY | LOSS | Zo LABEL
NO.| TYPE |x105F|x10%7F/Hz|x10%F/Hz?| ps MO/s a
1 | SHORT 0 700 50 | SHORTIM]
2 OPEN 108 55 130 0 700 50 OPEN[M]
3 LOAD 0 700 50 |BROADBAND
4 |DELAY/THRU 0 700 50 THRU
5 LOAD 0 700 50 SLIDING
6 LOAD 0 700 50 | LOWBAND
7 | SHORT 17.544 | 700 50 | SHORT(F]
8 OPEN 62 17 28 17.544 | 700 50 OPEN(F]
Table B-10. 75 1 Type-N Standard Cal Kit
OFFSET | OFFSET | OFFSET | STANDARD
| STANDARD | €O c1 ce DELAY | LOSS | Zo LABEL
NO. TYPE x10°'8F | x10-*7F/Hz | x 10-%*F/Hz®| ps MiY/s Q
1 SHORT 0 |1.18x10*| 75 | SHORTM]
2 OPEN 63.5 84 56 0 |1.13x10%| 75 OPEN[M]
3 LOAD 0 |113x10®] 75 |BROADBAND
4 |DELAY/THRU 0 [1.13x10*| 75 | , THRU
5 LOAD 0 |1.13x10°| 75 | SLIDING
6 LOAD 0 |L13x10®| 75 | LOWBAND
7 |  SHORT 17.544 |1.13x10°| 75 | SHORT[F)
8 OPEN 41 40 5 17.544 |L.13x10°] 75 OPEN([F]
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Predefined Standard Class Assignments
Table B-11. Standard Class Assignments Table (7 mm)

CLASS A|B|C|D}! E|F| G| STANDARD
CLASS LABEL

S1ia 2 OPEN
S 1 SHORT
Sue 3 LOAD
Saaa 2 OPEN
S22 1 SHORT
Szac 3 LOAD
Forward Transmission| 4 THRU
Reverse Transmission | 4 THRU
Forward Match 4 THRU
Reverse Match 4 THRU
Response 1 4 RESPONSE
Response & Isolation 1 21 4 RESPONSE

Table B-12, Standard Class Assignments Table (50 @ Type-N)

CLASS A|/B|C|D|E| F | 6| STANDARD
CLASS LABEL

S11a 2|8 OPENS
Sus 1 7 SHORTS
Siic 3 LOAD
S22a 2 OPENS
S228 1 SHORTS
S22¢ 3 LOAD
Forward Transmission| 4 THRU
Reverse Transmission | 4 THRU
Forward Match 4 THRU
Reverse Match 4 THRU
Response 1 7 2 8 4 RESPONSE
Response & Isolation 1 7 2 RESPONSE
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Table B-13. Standard Class Assignments Table (75 {I Type-N)

CLASS AJB C|D|E/|F | G| STANDARD
CLASS LABEL

Suia 21 8 OPENS
Sus 117 SHORTS
Snc 3 LOAD
S224 2 8 OPENS
Saap 1 7 SHORTS
Sa2c 3 LOAD
Forward Transmission| 4 THRY
Reverse Transmission | 4 THRU
Forward Match 4 THRU
Reverse Match 4 THRU
Response 1 2 8 RESPONSE
Response & Isolation | 1 2 8 RESPONSE
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Parallel /O (STANDARD and OPTION 006)

Using a parallel 1/0 port on the rear panel of HP 87510A enables information communication
with external devices such as a handler on a production line. '

Note There are three types of parallel 1/O ports: a standard paraliel 1/0 port and two

optional parallel /O ports (Options 005 and (06). Two or more parallel 1/0 ports

# cannot be used at the same time. Appendix C explains the standard parallel 1/0
port and Option 006 Paraliel I/0 Mode B. For optional paralie! I/0 port (Option

005 Parallel I/0 Mode A), see Appendix D.

The parallel I/0 port consists of four independent parallel input/output ports, some control
signal lines, and a power supply line. Since all signals are TTL-compatible, data input/output
ports consist of two 8-bit output ports and two 4-bit bidirectional ports. Using these ports
simultaneously provides a 24-bit maximum bandwidth output port or an 8-bit maximum
bandwidth input port. Input/output signals are factory-set to negative logic. They can be reset
to positive logic using an HP-IB command. The control signal lines consist of sweep end output,
limit testing result (PASS/FAIL) output, and hand-shaking control signal input/output lines.

HP-IB commands are used to control the parallei 1/0 ports. These HP-IB commands are
surnmarized at the end of this Appendix.

This Appendix describes the following:

a Input/Qutput Ports *
u Control Signal Lines

= Parallel 1/0 Port Pin Definition

=» HP-IB Commands for Controlling Parallel /O Ports

I/0 Ports
The HP 87510A has two output ports and two bidirectional ports.

m Output-Only Port
o Port A: 8 bits wide
o Port B: 8 bits wide

Signals are output from latches at the TTL level. When BIN sort testing is turned ON, the
BIN sort testing result is output. (Related HP-IB commands: GUTAIQ, OUTBIO, BINQOA, and
BINCB)

m Bidirectional ports
& Port C; 4 bits wide
o Port D: 4 bits wide

Output signals (latch output signals) are TTL-compatible. Use an HP-IB command to switch
between input/output directions. When the HP 875104 is turned ON, both ports Cand D
are defined as input ports. {Related HP-IB commands: 0UTCIC, OUTDIO, OUTPINPCID?, and
QUTPINPDIO?)

Paralie! /0 (STANDARD =and OPTION G06) -1




Combining the above ports using HP-IB commands provides the following four different
ports:
= Bidirectional Port
o Port E: 8 bits wide (Port C + Port D)
& Output Ports
o Port F: 16 bits wide (Port A + Port B)
o Port G: 20 bits wide (Port A + Port B + Port C)
0 Port H: 24 bits wide (Port A + Port B + Port C + Port D)

Control Signal Lines

1/0 ports include nine types (10 types for Option 006) of output signal lines and one input signal
line. Control signals are TTL-compatible (excluding the power supply line). These signals are
described below.

Port C Status Output Signal or Port D Status OQutput Signal

This signal is set at the low level when port C or D is defined as an input port. It is set at the
high level when port C or D is defined as an output port. This signal is used to report the
direction (input or output) of port C or D to external devices. (Related HP-IB commands: CIN,

COUNT, DIN, and DOUT)

WRITE STROBE Output Signal for Output Port

When data is output to any output port, a negative pulse is output toc WRITE STROBE OUTPUT.
This negative output pulse notifies external devices of output to the parallel 1/0 port. Figure
C-1 shows the write strobe output signal and data output timing.

»

>< DATA QUTPUT

WRITE STROBE

Figure C-1. Write strobe signal timing chart

INPUT1 Input Signal

When a negative pulse is input to INPUTY, OUTPUTI, and OUTPUT2 are set at the low or
high level. An HP-IB signal is used to determine whether the high or low level is to be set.
The width of the signal input to INPUT1 must be 1 us or more. (Related HP-IB commands:
QUT1ENVH, OUT1ENVL, OUT2ENVH, and OUT2ENVL)
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OUTPUT1 Output Signal or OUTPUTZ Output Signal

This signal (latch output signal) can be set at the low or high level by inputting a negative pulse
to INPUT1 or using an HP-IB command. (Related HP-IB commands: 0UT1H, OUT1L, OUT2H and

QUT2L)

PASS/FAIL Output Signal

This signal is set at the high level when the limit testing result is OK (PASS). It is set at the low
level when the test result is NG (FAIL). This signal is effective only when the limit test function
is ON.

WRITE STROBE OQOutput Signal for PASS/FAIL Output

When the limit testing result is cutput to the PASS/FAIL cutput line, 2 negative pulse is output
to WRITE STROBE OUTPUT. This output signal notifies external devices of the limit testing
result output to the PASS/FAIL OUTPUT.

SWEEP END QOutput Signal
When the HP 87510A completes a sweep, a negative pulse is output. The pulse width is 10 us.

A +5 V output pin is provided for an external device. A maximum of 100 mA current may
be supplied. This line has no phase. However, if an excess current flows, a protective circuit
functions to cut off the main power of the HP 87510A. When the overcurrent subsides, the
main power is turned ON again. In this case, all device settings are initialized.

Figure C-2 shows the schematic drawing of input/output ports and control signal lines.
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HP 87510A

A port gpit
OUTPUT only

F peort -
B T it l6bit G port
por 1 OUTPUT oniy 20bit
QUTRUT only QUTBUT only H port
24bit
C port 4bit OUTPUT only
INPUT / QUTPUT E port
8bit
D port dbit INPUT FQUTPUT
INPUT / QUTPUT j
C port Status
D port Status
QUTPUT PORT WRITE STROBE
I OUTPUT 1
— OUTPUT 2
. INPUT L
SWEEP END
PASS/FAIL
PASS/FAIL WRITE STROBE
5V 100mA max #
e
Figure C-2. Schematic Drawing of Parallel I/O Ports
Pin Assignment

Figure C-2 shows pin numbers, Table C-1 shows assignment of signals to pins.

Figure C-3. Parallel IO Port Connector Pin Numbers
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Table C-1. Assignment of Signals to Pins (Standard)

Pin No. Signal Name Signal Standard
1 GND ov
2 INPUT1 TTL level, Pulse input, Pulse width of 1 us or more
3 OUTPUT1 TTL level, Latch sutput
4 OUTPUTZ TTL level, Latch cutput
5 Output port AD TTL level, Latch output
6 Output port Al TTL level, Latch output
7 Output port A2 TTL ievel, Latch output
8 Qutput port A3 TTL level, Latch output
9 Output port A4 TTL level, Latch output
10 Cutput port A5 TTL level, Latch output
11 Output port A6 TTL level, Latch output
12 Ouiput port A7 TTL level, Latch output
13 Qutput port BO TTL level, Latch output
14 Output port Bl TTL level, Latch output
15 Output port B2 TTL level, Latch output
16 Cutput port B3 TTL level, Latch output
17 Cutput port B4 TTL level, Latch output
18 QOutput port 85 TTL level, Latch output
19 Output port B6 TTL level, Latch output
20 Output port B7 TTL level, Latch output
21 Input/output port CO | TTL level, Latch output
22 Input/output port C1 | TTL level, Latch output
23 Input/output port C2 | TTL level, Latch output
24 Input/output port C3 |TTL level, Latch output -
25 Input/output port DO | TTL level, Latch output
26 Input/output port D1 | TTL level, Latch output
27 Input/output port D2 | TTL level, Latch output
28 Input/output port D3 | TTL level, Latch output
28 Port C status TTL level, Input mode: Low, Output mode: High
30 Port D status TTL level, Input mode: Low, Qutput mode: High
31 Write strobe signal TTL level, Negative logic, Pulse output
32 +5 V pull-up
33 PASS/FAIL signal TTL level, PASS: High, FAIL: Low, Latch output
34 +5V +5 V, 100 mA max.
35 SWEEP END signal TTL level, Negative logic, Pulse output (Width: 10 us or
more)
36 Write strobe signal TTL level, Negative logic, Pulse (for PASS/FAIL) output

Parallef 1/0 (STANDARD and OPTION 006)
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Table C-2. Assignment of Signals to Pins (Option 006)

Pin Ne. Signal Name Signal Standard
1 GND oV
2 INPUTI1 TTL level, Pulse input, Pulse width of 1 us or more
3 QUTPUT1 TTL level, Latch output
4 OUTPUT2 TTL level, Latch output
5 Output port A0 TTL ievel, Latch output
6 Output port Al TTL level, Latch output
7 Quiput port A2 TTL level, Latch output
8 QOutput port A3 TTL level, Latch output
9 QOutput port A4 TTL level, Latch output
10  |Output port A5 TTL level, Latch output
11 Output port A6 TTL level, Latch output
12 {Output port A7 TTL level, Latch output
13 | Output port BO TTL level, Latch output
14  |Output port Bl TTL level, Latch output
15 QOutput port B2 TTL level, Latch output
16 |Output port B3 TTL level, Lateh output
17 Output port B4 TTL ilevel, Latch output
18 |Not used
18 Qutput port B5 TTL level, Latch output
20 QOutput port B& TTL level, Latch output
21 Qutput port B7 TTL level, Latch output
22 Input/output port C0 | TTL level, Latch output
23 Input/output port C1 [ TTL level, Latch output
24 Input/output port C2 |TTL level, Latch output "
25 Input/output port C3 |'TTL level, Latch output
. 26 Input/output port DO | TTL level, Latch output
27 |Input/output port D1 |TTL level, Latch output
28 Input/output port D2 |TTL level, Latch output
29 Input/output port D3 | TTL ievel, Latch output
30 Port C status TTL tevel, Input mode:Low, Output mode:High
31 Port D status TTL level, Input mode: Low, Output mode:High
32 Write strobe signal TTL level, Negative logic, Pulse output
33 PASS/FAIL signal TTL level, PASS:High,FAIL: Low, Latch output
34 SWEEP END signal TTL level, Negative logic, Pulse output (Width: 10 us or more)
35 +5V +5 V, 100 mA max,
36 Write strobe signal TTL level, Negative logic, Pulse output
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HP-IB Commands for Parallel I/0 Port Control

The HP-IB commands related to parallel /O ports are summarized below. For more information
on HP-IB commands, see the HP-IB Programming Manual.

Note The HP-IB commands summarized below are used to control the standard
Paraliet 1/0 and Option 006. For the HP-IB commands related to Option 005
ﬁ (8-bit 1/0), see Appendix D.

Data Output Commands

The following commands output data to the corresponding ports (A to H). When ports C, D,
E, F, G, and H are used as output ports, ports C and D must be defined as output ports using
HP-IB commands (COUT and DOUT).

s OUTAICD outputs 8-bit data to port A.
= OUTBIO outputs 8-bit data to port B.
s DUTCID outputs 4-bit data to port C.
= 0UTDIO outputs 4-bit data to port D.
m OUTEIO outputs 8-bit data to port E.
= OUTFIO outputs 16-bit data to port F.
s OUTGIOD outputs 20-bit data to port G.
= OUTHIO outputs 24-bit data to port H.

Data Input Commands

The following commands read data from the corresponding input ports (C to E) and returns the
values to the HP-IB. Before receiving data, ports C and D must be defined as input ports using
HP-IB commands (CIN and DIN).

w OUTPINPCIG? reads 4-bit data from port C and returns its value to the HP-1B.
s OUTPINPDIO? reads 4-bit data from port D and returns its value to the HP-IB.
® OUTPINPEIQ? reads 8-bit data from port E and returns its value to the HP-IB.

*

Commands for Setting Input/Output Directions of Ports C and D

The following commands set the input/output directions of ports C and D. When the power is
turned ON, ports C and D are defined as input ports. Pressing key do not affect this
setting. This setting is saved to an instrument state file using the Save function.

a CIN defines port C as an input port.
a COUT defines port C as an output port.
m DIN defines port D as an input port.
m DOUT defines port D as an output port.

Positive and Negative Logic Setting Commands

The following commands set positive or negative logic for port input/output signals. When the
power is turned ON, negative logic is set. Pressing key do not affect this setting. This
setting is saved to an instrument state file using the Save function,

= NEGL sets negative logic.
s POSL sets positive logic

Parallel 1/0 (STANDARD and OPTIOX 006} C-7




OUTPUTI1 and OUTPUT2 Level Setting Commands
The following commands set OUTPUT1 and OUTPUTZ levels:

m QUT1H sets OUTPUT! at the high level.
@ QUTLL sets OUTPUTI at the low level,
® OUT2H sets OUTPUTRZ at the high level,
m OUT2L sets OUTPUTZ at the low level.

Commands for Setting OUTPUTI1 and OUTPUTZ2 at the High or Low Level
upon input of a Pulse to INPUT1

The following commands set OUTPUT1 and OUTPUT2 at the high or low when a negative pulse
is input to INPUT1. When the power is turned ON, both QUTPUT1 and OUTPUT? are set at
the high level. Pressing key do not affect this setting. This setting is saved to an
instrument state file using the Save function.

m JUT1ENVH sets OUTPUTI at the high level when a pulse is input to INPUT1.
w OUT1ENVL sets OUTPUTI at the low level when a pulse is input to INPUT1.
m DUT2ENVH sets OUTPUT2 at the high level when a pulse is input to INPUTI.
= OUT2ENVL sets OUTPUTZ at the low level when a pulse is input to INPUT1.

Command for Checking Input to INPUT1

This command checks whether a puise has been input to INPUT1. Sending this command
after a pulse is input to INPUT1 will return a HIGH. If no pulse has been input to INPUTI, the
return values will be LOW. After HIGH is received, succeeding values will be cleared. (set to

LOW)
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Option 005 Parallel I/O Mode A (8-bit)

This appendix provides information on the HP 87510A with Option 005 Parailel /0 Mode A
(8-bit I/O port).

1/0 Port

The /0 port on the analyzer rear panel communicates with the external devices such as a
handier on a production line.

Pin Assignment

The 8-bit I/O port consists of 15 TTL compatible signals, which are 8-bit output, 4-bit input,
sweep end, pass/fail, and ground. The pin assignments are shown in Figure D-1.

Gl
H-IN 2
TN e
T 7
.our & #*
FOUT 3
OUT 1

H- SREER BN

Figure D-1. 8-bit I/O Port Pin Assignments

The signals carried through each pin are described below.
SWEEP.END outputs a negative puise when the analyzer completes a sweep. The pulse
width is > 10 us

OUT O thru 7 output signals to external devices and are controlled by two HP-IB
commands, OUT8I0, as described below. Once QUTEI0 is executed, the signal
is latched until QUTBI0 is executed again.

INOthru4 input signals from external devices and are read by the HP-IB command
INP8ID, as described below.
PASS/FAIL is affected only when the Limit Testing, described in “Limit Line and Limit

Testing” in Chapter 12, is active. This signal presents HIGH and LOW if the
test result is PASS and FAIL, respectively.
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Related HP-IB Commands
There are three HP-IB commands which directly control an I/0 port.

oUT810 outputs 8-bit data to the OUT 0 thru 7 lines. The OUT 0 signal is the LSB (least
significant bit), while the OQUT 7 signal is the MSB (most significant bit),

INPBI0 inputs 4-bit data from the IN 0 thru 3 signals to the analyzer's memory. The IN
0 signal is the LSB (least significant bit}, while the IN 3 signal is the MSB (most
significant bit).

INP8IO? inputs data from the 4-bit parallel input port to the HP 875104, and outputs

the data to the controller.

OUTPINP8IO? is a query command which outputs 8-bit data to the controller. The data is
obtained as 4-bit data by the INP8I0 command and four upper significant bits
{value = () are attached to extend the 4-bit data to 8-bit data.

D-2  QOption 005 Paraliel /O Moda A {8-bit}
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Error Messages

- R

This section lists the error messages that are displayed on the analyzer display or transmitted
by the instrument over HP-IB. Each error message is accompanied by an explanation, and
suggestions are provided to help in solving the problem. Where applicable, references are given
to related sections of the Operation and Maintenance manuals.

When displayed, error messages are usually preceded with the word “CAUTION: ", That part
of the error message has been omitted here for the sake or brevity. Some messages are for
information only, and do not indicate an error condition. Two listings are provided: the first is
in alphabetical order, and the second in numerical order.

In addition to error messages, instrument status is indicate by status notations in the left
margin of the display. Examples are “x”, “msH”, and “P|". Sometimes these appear in
conjunction with error messages. A complete listing of status and notations and their meanings
is provided in “Front and Rear Panel” in the Reference Manual.

Error Messages in Alphabetical Order

180  +12V OUT OF SPEC

Severe error, Contact your nearest Hewlett-Packard oifice.

181 +15V(A) OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office,

163 +15.3V OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

158+ 18V OUT OF SPEC

Severe error. Contact vour nearest Hewlett-Packard office.

162 +22V OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

166 +5V(A) OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

164 +5V(D) OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.
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187 -12.6V OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office,
156 —15V QUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

188 -5.3V(A) OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

183  1st IF OFFSET OSC TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

185 1st LOCAL OSC TEST FAHLED

Severe error. Contact your nearest Hewlett-Packard office.

150 Al CPU EXT BUS TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

142 Al ROM TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

A40 HEAT SINK TOO HOT

The temperature sensors on the A4 post-regulator assembly have detected an over-temperature -

condition. Turn the power ofF and let the instrument cool down for approximately 10 minutes,
If this message is displayed again, contact your nearest Hewlett-Packard office.

174 Ach A/D LINEARITY POOR

Severe error. Contact your nearest Hewlett-Packard office.

167  Ach A/D REF VOLTAGE OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

171 Ach RECEIVER FUNCTIONALLY POOR

Severe error. Contact your nearest Hewlett-Packard office.

§ ADDITIONAL STANDARD NEEDED

Error correction for the selected calibration class cannot be computed until all the necessary
standards have been measured.

14  BACKUP DATA LOST

Data check-sum error on the battery backup memory has occurred. The battery is recharged
for approximately 10 minutes after power was turned on.

Massapas-2

£



144 BACKUP BAM TEST FAILED
Severe error. Contact your nearest Hewlett-Packard office.

—180 Bilock data erreor
Block data is improper.

—168 Bleck data not allowed
Block data is not allowed.

8 CALIBRATION ABORTED

The calibration in progress was terminated due to the change of the active channel or the
stimulus parameters

7 CALIBRATION REQUIRED

No valid calibration coefficients were found when user attempted to turn calibration on. See
“Measurement Calibration” in the heference Manual.

61 CAN'T CHANGE-ANOTHER CONTROLLER ON BUS

The analyzer cannet assume the mode of system controller until the active controller is
removed from the bus or relinquishes the bus
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107 CAN'T SAVE GRAPHICS WHEN COPY IN PROGRESS

If user attempts to save graphics when a print or plot is in progress, this error message is
displayed.

—148 Charscter data not allowed »
Character data not allowed for this operation.

—144  Character data too long
Character data is too long (maximum length is 12 characters).

137 CONTINUOUS SWITCHING NOT ALLOWED

The current measurement requires the S-parameter test set to switch automatically between
forward and reverse measurements {driving test port 1 and, then test port 2). See “Stimulus
Function: Block” in the Refererice Manual. '

~283 CORRUPT MEDIA

A legal program command could not be executed because of corrupt media; for example, a bad
disk or wrong format.

13 CURBRRENT PARAMETER NOT IN CAL SET

HP-IB only. Correction is not valid for the selected measurement parameter. See “Measurement
Calibration” in the Reference Manual.
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—222 Data out of range

Numerical parameter of HP-IB command is out of the range defined.

—164 Data type error

Improper data type used (for example, string data was expected, but numeric data was
received).

98 DC OVERLOAD ON INPUT A

83 DC OVERLOAD ON INPUT R

The DC voltage at one of the three receiver inputs approach the DC voltage damage level.
See “Instrument Specifications” in the General Information section for DC damage level
information.

—255 DIRECTORY FULL

A legal program command could not be executed because the media directory was full.

143 DRAM TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

145 EEPROM TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

P

183 EEPROM WRITE FAILED

Severe error. Contact your nearest Hewlett-Packard office.

12 EXCEEDED 7 STANDARDS PER CLASS

A maximum of seven standards can be defined for any class. See “Measurement Calibration” in
the Reference Manual.

5 EXTERNAL REFERENCE UNLOCKED

The frequency of the external reference signal input to the connector on the rear panel
deviates from 10/N MHz, where N is an integer between 1 to 10, and phase lock can no longer
be maintained, See “Front and Rear Panel” in the Reference Manual for details about the sign
requirements. :

197 FAILURE FOUND ON A2 BOARD

Severe error. Contact your nearest Hewlett-Packard office.

188 FAILURE FOUND ON FLOPPY DISK DRIVER

Contact your nearest Hewlett-Packard office.

158 FAN POWER OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

e . M 4200 SR .



154 FDC CHIP TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office,

~287 FILE NAME ERROR

A legal program command could not be executed because the file name on the device media
was in error; for example, an attempt was made to copy to a duplicate file name.

~256 FILE NAME NOT FOUND

A legal program command could not be executed because the file name on the device media
was not found; for example, an attempt was made to read or copy a nonexistent file.

182 FN FREQ TEST FAILED
Severe error. Contact your nearest Hewlett-Packard office,
122  FN PRETUNE-DAC/MONITOR FAILURE

Severe error. Contact your nearest Hewlett-Packard office.

200 FN SPURIOUS TEST FAILED

Sever error. Contact your nearest Hewlett-Packard office.
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148 FPC TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

~108  GET not allowed
GET is not allowed inside a2 program message.

151 GSP I/F TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

155 HPIB CHIP TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

47 INTR TIMER TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office..

-151  Imvalid block data
Invalid block data was received (for example, END received before length satisfied).

—141 Invalid character data

Bad character data or unrecognized character data was received.

-121  Imvalid character in number

Invalid character in numeric data.
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—101  Invalid character
Invalid character was received.
214 INVALID DATE

Invalid date was set.

105 INVALID FILE NAME

HP-IB only. The file name for the RECALL, PURGE, or RE-SAVE function must have an
“_A" “_D", or “_8” extension, See “Saving and Recalling Instrument States and Data” in the
Reference Manual for more information.

~103 Invalid separator
The message unit separator (for example, “;7, “,7) is improper.

~151  Invalid string data

Invalid string data was received (for example, END received before close quote).

131 Invalid suffix

Units are unrecognized, or the units are not appropriate.

153 KEY CHIP TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

108 LIF-DOS COPY NOT ALLOWED

If the user tries to copy a file between the RAM disk and the flexible disk when the format of
the RAM disk is different from the format of the flexible disk, this message is displayed.

87 LIST TABLE EMPTY OR INSUFFICIENT TABLE

The frequency list is empty. To implement the list frequency mode, add segments to the list
table. See “Stimulus Function Block” in the Reference Manual.

81 LOCAL MAX NOT FOUND
The maximum peak whose sharpness is defined by the peak define function cannot be found.

82 LOCAL MIN NOT FOUND
The minimum peak whose sharpness is defined by the peak define function cannot be found.

-280 MASS STORAGE EREROR

A mass storage error occurred. This error message is used when the device cannot detect the
more specific errors described for errors —251 trough —259.

-25% MEDIA FULL

A legal program command could not be executed because the media was full.




-268 MEDIA PROTECTED

A legal program command could not be executed because the media was protected; for
example, the disk was write-protected.

—-251  MISSING MASS STORAGE

A legal program command could not be executed because of missing mass storage; for example,
attempt to access an external disk drive by using Instrument BASIC.

-252 MISSING MEDIA

A legal program command could not be executed because of a missing media; for example, no
disk.

-3 Missing parameter

A command with an improper number of parameters received.

173 MIXER LINEARITY POOR

Severe error. Contact your nearest Hewlett-Packard office.

8 NO CALIBRATION CURRENTLY IN PROGRESS

: NCE: softkey is not valid unless a calibration was aiready in progress.
Start a new cahbrat:on See “Measurement Calibration” in the Reference Manual.
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71 NO DATA TRACE

is selected while the data trace is not displayed.

The

»

106 NO LEGAL FILES ON DISK

There are no files on the disk with extensions, “_A", “_D”", or “_8". See “Saving and Recalling
Instrument States and Data” in the Keference Manual for more mformatmn

83 NO MARKER DELTA - PEAK DEF NOT SET

The ° softkey requires that deita marker mode be turned on, with at least
two markers displayed. See “Using Markers” in the Reference Manual,

80 NO MARKER DELTA - RANGE NOT SET

The
two markers displaye

softkey requires that delta marker mode be turned on, with at least
. See “Using Markers” in the Reference Manual.

73  NO MARKER DELTA - SPAN NOT SET

The . : N softkey requires that delta marker mode be turned on, with at least two
markers displayed. See “Using Markers” in the Reference Manual.

78 NO SUB TRACE

The | ) is selected while the sub trace is not displayed.
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113 NO SUB TRACE DISPLAYED

The is selected while the memory trace is not displayed.

118 NO VALID Ach ABS MAG CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

126 NO VALID FN PRETUNE CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

30 NO VALID MEMORY

If a2 memory array is to be displayed or otherwise used, a data must first be stored to memory
by HP-IB.

124 NO VALID PWR LIN CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

120 NO VALID RATIO A/R CORRECTION CONSTANTS

Severe error. Contact your nearest Hewleti-Packard office.

117 NO VALID Rch ABS MAG CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office,

31 NOT AVAILABLE FOR THIS FORMAT
softkey is not valid when the format is either LOG MAG & PHASE,

41 NOT ENOUGH DATA
HP-IB only. The amount of data sent to the analyzer is less than that expected.

—128 Numeric data not allowed
Numerical data not allowed for this operation.

-~123  Numeric overflow

Numerical data value was too large (exponent magnitude >32,000).

—108 Parameter not allowed

Too many parameters for the command received.

25  PLOTTER NOT READY-PINCH WHEELS UP

If user attempts to plot when the plotter’s pinch wheels are up, this message is displayed.
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23  PLOTTER:not on, not connected, wrong address

The plotter does not respond to control. Verify power to the plotter, and check the HP-IB
connection between the analyzer and the plotter. Ensure that the plotter address recognized
by the analyzer matches the HP-IB address set on the plotter itself. See “Instrument State
Function Block” in the Reference Manual for instruction on setting peripheral addresses

186 POWER LINEARITY TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

POWER SHUT DOWN (ANALOG SYSTEM)

Severe error. Contact your nearest Hewlett-Packard office.

4 POWER SHUT DOWN (FDD, FRONT PANEL)

Severe error. Contact your nearest Hewlett-Packard office.

22 PRINTER:not on, not connected, wrong address

The printer does not respond to control. Verify power to the plotter, and check the HP-IB
connection between the analyzer and the printer. Ensure that the printer address recognized
by the analyzer matches the HP-IB address set on the printer itself. See “Instrument State
Function Block” in the Reference Manual for instruction on setting peripheral addresses.

—11Z2 Program mnemonic too long

Program mnemonic is too long {(maximur length is 12 characters),

~430 Query DEADLOCKED

Input buffer and output buffer are full; cannot continue. #
-400 Query error

Query is improper.

-410  Query INTERRUPTED

Query is followed by DAB or GET before the response was completed,

—440 Query UNTERMINATED after indefinite response

The query which requests arbitrary data response (*IDN? and *0PT? queries) was sent
before usual queries in a program message. (for example, FREQ? ; *IDN? was expected, but
*IDN7;FREQ? is received.)

—420  Query UNTERMINATED

Addressed to talk, incomplete program message received.

146 RATE TIMER TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.
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173  Rch A/D LINEARITY POOR

Severe error. Contact your nearest Hewlett-Packard office.

165 Rch A/D REF VOITAGE OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

170 Rch RECEIVER FUNCTIONALLY POOR

Severe error. Contact your nearest Hewlett-Packard office.

149  REALITME CLOCK TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

REAR PANEL FAN STOPPED
The analyzer detected that the rear panel fan stopped and automatically shut down the power.

104 RECALL ERROR: INSTR STATE PRESET

A serious error, for example corrupted data, is detected on recalling a file, and this forced the
analyzer to be PRESET.

194 RF OSC TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

188 RF POWER LEVEL (LF) TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

103 SAVE EERROR

A serious error, for example physically damaged disk surface, is detected on saving a file.
—-180  String data error

String data is improper.

—158 String data not allowed

String data is not allowed.

~138 Suffix not allowed

A suffix is not allowed for this operation.

-132 Syntax error

Unrecognized command or data type was received.

—-124 'Ibo many digits
Numerical data length was too long (more than 255 digits received).
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224 TOO MANY ENTRY

The maximum number of BINs for BIN sorting is 16.
-350  Too many errors

Too many errors occurred in HP-IB commands.

50 TOO MANY SEGMENTS

The maximum number of segments for the limit line table is 18. See “Instrument State
Function Block” in the Reference Manual.

88 TOO MANY SEGMENTS OR POINTS

Frequency list mode is limited to 31 segments or 801 points. See “Stimulus Function Block” in
the Reference Manual for more information,

=223 Too much data

Either there is toe much binary data to send to the analyzer when the data transfer format is
FORM 2, FORM 3 or FORM 5, or the amount of data is greater than the number of points.

41  TOO MUCH DATA
The number of data to be sent to the analyzer is greater than that expected.

=13 Undefined header

Undefined header or an unrecognized command was received (operation not allowed).

180 VCO MISADJUSTED, RETRY THIS TEST

Severe error. Contact your nearest Hewlett-Packard office.

182  VRAM TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

235  WRONG /0 PORT DIRECTION
The direction of 1/Q port C or D is opposite.
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Error Messages in Numerical Order

POWER SHUT DOWN (ANALOG SYSTEM)

Severe error. Contact your nearest Hewleti-Packard office.

A40 HEAT SINK TOO HOT

The temperature sensors on the A4 post-regulator assembly have detected an over-temperature
condition. Turn the power ofFr and let the instrument cool down for approximately 10 minutes.
If this message is displayed again, contact your nearest Hewlett-Packard office.

REAR PANEL FAN STOPPED

The analyzer detected that the rear panel fan stopped and automatically shut down the power.

4 POWER SHUT DOWN (FDD, FRONT PANEL)

Severe error. Contact your nearest Hewlett-Packard office.

5 EXTERNAL REFERENCE UNLOCKED

The frequency of the external reference signal input to the connector on the rear panel
deviates from 10/N MHz, where N is an integer between 1 to 10, and phase lock can no longer
be maintained. See “Front and Rear Panel” in the Reference Manual for details about the signal
requirements.

§ ADDITIONAL STANDARDS NEEDED

Error correction for the selected calibration class cannot be computed until all the necessary
standards have been measured.

*

7 CALIBRATION REQUIRED

No valid calibration coefficients were found when user attempted to turn calibration oN. See
“Measurement Calibration” in the Reference Manual.

8 NO CALIBRATION CURRENTLY IN PROGRESS

softkey is not valid unless a calibration was already in progress
Start a new calibration. See “Measurement Calibration” in the Reference Manual.

8 CALIBRATION ABORTED

The calibration in progress was terminated due to change of the active channel or stimulus
parameters.

12 EXCEEDED 7 STANDARDS PER CLASS

A maximum of seven standards can be defined for any class. See “Measurement Calibration” in
the Reference Manual.

13 CURRENT PARAMETER NOT IN CAL SET

HP-IB only. Correction is not valid for the selected measurement parameter. See “Measurement
Calibration” in the Reference Manual.
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14 BACKUP DATA LOST

Data check-sum error on the battery backup memory has occcurred. The battery is recharged
for approximately 10 minutes after power was turned oN.

22  PRINTER:not on, not cennect, wreong address

The printer does not respond te control. Verify power to the plotter, and check the HP-IB
connection between the analyzer and the printer. Ensure that the printer address recognized
by the analyzer matches the HP-IB address set on the printer itself. See “Instrument State
Function Block” in the Reference Manual for instruction on setting peripheral addresses,

73  PLOTTER:not on, not connect, wrong address

The plotter does not respond to control. Verify power to the plotter, and check the HP-IB
connection between the analyzer and the plotter. Ensure that the plotter address recognized
by the analyzer matches the HP-IB address set on the plotter itself. See “Instrument State
Function Block” in the Reference Manual for instruction on setting peripheral addresses,

% PLOTTER NOT READY-PINCH WHEELS UP
If user attempts to plot when the plotter’s pinch wheels are up, this message is displayed.

3 NO VALID MEMORY

If a memory array is to be displayed or otherwise used, a data must first be stored {0 memory
by BP-IB.
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4 TOO MUCH DATA

The amount of data to be sent to the analyzer is greater than that expected.

41 NOT ENOUGH DATA #
HP-IB only. The amount of data sent to the analyzer is less than that expected.

50 TOO MANY SEGMENTS

The maximum number of segments for the limit line table is 18. See “Instrument State
Function: Block” in the Reference Manual.

89  CAN'T CHANGE- ANOTHER CONTROLLER ON BUS

The analyzer cannot assume the mode of system controller until the active controlle_r is
removed from the bus or relinquishes the bus.

67 LIST TABLE EMPTY OR INSUFFICIENT TABLE

The frequency list is empty. To implement the list frequency mode, add segments to the list
table. See “Stimulus Function Block”™ in the Reference Manual.

88 TOO MANY SEGMENTS OR POINTS

Frequency list mode is limited to 31 segments or 801 points. See “Stimulus Function Block” in
the Eeference Manual for more information.
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77 NO DATA TRACE

} is selected while the data trace is not displayed.

78 NO MEMORY TRACE

is selected while the memory frace is not displayed.

73 NO MARKER DELTA - SPAN NOT SET

softkey requires that delta marker mode be turned on, with at least two
markers displayed. See “Using Markers” in the Reference Manual.

86 NO MARKER DEITA - RANGE NOT SET

2 softkey requires that delta marker mode be turned on, with at least
See “Using Markers” in the Reference Manual.

81  LOCAL MAX NOT FOUND
The maximum peak whose sharpness is defined by the peak define function cannot be found.

82 LOCAL MIN NOT FOUND
The minimum peak whose sharpness is defined by the peak define function cannot be found.

82 NO MARKER DELTA - PEAK DEF NOT SET

softkey requires that delta marker mode be turned on, with at least
. See “Using Markers” in the Eeference Manuol!,

8% OVERLOAD ON INPUT A, POWER REDUCED

8 OVERLOAD ON INPUT R, POWER REDUCED

When the power level at one of the three receiver inputs exceeds a certain level greater than
the maximum input level, the R¥ output power level is automatically reduced to minimum and
the annotation “Pl” appears in the left margin of the display. Seg “Stimulus Function Block” in

the Reference Manual.

103 SAVE ERROR
A serious error, for example physically damaged disk surface, is detected on saving a file.

64 RECALL ERROR: INSTR STATE PRESET

A serious error, for example corrupted data, is detected on recalling a file, and this forced the
analyzer to be PRESET.

105 INVALID FILE NAME

HP-IB only. The file name for the RECALL, PURGE, or RE-SAVE function must have an
“_A", “_D", or “_S” extension. See “Saving and Recalling Instrument States and Data” in the

Reference Manual for more information.
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108 NO LEGAL FILES ON DISK

There are no files on the disk with extensions, “_A”, “.D”", or “_8". See “Saving and Recalling

Instrument States and Data” in the Reference Manual for more information.

107 CAN'T SAVE GRAPHICS WHEN COPY IN PROGRESS

If user attempts to save graphics when a print or plot is in progress, this error message is

displayed.

108 LIF-DOS COPY NOT ALLOWED

If the user tries to copy a file between the RAM disk and the flexible disk when the format of
the RAM disk is different from the format of the flexible disk, this message is displayed.

112 NO DATA TRACE DISPLAYED

The } is selected while the data trace is not displayed.

113  NO MEMORY TRACE DISPLAYED

The

117 NO VALID Rch ABS MAG CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

118 NO VALID Ach ABS MAG CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

120 NO VALID RATIO A/R CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.

124 NO VALID HF PWR LIN CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office.
126 NO VALID FN PRETUNE CORRECTION CONSTANTS

Severe error. Contact your nearest Hewlett-Packard office,

142 Al ROM TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

143  DRAM TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

144  BACKUP RAM TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

_is selected while the memory trace is not displayed.
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145 EEPROM TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

146 RATE TIMER TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office,

141 INTR TIMER TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

146 FPC TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office,

148 REALTTME CLOCK TEST FAILED
Severe error. Contact your nearest Hewlett-Packard office.

150 Al CPU EXT BUS TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

151 GSP I/F TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office,

182 VRAM TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

153 KEY CHIP TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

154 FDC CHIP TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

155 HPIB CHIP TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

156 —15V OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

157 ~12.6V OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

58 +18V QUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.
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158 FAN POWER OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.
160 +12V OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

181  +15V(A) OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

162 +22V OUT OF SPEC
Severe error. Contact your nearest Hewlett-Packard office.

83 + 865V OUT OF SPEC
Severe error. Contact your nearest Hewlett-Packard office.
154  +5V({D) OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

185  Rch A/D REF VOLTAGE OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

186 +5V(A) OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

167  Ach A/D REF VOLTAGE OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.
168 —5.2V(A) OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.
170 Rch RECEIVER FUNCTIONALLY POOR

Severe error. Contact your nearest Hewlett-Packard office.

171 Ach RECEIVER FUNCTIONALLY POOR

Severe error. Contact your nearest Hewlett-Packard office.

173 Rch A/D LINEARITY POOR

Severe error. Contact your nearest Hewlett-Packard office,

174  Ach A/D LINEARITY POOR

Severe error. Contact your nearest Hewlett-Packard office.
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177 IF GAIN OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office,
178 MIXER LINEARITY POOR

Severe error. Contact your nearest Hewlett-Packard office.
180 VCO MISADJUSTED, RETRY THIS TEST

Severe error. Contact your nearest Hewlett-Packard office,

182 FN PRETUNE-DAC/MONITOR FAILURE
Severe error. Contact your nearest Hewlett-Packard office.

182 EEPROM WRITE FAILED

Severe error. Contact your nearest Hewlett-Packard office.

186 POWER LINEARITY TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

189 RF POWER LEVEL ALC(LF) TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

192 FN FREQ TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

193 1st IF OFFSET 0OSC TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

194 RF OSC TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.
195  1st LOCAL OSC TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office.

187 FAILURE FOUND ON A2 BOARD

Severe error. Contact your nearest Hewlett-Packard office.

188  FAILURE FOUND ON FLOPPY DISK DRIVER

Severe error. Contact your nearest Hewlett-Packard office.

200 FN SPURIOUS TEST FAILED

Severe error. Contact your nearest Hewlett-Packard office,
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21 +5V (70 OUT) OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.

202  +5V (VO BD) OUT OF SPEC

Severe error. Contact your nearest Hewlett-Packard office.
214 INVALID DATE

Invalid date was set.

224 TOO MANY ENTRY
The maximum number of BINs for BIN sorting is 16.

235  WRONG /0 PORT DIRECTION
The direction of /O port C or D is opposite.

~448 Query UNTERMINATED after indefinite response

The query which requests arbitrary data response (*IDN? and *0PT? queries) was sent
before usual queries in a program message. (for example, FREQ? ;*IDN? was expected, but
*IDN?;FREQ? is received.)

—430 Query DEADLOCKED
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Input buffer and output buffer are full; cannot continge.

—420 Query UNTERMINATED

Addressed to talk, incomplete program message received. .
~410  Query INTERRUPTED

Query is followed by DAB or GET before the response was completed.

-400 Query error

Query is improper.

-350 Too many errors

Too many errors occurred in HP-IB commands.

~268 MEDIA PROTECTED

A legal program command could not be executed because the media was protected; for
example, the disk was write-protected.

-~257 FILE NAME ERROR

A legal program command could not be executed because the file name on the device media
was in error; for example, an attempt was made to copy to a duplicate file name.
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—256 FILE NAME NOT FOUND

A legal program command could not be executed because the file name on the device media
was not found; for example, an attempt was made to read or copy a nonexistent file.

-~258  DIRECTORY FULL
A legal program command could not be executed because the media directory was full.

—-254 MEDIA FULL

A legal program command could not be executed because the media was full.

—263 CORRUPT MEDIA

A legal program command could not be executed because of corrupt media; for example, a bad
disk or wrong format.

—252 MISSING MEDIA

A legal program command could not be executed because of a missing media; for example, no
disk.

—-251 MISSING MASS STORAGE

A legal program command could not be executed because of missing mass storage; for example,
attempt to access an external disk drive by using Instrument BASIC.

—250 MASS STORAGE ERROR

A mass storage error occurred. This error message is used when the device cannot detect the
more specific errors described for errors —251 trough —258.

»

—223  'Too much data

Either there is too much binary data to send to the analyzer when the data transfer format is
FORM 2, FORM 3 or FORM 5, or the amount of data is greater than the number of points.

—~222 Data out of range

Numerical parameter of HP-IB command is out of the range defined.

—168 Block data not allowed
Block data is not allowed.

—161 Invalid block data
Invalid block data was received (for example, END received before length satisfied).

—~1680 Block data error

Block data is improper.

—188  String data not allowed

String data is not allowed.
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—151 Invalid string data

Invalid string data was received (for example, END received before close quote).
~180  String data error

String data is improper.

—148 Character data not allowed

Character data not allowed for this operation.

~144  Character data too long

Character data is too long {maximum length is 12 characters).

141 Invalid character data

Bad character data or unrecognized character data was received.

—138 Suffix not allowed
A suffix is not allowed for this operation.

131  Invalid suffix

Units are unrecognized, or the units are not appropriate.

—128 Numeric data not allowed

Numerical data not allowed for this operation.

-124  'Ibo many digits *

Numerical data length was too long (more than 255 digits received).

~123  Numeric overflow

Numerical data value was too large (exponent magnitude > 32,000).

-121  Invalid character in number

Invalid character in numeric data.

—-113 Undefined header

Undefined header or an unrecognized command was received (operation not allowed).

—112  Program mnemonic too long

Program mnemonic is too long (maximum length is 12 characters),

~108 Missing parameter

A command with an improper number of parameters was received.
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--108 Parameter not allowed

Too many parameters for the command received.

—105 GET not allowed
GET is not allowed inside a program message.

—104 Data type error

Improper data type used (for example, string data was expected, but numeric data was
received).

—103 Invalid separator

The message unit separator (for example, “;”, “,") is improper.

—i02 Syntax error

Unrecognized command or data type was received,

101  Invalid character

Invalid character was received.
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Special characters
* 5-7, 8-6
@: ?"2

7-2

Active channel, 5-5, -1
Active channel key, 5-4, 6-1
Active Entry Area, 5-7

ive marker, 11-3, 11-4

ADDRPLOT, 125
ADDRPRIN, 12.5

\MPLITUDE OFFSET, 12-25
Aperture, 9-10

2

AR, 9-3
AUTD, 9-12
AUTOREC, 14-5

AVERFACT, 9-21
AVEROFF, 9-22
AVERON, 9-22
AVERREST, 9-21
Avg, 5-7, 9-22

(avG), 9-1, 9-11, 9-19

B
BACK SPACE), 7-2

18, i4-14
5, 9-17
attery backup, B-1
Beep, 12-27
BEEPDONEOFF, 9-16
BEEPDONEON, 9-16

BEEPFAILOFF, 12-21
BEEPFAILON, 12-21

F, 12-21

BEEPWARNOFF, 9-16
WARNON, 9-16

BINOA, 12-13
BINOB, 12-13
BINP, 12-15
BINS, 12-13
BINSLINE, 12-13
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BINU, 12-15
Buiit-in Flexible Disk Drive, 54
Built-in power splitter, 4-2

C

ct, 57
c?, 5-7

CALCASSI, 13-10

Cahbratmn coefﬁments arrays, 14-2
Calibration kit, 10-11

CALIRAI, 16-0

CALIRESP, 10-9

CALISt11, 10-9

CALKTHM, 10-6

Cal kit, 10-11

- 13-10, 13-14

CALKN50, 10-6
CALKNTS, 10-6
CALKUSED, 10-6
CALN, 10-9
CALS, 13-11
CENT, 8-1, 8-11

, 811
m, 61
, 6-1
CHAD, 14-19
CHAN1, 6-1
CHANZ, 6-1

Channel coupling, 10—4
Class assignment, B-8

Clear marker menu 11-5
CLEL, 8-9, 8-12
CLEMl, 11~5

index-2

CLEM2, 11-5
CLEM3, 11-5
CLEM4, 11-5
CLEMS, 11-5
CLEMS, 11-56
CLEM7, 11-5
CLEMS, 11-5
Clock menu, 12-10

Controiier, 15—2
DS, 9—4

Conversmn menu, 9-3
CONVOFF, 94
CONVYTRA, 9-4
CONVZTRA, 9-4
COP4, 134, 13-13
COPTOFF, 13-4, 13-13
COPTON, 13-4, 13-13
Copy

Address, 13-14

Comment, 13-14

Date, 13-14

Plotter, 13-14

Printer, 13-14

Time, 13-14

Title, 13-14

Troubleshooting, 13-15 *
12-10, 13-2, 13-14 '
, 13-4, 13-13, 13-14
Copy cal kit menu, 13-10
14-19
Copy limit test menu, 13-12
Copy list sweep menu, 13-11
Copy menu, 13-4
Copy more menu, 13-8

ard number menu, 13-11

134, 13-13

13-14
Cor, 5-7

Correct:on menu, 10-5
CORRECTIQK ) .;, 10-5
CBRROFF 10—0
CORRON, 10-5
COUCOFF, 84
COUCON, 84
CDUPLED CH o

CREATE DIRECTO
CRED, 14-19




Disk format, 14-4
Disk menu, 14-19
DISLY, 13-11
DISL2, 13-11
DISLLIST, 13-12
DISMCTSP, 13-12
DISMMD, 13-12
DISHMNUM, 13-12
DISMSTEP, 13-12
DISHSTSP, 13-11
DISMUL, 13-12
12-10 [_ﬁs‘m, 9-1, 9-14

, 13-, 13-15
nu, 13-6
' , 14-13, 14-15
Deﬁne save data menu i4-17
|, 10-14
Deﬁne standard menu, 10-15
Define standard number menu, 10-15
DEFS, 10-14
Dal, 5-7

y 8-9, 12-22 12-21, 12-26

DELO 11 6 12 21
DELR1, 11-7 EDITLINML, 12-»21
DELR2, 11-7 EDITLIS1, 8-9
DELR3, 11-7 EDITLIS2, 8-9
DELR4, 11-7 :
DELRS, 11-7 EDITLIST, 8-8
gaﬁigg, H; Edit list menu, 8-9
» L4 - di 10, 12-22
DELRS. 11.7 E ¢ segment menu, 8

DELRFIXM, 11-6

Delta marker menu, 11-6

Delta marker mode, 11-1, 11-5 ELED, 9-13

DFLT, 13-4 Entry, 54, 7-1

Directivity, 16- m 7-2, 12-27
DISAALLB, 9-17 ERASE 'I'ITI.E 9‘18 14-14
DISAALLI, 9-17 EXPANDEI} p .97
DISABASI, 9-17 Expanded Phase format, 9-7
DISAHIHB, 9-17 EXPP, 9.7

Disk capacity, 14-4 Ext, 5-7

Disk copy, 14-23
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16-8

T connector, 5-8
EXT REF INPUT connector, 5-8
EXTTOFF, B-6

EXTTON, 8-6

EXTTPOIR, 8-7

nnector, 5-8
POINT, 87

Factory setting, B-1
FAIL message, 12-27
Fan, 5-9

FILC, 14-19

(FORMAT), 9-1, 9-5
Format more menu, 9-8
FREQ, 9-18

9-16
Frequency list mode, 8-7
Frequency response, 10-9
Front panel, 5-3

H

Hard copy, 13-1
Hewlett-Packard Interface Bus, 12-3, 15-1
Hld, 5-7, 8-6

— _index4 . —

L. connector, 5-4
HP-IB, 5-3, 12-3, 15-1
HP-IB address, 154
HP-IB connector, 5-8

1

, 126
IF bandwidth, 4-3, 9-20, 9-22, 9-23
, 8-11, 9-22

, 9-22

, 5-23
IF (Intermediate frequency), 4-2
IMAG, -8
NARY, 9-8
Imaginary format, 9-8
Incoming Inspection, 1-1
INID, 14-19
Initialize, B-1

14-19

Injtialize menu, 14-21

: 14-21

Input port menu, 9-2

inputs R and A, 5-4

Insertion loss, 12-28

Instrument BASIC, 12-7

Instrument data arrays, 14-2

Instrument state, 5-2 +

Instrument state data, 14-2

Instrument state function, 5-4, 12-1

Instrument states and internal data arrays,
14-3

Intensity, 54

Interpolated error correction, 8-7, 10-3

INT REF OUTPUT connector, 5-8

1/0 port, 12-27

isolation, 10-9

Isolation calibration, 10-4

K

K, 7-2

KEY 15, 10-3
KEY 17, 11-11
KEY 19, 8-2
KEY 24, 7-2
KEY 25, 7-2
KEY 26, 7-2
KEY 27, 7-2
KEY 41, 7-2
KEY 42, 7-2
KEY 43, 7-2
KITD, 10-14




LIMSEDI, 12-22

LIMU, 12-23

Linear frequency sweep mode, 87
L LINE switch, 5-4

Eaﬁa'ﬁ?ss’iﬁénu 10-19
10-14, 10-19
Label kit menu, 10-19
Label standard menu, 10-18
LABK, 10-14

» 13-5 LINTMEMO, 13-6
3 , 13-5 LISDFBASE, 8-8
LEFU, 13-5 LISDOBASE, 8-8
LIF (logical inter change format}, 14-4 LISFREQ, 8-7
LIMCLEL, 12-24 LISSLIS1, 8-8
LIMD, 12-23 LISSLIS2, 8-8

LIMIAMPO, 12-25
LIMILINEOFF, 12-20
LIMILINEOK, 12-20
LIMIMAOF, 12-25
LIMIOPOIN, 12-21
LIMIOSEND, 12-21
LIMISTIO, 12-24

LIMITESTOFF, 12-20 Editing display, 13-14
LIMITESTON, 12-20 14 menu, 8 8
Limit line, 12-16

Limit line function, 12-25
Check points, 12-28
Editing display, 13-14
Insertion loss testing, 12-28
Lower limit, 12-25
Segment, 12-25
Segment order, 12-26

=N, 12-6, 12-26-
u, 12-20

Limit test, 12- 16

2-25 Log magmtude and delay format, 8-8

, 12-20 Log magnitude and Phase Format, 9-7
» 1227 LOGMD, 9-7

13-10 LOGHP, 9-7

LIML, 12-23 P .

LIMM, 12-23

LIMS, 12-23

LIMSADD, 12-22
LIMSDEL, 12-22
LIMSDON, 12-23
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M

M, 7-2

M&, 7-2

man, 5-7, 87

MANTRIG, 8-7

Manual Changes, A-1
Manual sweep time, 8-5

MARK1, 11-4

MARK2, 114

MARK3, 114

MARK4, 114

MARKS, 114

MARKS, 114

MARKT, 114

MARKS, 114

MARKCENT, 11-12
MARKCONT, 11-9
MARKCOUP, 11-9
MARKDISC, 11-8

L readout, 5-6
ISCBETE 12-27
ction menu, 11-11
Marker list, 11-1

Marker menu, 11-3
Marker mode menu, 11-9

Marker statistics, width value, 5-6
Marker time mode, 11-1
MARKFAUV, 11-8

MARKFSTI, 11-8

MARKFVAL, 11-8

MARKLOFF, 11-3

MARKLON, 11-3

MARKMIDD, 12-23

Index-§

MARKODATA, 11-3
MARKOFF, 11-3
MARKOMEMO, 11-3
MARKPEAD, 11-16
MARKREF, 9-12, 11-12
MARKSPAN, 11-12
MARKSTAR, 8-10, 11-12
MARKSTIN, 12-23
MARKSTOP, 8-11, 11-12
MARKTIMEQFF, 11-9
MARKTIMEDR, 11-9
MARKUNCO, 11-9
MARKZERO, 11-3

: , 11-14

m 9-1, 9-2
MEASA, 9-3
MEASTATOFF, 11-12
MEASTATON, 11-12
Measured input, 5-5

Memory trace arrays, 14-2

(MENU), 8-2
Message area, 5—7

: 13 12

11-14, 12-10
mum sweep time, 8-5

@R, 111
FC

M

@I 7-2

MODII 10-6

10-6, 10-13
Modlfy cal kit menu, 10-13
MONDYEAR, 12-10

HEXT PAGE 13-13
No vqiatzle memory, B-1
HUMBER -of ‘GROUPS;, 8-6




Number of points, 12-28
8-3, 8-11, 13-12

) ¥
OFSL, 10-18

OFsZ, 10-18
Omitting isolation calibration, 10-4
OPEP, 13-9

Operating conditions, 1-2

butput power level, 8-3

, 12-13
P
Parallel 1/O, C-1
PARSOFF, 11-13
PARSON, 11-13
PART , 11-13
Pass/Fail

PASS/FAIL output signal, C-3
PASS message, 12-27

P|, 5-7

PEADX, 11-16

PEADY, 11-16

9-13
PLOALL, 13-6
PLODGRAT, 13-6
PLODONLY, 13-6
PLOSFAST, 13-7
PLOSSLOW, 13-7
PLOT, 13-4, 13-13
13-4, 13-13

13-6, 13-15

, 13-7
Plotting, 13-14
POIN, 8-3

Point, 4-2

POINT, 8-11

POLMLOG, 11-10
POLMRI, 11-10
POREQFF, 10-8
POREON, 10-8
Port A, C-1
PORTA, 10-8
Port B, C-1
Port C, C-1
Port D, C-1

PORTR, 10-8

Power Cable, 1-3
power splitter, 4-2
PREP, 13-13
(PRESET), 54, B-1
Presi , B-1

LE, 14-19
Purge file menu, 14-20

REAL, 9-8

REAL, 9-8

Real format, 9-8
Rear panei, 5-8
? 14-11
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Recall file menu, 14-22
Recharge time, B-1
Reference level, 5-6
Reference plane menu, 10-8

(Option 001) connector, 5-9

REFP, 9-12
REFYV, 9-12
Remote mode, 12-2

Re-save file menu, 14-18
RESC, 10-5
RESD, 13-13
Res , 5-2

SpO and isolation calibration, 10-2,
10-10, 10-19

Response calibration, 10-2, 10-10, 10-19

Response function, 54, 9-1

RESP) , 109, 10-19

B
RIGL, 13-5
RIGU, 13-6
RMT, 5-7

S11€, 10-19
SADD, 8-9
SAVCAQFF, 14-17
SAVCAON, 14-17
SAVDAL, 14-13
SAVDASC, 14-15
SAVDDAT, 14-13
SAVDGRA, 14-15
SAVDSTA, 14-13
GAVE), 12-28, 14-11
s , 1413
Sk E, 14-13

SAVE STATE ONLY, 14-13

SAVE USER KIT, 106, 10-14
SAVTAOFF, 14-17

SAVTAOK, 14-17
SAVTMAOFF, 14-17
SAVTMAON, 14-17
SCAFDATA, 9-12
SCAFMEMG, 9-12
SCAL, 9-12

Scale plot menu, 13-7
BCALEREF), 9-1, 9-11
Scale reference menu, 9-11
SCAPFULL, 13-7
SCAPGL, 13-7
SCAPGY, 13-7

Screen menu, 13-13
SDEL, 8-9

SDON, 8-11

SEAL, 11-15
SEALMAX, 11-16
SEALMIN, 11-16
SEAMAX, 11-14
SEAMEAN, 11-16
SEAMIN, 11-14
SEAQFF, 11-14
SEAPPEAK, 11-16
SEAR, 11-15

SEARSTOR, 11-13
SEATARG, 11-14, 11-15
SEG, 12-10

SEDI, 8-8

Segment, 12-18




13-5
late, 5-8
, 12-6

SETCTIME, 12-10

Set date menu, 12-10
Set time menu, 12-10
SETZ, 10-7

Smo 5-7, 9-22
SMOGAPER 9.22
SMOOOFF, 9-22
SMOOON, 9-22
Smoothmg, 4-5, 9-20

Specnfy class menu, 10-18
Specify offset menu, 10-17

SPECRESI, 10-19
SPECRESP, 10-19
SPECS114, 10-19
SPECS11B, 10-19
SPECS11C, 10-19
SPLDOFF, 9-14
SPLDON, 9-14

Standard device, 10-6
Standard kit, B-6
STAR, 8-1, 8-11

STATIS

, 10-15, 13-11
STDTARBI, 10-17
STDTDELA, 16-17
STDTLOAD, 10-17
STDTOPEN, 10-16

Stimulus m‘vazue 5.6
Stimulus stop vaiue, 5-6

STODDISK, 14-13, 14-14
STODMEMD, 14-13, 14-14
STOP, 8-11

(5T0P), 8-1

SWETAUTO, 8-5
GeTEm), 126

System controller, 12-3, 15-2, 15-3
124, 13-4

T

Tabular format, 13-14
Talker, 15-2

TARGET 11-14, 11-15
’I‘arget menu, 11-15
TERI, 10-17

TITL, 9-15

Title, 5-7, 9-18, 14-14
TITLE 9-15, 13-14

Trace arrays, 14—2_._._
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TRACKOFF, 11-14
TRACKOK, 11-14
TRADOFF, 9-15
TRADGN, 9-15
Trigger menu, 8-6

indax-10

11-14

VELOCITY FACTOR, 10-7
VELOFACT, 10-7

w

VIDSIN, 11-18
WIDSON, 11-18
Width menu, 11:17

WI , 11-18
WIDTON, 11-18
WIDV, 11-17
Write strobe, C-2
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Guide of HP-1IB Programming Manual

This manual is a tutorial introduction to remote operation of the HP 87510A Gain Phase
Analyzer using an HP 9000 series 200 or 300 computer with BASIC programming examples. The
following is a brief description of each chapter and appendix.

Chapter 2 describes programming basics and provides example programs.

Chapter 3 lists HP-IB commands in alphabetic order.

Appendix A summarizes HP-IB commands according to their softkey labels.

Appendix B describes the status byte register and the other registers of the HP 87510A.
Appendix C provides the codes of the front panel keys for using the KEY HP-IB command.

Appendix D describes the calibration types and the standard classes, and the calibration
coeflicients,

Appendix E provides information about the waveform analysis function.

The reader should become familiar with the operation of the HP 87510A before controlling it
by HP-IB. This manual is not intended to teach the BASIC programming language or to discuss
HP-IB theory of operation; refer to the following documents which are better suited to these

tasks.
® For more information concerning the operation of the HP 87510A, refer to the fdollowing:
HP 87510A Reference Manual -

m For more information concerning BASIC, refer to the manual set for the BASIC revision being
used:

BASIC Programming Techniques
BASIC Language Reference

= For more information concerning HP-IB, refer to the following:
BASIC Interfacing Techniques
Tutorial Description of the Hewlett-Fackard Interface Bus
Condensed Description of the Hewlett-Fackard Interface Bus
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Programming Basics

This chapter describes programming basics and provides example programs.

Preparing for HP-1B Control

To run the examples in this chapter, the following equipment is required:

Required Equipment
1. HP 87510A Gain Phase Analyzer

2. HP 9000 Series 200 or 300 computer or an IBM compatible PC with a measurement
co-processor or card (HP 82300 or 82324) with enough memory to held BASIC, needed
binaries (refer to “Powering Up the System”), and at least 64 kilobytes of program space.

A disk drive is required to load BASIC, if no internal disk drive is available.
3. BASIC 3.0 or higher operating system,

4, HP 10833A/B/C/D HP-IB cables to interconnect the computer, the HP 87510A, and any
peripherals.

*
Optional Equipment
. HP 85032B 50 @ type-N calibration kit
HP 11857D Cable Kit
Accessory kit
Device under test (DUT)
Cabiles to connect DUT
Printer

I
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Powering Up the System
1. Set up the HP 87510A as shown in Figure 2-1.
Connect the HP 87510A to the computer with an HP-IB cable.

COMPUTER
HP 87510A
k]
Qo
Qoo
lpoe 228
8000 0o 650 HE-18
ROO0 O 2o
S8'oo oog
FOUT R@A®E
g @ @ Q

s

DISK DRIVE

—
__:> PRINTER

Figure 2-1. HP-IB Connections in a Typical Setup

2. Turn on the computer and load the BASIC operating system,
Load the following BASIC binary extensions: ¥
HPIB, GRAPH, 10, KBD, and ERR.
Depending on the disk drive, a binary such as CS80 may be required.
3. Turn the HP 87510A ON.

To verify the HP 87510A’s address, press (LOCAL) and select

: i the address has been changed from the default value (17), return it to
17 while performing the examples in this decument by pressing (0) (7) (D).

Make sure the HP 87510A is in the ‘ mode, as indicated under the
key. This is the only mode in which the HP 87510A will accept HP-IB commands.

4, On the computer, type the following:

OUTPUT 717;"PRES" (or (EXECTTE))

This will preset the HP 87510A. If preset does not occur, there is a problem. First check all
HP-IB addresses and connections: most HP-IB problems are caused by an incorrect address
and bad or loose HP-IB cables. '

Note Only the HP 9000 Model 226 and 236 computers have an key. The
Model 216 has an (EXEC) key with the same function. All other computers use
# the (Retum) key for both the execute and enter functions. The notation (Rewum) is
used in this document,
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Measurement Programming
This section describes how to organize the commands into a measurement sequence. Figure 2-2

shows a typical measurement sequence.
START

Setting up the HP 87510A

[

Calibrating

[

Connecting device
under test

|

Taking data

Post-processing

I

Transferring data

o
Q
8
£
3
2
[<51
7]
jav)
0.
[
L

END

 S—
=
*

Figure 2-2. Typical Measurement Sequence

= Setting up the HP 87510A

Define the measurement by setting all of the basic measurement parameters. These include

all the stimulus parameters: sweep type, span, sweep time, number of points, and RF
power level. They also include the parameter to be measured, and both IF averaging and
IF bandwidth, These parameters define the way data is gathered and processed within the
instrument, and to change one of these parameters requires that a new sweep be triggered.

There are other parameters that can be set within the HP 87510A that do not affect data
gathering directly, such as smoothing, trace scaling or trace math. These functions are
classed as post processing functions: they can be changed with the HP 87510A in the hold

mode, and the data will correctly reflect the current state.
The save/recall registers provide a rapid way of setting up an entire instrument state.

s Calibrating

Measurement calibration is normally performed once the HP 87510A state has been defined.
Measurement calibration is not required to make a measurement, but it does improve

measurement accuracy.
There are several ways to calibrate the HP 87510A as follows:

o The simplest is to stop the program and have the operator perform the calibration from the
front panel.

Programming Basics  2-3




o Alternatively, the computer can be used to guide the operator through the calibration, as
discussed in “Frequency Response Calibration”.

o1 The last option is to transfer calibration data from a previcus calibration back into the
instrument, as discussed in “Reading Calibration Data”.

s Connecting device under test

Have the operator connect and adjust the device. The computer can be used to speed the
adjustment process by setting up such functions such as limit testing, bandwidth searches,
and trace statistics. All adjustments take place at this stage so that there is no danger of
taking data from the device while it is being adjusted.

» Taking data

With the device connected and adjusted, measure its frequency response, and store the data
in the HP 87510A so that there is a valid trace to analyze. The single sweep command SING
is designed to ensure a valid sweep. All stimulus changes are completed before the sweep is
started, and the HP-IB hold state is not released until the formatted trace is displayed. When
the sweep is complete, the HP 87510A is put into the hold mode, storing the data inside the
HP 87510A.

The number of groups command NUMG n is designed to work the same as single sweep, except
that it triggers n sweeps. This is useful, for example, in making a measurement with an
averaging factor of n. Both single sweep and number of groups restart averaging.

u Post-processing

With valid data to operate on, the post-processing functions can be used. Referring ahead to
Figure 2-8, any function that affects the data after the error correction stage can be used.
The most useful functions are trace statistics, marker searches, and electrical delay offset. £

= Transferring data

Lastly, read the results out of the HP 87510A. All the data output commands.are designed to
ensure that the data transmitted reflects the current state of the HP 87510A:

o QUTPFORN, etc., will not transmit data until all formatting functions have been completed.

' o OUTPLIML, OUTPLIMM, and OUTPLIMF will not transmit data until the limit test has
occurred, if limit testing is turned ON.
o OUTPMARK will activate a marker if one is not already selected, and it will make sure that
any current marker searches have completed before transmitting data.

o OUTPMSTA makes sure that statistics have been caiculated for the current trace before
transmitting data. If statistics is not turned ON, it will turn statistics ON to update the
current values, and then turn it OFF. '

o OUTPMWID makes sure that a bandwidth search has been executed for the current trace
before transmitting data. If bandwidth search is not turned ON, it will turn the search ON
to update the current values, and then turn it OFF.

Data transfer is discussed further in “Data Transfer from the HP 875104 to a Computer”.
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Basic Programming Examples

Note Because the sample programs are design to control the HP 87510A from
external controller using HP-IB, you will have to change some statements
d when you use HP 87510A Instrument BASIC to control the internal gain phase
function,

Change as follows:

“ASSIGN QHp8T7510 TO 717" to “ASSIGN @Hp87510 T0 800~
“ASSIGN @Dt TO 717;FORMAT OFF” to “ASSIGN €Dt TO 800;FORMAT OFF"
“ABORT 7" to “ABORT 8~

Where 717 is an external controller’'s device selector (HP-IB interface code
7 and HP-IB address 17). 800 is the internal HP-IB device selector when
Instrument BASIC controls the internal gain phase function.

Setting Up a Measurement

In general, the procedure for setting up measurements on the HP 875104 via HP-IB follows the
same sequence as if the setup was performed manually. There is no required order, as long as
the desired frequency range, number of points and power level are set prior to performing the
calibration.

By interrogating the HP 87510A to determine the actual values of the start and stop
frequencies, or the center frequency and frequency span, the computer can keep track of the
actual frequencies

This example illustrates how a basic measurement can be set up on the HP 87510A. The
program will first select the desired parameter, the measurement format, and then the
frequency range,

This example sets up a measurement of transmission(A/R) log magnitude on channel 1. When
prompted for the center frequency and the frequency span, enter any value in Hz from
1.0x1(? to 3.0x10%. These will be entered into the HP 87510A, and the frequencies will be
displayed.

&
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10 !

30 !

20 ! Setting Up a Measurement

40 ASSIGN @Hp87510 TO 717 ! If you use iBASIC, replace "Ti7" with "800",

50 ABORT 7 ¢ If you use iBASIC, replace "7" to "8
60 CLEAR €Hp87510

70 !

80 QUTPUT @Hp87510;"PRES" ! Preset HP B7510A

a0 QUTPUT ©Hp87510;"CHAN1; AR; LOGM"
100  INPUT "Enter center frequency (Hz).",F._.cent
110  INPUT "Enter frequency span (Hz).",F_span

120 OUTPUT €Hp87510;"CENT ";F_cent ! Set Center frequancj
130 OUTPUT QHp87510;"SPAN ";F_span ! Set frequency span
140 ¢

150 OUTPUT €Hp87510;"CENT?"

160 ENTER €Hp87510;F _centr

170  QUTPUT QHp87510;"SPAN?"

180 ENTER QHp8T7510;F_spanx

190 PRINT "Center frequency:",F.centr;"Hz"
200 PRINT "Frequency span:",F_spanr;"Hz"

210 END
Figure 2-3. Sample Program: Setting Up a Measurement
Line 40 Assign the HP 87510A HP-IB address. If you are using the Instrument
BASIC to control the internal gain phase function, change 717 to 800
Lines 50 and 60 Prepare for HP-IB control. \
Line 80 Preset the HP 87510A. '
Line 90 Make channel 1 the active channel, and measure transmission

Lines 100 and 110
Lines 120 and 130
Lines 150 through 180
Lines 190 and 200

parameter, A/R, dispiay its magnitude in dB.

Input the center frequency and the frequency span.

Send the center frequency and the frequency span to the HP 875104,
Query the center frequency and the frequency span.

Show the current center frequency and the frequency span.




Performing a THRU Calibration

This section will demonstrate how to coordinate a THRU measurement calibration by HP-IB
control, The HP-IB program follows the key strokes required to calibrate from the front panel:
there is a command for every step.

Frequency Response Calibration

The following program does a response calibration using a THRU calibration device. This z
program simplifies the calibration for the operator by giving explicit directions on the é}
computer's display. Fitd
3
3
. =
=1
10 ! ey
20 ! Fraquency Response Calibration 8
30 ! 7]
40  ASSIGN ©Hp87510 TO 717 ! If you use iBASIC, change "717" to "800".
50 ABORT 7 ! If you use iBASIC, change "7" to “8",
60 CLEAR 717
70 !

80 OUTPUT €Hp87510;"PRES"
90 OUTPUT €Hp87510;"CHAN1; AR; LOGM"
100  INPUT “Enter center frequency (Hz).",F_.cent
110 IKPUT “"Enter frequency span (Hz).",F_span
120 OUTPUT ©Hp87510;"CENT “;F_cent ! Set Center frequency
130 OUTPUT €@Hp87510;"SPAN ";F_span ! Set Span frequency
]

140 !

150  QUTPUT €@Hp87510;"HOLD" ! Sweep mode is HOLD

160  OUTPUT €@Hp37510;"CALKNSO" ! Selact 50 ohm type-N Cal. kit
|

170  OUTPUT QHp87510;"CALIRESP" ! Select Response cal.

180 INPUT "Connect THRU, then press [Return].",Dum$

190 ON INTR 7 GOTO Sweep._end ! Define branch when interrupt occurs

200 OQUTPUT €@Hp87510;"CLES" ! Clear all status register

210 QUTPUT €@Hp87510;"*SRE 4;ESNB 1" ! Set enable STB and ESB

220  REPEAT ! Wait for register is cleared

230 UNTIL SPOLL(@Hp87510)=0 ! Check STB
[}
I
|

£

240  ENABLE INTR 7;2 ! Enable interrupt

250  QUTPUT @Hp87510;"STANC" ! Measure THRU

260 Loop_top: GOTO Loop.top ! Wait until the meas. end

270 Sweep.end:!

280 !

290 QUTPUT @Hp87510;"“RESPDONE" ! Calculating cal coefficient
300 QUTPUT @HpS87510;"*0PC?" ! \ Wait until calculating ends
310 ENTER QHp87510;Dum 1/

320 OUTPUT @Hp87510;"CONT" !
330 DISP "Response cal completed."

340 END
Figure 2-4. Sample Program: Frequency Response Calibration
Line 150 Set the trigger to the HOLD mode.
Line 160 Select the 50 {1 type-N calibration kit.
Line 170 Open the calibration by calling the response calibration.
Line 180 Ask for a THRU, and wait for the operator to connect it.
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Line 200 through 240
Line 250

Lines 260 through 270

Lines 290 through 310

Line 320

2.8 Programming Basics

Clear aii status registers,

Select and measure the THRU. There is more than one standard in
this calibration, so you must identify the specific standard within this
calibration. The THRU is the third softkey selection from the top in
the menu, so use the STANC command to select THRU as the standard.
Wait for the standard to be measured. This is indicated by bit 0 (Cal
std. complete) of event status register B (Ess).

Affirm completion of the calibration, and wait for calculation
completion.

Set the trigger to the CONTINUQUS mode.




Data Transfer from the HP 87510A to a Computer

Trace information can be read out of the HP 87510A in several ways. Data can be read off the
trace selectively using the markers, or the entire trace can be read out.

Using Markers to Obtain Trace Data at Specific Points

If only specific information such as a single point off the trace or the result of a marker search
is needed, the marker output command can be used to read the information.

Marker data is read out with the command QUTPMARK. This command causes the HP 87510A to |
transmit three numbers: marker value 1, marker value 2, and marker stimulus value. Refer to
Table 2-1 for al! the different possibilities for values one and {wo.

10 !

20 ! Using Markers to Obtain Trace Data at Specific Points

30 !

40 ASSIGN @Hp87510 TO 717 ! If you use iBASIC, change "717" to "B00O".
50 ABORT 7 ! If you use iBASIC, change "7" to "8".

60 CLEAR €Hp87510

70 !

80 OUTPUT @Hp87510;"PRES" ! Preset HP 875104

90 OUTPUT QHp87510;"CHAN1; AR; LOGM"

100  INPUT “Enter center frequency {(Hz).",F_cent

110  INPUT “"Enter frequency span (Hz).",F_span

120 OUTPUT @Hp87510;"CENT ";F_cent

130  OUTPUT QHpB87S510;"SPAN ";F_span

140 ¢

i50 ON INTR 7 GOTO Sweep.end ! Define branch when interrupt occurs
160 OUTPUT @Hp87510;"CLES" ! Clear status registers #

170  QUTPUT ©QHp87510;"#SRE 4;ESNB 1" ! Set enable bits of STB and ESB
180  REPEAT ! Wait for registers are cleared
190 UNTIL SPOLL(CHp87510)=0 ! Check STB

200 ENABLE INTR 7;2 ! Sat enable interrupt

210  OUTPUT ¢Hp87510;"SING" ! Sweep mode is SINGLE

220 Loop.top:GOTO Loop_top ! Wait until sweep end

230 Sweep.snd:

240 !

250 OQUTPUT @Hp87510;"AUTO"

260  OUTPUT €Hp87510;"MARK1L"

270  OUTPUT €Hp87510;"SEAMAX"
280 OUTPUT @QHp87510;"OUTPMARK?"
290 ENTER @QHp87510;Vali,Val2,Stim
300 DISP "Min val:",Vali;"ds"
310 DISP "Stim:“,Stim;"Hz"

320 END

Auto scale
Marker 1 ON
Search MAX
Output marker value

P L L

Figure 2-5. Sample Program: Using Markers {o Obtain Trace Data at Specific Points

Lines 150 through 230 Collect one sweep of data, and wait for completion.

Line 250 Bring the trace data in view on the HP 87510A°s display.
Line 260 Activate marker 1.

Line 270 Have the HP 87510A search for the trace maximum.
Line 280 Output the marker values at that point.
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Line 290 Read marker value 1, marker value 2, and the stimulus value.
‘Table 2-1. Units as a Function of Display Format
Display Marker QUTPMARK OUTPFORM Marker Readout!
Formaat Mode value 1, value 2 value 1, value 2 value, aux value
LOG MAG dB,2 dB,? dB,2
PHASE degrees,? degrees,? degrees,?
DELAY seconds,? seconds,? seconds,?
POLAR LIN MKR lin mag, degrees real, imag lin mag, degrees
LOG MKR dB, degrees reai, imag dB, degrees
Re/lm real, imag real, imag real, imag
LIN MAG lin mag,? lin mag,2 fin mag,?
REAL real,? real,? real;?

1 The marker readout values are the marker values displayed in the upper left hand corner of the display. They also
correspond to the value and aux value associated with the fixed marker.

2 Value not significant in this form, but is included in dats transfers.
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Trace Transfer

Getting trace data out of the HP 87510A with a 200/300 series computer can be broken down
into three steps:

1. Setting up the receive array.
2. Telling the HP 87510A to transmit the data.
3. Accepting the transferred data.

Data inside the HP 875104 is always stored in pairs, to accommodate real/imaginary values
for each data point. Therefore, the receiving array has to be two elements wide, and as deep
as the number of points being measured. The memory space for this array must be declared
before any data is transferred from the HP 87510A to the computer.

Data Format. The HP 87510A can transmit data over HP-IB in four different formats. The
type of format affects what kind of data array is declared (real or integer), since the format
determines what type of data is transferred.

= Form 2

IEEE 32-bit floating point format. In this mode, each number takes 4 bytes. This means that
a 201 point transfer takes 1,608 bytes. Figure 2-6 shows the data transfer format of Form 2.

. @ No. of bytes Binary data Binary data
followed Y (Compiex data only

® bytes) (4 bytes) (4 bytes)

Figure 2-6. Form 2 Data Transfer Format

» Form 3

IEEE 64-bit floating point format. In this mode, each number takes 8 bytes. This means
that a 201-point transfer takes 3,216 bytes. Data is stored internally in the 200/300
series computer with the IEEE 64-bit floating point format, eliminating the need for any
reformatting by the computer. Figure 2-7 shows the data transfer format of Form 3.

. . No. of bytes Binary data Binary data
followed 4 (Complex data only}

® bytes) {8 bytes) {8 bytes)

b
CASG00T

Figure 2-7. Form 3 Data Transfer Format

m Form 4
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ASCII data transfer format. In this mode, each number is sent as a 24 character string, each
character being a digit, sign, or decimal point.

# Form b

MS—DOS® personal computer format. This mode is a modification of IEEE 32-bit floating
point format with the byte order reversed. Form 5 also has a four byte header which must
be read in so that data order is maintained. In this mode, an MS-DOS™ PC can store data
internailty without reformatting it.

Data Levels. HP 87510A has following data arrays in internal memory:
a Formatted data

This is the array of data being displayed. It reflects all post-processing functions such as
electrical delay, and the units of the array read out depends on the current display format.
Refer to Table 2-1 for various units as a function of display format. The formatted data is
read out with OUTPFORM?, OUTPRFORM?, OUTPFORMP?, OUTPTHEN?, OUTPRTMEM?, OUTPTMEMP?,
OUTPIFORM?, OUTPIRFORM?, OUTPITMEM? or OUTPIRTMEM?.

= Calibration coeflicients

The results of a calibration are stored arrays of calibration coeflicients which are used by the
error correction routines. Each array corresponds to a specific error term in the error model.
The calibration coefficients are read out with OUTPCALK{01-03}7.

Formatted data is generally the most useful, being the same information seen on the display.
However, if post-processing is not necessary, as may be the case with smoothing, error
corrected data is more desirable. Error corrected data also gives you the opportunity to load
the data into the instrument and apply post-processing at a later time,
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! ELECTRICAL
DELAY CONVERSION FORMAT SMOOTHING

L FORMAT 65P
DISPLAY
ARRAYS SCALING INTERFACE

REMARKS
i - HORMAL FLOW
DATA e+ CORDITIONED FLOW
PROCESS ARRAYS XK .
% : Thiz % awatable only by HP-B *

Figure 2-8. Data Processing Flow
Table 2-2. HP-IB Commands to Output Data Array
Active Channel Inactive Channel
Data Qutput Formatted Data Formatted Data
Data Trace Sub Trace Data Trace Sub Trace
Complex Data at | OUTPFORM? CUTPTMEM? QUTPPIFORM? | OUTPITMEN?
All Points!
Complex Data at | QUTPFORMP? QUTPTMEMP?
Specified Point?
Realt?ata at All |OUTPRFORM? OUTPRTMENM? QUTPIRFORM? OUTPIRTMEM?
Poin

1 Number of data output is two times of the Number Of Points {(NOP).
2 Number of data output, is two (a real part and an imaginary part).
3 Number of data output is equal to NOP.
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Data Transfer Using ASCIHI Transfer Format (Form 4). When Form 4 is used, each number is
sent as a 24 character string, each character being a digit, or decimal point.

10 !

20 ! Data Transfer Using ASCII Transfer Format

36 i

40  DIM Dat(1:201),Stim(1:201)

50 ASSIGN @Hp87510 TO 717 ! When iBASIC is used, change "717" to "800".

60 ABORT 7 ! When iBASIC is used, change "7" to "8".
70 CLEAR €Hp87510

80 - 1

90 OUTPUT €Hp87510;"PRES" I Preset HP 875104

100 OUTPUT €Hp87510;"CHAN1; AR; LOGM"

110 INPUT "Enter center frequency (Hz).",F_cent
120 INPUT "Enter frequency span (Hz).",F_span
130 QUTPUT @Hp8TS510;"CENT ";F_cent
140 OUTPUT ©Hp87510;"SPAN ";F_span
150 !

160 ON INTR 7 GOTO Sweep_end

170  OUTPUT €Hp87510;"CLES"

180 OUTPUT @Hp87510;"+«SRE 4;ESNB 1"
190  REPEAT

200 UNTIL SPOLL{QHp87510)=0

210 ENABLE INTR 7;2

220 OUTPUT @Hp87510;"SING"

230 Loop.top:GOTD Loop. top

240 Sweep.end: ¢

Define branch when interrupt occurs
Clear status registers

Set enable bits of STB and ESB
Wait for registers are cleared
Check STB

Set enable interrupt

Sweep mode is SINGLE

Wait until sweep end

EmE awm vem vEm amm aem sew sqe

250 ¢

260 OUTPUT €Hp87510;"“POIN?" ! Query NOP »
270 ENTER €Hp87510;Nop '
280 OUTPUT €Hp87510;"FORM4" ! Set ASCII Transfer Format

290 ¢

300 CUTPUT €Hp87510;"OUTPRFURM?" ! Real part of the formatted trace data
310 ENTER C@Hp87510;Lat(%)

320 !

330 QUTPUT ©Hp87510;"0UTPSTIM?" ! Stimulus data

340 ENTER ©Hp87510;Stim(*)

350 ¢

360 FOR I=1 TO Nop

370 PRINT Stim(I);"Hz",Dat{I);"dB"

380 NEXT I

390 END

Figure 2-9. Sample Program: Data Transfer using ASCI Transfer Format (Form 4)

Lines 260 and 270 Find out how many points to expect.

Line 280 Tell the HP 87510A to use the ASCII transfer format,

Line 300 Request the real part of the formatted trace data.

Line 310 Transfer the data from the HP 87510A to the computer, and put it in
the receiving array Dat ().

Lines 330 and 340 Request and transfer the stimulus data.

Lines 340 through 380 Display data.
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Data Transfer using IEEE 64-bit Floating Point Format (Form 3). To use Form 3, the
computer is told to stop formatting the incoming data with the ENTER statement. This is done
by defining an I/0 path with formatting OFF. Form 3 also has an eight-byte header to deal
with. The first two bytes are the ASCII characters “#6” that indicate that a fixed length block
transfer follows, and the next 6 bytes form an integer containing number of bytes in the block
to follow. The header must be read in so that data order is maintained.

o ™)
10 !
20 ! Data Transfer Using IEEE 64-bit Floating Point Format
30 H

40 DIM Dat{1:201),Stim(1:201)
50 ASSIGN OHp87510 TO 717 ! When iBASIC is used,, change "T1T" to "800".

60 ABORT 7 ! When iBASIC is used, change “7" to "8".

70 CLEAR &Hp87510 ! When iBASIC is used,, change "717" to "800".
80 !

S0 OUTPUT €Hp87510;"PRES" ! Preset HP 875104

100  OUTPUT CBp87510;"CHAN1; AR; LOGM"

110  INPUT “Enter center frequency (Hz)",F_cent
120 INPUT "Enter frequency span (Hz)",F_span
130  OUTPUT QHpB751C;“CENT “;F_cent
140  OQUTPUT €Hp8TS510;"SPAN ";F_span
150 !

160 ON IKTR 7 GOTO Sweep_end

170  OUTPUT €Hp87510;"CLES"

180  OUTPUT QHp87510;"*SRE 4;ESNB 1"
190  REPEAT

Define branch when interrupt occurs
Clear all status register

Set enable bits of STB and ESB
Wait for registers are cleared

200 UNTIL SPOLL{(¢Hp87510)=C Check STB
210  ENABLE IKTR 7;2 Set enable interrupt
220 OUTPUT ¢Hp87510;"SING" Sweep mode is SINGLE "

E I T e Y L

230 Loop.top:GOTO Loop.top Wait until measurement ends

240 Swveep..end: !
250 ¢

260  OQUTPUT CHp87510;"POIN?" ! Query NOP
270  ENTER €¢Hp87510;Nop

280 OUTPUT €Hp87510;"FORM3"

290  ASSIGN @Dt TO 717;FORMAT OFF
300

310  OUTPUT ¢Hp87510;"OUTPRFORM?"
320 ENTER €Dt USING "#,8A";A$
330 ENTER @Dt ;Dat(*)

340  ENTER €Dt USING "#,1A";B$

IEEE 64~bit Floating Point Format
Define a data I/0 path

If iBASIC is used, change 717 to 800.
Real part of formatted data trace
Enter header

Enter data

Enter terminator

A L LT

350 !

360 OUTPUT @HpB7510;"OUTPSTINTY ! Stimulus data
370 ENTER @Dt USING "#,84";A$ ! Enter header
380 ENTER @Dt ;Stim(*) ! Enter data

390 ENTER ¢Dt USING "#,1A";B$ ! Enter terminator
400 !

Figure 2-10,
Sample Program: Data Transfer using IEEE 64-bit Floating Point Format (Form 3) {1/2}
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410 ASSIGN @Dt TO ! Clear I/0 path
420 FOR I=1 TO HNop
430 PRINT Stim(I);"Hz",Dat(I);"dB"

440 HEXT I
450 END

Figure 2-10. Sample Program: Data Transfer using IEEE 64-bit Floating Point Format

Line 280
Line 280

Line 320
Line 330
Line 340
Line 420 through 440

e 2.i6_ Programming Bssics

(Form 3) (2/2)

Tell the HP 87510A to output data using Format 3.

Define a data 1/0 path with ASCII formatting OFF. The [/0 path points
to the HP 875104, and ean be used to read or write data to the

HP 87510A, as long as that data is in binary rather than ASCII format.
Enter the header,

Enter the data.

Enter the terminater,

Dispiay data.




Application Example

The following example measures the transmission parameter of a bandpass filter and obtains
the typical parameters: —3 dB bandwidth, Center frequency, and Insertion loss.

10 !

20 ! Bandpass Filter Test

30 !

40 ASSIGN @Hp87510 TO 800 ! When iBASIC is used, change "717" to "800".
50 ABORT 7 ! When iBASIC is used, change "7" to "8".

60 CLEAR QHp87510

70 !

80 OUTPUT ¢Hp87510;"PRES" ! Preset HP 875104

a0 OUTPUT ¢Hp87510;"CHAN1; AR; LOGM" ! Set up measurement parameters
100 INPUT “Enter center frequency {(Hz).",F_cent

110 INPUT “Enter frequency span (Hz).",F_span

120 OUTPUT €¢Hp87510;"CENT ";F.cent

130 OUTPUT €Hp87510;"SPAN ";F_span

140 !

150 OUTPUT @Hp87510;"HOLD" ! Perform cal measurement

160  OUTPUT @Hp8&7510;"CALKNSO"

170  OUTPUT @Hp87510;"CALIRESP"

180 INPUT “"Connect THRU, then press [Return].",Dum$

i8¢ !

200 Command$="STANC"

210 GOSUB Pre_end

220 QUTPUT €Hp87510;"RESPDONE"

230 INPUT “"Cal completed. Connect DUT, then press [Return].",Dum$

240 ¢ . ®
250 Command$="SING" ! Trigger a sweep '
260 GOSUB Pre_end ! Wait until sweep ends

270 !

280 QUTPUT €Hp87510;"MARK1" ! Marker 1 ON

290 QUTPUT Q@Hp87510;"SEAMAXY ! Search MAX.

300 OQUTPUT @Hp87S510;"CUTPMARK?" ! Query marker value

310 ENTER @Hp87510;loss

320 !

330 OUTPUT @Hp87510;"DELR1" ! Select MKR1 as delta ref. marker
340 OUTPUT @Hp8&7510;"WIDV -3" t Width value is -3

350 OUTPUT €HpB7510;"WIDTON" ! Width ON

360 OUTPUT @Hp87510;"0UTPMWID?" ! Query width parameters

370 ENTER QHp87510;Bw,Cent,(

380 !

Figure 2-11. Sample Program: Application Example (Bandpass Filter Test) (1/2)
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380 PRINT "-3dB bandwidth= ",Bw;"Hz""
400 PRIRT "Center frequency= “,Cent;"Hz"
410  PRIRT "Insertion loss= " ,Loss;"dB"

420 STOP
430 !
440 Pre_end: !}

450 IN INTR 7 GOTO Sweep_end
460 OUTPUT QHp87510;"CLES"
470  OUTPUT @Hp87510;"*SRE 4;ESNB 1"

480  REPEAT

480 UNTIL SPOLL(¢Hp87510)=0
500  ENABLE INIR 7;2

§10  QUTPUT ©Hp87510;Command$
520 Loop.top:GOT0 Loop_top

£30 Sweep_end:
540  RETURN
550 END

Figure 2-11. Sample Program: Application Example (Bandpass Filter Test) (2/2)

Lines 80 through 130

Lines 150 through 230
Lines 250 through 260
Lines 280 through 310
Lines 330 through 370

218 Programming Basics

Set up measurement.

Do a response calibration.

Collect one sweep of data.

Get the insertion loss value using the marker search function.
Take the -3 dB bandwidth value and the center frequency value
using the bandwidth search function.




Advanced Programming Examples

Using List Frequency Mode

The list frequency mode lets you select the specific points or frequency spacing between points
at which measurements are to be made. Sampling specific points reduces the measurement
time since additional time is not spent measuring device characteristics &t unnecessary
frequencies.

This example shows how to create a list frequency table and send it to the HP 87510A. The
cormmand sequence for entering a list frequency table imitates the key sequence followed
when entering a table from the front panel: there is a command for every key press. Editing a
segment is also the same as the key sequence, but the HP 87510A automatically reorders each
edited segment in order of increasing start frequency.

This example takes advantage of the computer’s capabilities to simplify creating and editing
the table. The table is entered and completely edited before being transmitted to the

HP 87510A. To simplify the programming task, options such as entering step size are not
inciuded.

10 '
20 ! Using List Frequency Mode
30 !

40 DIM Table(1:31,1:3)
50O ASSIGN QHp87510 TO 717 ! When iBASIC is used, change "717" to "800".

60 ABORT 7 ! When iBASIC is used, change "7" to "8",
70 CLEAR ©€Hp87510

80 !

90 INPUT "Number of segments?”,Numb *
100 ! '

110  PRINTER IS CRT

120 CLEAR SCREEN

130 PRINT USING "10A,104,10A,20A";"Segment”,"Start(Hz)","Stop(Hz)"
,"Humber of points"

140 ¢

180 FOR I=1 TO Kumb

160 GOSUB Loadpoin

1760 NEXT I

180 !

190 LOOP

200 INPUT "Do you want to edit? (Y/N)", An$
210 EXIT IF An$$"H" DR An$=[ln!|

220 INPUT "Segment Number?",l

230 GOSUB Loadpoin

240 END LOOP

250 !

Figure 2-12. Sample Program: Using List Frequency Mode (1/2)
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260 QUTPUT €Hp87510;"PRES" ! Pregset HP 87510A

270  OUTPUT €Hp87510;"CHAN1; AR; LOGM"

280 !

290 OUTPUT ¢€Hp87510;"EDITLIST" ! Freq. List Edit mode

300 OUTPUT @Hp87510;"CLEL" ! Clear list

310 FOR I=1 TG Numb

320 CUTPUT €Hp87510;"SADD" ! Add new segment

330 OUTPUT €Hp87510;"STAR ";Table(I,1) ! Start freq. of segment
340 OUTPUT €Hp87510;"STOP ";Table(I,2) ! Stop freq. of segment
350 OUTPUT ©Hp87510;"POIN ";Table(I,3) ! Number of points

360 OUTPUT @Hp87510;"SDON" ! Complete editing segment
370 NEXT I

380 OUTPUT ¢€Hp87510;"EDITDONE" ! Complete editing list
390 OUTPUT €Hp87510;"LISFREQ" ! List freq. mode ON

400 OUTPUT @Hp87510;"LISDOBASE" ! List Display Order Base
410 !

420 ON INTR 7 GOTO Sweep_end ! Define branch when interrupt occurs
430 OUTPUT €HpE7510;"CLES” ! Clear all status registers

440 DUTPUT CHp87510;“*SRE 4;ESNB 1" ! Set enable bits of STB and ESB
450 REPEAT ! Wait for registers are cleared
460 UNTIL SPOLL(&Hp87510)=0 ! Check STB

470 ENABLE INTR 7;2

480 OUTPUT ¢Hp87510;"SING" ! Trigger a swaep

490 Loop.top:GOTG Loop_.top

500 Sweep.end:
510 !

820 OUTPUT QHp8&7Y510;"AUTO" ! Auto acale
530  STOP
540 ! .
550 Loadpoin: ! ‘
560 INPUT "Enter start frequency (Hz)“,Table(I,1)
570 INPUT “Enter stop frequency (Hz)",Table(I,2)
580 INPUT "Enter number of points",Table(I,3)
590 IF Table(I,3)=1 THEN Table(I,2)=Table(I,1)
600 PRINT TABXY(0,I+1);1;TAB(10);Table(I,1);TAB(20);Table(I,2);TAB(35)
:Tabla(I,3)
610 RETURN
620 END
Figure 2-12. Sample Program: Using List Frequency Mode (2/2)
Line 90 Find out how many segments to expect.

Lines 120 through 140
Lines 160 through 180
Lines 200 through 250
Line 300

Line 310
Lines 320 through 380
Line 390
Line 400
Line 410
Lines 550 through 600

2.20 Programming Basics

Clear the sereen and print the table header.

Read in each segment.

Edit the table until editing is no longer needed.
Activate the frequency list edit mode, and open the list frequency
tabie for editing.

Delete any existing segments.

Enter the segment values,

Close the table,

Turn on the list frequency mode.

Display the trace for only the listed frequency ranges
This is a segment input routine.




Line 590

Set the stop frequency equal te the start frequency to avoid
ambiguity, if only one point is in the segment.

Programming Basics
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Using Limit Lines to Perform Limit Testing

This example shows how to create a limit table and send it to the HP 87510A. The command
sequence for entering a limit table imitates the key sequence followed when entering a table
from the front panel: there is a cornmand for every key press. Editing a limit is also the same
as the key sequence, but remember that the HP 87510A automatically reorders the table in
order of increasing start frequency.

This example takes advantage of the computer’s capabilities to simplify creating and editing
the table. The table is entered and completely edited before being transmitted to the

HP 87510A. To simplify the programming task, options such as entering offsets are not
included.

222 Programming Basics

10 !

20 ! Setting Up Limit Lines

30 !

40 DIM Table(1:31,1:3)

50 ASSIGN Q@Hp87510 TO 717 ! When iBASIC is used, change "717" to "800".

60 ABORT 7 ! When iBASIC is used, change "7" to "8".
70 CLEAR @Hp87510

80 !

90 OUTPUT @Hp87510;"PRES" ! Preset HP 875104

100 OUTPUT €Hp87510;"CHAN1; AR; LOGM"

110  QUTPUT €Hp87510;"SING" ! Sweep mode is SINGLE

120  INPUT "Enter start frequency (Hz)",F_start

130 INPUT “Enter stop frequency (Hz)",F_stop

140 OUTPUT QHp87510;"STAR " ;F_start

150  DUTPUT @HpB87510;"STOP “;F_stop

160 !

i70  INPUT "Number of limits?",Numb

180 !

19C¢  PRINTER IS 1

200 CLEAR SCREEN

210  PRINT USING "104,154,154,154";"Segment”,"Stimulus(Hz)","Upper(dB)"
,"Lower{dB)"

220

230 FOR I=1 TO Numb

240 GOSUB Loadlimit

250 NEXT 1

260 ¢

270 Loop

280 INPUT "Do you want to edit? (Y/N)",An$
200  EXIT IF An$="N" OR An$="n"

300 INPUT "Segment Number?",I

310 GOSUB Loadlimit
320 END LOOP
330 !

Figure 2-13. Sample Program: Setting up Limit Lines (1/2)




340
350
360
370
380
380
400
410
420
430
440
450
460
470
480
480
500
510
520
530
§40
550
560
8§70
580
590
600
610
620
630
640
650

OUTPUT €Hp87510;"EDITLIML" ! Edit limit line table
OUTPUT @€HpB7510;"LIMCLEL" ! Delete limit table
FOR I=1 TO Numb
OUTPUT €Hp87510;"LIMSADD" ! Add segment
OUTPUT €Hp87510;"LIMS “;Table(I,1) ! Stimulus break point
OUTPUT Q@Hp87510;"LIMU ";Table(I,2) ! Upper limit value
OUTPUT @Hp87510;"LIML ";Table(I,3) ! Lower limit value
OUTPUT @Hp87510;"LIMSDON" ! Complete editing segment
NEXT I
¥
OUTPUT €Hp87510;"LIMEDONE"
OUTPUT QHp87510;"LIMILINEON"
OUTPUT QHp87510;"LIMITESTON" ! Limit test ON
ON INTR 7 GOTD Sweep_end ! Define branch when interrupt occcurs

! Complete editing limit table
1
[
[
OUTPUT @Hp87510;"CLES" ! Clear all status register
!
1
i
i
i

! Display limit line

OUTPUT €@Hp87510;"#SRE 4;ESNB 1" ! Set enable bits of STB and ESB
REPEAT ! Wait for registers are clearad
UNTIL SPOLL{€Hp87510)=0 ! Check STB

ENABLE INTR 7;2 ! Set enable interrupt

OUTPUT @HpS87510;"SING" ! Trigger a sweep

Loop_top: GOTO Loop.top
Sweep.end: ¢

L]
H

OUTPUT @Hp87510;"OUTPFAIP?" ! Ask number of failed points
ENTER @Hp87510;Result ! Enter number of failed points
IF Result=0 THEN

PRINT "PASS"
ELSE

PRINT "FAIL® .
END IF ‘
STOP

660 Loadlimit: 1

)
o]
o
b
jot)
3
3,
[{=]
o
[)
o,
o
0

870  INPUT “"Enter stimulus value {Hz)",Table(I,1)

680  INPUT "Enter upper limit value (dB)",Table(I,2)

690  INPUT "Enter lower limit value (dB)",Table(I,3)

700 PRINT TABIY(O,I+1);I;TAB(11);Table(I,1) ;TAB(27);Table(I,2) :TAB(42)

;Table(1,3)
710 RETURK
720 END
Figure 2-13. Samplie Program: Setting up Limit Lines (2/2)
Line 40 Create a table to hold the limit values. It will contain the stimulus
value {frequency), the upper limit value, and the lower limit value,

Line 170 Ask for number of limits to expect.

Lines 190 through 210  Clear the screen and print the table header.
Lines 230 through 250 Read in each segment.
Lines 270 through 320 Edit the table until editing is no longer needed.

Line 340
Line 350

Begin editing the limit line table.
Delete any existing limits.

Lines 360 through 420 Enter the segment values.
Line 440 Close the table.
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Line 450 Display the limits.
Line 460 Activate the limit testing.
Lines 570 through 640  Detect result of the test and display PASS or FAIL.




Storing and Recaliing Instrument States
This example demonstrates ways of storing and recalling entire instrument states using HP-IB,

Coordinating disk storage

This example shows how to save and recall the instrument STATES from the disk installed in
the built-in disk drive.

10 s
20 ! Storing Instrument States
30 !
40  DIM Err$[50]
50 ASSIGH €Hp87510 TD 717 ! When iBASIC is used, replace "71T" with "800".
60 ABORT 7 ! When iBASIC is used, replace “7" to "8%,
70 CLEAR €Hp87510
80 OUTPUT ©Hp87510;"*CLS"
90 OUTPUT @Hp87510;"PRES" ! Preset HP 875104
100 QUTPUT GHp87510;"CHANL; AR; LOGHM"
110 INPUT “Enter center fresquency (Hz).",F_cent
120 IRPUT “Enter fraequency span (Hz).",F_span
130 OUTPUT €Hp87510;"CENT ";F_cent
140 OUTPUT €Hp87510;"SPAN ";F_span
150 t
160 INPUT "File name? (up to 8 char.)",Name$
170 OUTPUT ¢€Hp87510;"STODDPISK" ! Storage device is DISK
180 QUTPUT QHp87510;"SAVDSTA ""*;Name$;"""" ! Save Instrument states
190 QUTPUT QHp8T7510;"+0PC?"
200 ENTER @Hp87510;Dum
210 OUTPUT €@Ep87510;"OUTPERRO?" *
220 ENTER OHp87510;Err,Err$
230 IF Err THEN
240 PRINT "Error occurred.”
250 PRINT Err$
260 STOP
270 ELSE
280 INPUT “"Save done. Press [Return] to recall.",Dum$
290 END IF
300 !
310 OUTPUT @Hp87510;"PRES" __
320 OUTPUT @Hp87510;"RECD ""*;Name$;" S""" ! Recall instrument state
330 ! If DOS format disk is used, replace “_S" with ".STA".
340 OUTPUT @Hp87510;"x0PC?"
350 ENTER QHp87510;Dum
360 DPISP "Dona."
370 END
Figure 2-14, Sample Program: Storing Instrument States
Line 160 Get the name of the file to be created.
Line 170 Select an internal flexible disk drive for storage device.
Line 180 Save the instrument states and the calibration coefficients with the

file name. The file name must be preceded and followed by doubile
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quotation marks, and the only way to do that with an QUTPUT
statement is to use two sets of quotation marks: "".

Lines 190 and 200 Wait for completion of the save operation.

Lines 210 and 220 Check whether or not an error occurred.

Lines 230 through 290 If an error is detected, print the error number and the error message.
If an error is not detected, prompt the user to continue the program.

Line 320 Add the extension to the file name and recall the file.

Reading Calibration Data

This exampie demonstrates how to read measurement calibration data out of the HP 875104,
and how to return the data to the HP 87510A.

The data used to perform measurement error correction is stored inside the HP 87510A in up to
three calibration coefficient arrays. Each array stores a specific error coefficient, and is stored
and transmitted as an error corrected data array: each point is a real/imaginary pair, and the
number of points in the array is the same as the number of points in the sweep. The four data
formats also apply to the transfer of calibration coefficient arrays. Appendix D specifies where
the calibration coefficients are stored for different calibration types.

A computer can read out the error coefficients using the OUTPCALC{01-03} commands. Each
calibration type uses only as many arrays as needed, starting with array 1. Therefore, it is
necessary to know the type of calibration about to be read out: attempting to read an array
not being used in the current calibration causes the “REQUESTED DATA NOT CURRENTLY
AVAILABLE" warning to be displayed.

A computer can also store calibration coefficients in the HP 87510A. To do this, declare the
type of calibration data about to be stored in the HP 87510A just as if you were about to
perform that calibration. Then, instead of calling up different classes, transfer the calibration
coefficients using the INPUCALC{01-03} commands. When sall the coefficients are in the

HP 875104, activate the calibration by issuing the command SAVC, to have the HP 87510A take
a sweep measurement. .

This example reads the response calibration coeflicients into a very large array, from which
they can be examined, modified, stored, or returned to the HP 87510A.
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10

20

30

40

50

60

T0

80

90

100
110
120
130
140
150
170
180
190
200
210
220
230
240
250
260
270
280
280
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
460
470
480
4390

! Reading Calibration Data

]

DIM Dat(1:201,1:2)

DIM Head$[6]

ASSIGN ©@Hp87510 TO 717 ' When iBASIC is used, replace "717" to "800".
ABORT 7 ! When iBASIC is used, replace "7" to "8".

CLEAR ¢Hp87510

]

INPUT “Connect THRU and press [Return] to do cal.",Dum$

GOSUB Setup

GOSUB Cal :

OUTPUT €Hp87510;"SAVC" { Re~draw trace
OQUTPUT QHp87510;"POINT" ! Ask Number of points

ENTER €Hp87510;Nop ! Enter NOP
)

INPUT "Press [Return] to tramsmit cal data.',Dum$

ASSIGN €Dt TO 717;FORMAT OFF ! Set data I/0 path

QUTPUT @Hp87510;"FORM3" t IEEE 64-bit Floating Point Format
QUTPUT ©Hp87510;"0UTPCALCO17" ! Query calibration array

ENTER @Dt USING "#,84";A$ ! Enter header

ENTER €Dt :Dat(x) ¢t Enter data

ENTER €Dt USING "#,14A";B$ t Enter terminator

INPUT "Transmit done. Disconnect THRU and press [Return].",Dum$

GOSUB Sstup

GUSUB Cal

QUTPUT &Hp8T510;"SAVC" ! Re-draw trace
t

INPUT "Press [Return] to retransmit cal data.",Dum$
V$=VAL$ (Nop*2%8)
Numv=LEN(V$)
Head$="000000" ¢t Initialize header value
FOR I=1 TO Numv

Head$ [7-1,7-1)=V$[Numv-I+1, Numv-I+1]

NEXT I

]

OUTPUT ©Hp8T510;"INPUCALCOL ¥, ! Store cal data by HP-IB
OUTPUT €Dt USING “#,8A%;"#6"&Head$ ! Send header

OUTPUT €Dt ;Dat(*),END ! Send data

OUTPUT ©Hp87510;"SAVC" ! Re-draw trace

]

ASSIGN €Dt TO = ! Clear I/0 path

DISP "Retransmit completed. Connect DUT."
OUTPUT @Hp87510;"CONT" ! Sweep mode is CONT
STOP

Figure 2-15. Reading Calibration Data (1/2)
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50C Setup: !

510 F_cent=T.E+7
520 F_span=200000.
§30  OUTPUT €Hp87510;"PRES;"
540 QUTPUT €Hp87510;"CHAN1; AR; LOGM"
550  OQUTPUT QHp87510;"CENT ";F_cent
560  OUTPUT €Hp87510;"SPAN “;F_.span
§70 OUTPUT €Hp87510;"SING"
580 RETURN
590 H
600 Cal: !
610 OUTPUT €HpS7510;"swet 4"
620 OUTPUT ©Hp87510;"CALIRESP"
630 ON INTR 7 GOTO Sweep_end
640  OUTPUT ¢Hp87510;"CLES"
650 OUTPUT CHp87510;"+SRE 4;ESNB 1"
660 REPEAT
670 UNTIL SPOLL(¢Hp87510)=0
680  ENABLE INTR 7;2
690 OUTPUT @Hp87510;"STANC"
700 Loop_top:GOTD Loop_top
710 Sweep_end: !
720 !
" 730 QUTPUT €HpB7510;"*0PC?"
740 ENTER ©Hp87510;Dum
750  QUTPUT €Hp87510;"RESPDONE"
760 RETURK
770 END
Figure 2-15. Reading Calibration Data (2/2) »
Line 50 Declare the dimension part of the file header.
Line 110 Preset and set up the HP 87510A, and hoid the trigger.
Line 120 Perform a response calibration.
Line 130 Re-draw the trace with the calibration data.
Line 210 Request outputting the calibration data.
Line 220 Enter the file header.
Line 230 Enter the calibration data.
Line 240 Enter the file terminator.
Line 280 Perform the calibration to set the correction ON,
Line 320 Calculate the number of bytes transferred, and represents it in the
string format.
Line 330 Count the number of characters in the string which contains the
number of bytes transferred.
Line 340 Enter O as the initial value in all header arrays
Line 350 through 370  Place the number of bytes transferred to the header array digit by
digit from the sixth array to the first array of the header.
Line 390 through 410  Send the file header and calibration data.




Miscellaneous Programming Examples

Controlling Peripherals

The purpose of this section is toc demonstrate how to coordinate printers or plotters with the
HP 87510A.

The HP 87510A has two operating modes with respect to HP-IB, as set under the menu:
System controller mode and Addressable only mode. The system controller mode is used

when no controller is present, The addressable only mode is how a computer can control the
HP 87510A and passes active control to the HP 87510A so that the HP 87510A can plot or
print.

Note that the HP 87510A assumes that the address the computer is correctly stored in its
HP-IB addresses menu under the mDBESS entry. If this address is incorrect,
control will not return to the computer.

If the HP 87510A is in Addressable only mode and receives a command telling it to plot or
print, it sets bit 1 in the event status register to indicate that it needs control of the bus, If
the computer then uses the HP-IB control command to pass control to the HP 87510A, the
HP 87510A will take control of the bus, and access the peripheral. When the HP 87510A no
longer needs control, it will pass it back to the computer.

Control should not be passed to the HP 87510A before it has set event status register bit 1,
Request Active Control. If the HP 87510A receives control before the bit is set, control is
passed immediately back.

While the HP 87510A has control, it is free to address devices to talk and listen as needed. The
only functions denied it are the ability to assert the interface clear line (IFC), and remote line
(REN). These are reserved for the system controller. As active controller, the HP 87510A can
send messages to and read replies back from printers and plotters,

*

This example prints the display.
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10

i
! Controlling Peripherals

20

30 ¢

40 DIM Err$[100]

50  ASSIGN @Hp87510 TO 717

60 ¥

70 OUTPUT @Hp87510;"=CLS" ! Clear status reporting system

80 OUTPUT €Hp87510;"*ESE 2" ! Enable Request Active Control bit of ESE

90 !

100 OUTPUT €Hp87510;"PRINALL"

110  REPEAT

120 Stat=SPOLL(€Hp87510)

130 UNTIL BIT{(Stat,5)

140 !

150 PASS CONTROL €Hp87E510 ! Pass active control to HP 87510

160 DISP "Printing."

170  REPEAT

180 STATUS 7,6;Hpib

190 UNTIL BIT(Hpib,6)

200  DISP "Done."

205  ABORT 7 ! Return active control to system controller

210 1

220 OUTPUT @Hp87510;"OUTPERRO?Y

230 ENTER ©QHp87510;Err,Err$

240 IF Err THEN DISP Err$

250 END

Figure 2-16. Sample Program: Controlling Peripherals -

Line 70 Clear the status reporting system.
Line BO Enabie the Request Active Control bit in the event status register.
Line 100 Request printing,
Lines 110 through 130 Wait until the HP 87510A requests controi.
Line 150 Pass active control to the HP B7510A.
Line 170 through 190  Wait until the print is finished and control is returned.
Line 205 Return active control to the system controller.

Line 220 through 240  If an error occurred, print the error number and the error message.
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Transferring disk data files
The built-in disk drive is often used to store data files in addition to instrument states. The
file name is then appended with two characters to indicate what is in the file. “_D" indicates

the file contains the internal data array using the (SAVEJDATA ONLY or the SAVDDAT command.
Refer to “Saving and Recalling Instrument States and Data” in the Reference Manual for the file

structure.

This example demonstrates how to recall a data file stored by the built-in disk drive into a
computer using the disk drive connected to the computer.

Before running the program, store the data to the disk installed in the built-in disk drive,
remove the disk, and put the disk in to the computer’s disk drive.

3] !

20 ! Transferring Disk Data Files

30 !

50 INTEGER Nop

60 DIX Sw$(1:7)[8],Numseg(1:7)

70 DATA "Raw",8,%Cal",24,"Data",2,"Mem",2,"Unforn",2,"Trace",2
M Tracemenm" ,2 .

80 !

g0 INPUT "File name (with extension)?",File$

100  ASSIGN QPath TO File$

110 ENTER QPath USING "6X.%"

120 Numdat=0

130 PRINT "Data contained:"

140 FOR I=1 TO 7

180 READ Dat$,Num

160 GOSUB Datasw »

170 NEXT I :

180 PRINT

190 ENTER QPath USING "4X,#"

200 ¢

210 INPUT “Press [Return] to read data.",Dum$

220 FOR J=1 TO Numdat

230 FOR I=i TO Numseg(J)

240 PRINT Sw$(J);I

250 GOSUB Dataseg

260 PRINT

270 NEXT I

280 PRINT

290 IF JNumdat THEN INPUT "Press [Return] to read next data.",Dum$

300 NEXT J

310  ASSIGN ¢Path TO =

320 STOP

330 !

Figure 2-17. Sample Program: Transferring Disk Data Files
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340 Dataseg: !

400 NEXT K
420  RETURN
430 !

440 Datasw: 1

460 IF Sw THEN

350 ENTER CPath;Nop

360 ENTER OPath USING "4X,#"
370 FOR K=1 TO Nop

380 ENTER @Path;X,Y

390 PRINT K,X,Y

410 ENTER €Path USING "4X%,#"

450 ENTER €Path USING "B,#";Sw

470 Numdat=Numdat+1
480 Sw$ (Numdat)=Dat$
490 Fumseg(Numdat)=Num
500 PRINT Sw$(Numdat)
510 END IF

520 RETURN

530 END

Figure 2-17. Sample Program: Transferring Disk Data Files (2/2)

Lines 50 and 60
Line 90

Line 100

Line 120 through 170
Line 220 through 300
Line 230 through 270
Line 310

Lines 340 through 420
Lines 440 through 510
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Set up the data of possible data groups.

Get the file name to load. The file name must be included the
extension: “_D”"(for LIF) or .DAT(for DOS).

Define an 1/0 path which points to the chosen file,

Read the data switches and examine the data contained.
Enter a data group. »
Enter a data segment.

Close the I/O path.

Read a data switch.

Enter a data segment.




Status Reporting

The HP 87510A has a status reporting mechanism that gives information about specific
functions and events inside the HP 87510A. The status byte is an 8-bit register with each bit
summarizing the state of one aspect of the HP 87510A. For example, the error queue summary
bit will aiways be set if there are any errors in the queue. The value of the status byte can

be read with the SPOLL statement. This command does not automatically put the HP 87510A
into the remote mode, thus giving the operator access to the HP 87510A front panel functions.
Reading the status byte does not affect its value. The sequencing bit can be set by the operator
during execution of a test sequence.

The status byte also summarizes two event status registers and one operational status register
that monitor specific conditions inside the HP 87510A. The status byte also has a bit that is set
when the HP 87510A is issuing a service request over HP-1B, and a bit that is set when the

HP 87510A has data to send out over HP-IB. Refer to Appendix B for a definition of the status
registers.

o

w0
3
=y

=1
s
o
@,
-3
o)

The error queue holds up to 20 instrument errors and warnings in the order that they occurred.
Each time the HP 87510A detects an error condition and dispiays a message on the CRT, it

also puts the error in the error queue. If there are any errors in the queue, bit 3 of the status
byte will be set. The errors can be read from the queue with the QUTPERRO? command, which
causes the HP 87510A to transmit the error number and the error message of the oldest error
in the error queue {first in first out).

1t is also possible to generate interrupts using the status reporting mechanism. The status byte
bits can be enabled to generate a service request (SRQ) when set. The computer can in turn be
set up to generate an interrupt on SRQ.

To be able to generate an SRQ, a bit in the status byte has to be enabled using *SRE %. A one

in a bit position enables that bit in the status byte. Therefore, +SRE 8 enables an SRQ on bit

3, check error queue, since 8 equals 0000 1000 in binary representation. That means that
whenever an error is put into the error queue and bif 3 is set, and the SRQ line is asserted. The
only way to clear the SRQ is to disable bit 3, re-enable bit 3, or read out all the errérs from the
quene,

A bit in the event status register can be enabled so that it is summarized by bit 5 of the status
byte. If any bit is enabled in the event status register, bit 5 of the status byte will also be

set. For example, «ESE 66 enables bits 1 and 6 of the event status register, since 66 equals
0100 0010 in binary representation. Therefore, whenever active control is requested or a front
panel key is pressed, bit 5 of the status byte will be set. Similarly, ESNB n enables bits in event
status register B so that they will be summarized by bit 2 in the status byte.

To generate an SRQ from an event status register, enable the desired event status register bit.
Then enable the status byte to generate an SRQ. For instance, *ESE 32 and *+SRE 32 enable the
syntax error bit, so that when the syntax error bit is set, the summary bit in the status byte
will be set, and it enables an SRQ on bit 5 of the status byte,

During the sample program (Figure 2-18) is running, you can try get into the subroutine
“Err_report:” when this program is executed in an external controller and Instrument BASIC
is installed in your HP 87510A.

Type a command in command line on the HP 87510A from the keyboard to occur an error:
For exampie :

QUTPUT 800; "HELLO"
Because EELLD is not the command of HP 875104, an error wiil occur,
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! Generating Interrupts
!

ASSIGN €Hp87510 TO 717
1

QUTPUT €Hp87510; "*(CL3" ! Clear status reporting system
QUTPUT €Hp87510;"*ESE 32" ! Enable bit-5 of ESR

OUTPUT @Hp87510;"*SRE 32" ! Enable bit-5 or status byte

1

ON INTR 7 GOSUB Err.report
ENABLE INTR 7;2

'

LooP

EKD LOOP

STOP
'

170 Err_report:!

180 Stat=SPOLL(€Hp87510)
190 OUTPUT €Hp87510;"*ESR?"
200 ENTER €Hp87510;Estat
210 PRINT "Syntax error detected."
220 !
230 QUTPUT ©Hp87510;"OUTPERRO?" ! Ask error
240 ENTER @Hp87510;Err,Err$ ! Enter error number and message
250 PRINT Err,Err$
260 t
270 ENABLE INTR 7
28¢ RETURN
290 END "
Figure 2-18, Sample Program: Generating Interrupts

Line 60 Clear the status reporting system.

Line 70 Enabile bit 5 of the event status register.

Line 80 Enable bit 5 of the status byte so that an SRQ will generated when a
syntax error occurs.

Line 100 Tell the computer where to branch on an interrupt.

Line 110 Tell the computer to enable an interrupt from interface 7 (HP-IB)

' when value 2 (bit 1; SRQ bit} of the interrupt register is set. A

branch to Err_report will disable the interrupt, so the return from
Err_report re-enables it. If there is more than one instrument on the
bus capable of generating an SRQ, it is necessary to use serial poll to
determine which device has issued the SRQ. In this case, we assume
the HP 87510A issued it. A branch to Err_report will disable the
interrupt, so the return from Err_report re-enable it.

Line 130 and 140 Do nothing loop.

Line 180 Clear the SRQ bit of the status byte.

Lines 190 and 200 Read the register to clear the bit.

Lines 230 through 250
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message, and print them.

Instruct the HP 87510A to output the error number and the error




HP-IB Programming Reference

This chapter provides a reference for HP-IB operation of the HP 87510A. Use this information
as a reference to the syntax requirements and general function of the individual commands

This chapter lists the commands in alphabetical order. Refer to Appendix A for a functional list
of the commands.

Refer to the Reference Manual for the details of each function, or to the Service Manual for
the details of the service related functions.

HP-IB Command Syntax

%veiulom

!
@
D
g
o
ol
B &
o

fe active channel,

; Query )

Sets the center stimulus value.

vadue 107 to 3.0x10

wﬁ&kn Refer to "Suffix".

O Upper case bold characters represent the program codes which must appear exactly as
shown with no embedded spaces. Upper and lower case characters are equivalent.

@ Characters enclosed in the { } brackets are qualifiers attached to the root mnemonic.
There can be no spaces or symbols between the root mnemonic and its appendage.
For example:

{ON|OFF} shows that either ON or OFF can be attached to the root mnemonic.
AVER{ON|CFF} means AVERON or AVEROFF.

{1-4} shows that the numeral 1, 2, 3, or 4 can be attached to the root mnemonic.
DELR{1-4} means DELR1, DELR2, DELR3, or DELR4.

5)] A constant or a pre-assigned simple or compiex numeric or string variable transferred to
the HP 87510A. There must be a space between it and the code.
@ Square brackets indicate that the enclosed information is optional.
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® Key or softkey which has the same function.
® “Query” indicates that the command can be queried. Refer to “Query Commands”.

Note A semicolon (;) is required as a separator for each program command except for
the last command.
# For example, either of the following is acceptable.

QUTPUT Hp87510;"CHAN1; AR; LOGM;"
OUTPUT Hp87510;"CHAN1; AR; LOGM"

Query Commands
All instrument functions can be interrogated to find the current On/Off state or value.

For instrument state commands, append the question mark (?) character instead of {ON|OFF}
to interrogate the state of the functions. The HP 87510A re to the next controller ENTER
operation with a “1” or a “0” to indicate ON or OFF, respectively.

= For setting functions such as SCAL value, using SCAL? causes the HP 87510A to respond to

' the next controller ENTER operation by the current function value output then clearing the
instrument entry area.

If 2 command that does not have a defined response is interrogated, the instrument outputs a
zero,

» Example 1
AR

QUTPUT Hp87510;"ART7;"

ENTER Hp87510;Reply

PRINT "Input port is AR?",
IF Reply THEN PRINT "Yes"

IF NOT Reply THEK PRINT "No"

m Example 2
CLASS11{A|BI|C}

OUTPUT Hp87510;"CLASS117;"
ENTER Hp87510;Reply$
PRINT "3 TERM calibration standard class is ";Reply$

a Example 3
ADDRCONT walue

OUTPUT Hp87510;"ADDRCONT?;"
ENTER Hp87510;Reply
PRINT "Controller HP-IB address is ";Reply
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Suffix

The following suffixes can be used as the units of the command parameter:
Frequency: Hz (default)

Power: dBm (default)
Log mag: dB (default)
Delay time: s {default)
Phase: deg {default)

Capacitance: ¥ (default)
Inductance: H {default)
Impedance: ohm {default)

If no suffix is used, the HP 87510A assumes the default values for the instruction. Upper and
lower case characters are equivalent.

Code Naming Conventions

The HP-IB Commands of HP 87510A are derived from their front panel key titles (where
possible), according to the naming conventions below.

Y
@,
@
)
1]
>
&
o

Some codes require additional parameters (on, off, 1, 2, etc.). Codes that have no front panel
equivalent are HP-IB only commands, and use a similar convention based on the common name
of the function. Where possible, HP 87510A codes are compatible with HP 8751 A, HP 8753 and
HP 8510 codes.

*

Table 3-1. HP-IB Code Naming Conventions

Example
Convention For HP-IB Code Use
Key Title . HP-IB Code
One word First four letters : POVE
STAR
Two words First three letters of first word and ELED
first letter of second word SEAR
Twowords ina gmup" First four letters of both MARKCEKT
Three Words First three letters of first word, CALK7THMM
first letter of second word, and SEARSTOR
first four letters of third word
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HP 87510A Instrument Command Reference

ADDRCONT value

Sets the HP-IB address which the HP 87510A will use to communicate with an external
controller.

CONTROLLER under (LOCAL); Query)
0to 30

ADDRPLOT value
Sets the HP-IB address which the HP 87510A will use to communicate with the plotter.

5 iR under ((OCAL); Query)
value 0 to 30

ADDRPRIN value
Sets the HP-IB address which the HP 87510A will use to communicate with the printer.

RESS: PRI under (LOCAL); Query)
value 0 to 30

ANAOCH1
Selects channel 1 for waveform analysis. For details, refer to Appendix E. (Query)

b

ANAOCH?2
Selects channel 2 for waveform analysis. For details, refer to Appendix E. (Query)

ANAODATA
Selects a data trace for waveform analysis. For details, refer to Appendix E. (Query)

ANAOMEMO
Selects a memory trace for waveform analysis. For details, refer to Appendix E. (Query)

ANARANG value[sufiix],valuel[suffix]

Sets the waveform analysis stimulus range by entering the START and STOP values. For details,
refer to Appendix E. (Query)

value 1 (kHz) to 3.0 (MHz)
suffir refer to “Suffix”
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BEEPDONE {ON|OFF}

ANARFULL
Sets the analysis range equal to the full stimulus range, For details, refer to Appendix E.

AR
Calculates and displays the complex ratio of input A to input R.

@ under (MEAS); Query)

ASCE string
Sets user defined extension for ASCII save file in MS-DOS format. Default setting is “.TXT”.
Modified extension is kept in SRAM even if power is OFF.

DEFINE EXTENSION ASCII DATA under {(SAVE) : Query)

Extension name. Up to 3 characters

AUTO

el
3]
Selects the scale/div value automatically to fit the trace data to the display. @
jo)

under (SCALE REF )

AVER {ON|OFF}
Sets the averaging function ON or OFF for the active channel.
(AVERAGINC nder (&75); Query)

AVERFACT value
Sets the averaging factor.

AV 1 GF: under (AVG); Query)
value : 1 to 998

AVERREST
Resets and restarts averaging.

T under (AV6))

BEEPDONE {ON|OFF}
Sets the operation completion beeper ON or OFF.
: DONE on of ¢ under (DISPLAY); Query)
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BEEPFAIL {ON|OFF}
Sets the Limit fail beeper ON or OFF.

under (SYSTEM); Query)

BEEPWARN {ON|OFF}
Sets the warning beeper ON or OFF.
WARN on off under (DISPLAY); Query)

BINCLEL
Ciears BIN sort table of active channel,

under {SYSTEM])}

BINEDONE
Completes editing the BIN sorting table.

under (SYSTEM))

BINESB value

Sets to write a bit to the Event Status resistor B (ESB)if the result is sorted into the specified
BIN. '

value (: Out of BIN
1 to 16: BIN Number
17: Not Write 1o ESB #*

BINL value
Sets lower limit of the BIN,

under (SYETER)

~5.0x10¢° to 5.0x 10° {dB) (Log mag format)
-5.0x10° to 5.0x10° (deg) (Phase and Expanded phase formats)
~5.0x10° to 5.0x 10° (s) (Delay format)

- ~5,0x10° to 5.0x 10% (Units) (Polar, Lin mag, Real, and Imaginary formats)

suffix refer to “Suffix”

BINO value
Sets the out of limit pattern (8 bit) of BIN sorting in decimal value.
value 0 to 255 (integer, decimal)
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BINSEDI value

BINOCA

Sets the output port of a BIN resuit to A port of 24-bit I/0 port. ’
C=TEw)

BINOB
Sets the output port of a BIN resuilt to B port of 24-bit /0 port.

under {SYSTEM])

BINP value _
Sets the output pattern (8 bit) of BIN sorting as a decimal value.
value 0 to 255 (integer, decimal)

BINS {ON|OFF}
Sets BIN sorting test on or off,
- under (SETEM)

33
(o)
8
@
=
@
=
&
@©

BINSADD
Adds a new BIN to the BIN sort table.

D under (SYSTEM))

BINSDEL »
Deletes a selected BIN from the BIN sort table.

£ under GYSTERD)

BINSDON
Complete editing a BIN.

under (EYSTEW)

BINSEDI value
Selects BIN to edit.

BIN under (SYSTEM))
value BIN number. 1 to 16
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3B HPBProgramming Refarancs

BINSLINE {ON|OFF}
Sets BIN Iline display on or off.

- under (3YSTEM))

BINU value[suffix]
Sets upper limit of the BIN.
UPPER LINIT under (SYSTEM)

~5.0x 10% to 5.0x10° (dB) (Log mag format)

-5.0x10° to 5.0x10° (deg) (Phase and Expanded phase formats)

-5.0x 10° to 5.0x10° (s) (Delay format)

—5.0x10° to 5.0x 10° (Units) (Polar, Lin mag, Real, and Imaginary formats)

suffix refer to “Suffix”

CO0 value
Enters the constant term of the open circuit capacitor model value, Ce.

under (CAL))
value 0 to 1,000 (x 10~15 F)

C1 value
Enters the constant term of the open circuit eapacitor model value, C,.

1 under @D) i,
value 0 to 1,000 (x 10~ F/Hz)

C2 value
Enters the constant term of the open circuit capacitor model value, C,.

under (CAL))
value 0 to 1,000 (x 10735 F/Hz?)

CALCASSI
Shows the tabular listing of the calibration kit class assignment.

" under (C3EY)




CAIENS0

CALI parameter
Selects the measurement calibration type. {Query)
parameler description

NONE No calibration

RESP Response measurement calibration

RAI Response and isolation measurement calibration
s111 i-Port measurement calibration at port 1
CALIRAI

Selects the response and isolation measurement calibration.
under (CAL); Query)

CALIRESP

Selects the response measurement caiibration.

-under (CAL); Query)

CALIS111
Selects the 1-port measurement calibration at port 1.

under {CAL); Query)

o
@,
1
2]
o
3
5]
@

CALK parameter
Selects the calibration kit. (Query)
parameter description

APCT 7 mm

N50 Type-N 50 @
N75 Type-N 75 @
USED User-defined
CALK7MM

Selects the 7 mm calibration kit.
: under (CAL); Query)

CALKNS0
Selects the 50 {1 type-N calibration kit.

- under (CAL); Query)
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CALKNTH
Selects the 75 0 type-N calibration kit.

under (CAL); Query)

CALKUSED
Selects a calibration kit model defined or modified by the user.

under (CAL); Query)

CALN
Selects using no calibration.

under (CAL); Query)

CALS value
Provides the tabular listing of the standard setting.

under (COPY})

CENS valuel [sufiix], value? [sufix]
Sets center and span stimulus value.
((CENTER) and (SPAN); Query)

valuel Center stimulus; 1 (kHz) to 300 (MHz)
valuel Span stimulus; O (Hz) to 299.999 (MHz)
suffix refer to “Suffix”

CENT value [suffix]
Sets the center stimulus value.

((CENTER), or under (MENU}; Query)

value 1 (kHz) to 300 (MHz)
suffix refer to “Suffix”

CHAD string
Changes the current directory {only MS-DOS format_).

under )
string Directory path
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CONT

CHAN1
Selects channel 1 as the active measurement channel. (CH1); Query)

CHANZ2 _
Selects channel 2 as the active measurement channel. ((CH2); Query)

CIN
Set port C of the 24-bif 1/0 port to be an input port.

CLAD
Completes specifying a class.

- under (CAL))

CLASS11 {A[B[C}

Selects port 1 (S11) one-port calibration standard class: S11A (open), S11B (short), or S11C
(load}.

Y.
@
o
@
o ]
D
- I
&
&

under (CAL))

CLEL
Clears the current frequency list.

CLEM {1-8}
Clears the marker.

CLES

Clears the status byte, the event status régister, the event status register B, and the operational
status register.

CONT
Continuous trigger.

- under (MENU); Query)
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CONV parameter

Selects the measurement data conversion setting(impedance, admittance, or multiple phase).
(Query)

parameler description

OFF Conversion OFF
ZTRA Z:transmission
YTRA Y:transmission
ONEDS Reciprocal {1/5)
MP4 Muitiply phase by 4
MPS8 Multiply phase by 8
MP16 Multiply phase by 16
CONV1DS

Expresses the data in inverse measured parameter values.
under (MEAS); Query)

CONVMP {4/8/16}
Multiplies the current phase trace by a multiplier factor specified by a qualifier ( 4, 8, or 16 ).

under (MEAS); Query)

CONVOFF
Turns off all parameter conversion operations.

(OFF under (WEAS); Query) ’

CONVYTRA

Converts transmission data to its equivalent admittance values.
- under (MEAS); Query)

CONVZTRA

Converts fransmission data to its equivalent impedance values.

under (MEAS); Query)

COPA
Aborts printing or plotting in progress.

ORT under {COPY))
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COPT {ONIOFF}
Sets the time stamp function ON or OFF,

under (COPFY); Query)

CORR {ON|OFF}
Sets the error correction funetion ON or QFF

under (CAL); Query)

COUC {ON|OFF}
Sets the channel coupling of stimuius values ON or QFF.

under (MENU); Query)

DATAM3TER

COouT :

Sets port C of the 24-bit I/0 port to be an output port. :_cg '
o]
g

CRED string 8

Create a directory (only MS-DOS format).

REATE DI - under (SAVE))
string Up to 8 characters for directory name and up to 3 characters for extension
CURD? *

QOutputs current directory.

DATAM3TER
Displays calculated data using the following eguation:

D = (M ~ E,)

{E3 + E4(D — Ey))

Where,
D : Display data
M : Measured data
Es : Defined by INPUDATM2 command
FEs : Defined by INPUDATM3 command
&y : Defined by INPUDATM4 command
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DATAMNONE

Displays measurement data without calculation.

DATAMTHRU
Displays calculated data using the following equation:
M

D hd "E";

Where,

D : Display data

M : Measured data

E; : Defined by INPUDATM1 command

DAYMYEAR

Sets the displayed date mode to day/month/year order.
under (SYSTEM); Query)

DCBUS value
Selects the DC bus.
(Under SERVICE MENU under (SYSTEM); Query)

value 0to 20

DEFS value
Defines the number of the calibration standards to be modified.

- under {CAL))

welue 1to8

DELA
Selects the Delay format for the current measurement.

 under (FORMAT); Query)

DELO
Sets the delta marker mode OFF.

- under (MKR); Query)
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DISAALLB

DELR {1-8}
Selects the delta reference marker.
: . under (MKR); Query)

DELRFIXM

Sets the user-specified fixed reference marker.

(8REF R under (MKR); Query)

DESTOFF

Sets destructive RAM testing OFF. (DATA in RAM will be restored when test is completed.)

(Under SEl under (SYSTEM); Query)

DESTON :
i i

Sets destructive RAM testing ON. (DATA in RAM will be lost.) %

(Under SERVICE under (ZYSTEM); Query) ?:.;
o

DFLT

Outputs the plotting parameters to the defauit values.

' under (CFY)

DIN
Set port D of the 24-bit 1/0 port to be an input port.

DISA parameter
Selects the display allocation mode. (Query)
parameter description

ALLI All instrument

HIHB Half instrument half BASIC
ALLB All BASIC

BASS BASIC status
DISAALLRB

Displays only the HP Instrument BASIC display on the HP 875610A’s CRT.
C under (DISPLAY); Query)
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DISAALLI
Displays only the measurement graticule on the HP 87510A’s CRT.

under (BEFLAY); Query)

DISABASS

Dlsp!ays only the HP Instrument BASIC status on the HP 87510A's CRT.

Displays the measurement graticule (top half) and the HP Instrument display (bottom hailf) on
the HP 87510A’s CRT.

under (SEFLAY); Query)

DISBLIST
Displays BIN sorting table on the HP 87510A’s CRT.

DISFDOS
Sets the format for initializing the flexible disk in the internal disk drive in MS-DOS format.

; under (SAVE) ; Query)
Supported MS-DOS formats are:

®m 720 kbyte, 80 tracks, double-sided, 9 sector/track
w 1.44 Mbyte, 80 tracks, double-sided, 18 sector/track *

DISFLIF

Sets the format for initializing the flexible disk in the HP 87510A's mtemai disk drive in LIF
(Logical Interchange Format) format.

under ; Query)

DISG {ON|OFF}
Sets the graticule display on or off.

under {DISPLAY); Query)

DISL {1]2}
Selects list sweep table 1 or 2 to be displayed and hard copied.

under (COPY))
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DISLLIST
Displays the limit table on the display.
* under {COPY))

DISMCTSP
Displays the list sweep stimulus range in the center and span format.,

 under (C8BY); Query)

DISMMD
Selects the middle and delta format for the limit testing table.

under (COPY); Query)

DISMNUM

Displays the list sweep stimulus resolution in the number of points format.

under (CGPY); Query)

DISMSTEP
Displays the list sweep stimulus resolution in the step size format.

. under (COPY); Query)

DISMSTSP
Displays the list sweep stimulus range in the start and stop format.

under (COPY); Query)

DISMUL
Selects the upper and lower format for the limit testing table.

- under (COPY}; Query)

DISP parameter
Selects the display trace type. (Query)
parameter description

DATA Data only

MEMO Memory only

DATM Data and memory

DbM Data divided by memory
DMM Data minus memory

DISP parameter

Yy
11
o
.3
o
=
o
8 -
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DISPDATA
Displays 2 trace of measured data.

DISPDATM
Displays traces of both measured data and memory data.

DISPDDM
Displays the trace of the results of measured data divided by memory data.

DISPDMM
Displays the trace of the results of measured data subtracted from memory data.

DISPMEMO
Displays a trace of memory data.

DIST {ON|OFF}
Sets the trace display on or off.
£ under (GEPLAYY, Query)

DONE

Completes the measurement of the selected standard calibration.

under *

bouT
Sets D port of the 24-bit 1/0 port to output port.

DSKEY

Disables the front panel keys and the rotary knob. To enable the keys and knob again, send the
ENKEY command,

DUAC {ON|OFF}
Selects the dual (ON) or single (OFF) channels display.

under (BISPLAY}; Query)
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ENKEY
EDITBINL
Begins editing the BIN sorting table.
| under (YSYEM)

EDITDONE
Completes editing the frequency list for the list sweep,

: under (MEND))

EDITLIML
Begins editing the limit line table.

under (SYSTEM))

EDITLIS1

Selects list 1 for editing.
- under (MEND); Query)

o
@
o
™
@
3
o}
17

EDITLISZ
Selects list 2 for editing.

EDITLIST
Begins editing the frequency list.

ELED value [s]
Sets the electrical delay.

- under (SCALE REF); Query)
value —-10to 10(s)

ENKEY

Re-enables the front panel keys and the rotary knob which have been disabled by the DSKEY
command.
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EQUCPARA?

Executes four element analysis of a crystal resonator, and outputs parameters, Cy, Cq, L, and
R;. For more information, refer to “EQUPARA?” in Appendix E. (Data format: C,, Cy, Ly, Ry)

EQUCPARS?

Executes four elements analysis of a crystal resonator, and outputs parameters, Gq, Cy, Ly, B;,
f,, fa, fr, f1, and f,. For more information, refer to “EQUPARA?” in Appendix E. (Data format:

Cﬂy Ch Lh Rl! fl: fas fr: fl: f2)

ESB?
Outputs the event status register B value,

ESNB value
Specifies the bits of event status register B.
value 0 to 32,767 (=2'%~1)

EXET
Executes the service test.
(Under § under (Y3TEM))

EXPP
Selects the expanded phase format for the current measurement.

under (FORMAT); Query)

EXTRLOCK?
Outputs the state of the external reference (locked or uniocked).
(Under under (SYSTEM))

EXTT parameter
Selects the external trigger mode. (Query)
parameter description

OFF External trigger OFF (internal trigger mode ON)
ONSWEE On sweep

ONPOIN On point

MAN Manual trigger mode on point
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EXTTOFF
Sets the internal measurement trigger mode (external trigger OFF).

I"F under (MENU); Query)

EXTTON

FIRLPOPE

Sets the external measurement trigger mode to ON. When triggered, one measurement sweep is

executed.

SWEEP. under (MENU); Query)

EXTTPOIN
Sets the external measurement trigger mode to ON. When triggered, one point is measured.

- under (MENU}; Query)

FBUS value
Selects the frequency bus
(Under ¥ under (SYETEM))

valﬁe Otob

FILC siringl,string2,string3,string4
Copies file on flexible and RAM disks.

stringl Source file name. String. Up to 12 characters.
string? Source device name. "MEMORY" or “DISK"
string3d Destination file name. String. Up fo 12 characters.
string4 Destination device name, "MEMORY" or "DISK"
FIRLPNOR

Sets first local PLL to NORMAL.
under (SYSTEM); Query)

FIRLPOPE
Sets first local PLL to OPEN.

under (SYSTER); Query)
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FIRR?
Outputs the firmware revision.
under (SYSTEW))

FMT parameter
Selects the display format. (Query)
parameter description

LOGM Log magnitude format

PHAS Phase format

DELA Delay format

POLA Polar chart format

LINM Linear magnitude format

REAL Real format

IMAG Imaginary format

EXPP Expanded phase format
LOGMP Log magnitude and phase format
LOGMD Log magnitude and delay format
FNDAUTO

Sets FN DAC to AUTO.
(Under SERVICE MENU. under (SYSTEM); Query)

FNDMANU
Sets FN DAC to MANUAL.
under (SYSTEM); Query)

FNDVALU value
Sets the FN DAC value.

(Under - under (SYSTEM}; Query)
value 0 to 255

FNVNARR
Sets the FN VCO to NARROW.

FNVNORM |
Sets FN VCO to NORMAL.
- under (SYSTEM); Query)




GRAE string

FNVOPEN
Sets the FN VCO to OPEN.
(Under under (SYSTEM}; Query)

FNVWIDE
Sets FN VCO to WIDE.

FORM2

Sets the IEEE 32-bit floating point format to transfer trace data and waveform analysis (Refer
to Appendix E) data via HP-IB.

FORMS3

Sets the IEEE 64-bit floating point format to transfer the trace data and waveform analysis
(Refer to Appendix E) data via HP-IB.

FORM4

Sets the ASCII transfer format to transfer the trace data and waveform analysis (Refer to
Appendix E) data via HP-IB.

FORMS5

Sets MS-DOS format to transfer the trace data and waveform analysis (Refer to Appendix E)
data via HP-IB,

FREO
Erases the frequency annotation on the display. Preset to turn ON.

under (DSPLAY); Query)

FULP
Selects full page plotting,

under (CGPY); Query)

GRAE string

Sets user defined extension for HP-GL file saved in MS-DOS format. Default setting is “ . HPG",
The modified extension is kept in SRAM even when power is turned OFFT.

€5’ under (S&7E) : Query)

string Extension name. Up to 3 characters
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GRODAPER value [pct]

. under (AWS); Query)
value 1 to 200 (%)

HOLD
Holds the present measurement,

(HOLD under (MEND); Query)

IFBW value [sufiix]
Sets the bandwidth value for IF bandwidth reduction.

under (AVG); Query)

2, 20, 200, 1,000, 4,000, or 8,000(Hz)
refer to “Suffix”

IFBWAUTO
Automatically selects the proper IF bandwidth for each measurement point.

IFRAUTO

under (SYSTEM); Query)

IFRCH?
Outputs the IF range set channel.

under (SYSTERD)

IFRX1
Sets the X1 range for the IF range.

under (SYSTEM); Query)
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IFRX1X8
Sets X1, X8 range for the IF range.

(Under SERVICE MENU under (BYSTEM); Query)

IFRX64

IFRX8X1

IMAG
Displays only the imaginary (reactive) portion of the measured data in Cartesian format.

under (FORMAT); Query)

INID
Initializes the disk in the built-in flexible disk drive.

under {RECALL))

*

INPSIO
Inputs data from the 4-bit paraliel input port to the HP 87510A. (option 005 only)

INP8SIO?

Inputs daty from the 4-bit parallel input port to the HP 875104, and outputs the data to a
computer.(option 005 only)

INPT?

Outputs value which tells whether there is pulse input at the Inputl port of the 24-bit I/O port.
When there is pulse input at Inputl, the return value is a 1. When there is not, the return
value is a 0. Once INPT? returns 1, next INPT? query returns O until the next pulse input has
occurred at Inputl.
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INPUCALC {01-03} value

Stores the measurement calibration error coefficient set real/imaginary pairs input via HP-IB
into instrument memory. Refer to Appendix D for calibration array assignments.

value Complex number (Data format: real, imaginary)

INPUCALK value
Stores the calibration kit data transmitted by the OUTPCALK? command.

value Block data (Data format: HP 87510A internal format (714 bytes of binary
data))

INPUD

Executes a 3-term calibration by using real data which are set with INPULOAA, INPUOPER, and
INPUSHOA commands.

INPUDATTP valuel ,valuejsufiz]
Enters data to the nth point of a data trace,

valuel point number, zn. 0 to 801
valuel input data. complex value. (Data format:Real, Imaginary)
suffix refer to “Suffix”

INPUDATM] vaiue

Inputs the complex parameter E; for the DATAMTHRU command. Default complex value is
1+ 0.

value Complex number (Data format: real, imaginary) *

INPUDATM2Z value

Inputs the complex parameter E; for the DATAM3TER command. Defauit complex value is
0 + j0.

value Complex value (Data format: real, imaginary)

INPUDATMS3 value

Inputs the complex parameter E; for the DATAM3TER command. Default compiex value is
a0+ ;0.

value Complex value (Data format: real, imaginary)
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INPUTMEM value

INPUDATM4 value

Inputs the complex parameter £4 for the DATAM3TER command. Default complex value is
1+ ;0.

palue Complex value (Data format: real, imaginary)

INPUFORM value
Inputs formatted data.
value Complex value (Data format: real, imaginary)

INPULOAA value
Inputs the real LOAD data array for a 3-term calibration.

walue Complex number (Data format; real, imaginary)

INPUMEM value (
o

Inputs data to the memory array. g.,

value Complex number (Data format: real, imaginary) §;
3
)

INPUMEMTP '

Enters the nth point’s memory-trace data. This command can only be used by the EXECUTE
which is an HP instrument BASIC command.

value point number. 0 to 801

INPUOPEA value
Inputs the real OPEN data array for a 3-term calibration.
value Complex number {Data format: real, imaginary)

INPUSHOA value
Inputs the real SHORT data array for a 3-term calibration.
value Complex number (Data format: real, imaginary)

INPUTMEM value
Inputs data to the memory trace,
value Complex number (Data format: real, imaginary)
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IOPO?

Returns the installed option number of the 1/0 port of the rear panel. If not option is installed,
I0PO? returns string, “STD”, If Option 005 is installed, I0P0? returns “005", and Option 006 is
installed, I0P0? returns “006”. (query only)

KEY value

Sends the key code for a key or a softkey on the front panel. This is equivalent to actually
pressing a key. Refer to Appendix C for key codes.

value 0to 48
KITD

Ends the calibration kit modification process

LABERES {I|P} string

Defines the label for response and isolation, or response class when modifying the calibration
kit.
(F e under (GAL)
string Up to ten characters may be used.

LABES11 {A|B|C} string

Defines the label for S11A (opens), S11B (shorts), or S11C (loads) class when modifying the
calibration kit. »

under (CAL}))
string Up to ten characters may be used.

LABK string
Defines the calibration kit label when modifying the calibration kit.

. under (CAD)
string Up to ten characters may be used.

LABS string
Defines the calibration standard label when modifying the calibration Kkit.

5 under (GAD)

Up to ten characters may be used.
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LIMIAMPO value [sufix]

LEFL
Sets the plot quadrant to the lower left.

under (COPY); Query)

LEFU
Sets the plot quadrant to the upper left.

under (€GPY); Query)

LIMCLEL
Clears all of segments in the limit test.

under (SYSTEW)

LIMD value [suffix]
Sets the limits delta value from the specified middle value,

under (STETER); Query)

value 0 to 5.0x10° (dB) (Log mag format)
0 to 5.0x 10° (deg) (Phase and Expanded phase formats)
0 to 5.0x10° (s) (Delay format)
0 to 5.0x 1(° (Units) (Polar, Lin mag, Real, and Imaginary formats)

suffix refer to “Suffix”

s
g.
O
o)
[&2)
e
3y
o .

LIMEDONE *
Completes editing the limit table,

under (SYSTER))

LIMIAMPO value [suffix]
Sets an amplitude offset value for limit testing.
_ under (SYETEM); Query)

value ~5.0x10° to 5.0x10° (dB) (Log mag format)
—5.0x 10° to 5.0x10° (deg) (Phase and Expanded phase format)
~5.0x 10° to 5.0x10° (s) (Delay format)
~5.0x10° to 5.0x 10° (Units) (Polar, Lin mag, Real, and Imaginary formats)

suffix refer to “Suffix”
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LIMILINE { ONIOFF}
Sets limit lines ON or OFF.

(LI} under (YSTEM); Query)
LIMIMAOF

Sets the active marker value to the amplitude offset for limit testing.
* under (SYSTEM))

LIMIOPOIN
Sets the limit line test to execute at each measurement point,

under (SYSTEM))

LIMIOSEND
Sets the limit line test to execute at the end of the sweep.

END] - under (SYSTEM))

LIMISTIO value [sufiix]
Sets a stimulus offset value for limit testing.

e = £
(STIMUL FSET: under (SYSTEM); Query) —
value —300 {(MHz) to 300 (MHz) N
suffix refer to “Suffix” '

LIMITEST {ON|OFF}
Sets the limit testing ON or OFF,
under (SYSTEM); Query)

LIML value [suffix]
Sets the lower Hmit value for a limit testing segment.

under (SYSTEM); Query)

~5.0x10° to 5.0x 10° (dB) (Log mag format)

-5.0x10° to 5.0x10° (deg) (Phase and Expanded phase formats)
—5.0x10° to 5.0x 10° (s) (Delay format)

~5.0%x10° to 5.0x 10° (Units) (Polar, Lin mag, Real, and Imaginary formats)

suffix refer to “Suffix”
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LIMSEDI value

LIMM value [sufiix]
Sets the middle value of delta limits.
under (SYSTEM); Query)

value ~5.0x10° to 5.0x 10° (dB) (Log mag format)
~5.0x 10° to 5.0x10° (deg) (Phase and Expanded phase formats)
—5.0x10° to 5.0x10° (s) (Delay format)
—5.0x10° to 5.0x10° (Units) (Polar, Lin mag, Real, and Imaginary formats)

suffix refer to “Suffix”

LIMS value [suffix]
Sets the starting stimulus value of a limit testing segment.
UE under (SVSTEM); Query)

1 (kHz) to 300 (MHz)

refer to “Suffix”

LIMSADD
Adds a new segment to the end of the limit list.

) under (SYSTER)

e
4]
e
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LIMSDEL

Deletes a limit testing segment,

under GETERD) ’

LIMSDON
Completes editing the limit segments.

under (SYSTEM])

LIMSEDI value
Opens the segment to define or modify the stimulus and limit values,

under (SYSTEM); Query)
value 1to 18
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LIMU value [suffix]
Sets the upper limit value for a limit testing segment.
under (SYSTERD; Query)

value -5.0x10° to 5.0x 10° (dB) (Log mag format)
-5.0x10° to 5.0x 10° {(deg) (Phase and Expanded phase formats)
—5.0x10° to 5.0x10° (s) (Delay format)
~5.0x10% to0 5.0x10° (Units) (Polar, Lin mag, Real, and Imaginary formats)

syuffix refer to “Suffix”

LINFREQ

Activates a linear frequency sweep.
| under (MERD); Query)

Displays the linear magnitude format.
G under (FORMAT); Query)

LINT {DATA|MEMO} value

under (C5FY)

LISDFBASE

Displays the measured data for the range between the minimum and maximum frequency set
in the “Edit List Menu.”

under (MENU ); Query)

LISDOBASE
Displays the measured data for only the frequency ranges set in the “Edit List Menu.”. .

I under (MENUY); Query)

LISFREQ

Activates the frequency list sweep mode.

under (MEND); Query)
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LOGMD

LISSLIS1
Activates LIST 1 for the list sweep.

under (MEND); Query)

LISSLIS2

Activates LIST 2 for the list sweep.

LISV
Displays a tabular listing of all the stimulus values and their current measured values.

under (COPY))

IMAX? value

Qutputs the nth local maximum value from the left of range which is set by the ANARANG
command. (Data format: local maximum)

value n, integer

LMIN? value

Outputs the nth local minimum value from the left of range which is set by the ANARANG
command. (Data format: local minimum)

value n, integer

LOGFREQ

Activates log frequency sweep mode.
under (MENU); Query)

LOGM
Displays in log magnitude format.

under (FORMAT ); Query)

LOGMD
Displays the log magnitude trace and delay trace simultaneously.

under (FORMAT J; Query)
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LOGMP
Displays the log magnitude trace and phase trace simuitaneously.

(L . under (FORMAT); Query)

MANTRIG

Triggers measurement at a single point.
» - under {(MENU}; Query)

MARD {ON|OFF}
Displays (ON) or does not display (OFF) markers and the marker information on the screen,
(Query)

MARK {1-8} value [suffix]

Selects the active marker, and moves it to the specified stimulus value.
- under (MKR}; Query)

value 1 (kHz) fo0 300 (MHz)

suffix refer to “Suffix”

MARK {STAR|STOP}
Changes the stimulus start or stop value to the active marker value.

under (MKR FCTN)) *

MARKBUCK value
Moves the active marker to specified data point number.

value 1 to “number of points”

MARKCENT

Changes the stimulus center value to the active marker value.

under (MKR FCTN])

MARKCONT
Interpolates between measured points to aliow the markers to be placed at any point on the

trace.

under (MKR); Query)




MARKL {ON|OFF)}

MARKCOUP
Couples the marker stimulus values for the two display channels.

& under (MKR); Query)

MARKDISC
Places markers only on measured trace points determined by the stimulus settings.

DISCRETE under (WKR); Query)

MARKFAUV value [suffix)
Sets the fixed marker auxiliary value offset.
| - under (MKR); Query)
~5.0x10° to 5.0x10° (deg, polar format)
suffix refer to “Suffix”

MARKFSTI value [sufiiz]

Sets the fixed marker stimulus value offset,
MKR - under Query)
value -5 (GHz) to 5 (GHz)

suffix refer to “Suffix”

MARKFVAL value [suffiiz] »
Sets the fixed marker position value offset.

under Query)

value -5.0x10° to 5.0x 10° (dB) (Log mag format)
~5.0x10° to 5.0x 10° (deg) (Phase and Expanded phase formats)
—5.0x10° to 5.0x 10° (s) (Delay format)
~5.0x10° to 5.0x 10° (Units) (Polar, Lin mag, Real, and Imaginary formats)

suffix refer to “Suffix”

MARKL {ON|OFF}

Displays (ON) or does not display (OFF) the list of stirmulus values and response values of all
markers.

under (MKR); Query)
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MARKMIDD
Sets the middle value for the delta limit using the active marker value.

under (YSTEM)

MARKODATA

Enables the marker to move on the measurement data trace.

under (MKR); Query)

MARKOFF
Turns off all the markers and the delta reference marker.

under (MKR); Query)

MARKOMEMO

Enables the marker to move on the memory data trace.

under (MKR}; Query)

MARKPEAD

Changes the differential stimulus value and the response value of the peak when searching for
the local max, min, and peak-to-peak.

under (MKR FCTN))

MARKREF
Changes the reference value to the active marker’s response value, without changing the

reference position

under (SCALE REF) or {MKR FCTN]}

MARKSPAN

Changes the start and stop values of the stimulus span to the active marker and the delta
reference marker.

under (MKR FCIN))

MARKSTIM
Sets the stxmu}us value of a segment to the active marker value.

S under (SYSTEM))
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MEASTAT {ON|OFF}

MARKTIME {0N|OFF}
Sets the x-axis marker readout to the sweep time {ON), or cancels the setting (OFF).

under (MKR); Query)

MARKUNCO

Allows the marker stimulus values to be controlled independently on each channel,

under (MKR}; Query)

MARKZERO

| Puts 2 fized reference marker at the present active marker position, and makes the fixed

marker stimulus and response values at that position equal to zero,

MEAS parameter
Selects the parameters or inputs to be measured. (Query)

perameter description

AR A/R measurement

A A measurement

R it measurement

MEASA

Measures the absolute power amplitude at input A. »

(A: under (MEAS); Query)

MEASR
Measures the absolute power amplitude at input R.

under (MEAS); Query)

MEASTAT {ON|OFF}

Calculates and displays the mean, standard deviation, and peak-to-peak values among the
search range (ON), or does not display them (OFF).

under {MKR FCTN); Query)
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MODI1
Leads to the modify calibration kit menu, where a calibration kit can be user-modified.

under (CAL))

MONDYEAR
Changes the displayed date to the “month:day:year” format.

under (SYSTEM); Query)

NEGL
Sets the output of the 24-bit I/0 port to the negative logic.

NEXP |
Dispiays the next page of information in a tabular listing onto the display.

 under (CGFY)

Outputs the maximum local maximum value and its stimulus next to the value last found by
the PEAK?, or NEXPX? commands. For more information, refer to Appendix E. (Data format:
Local Maximum value, stimulus)

NUMG value
Triggers a user-specified number of sweeps, and returns to the HOLD mode.

under (VERD))

value Greater than 0

NUMLMAX?

Outputs the number of local maximums within the range set by the ANARANG command. (Data
format: number)

NUMLMIN?
QOutputs the number of local minimum within the range set by the ANARANG command. (Data
format: number)
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OSNT

OFSD value [s]
Specifies the one-way electrical delay from the measurement (reference) plane to the standard.

) under (CAL))
value ~10 to 10 (s)
OFSL value

0 to 1.0x10S (V/s)

OFSZ value [ohm]
Specifies the characteristic impedance of the coaxial cable offset.

under (€AD))

o

0.1 10 5.0x 10° (Q) )

g

P

OPEP @
Lists the key parameters for both channels 1 and 2 on the display.

nder (GGFY)

or11?

Returns installed option number of the front panel ports. If nothing is instalied, oPtI? returns
the string, “STD”. If Option 004 (delete reference channel option) is installed, OPTI? returns
“004”. (query only)

OSE value

Enabies the operational status register.
value 0 to 32,767

OSER?

Outputs the current value in the event register of an operational status register.

OSNT

Sets the negative transition filter of an cperational status register. For details, refer to
Appendix B. {Query)
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OSPT

Sets the positive transition filter of an operational status register. For details, refer to Appendix
B. (Query)

OSR?
QOutputs the operational status register value.

OUT1ENVH
Sets QUTPUT1 set to HIGH when a pulse input has occurred at INPUTI.

OUTI1ENVL
Sets OUTPUT1 set to LOW when a pulse input has occurred at INPUTL.

OUTIH
Sets OUTPUT1 to HIGH.

OUT1L
Sets OUTPUT1 to LOW.

OUTZENVH
Sets QUTPUT? set to HIGH when a pulse input has occurred at INPUTI1. e

OUTZ2ENVL
Sets QUTPUTZ set to LOW when a pulse input has occurred at INPUTI.

OUT2H
Sets OUTPUT2 to HIGH.

OUT2L
Sets OUTPUT2 to LOW.

OUT8IO value
Outputs the data to the 8-bit parallel output port. (Option 005 only)
value 0 to 255
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OUTPCALC {01-03)?

OUTAIO value
Output decimal data specified as the parameter to port A (8 bit) of the 24-bit I/Q port.
value 0 to 255

OUTBIO value
Output decimal data specified as the parameter to port B (8 bit) of the 24-bit [/O port.
value 0 to 255

OUTCIO value
Output decimal data specified as the parameter to port C (4 bit) of the 24-bit 1/0 port.

value Oto 15

OUTDIO value
Output decimal data specified as the parameter to port D (4 bit) of the 24-bit /O port.
value Oto 15

a3
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OUTEIO value
Output decimal data specified as the parameter te port E (8 bit) of the 24-bit 1/O port.
value 0 to 255

- QUTFIO value

Output decimal data specified as the parameter to port F (16 bit) of the 24-bit 1/0 port.
value 0 to 65535 ‘

OUTGIO value
Qutput decimal data specified as the parameter to port G (20 bit) of the 24-bit /0 port.
value 0 to 1048575

OUTHIO value
Output decimal data specified as the parameter to port H (24 bit) of the 24-bit /O port.
value 0 to 16777215

OUTPCALC {01-03}?

Outputs the active calibration set array of the active channel {Data format: real, imaginary).
Refer to Appendix D for the calibration set array.
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OUTPCALK?
Outputs the active calibration kit, (Data format: block data (714 bytes of binary data))

OQUTPCFIL? valuel,value2,values,value4,values,valueb

Outputs filter parameters within the range specified by the ANARANG command. Command
parameter sets nominal frequency, the offset of x1dB and x2dB to the maximum peak value

to determine the cutoff points, same parameter with POLE?, and f, and {; for determining
rejection level and spurious level respectively. For details, refer to Appendix E. (Data
format:loss, const loss, bandwidth, center frequency, Q, AL.F1, AR.F1, AL.F2, AR.F2, passband
ripple, rejection level, spurious level, pole_x1, pole.stimulusl, pole_x2, pole.stimuius2)

valuel center frequency, fc
value? zl

valued x2

valuet POLE? parameter
values fl

valueb 2

suffix refer to “Suffix”
OUTPDATAT?

Outputs data trace value on 16 points stimulus which is set by the STIDROUT command. If
there are points that is not set by the STIDROUT command, the OUTPDATAT? returns the value
at 100 kHz. (Data format: real x 16)

OUTPDATTP?
Outputs the data-trace data at the specified point (Data format: real, imaginary).
value 1 to “number of points” '

*

OUTPERRO?
Outputs the error message in the error queue (Data format: Error number (ASCII), “string™).

OUTPFAIP?
QOutputs number of the failed point of the limit test.

OUTPFBUS?
Cutputs the FBUS data.
{Under under (SYSTEM))

342 HP.IB Programming Refsrence



OUTPIRTMEM?

OUTPFILT? value[sufiix]

Cutputs filter parameters within the range specified by the ARARANG command. Command
parameter sets the offset of xdB to the maximum peak value to determine the cutoff points.
For details, refer to Appendix E. (Data format:loss, bandwidth, center frequency, Q, AL.F, AR.F

)

value Relative offset value from maximum
suffix refer to “Suffix”
OUTPFORM?

Outputs the formatted trace data (Data format: real, imaginary)

OUTPFORMP? value
Outputs the formatted trace data at the specified point (Data format: real, imaginary)
value 1 to “number of points”

OUTPIFORM?
Outputs the formatted data from the inactive channel (Data format: real, imaginary)

By
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OUTPINPSIO?
Outputs the data entered from the 4-bit parallel input port. {option 005 only)

OUTPINPCIO?
Cutputs the data entered from port C (4 bit) of the 24-bit I/O port.

OUTPINPDIO?
Outputs the data entered from port D (4 bit) of the 24-bit 1/0 port.

OUTPINPEIO?
Qutputs the data entered from port E (8 bit) of the 24-bit I/O port.

OUTPIRFORM?
Outputs the real part of the formatted data from the inactive channel.

OUTPIRTMEM?
Cutputs the real part of the trace memory data from the inactive channel.
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OUTPITMEM?
Outputs the trace memory data from the inactive channel. (Data format: real, imaginary)

OUTPLIMF?

Outputs the limit test results only for the failed points. {Data format: stimulus, result (0 for
fail, ~1 for no test), upper limit, lower limit; Form 4)

OUTPLIML?

Outputs the limit test results for each point. (Data format: stimulus, result (1 for pass, 0 for
fail, —1 for no test), upper limit, lower limit; Form 4)

OUTPLIMM?

Outputs the limit test result for the marker position. (Data format: stimulus, result (1 for pass,
0 for fail, ~1 for no test), upper limit, lower limit)

OUTPMARK?
QOutputs the active marker values (Data format: marker value, marker zux. value, stimulus)

OUTPMAX?

Outputs the maximum value within the range specified with the ANARANG command. For

details, refer to Appendix E. (Data format:maximum, stimuius) e
OUTPMEAN? )

Outputs the mean value within the range specified with the ANARANG command. For details,
refer to Appendix E. (Data format:mean)

OUTPMEMO?
Cutputs the memory data from the active channel. (Data format: real, imaginary)

OUTPMEMOT?

QOutputs memory trace value on 16 points stimulus which is set by the STIMROUT command. If
there are points that is not set by STIMROUT command, OUTPMEMOT? returns the value at 100
kHz. (Data format: real x 16)

OUTPMEMTP? value
Outputs the memory data at a specified point. (Data format: real, imaginary)
value 1 to “number of points”
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OUTPRESO?

OUTPMIN?

Outputs the minimumn value within the range specified with the ANARANG command. For details,
refer to Appendix E. {(Data format:minimum, stimulus)

OUTPMINMAX?

Qutputs the maximum and minimum values within the range specified with the ANARANG
command. For details, refer to Appendix E. (Data format:maximum, stimulus, minimum,
stimulus)

OUTPMSTA?
OQutputs the marker statistics. (Data format: mean, standard deviation, peak to peak)

OUTPMWID?
Outputs the results of the bandwidth search. (Data format: bandwidth, center, Q)

OUTPMWIL.?

Outputs the results of the bandwidth search with the insertion loss value. {Data format:
bandwidth, center, Q, and loss)

o]
.
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OUTPMWLF?

Outputs the results of the bandwidth search with the insertion loss, the difference between the
center frequency and the lower cutoff frequency (AL.F), and the difference between the center
frequency and the upper cutoff frequency (AR.F) values. (Data format: bandwidth, center, Q,
loss, AL.F, and AR.F) »

OUTPRESF? valuel ,value?2

Returns the stimulus of the maximum local-maximum and its 21dB below points of both sides,
and the stimulus of minimum local-minimum and its 22dB above points of both sides. For more
details, refer to Appendix E.

valuel
wluel

OUTPRESO?

Outputs the series resonant (Resonant) and parallel resonant (Anti-Resonant) parameters, 0°
phase point frequency fr (Resonant frequency) and fa (Anti-Resonant frequency), and the
corresponding gain values Gr and Ga. For details, refer to Appendix E. (Data format:Gr, fr, Ga,

fa)
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OUTPRESR?

Qutputs same parameter as OUTPRESO? and maximurn difference, rpll of local maximum

and its left local minimum on left of resonant point, maximum difference, rpl2 of local
maximum and its right local minimum between resonant and anti-resonart points, and the
maximum difference, rpl3 of the local maximum and its left local minimum on the right of the
anti-resonant point. For details, refer to Appendix E. (Data format:Gr, fr, Ga, fa, rpll, rpi2,

rpl3)

OUTPRFORM?
Outputs the real part of the formatted data from the active channel.

OUTPRTMEM?
Outputs the real part of the trace memory data from the active channel.

OUTPSTIM?
Outputs the stimulus array data from the active channel.

OUTPTESS? value
Outputs the specified test number’s resuit.

] under (3YSTEM))

OUTPIITL?
Outputs the display title for the active channel (less than 54 characters).

OUTPTMEM?
Outputs the memory trace data from the active channel. {Data format: real, imaginary)

OUTPTMEMP? value

Qutputs the memory trace data from the active channel at a specified point, (Data format:
real, imaginary)
value 1 to “number of points”

OUTPXFIL? valuel ,valuel,valueld,valuet,values

Outputs filter parameters within the range specified by the ANARANG command. Command
parameter sets the offset of /dB and x2dB to the maximum peak value to determine the
cutoff points, same parameter as POLE?, and f; and f, for determining the rejection level and
the spurious level respectively. For details, refer to Appendix E. (Data format:loss, bandwidth,
center frequency, Q, AL.F1, ARFl, AL.F2, AR.F2, passband ripple, rejection level, spurious
level, pole.xl, pole_stimulusl, pole_x2, pole_stimulus2}

valuel xl
value? x2
valued POLE? parameter
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PHAS

valued f1
value5 2
suffix refer to “Suflix”

PARS {ON|OFF}
Sets the partial search of the marker search function on or off.

# under (MREFCTR); Query)

PEADX value [suflix]

Defines the differential stimulus value of the peak for searching for the local max, min, and
peak-to-peak.

under (MKR FCTN}; Query)

value -5000 to 5000 (MHz) (Frequency sweep)
suffix refer to “Suffix”.

PEADY value [sufiix]

Defines the differential response value of the peak for searching for the local max, min, and
peak-to-peak.

Y. under (MKR FCTN); Query)

~5.0x10° to 5.0x10° {(dB) (Log mag format)

~5.0x10% to 5.0x10° (deg) (Phase and Expanded phase formats)
=5.0x10° to 5.0x10° (s) (Delay format)

—5.0%10° to 5.0x10° (Units) (Polar, Lin mag, Real, and Imaginary formats)
suffix refer to “Suffix”, *

PEAK?

Outputs the maximum local maximum value and its stimulus within range which is set by
the ANARANG command. For more mformamon refer to Appendix E. {Data format: maximum
Local-maximum value, stimulus)

PHAO value [deg]
Adds or subtracts a phase offset.

under (SCATEREF); Query)
value -360 to +360 (deg).

PHAS
Displays a Cartesian format of the phase portion of the data, measured in degrees.

. under (FORMAT }; Query)
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PLOALL
Selects plotting all the information displayed on the display except for the softkey.

under Query)

PLOC parameter
Selects the plot elements. (Query)
parameter description

DONLY Data oniy

DGRAT Data and graticule

ALL ‘ All information displayed
PLODGRAT

Selects the measured data and memory data with the graticules for plotting.
under Query)

PLODONLY
Selects the measured data and the memory data without the graticules for plotting.

IIL under (COPY); Query)

PLOS {FAST|SLOW}

Sets the plotting speed te fast or slow.

under (COPY))
PLOT
Plots the display to a graphics plotter.

- under (COFY))

POIN value
Sets the number of the data points per sweep.

- under (MENU); Query)
value 2 to 801.
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PORE {ON|OFF}

POLA
Displays in the polar format.

 under (FGRMAT); Query)

POLE? value

QOutputs the first found local minimum for both side from the maximum point below the value
which is the subtracted parameter from the maximum value. For example, to specify as -10 dB
down, a command parameter becomes a -10. For more information, refer to Appendix E. {(Data
format: left local minimum, stimulus, right local minimum, stimulus)

value

POLM parameter
Selects the polar marker. (Query)
parameter description

LOG Log

LIN Linear

RI Real and imaginary

POLMLIN

Displays the linear magnitude and the phase of the active polar marker.
(LIN MKR under (WKR); Query)

POLMLOG »
Displays the logarithmic magnitude and the phase of the active polar marker.

under (MKR); Query)

POLMRI
Displays a real and imaginary pair of the active polar marker.

under (MKR); Query)

PORE {ON|OFF}
Sets the reference plane extension mode ON or OFF.

' under (CAL); Query)
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PORTA value {s]

Adds electrical delay to the input A reference plan for any A input measurements including
S-parameters.

& under (CAL); Query)
value —10 to 10 (s)

PORTR value [s]
Adds electrical delay to extend the reference plane at input R to the end of cable,

EXTE under (CAL); Query)
value ~10 to 10 (s)

POSL
Sets output of the 24-bit I/0 port to the positive logic.

POWE value [dBm]
Sets the source output level,

WER under (MENU); Query)
value —15 to +5 (dBm)

PREP
Displays the previous page of information in a tabular listing. »

under (COEY)

PRES
Presets the instrument state. ((PRESET))

PRINALL
Copies the measurement display to the printer according to plotting options,

under {COPY))

PSOFT {ON|OFF}
Selects the plot softkey label option ON or OFF.
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RECCOFF

- PURG string

Removes a file saved on the disk in the built-in flexible disk drive.

under (SAVE)(RECALD))
string File name, up to 10 characters including the extension

QUAD parameter
Selects the quadrant plot setting.
parameter description

LEFU Upper left

LEFL Lower left

RIGU Upper right

RIGL Lower right

FULP Full-size

RAID

Completes the response and isolation calibration.

D , under €a)

RATISOL

Selects the isolation class for the response and isolation calibration.
under (CAL))

RAIRESP »

Selects the response class for the response and isolation calibration.

under (TAD)

REAL
Displays only the real {resistive) portion of the measured data in Cartesian format.

(REAL under (FORMAT); Query)

RECCOFF
Sets the receiver correction OFF.

under (SYSTEM); Query)
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RECCON
Sets the receiver correction ON,
(Under under (SYSTEM}; Query)

RECD string
Loads the instrument states or data from the disk in the built-in flexible disk drive.

under (SAVE)(RECALL)
string File name, Up to 10 characters including the extension

REFP value
Sets the position of the reference line on the graticule of a Cartesian format.

value 0 to 10 (Div)

REFV value [suffix]

Changes the value of the reference line, moving the measurement trace correspondingly.

under (SCALE REF ); Query)

value -500 to 500 (dB) (Log mag format)
-5.0x10° to 5.0x 10° (deg) (Phase or Expanded phase formats)
—0.5 to 0.5 (s) (Delay format)
1.0x10™! to 500 (Units) (Polar formats)
—5.0x 108 to 5.0x 10° (Units) (Lin man, Real, or Imaginary formats)

suffix refer to “Suffix”

RESAVD string
Updates an already saved file on the disk in the built-in flexible disk drive.

under (SAVE))

string File name up to 10 characters including the extension
RESC

Resumes the iast measurement calibration sequence.

under (CAL))
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RPLENV?

RESD
Turns off the tabular listing and returns the measurement display to the screen.

(RESTORE DISPLAY. under (€55Y))

RESPDONE
Completes the response calibration.

: under (GAD)

REST
Aborts the sweep in progress, then restarts the measurement.

- under (FEND)

RFOPNORM e
T

Sets the RF OSC PLL to NORMAL. &

(Under S U under (SYSTEM); Query) : g :
@ -

RFOPOPEN

Sets the RF OSC PLL to OPEN.

(Under under (3YSTEM}; Query)
RIGL
Draws a quarter-page plot in the lower right quadrant of the page.

under Query)

RIGU
Draws a quarter-page piot in the upper right quadrant of the page,

under (COPY); Query)

RPLENV?

Searches all sets of neighboring peaks and their included valleys for the maximum
perpendicular height from the valley minimmum peint included between neighboring peaks, to
the intersection of an imaginary slope line drawn between the maximum peak points of the
neighboring peaks in range specified by ANARANG, and outputs the resuitant data via HP-IB. For
details, refer to Figure E-7 in Appendix E.
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RPLHEI?

Searches for the maximum height between neighboring ripple peaks and outputs the resuitant
data via HP-IB. For details, refer to Figure E-3 in Appendix E.

RPLLHEI?

Searches for the maximum height between neighboring ripple peaks (measured from the ripple
maximum peak point to the valley miniraum point to the left of the ripple peak) and outputs
the resultant data via HP-IB. For detaiis, refer to Figure E-6 in Appendix E.

RPLMEA?

Averages all heights between neighboring local maximums and minimumns within a specified
range and outputs the result by HP-IB. If no ripple is detected, a zero is returned. For details,
refer to “RPLMEA?” in Appendix E in Figure E-8 in Appendix E.

RPLPP?

Searches for the maximum ripple peak to peak value and outputs the resultant data via HP-IB.
For details, refer to Figure E-1 in Appendix E,

RPLREEI?

Searches for the maximum height between neighboring ripple peaks ( measured from the ripple
peak to the valley point to the right of the ripple peak ) and outputs the resultant data via
HP-IB. For details, refer to “RPLRHEI? and RPLLHEI?” in Appendix E in Appendix E.

RPLVAL? .

Outputs the maximum sum of the difference between the local minimum and the both sides
local maximum, and the stimulus of the corresponding local minimum within range which is
specified by ANARANG command. For more information, refer to Appendix E. (Data format:
sum, stimulus)

SADD
Adds a new segment to a list sweep table.

D: under (MENUY)

SAV1
Saves the 1-port calibration results.

; under (D)
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SAVDSTA string

SAVC

Re-draws a trace using current error coefficient array data.

SAVCA {ON|OFF}
Selects whether or not the calibration coefficients arrays are to be saved,

under (SAVE); Query)

SAVDALL siring

Saves the instrument states, the data array, and the memory array to the disk in the built-in
flexible disk drive.

(SAVE ALL under GAE)
string File name, up to 8 characters

SAVDASC “string™
Save the current measurement data in ASCII file format.
{ ' - under (SAVE))

string File name, up to 8 characters

SAVDDAT string

Saves the internal data arrays which is defined by the SAVCA{ON|OFF}, SAVTA{ON{OFF}, and
SAVTMA{ON|OFF}

under (SAVE))
string File name up to 8 characters

SAVDGRA “string™
Saves the current display image in an HP-GL file.

under (SAVE))
string File name up to 8 characters
SAVDSTA siring

Saves only the instrument states and the calibration coefficients to the disk in the built-in
flexible disk drive.

under (SAVE)

string File name up to 8 characters
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SAVEUSEK
Stores the user-modified or user-defined calibration kit into memory.

under (CAL))

SAVTA {ON|OFF}
Sets the trace arrays to be saved (ON) or not (OFF).
under (SAVE); Query)

SAVIMA {ON|OFF}
Sets the memory trace arrays to be saved (ON) or not (OFF).
under (SAVE); Query)

SCAC
Couples the data and memory trace to be scaled.

SCAFDATA
Selects the data trace to be scaled.
 under (SCALE REF); Query)

SCAFMEMO
Selects the memory trace to be scaled. #*

under (SCALE REF); Query)

SCAL value [sufiix]
Changes the response value scale per graticule division.

- under (SCALE REF ); Query)

value 0.001 to 500 (dB/div) (Log mag format)
0.01 to 500 (deg/div) (Phase format)
1.0x10™* to 10,000 (deg) (Expanded phase format)
1.0x10™ to 10 (s/div) (Delay format)
1.0x107* to 10,000 (Units FS) (Polar format)
1.0x101 to 10,000 (Units/div) (Lin mag, Real, and Imaginary formats)

suffix refer to “Suffix”
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SEALMAX

SCAPFULL
Selects the normal full size scale for plotting.

SCAPGU
Fits the upper graticule to the user-defined P1 and P2.

under (€577)

SCAU

i .
Uncouples the data and memory trace to be scaled. %
' ]
o}
SDEL 8
Deletes a segment from a list sweep table. '
under (MENU))
SDON

Completes editing a segment of a list sweep table. *
E: under (MENU))

SEAL
Searches the trace for the next occurrence of the target value to the left of the marker.

 under (MREFCTD)

SEALMAX

Moves the active marker to the maximum peak point on the trace in the search range.

- under (MKR FCINJ; Query)
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SEALMIN

Moves the active marker to the minimum peak point on the trace in the search range.

- under (MKR FCTN); Query)

SEAM parameter
Selects the marker search function. (Query)
parameter description

OFF Marker search function OFF
MAX Maximum

MIN Minimum

TARG Target

MEAN Mean

IMAX Local maximum

IMIN Local minimum

PPEAK Peak to peak

SEAMAX

Moves the active marker to the maximum point on the trace.

under (MKR FCTn); Query)

SEAMEAN
Moves the active marker to the mean peint on the trace.

under (MKR FCTN}; Query) "

SEAMIN

Moves the active marker to the minimum point on the trace,

MIN under (MKR FCTR); Query)

SEAOFF
Turns off the marker search function.

unider {MKR FCTN ), Query)

SEAPPEAK

Moves the active marker and the delta reference marker to the maximum peak point and the
minimurm peak point on the trace in the search range.

under (MREFCTR); Query)
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SETCDATE year,month,day

SEAR
Searches the trace for the next occurrence of the target value to the right of the marker,

. under (MKR FCTN))

SEARSTOR
Stores the search range, which is defined between the active marker and the delta reference

marker.

(SE E under (KR FCTR))

SEATARG value [sufiiz] _
Places the active marker at a specified target point on a trace.

under (MKR FCTN ) Query)

~5.0x10° to 5.0x10° (dB) (Log mag format)

-5.0x10° to 5.0x10° (deg) (Phase and Expanded phase formats)

~5.0x 10° to 5.0x10° (s) (Delay format)

-5.0x10° to 5.0x10° {Units) (Polar, Lin mag, Real, and Imaginary format)

suffix refer to “Suffix”

]
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SEDI value

SELD

under (SYSTEM); Query)

year 1801 to 2058
monih 1to 12
day 1to 31
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SETCTIME hour,min,sec
Changes time of the internal clock.

HOUR, | SEC. under (SYSTEM); Query)
hour 0 to 23
min 0 to 59
sec 0 to 59

SETZ value [ohm]

Sets the characteristic impedance used by the HP §7510A in calculatmg measured impedance
w1th conversion parameters,

under (CAL); Query)
0.1 to 5.0x10° (Q)

SING
Makes 2 single measurement sweep, then sets the HOLD mode,

under (MENU))

SMOOQ {ON|OFF}
Sets the smoothing function to ON or OFF.

f under (&VG); Query)

SMOOAPER value [pct]
Changes the value of the smoothing aperture as a percent of the span.

under (aVG); Query)
value 0.05 to 100 (%)

SOUCOFF
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SPECS11C value,[value,Jvalue,[value,[value,[value,[value]]]l]]

SPAN value [sufiix]
Sets the frequency span of a segment about a specified center frequency.

((5PAN) or under (MENU}; Query)
value 0 to 299.999 (MHz)
suffix refer to “Suffix”

SPECRESI value,jvalue,[value,[value,[value,[value,[value]]}}]]

Enters the standard numbers to specify standard class required for a response and isolation
calibration.

under (CAL))

value ltc 8

SPECRESP value,[value,[value,[value,[value,[value,[value]]]]]]
Enters the standard numbers to specify standard class required for a response calibration.
under (CAL))

1to8

SPECS11A value,[value,[value,[value,[value,[value,[value]]}}]]

Enters the standard numbers to specify the first standard class (5,14) required for an S,; l-port
calibration.

under (CAL))

value 1to8 2

SPECS11B value,[value,[value,[value,[value,[value,[valuel]}]]]

Enters the standard numbers to specify the second standard class (8;8) required for an 5y,
1-port calibration.

S11B under (CAD)
value 1t08

SPECS11C value,[value,[value,[value,[value,[value,[value]]]]]]

Enters the standard numbers to specify third standard class (8;;¢) required for an §;; 1-port
calibration,

(S1C under (GAD)

value 1t0 8
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SPLD {ON|OFF}

Sets the dual channel display mode: a full-screen single graticule display (OFF), or a split
display with two half-screen graticules (ON),

 under (BISPLAY); Query)

STAN {A-C}
Measures the calibration standard in the current standard class.

under (CAL}))

STAR value [sufiix]
Defines the start frequency of the stimulus. ((START); Query)
Sets the start frequency of a segment,

under (MENU); Query)
value 1(kHz) to 300 (MHz)
suffix refer to “Suffix”

STAS valuel [suffix], value2 [suffiz]
Sets start and stop stimulus values,

((START) and (ST0P))

valuel start frequency. 1 (kHz) to 300 (MHz)

valuel stop frequency. 1 (kHz) to 300 (MHz) N
suffix refer to “Suffix”

STDD

Completes the current standard definition.
under (CAD)

STDT parameter
Selects the standard type. {Query)
parameter description

OPEN Open

SHOR Short

LOAD Load

DELA Transmission line

ARBI Arbitrary impedance
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STODDISK

STDTARBI
Defines the standard type to LOAD with an arbitrary impedance,

under (CAL); Query)

STDTDELA
Defines the standard type as transmission line of specified length.

under (CAL}; Query)

STDTLOAD
Defines the standard type as LOAD (termination).

D under (CAL); Query)

STDTOPEN
Defines the standard type as an OPEN.

¥ under (CAL); Query)

STDTSHOR
Defines the standard type as a SHORT.

under (CAL); Query)

STIDROUT{1-16} value [sufiir] *

Sets stimulus of data trace up to 16 for QUTPDATAT? query. To execute STIDROUT? query, pass a
number as the parameter.

value 1 (kHz) to 300 (MHz)
suffix refer to “Suffix”

STIMROUT{1-16} value [sufiix]

Sets stimulus of memory trace up to 16 for OUTPDATAT? query. To execute STIDROUT? query,
pass a number as the parameter.

value 1 (kHz) to 300 (MHz)
suffix refer to “Suffix”
STODDISK

Selects internal flexible disk drive for mass storage device.
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STODMEMO
Selects RAM disk drive for mass storage device.

STOP value [sufiix]

Defines the stop value of the stimulus. ((§70P); Query)
Sets the stop frequency of a segment.

(STOP under (MENU); Query)

value 1 (kHz) to 300 (MHz)

suffix refer to “Suffix”

STPSIZE value [suffix]
Specifies the frequency step for a list sweep table.
under (MENU); Query)

- value 0 to 299,989 (MHz)
suffix refer to “Suffix”

SWET value [s]
Manually sets the sweep time.

under (MENU);, Query)
value 6.0x10™* to 86,400 (s)

SWETAUTO
Automatically sets the sweep time,

under (MENU); Query)

SWPT parameter
Selects the sweep type. {(Query)
parameter description

LINF Linear frequency
LOGF Log frequency
LIST Frequency list
TARL? value

QOutputs stimulus of first found point which has value specified by parameter of this command
from right of range which is set by ANARANG command. For more information, refer to
Appendix E. (Data format: stimulus)

value 1 (kHz) to 300 (MIlz)
suffix refer to “Suffix”
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THRR value

TARL? value

Outputs stimulus of first found point which has value specified by parameter of this command
from right of range which is set by ANARANG command. For more information, refer to
Appendix E. (Data format: stimulus) '

value 1 (kHz) to 300 (MHz)
suffix refer to “Suffix”
TARR? value

Outputs stimulus of first found point which has value specified by parameter of this command
from left of range which is set by ANARANG command. For more information, refer to
Appendix E. (Data format: stimulus)

value I (kHz) to 300 (MHz)
suffix refer t¢ “Suffix”

TERI value [ohm]

Specifies the (arbitrary) impedance of the standard. - 2
: o
under (CAL)) g

value 0 to 10,000 (Q) 3 -

TESC

Continues the tes

(Under under (SYSTEM))

TEST value
Selects the test number.
under (SYSTEM); Query)

waiue 0to 85

THRR value

Specifies threshold height of peak for waveform analysis command. Waveform analysis
commands ignore ripples which has less height than specified value, .

value —5.0x 10° to 5.0x10° (dB) (Log mag format)
~5.0x10° to 5.0x 10° (deg) (Phase and Expanded phase formats)
~5.0x 10° to 5.0x10° (s) (Delay format)
~5.0x10° to 5.0x 10° (Units) (Polar, Lin mag, Real, and Imaginary formats)

suffix refer to “Suffix”
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TITL string

Sends the string to the title area on the display.
under Query)

string up to 53 characters

TRACK {ON|OFF}

Tracks the search at the specified target value with each new sweep,

under (MREFCTR); Query)

VELOFACT value

Enters the velocity factor used by the HP 87510A to calculate the equivalent electrical length.

(VELOCITY FACTOR under (GAD); Query)
value 0to 10

WIDSIN
Searches for the cutoff point on the trace within the current cutoff points.

under (MKR FCTNJ)

WwWIDSOUT
Searches for the cutoff point on the trace outside of the current cutoff points.

under (FRRFCTD)

WIDT {ON|OFF}
Sets the bandwidth search feature (ON) or not (OFF).
under Query)

WIDV value [suffix]
Sets the amplitude parameter that defines the start and stop points for a bandwidth search.
nder (MKRFCTR); Query)

value ~5.0x10° to 5.0x10° (dB) (Log mag format)
—5.0x10° to 5.0x 10° (deg) (Phase and Expanded phase formats)
~5.0x10° to 5.0x 10° (s) (Delay format)
—5.0x10° to 5.0x 10° (Units) (Polar, Lin mag, Real, and Imaginary formats)

suffix refer to “Suffix”
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*WAIL

*CLS

Clears the status byte register, the event register of the standard operation status register
structure, and the standard event status register.

«ESE value
Sets the enable bits of the standard status register. (Query)
value 0 to 255 (decimal expression of enable bits of the operation status register)

«*ESR?
Outputs the contents of the standard event status register,

*IDN?
Outputs the HP 87510A ID. {(Data format: manufacturer, model, serial no., firmware rev.)

*OPC

Telis the HP 87510A to set bit 0 (OPeration Complete bit) in the standard event status register
when it completes all pending operations. (Query)

oy
o
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+*PCB value

Specifies the address of a controller that is temporarily passing HP-IB control to the
HP 87510A.

value @ to 30
*
*RST
Resets the HP 875104 to its initial settings.
*SRE value
Sets the enable bits of the status byte register. (Query)
value { to 255 (decimal expression of enable bits of the status byte register)
*STB?

Reads the status byte by reading the master summary status bit.

*TRG
Triggers the HP 87510A when the trigger mode is set to EXTERNAL trigger.

«TST?
Executes an internal seif-test and returns the test result,

+WAI
Makes the HP 87510A wait until all previously sent commands are completed.
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HP-IB Commands Summary

This appendix summarizes the HP-IB instrument commands of the HP 8751A according to the
their softkey labels.

Active Channel Block

CHAN1
CHANZ

Response Function Block

(vEas) Key

Input Port Menu

AR
MEASA

MEASR
MEAS parameter

Conversion Menu

CONVOFF
CONVZTRA

CONVYTRA
CORV1DS

CONV MP{4]|8}186}
CONVMP{4{8116}
CONV parameter

HP-IB Commands Summary A1




(£0RmaAT) Key

Format Menu

LOGHM
PHAS

DELA
LINM
EXPP
LOGMP
LOGMD

Format More Menu

REAL
IMAG

POLA
FNT parameter

(SCALERED) Key

Scale Reference Mena

AUTO
SCAL value

REFP walue
REFV value
MARKREF
SCAFDATA
SCAFMEMO

Electrical Delay Menu

ELED value
PHAO value

(CEFAY) Key

Display Menu

DUAC{ON|OFF}
SPLD{ON|OFF}

TITL string
DIST{ON|OFF}

A-2 HPIB Commands Summary
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Display More Menn
BEEPDONE{ON|OFF}
BEEPWARN{ON|OFF}
DISG

FRED

Display Allocation Menu
DISAALLI !
DISAHIHB
DISAALLB
DISABASS
DISA parameter

(ave) Key

Average Menu
AVERREST
AVERFACT value
AVER{ON{COFF}
SMOOAPER value
SMOO0{ON|OFF}
GRODAPER value
IFBW value

IF Bandwidih Menu
IFBWAUTC

&&D Key

Correction Menn

CORR{ON|OFF}
RESC

Select Cal it Menu

CALK7MM
CALKNS0

CALKN75 :
CALKUSED USER KIT
HoDT1 HODTFY

CALK parameter
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Calibrate More Menu

VELOFACT value
SETZ value

Reference Plane Menu

PORE{ON{OFF}
PORTR value

PORTA value

Calibration Menun

CALN
CALIRESP

CALIRAI
CALIS111
CALI parameter

Response Cal Menu

STANA
STANB

STANKC
RESPDONE

RAIRESP
DONE

RAIISOL
RAID

3-Term Cal Menus

CLASS11A
CLASS11B

CLASS11C
SAV1

Modify Cal Kit Menu

LABK
KITD

Defilne Standard Menu

DEFSvalue
STDTOPEN
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STDTSHOR
STDTLOAD
STDTDELA
STDTARBI
CO value
Cl value
C2 value
TERI value
LABS string
STDD

STDT parameter

Specify Offset Menn

0FSD parameter
OFSL parameter
0¥sZ parameter

Specify Class Menus
SPECS11A value,value, ...
SPECS11B value,value, ...
SPECS11C value,value, ...
SPECRESP value,value, .
SPECRESI value,value, ...
CLAD

Label Class Menus

LABES11A
LABES11B

LABES11C
LABERESP
LABERESI

(MxR) Key

Marker Menu

MARKOFF
MARKODATA

MARKOMEMO
MARKL{ON|OFF}
MARKZERD
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Active Marker Mena
MARK{1-8} value

Clear Marker Menn
CLEM{1-8}

Delta Marker Mode Menua

DELRFIXM
DELO

Delta Marker Menu
DELR{1-8}

Fixed Marker Menu

MARKFSTI value
MARKFVAL value

MARKFAUV value

Marker Mode Menu

MARKDISC
HARKCONT

MARKCOUP
MARKUNCO
MARKTIME{ON|OFF}

Polar Marker Menu

POLMLIN
POLMLOG

POLMRI
POLM parameter

Key

Marker Fanction Menu

MARKSTAR
MARKSTOP

MARKCENT
MARKSPAN

MARKREF
MEASTAT{ON|OFF}
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Search Range Menu
SEARSTOR
PARS{ON|OFF}

Marker Search Menu

SEAQFF
SEAMAX

SEAMIN
SEATARG value
TRACK{ON | OFF}

Target Menua
SEATARG

SEAL

SEAR

SEAMEAN
SEALMAX

SEALMIN
SEAPPEAK
MARKPEAD
PEADX value
PEADY wvelue
SEAM parameter

Width Menn

WIDV value
WIDSIN

WIDSCUT
WIDT{ON|OFF}

sPCL ENCT ) Key

Special Function Menu
OUTPFILT? -3
OUTPFILT? value
EQUCPARA
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Waveform Analysis Setting Mena
ANAOCH1
ANAQCH2
ANAODATA
ARAOMEMO
ANARARGE

Stimulus Function Block

STAR value

STOP value

CENT wvalue

SPAN value

STAS valuel, value2 and
CENS valuel value2 {CENTER) and (SPAN
Key

Stimulus Menu

POVE value

POIN vaiue

REST

CoUC{ON|OFF}

Sweep Time Menun

SWET vaiue
SWETAUTO

Trigger Menu
HOLD

SIKG

NUMG

CONY

EXTTUFF
EXTTON
EXTTPOIN
MANTRIG

EXTT parameter
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Sweep Type Menu
LINFREQ
LOGFREQ

LISFREQ
LISDFBASE
LISDOBASE
EDITLIST

SWPT parameter

List Sweep Menun
LISSLISH
LISSLIS2

Edit List Menu

EDITLIS1
EDITLIS2

SEDI value
SDEL

SADD

CLEL
EDITDONE

Edit Segment Menu -
MARKSTAR | |
MARKSTOP
POIN

STPSIZE value
POWE walue
IFBW value
SDON

Edit Segment More Menu

STAR value SE
STOP walue
CENT value
SPAN value

{lear List Menu
CLEL
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Instrument State Function Block

sysTem) Key

Real Time Clock Menu

SETCTIME hour,min,sec
SETCDATE year,month,day

MONDYEAR

DAYMYEAR

BIN Sort Menu

BINSLINE
BINS

BINODA
BINGB
EDITBINL

BIN Sort Edit Menu

BINSEDI
BINESB

BINSDEL
BINSADD
BINSDON

BIN Sort Table Edit Menu

BINU
BINL

BINP

BINO

BINEDONE

Clear Menu
BINCLEL

Limits Menu

LIMILINE{ON{OFF}
LIMITEST{ON|OFF}

BEEPFAIL{ON|OFF}
LIMIOPOIN
LIHMIOEND
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EDITLIML

Edit Limits Menu

.LIMSEDI value
LIMSDEL

LIMSADD
LIMEDORE

Edit Segment Menu
LIMS value

MARKSTIH

LIMU value

LIML value

LIMD value

LIMM value

MARKMIDD

LIMSDON

Clear List Menu
LIMCLEL

Offset Limit Menn

LIMISTIO value
LIMIAMPO value

LIMIMACF

Key
ADDRPLOT value
ADDRPRIN value
ADDRCONT value

Key
PRES
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Key

Copy Menu
PRINALL

PLOT

COPA
COPT{ON|OFF}
DFLT

Select Quadrant Menu
LEFU

LEFL

RIGU

RIGL

FULP

QUAD parameter

Define Plot Menu

PLOALL
PLODGRATY

PLODONL
LINTDATA
LINTMEMO
PLOSFAST
PLOSSLOW
PLOC parameter

Scale Plot Menu

SCAPFULL
SCAPGU

SCAPGL

Copy More Menu
LISV

OPEP

DISBLIST

Copy Cal Kit Menu
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Copy Standard Number Menu
CALS value

Copy List Sweep Menu
DISL1

DISL2

DISMSTSP

DISMCTSP

DISMNUN

DISMSTEP

Copy Limit Test Menn
DISLLIST

DISHUL

DISMMD

Screen Menu

PRINALL
PLOT

COPA
COPT{ON|0FF}
DFLT

NEXP

PREP

RESD

(G&%E) and (REALD) Keys

Save Menn

SAVDALL
SAVDSTA

SAVDDAT
RESAVD string
STODDISK
STODMEMO

Title Menu

STODDISK
STODMEMO
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A4 HPIBCommands Summary

ASCII Save Menu

SAVDGRA
SAVDASC

Define Extension Menun

GRAE
ASCE

Define Save Data Menu

SAVCA{ON | OFF}
SAVTA{ON|OFF}

SAVTM{ON{OFF}

Disk Menu

PURG string
CRED

CHAD
INID
DISFLIF
DISFDOS
STODDISK
STODMEMO

Recall Menu
RECD string




Service Function

BCBUS value
DESTOFF
DESTOR
EXET
EXTRLOCK?
FBUS value
FIRLPHOR
FIRLPOPE
FIRR?
FNDAUTO
FNDMANU
FNDVALU value
FNVNARR
FNVNGRM
FNVOPEN
FNVWIDE
IFRAUTO

IFRCH?
IFRX1
IFRX1X8
IFRX64
IFRXBX1
OUTPFBUS?
OUTPTESS? value
RECCOFF
RECCON
REOPNORM
REOPOPEN
SELD
SOUCOFF
SOUCON
TESC

TEST value

IEEE 488.2 Common Commands

*CLS
*ESE pvalue
*ESE?
*ESR?
*IDN?
=QPC
*0PC?
*PCB value
*RST
*SHRE value
*SRE?
*STR?
*TRG
*TST?
*WAL
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Commands Which Don’t Have Equivalent Softkey Labels

CIN

CLES

cour

CURD

DATAM3TER
DATAMNONE
DATAMTHRU

DIN

DISP

DISPDATA

DISPDATM

DISPDDM

DISPDMM

DISPMEMO

DOUT

DSKEY

ENKEY

EQUCPARS?

ESB?

ESNB value

FORM2

FORM3

FORM4

FORMS

INPSID

INP8BIO?

IRPT?
INPUCALC{01~03} value
INPUCALK value
INPUD

INPUDATAP value
INPUDATML real imag
INPUDATH2 real,imag
INPUDATHS realimag
INPUDATMS real imag
INPUFORM value
IKPULOAAvalues
INPUOPEAvalues
INPUSHOA values
INPUTHEH value
I0P0O?

KEY value

LMAX? value

LMIN? value

MARD

A-16  HPIB Commands Summary

MARKBUCK value

NEGL

KEXPK?
RUMLMAX?
NUMLMIR?
opTI?

0SE value
OSER?

OSKT

0SPT

DSR?
QUT1ENVH
OUT1ENVL
OUT1H

QUT1L
OUT2ENVH
OUT2ENVL
OUT2H

QuUT2L
OUTSI0 value
OUTAIC value
QUTBIO value
QUTCIO value
QUTDIO value
QUTEID value
BUTFI0 value
QUTGIO value
0UTHIO value

QUTPCALC{01-03}7

OUTPCALR?

OUTPCFIL? foxl, 22, Df1./2
OUTPDATAP? value

OUTPDATAT?
QUTPERRO?
QUTPFAIP?
OUTPFORM?

CUTPFORMP? value

QUTPIFORM?
OUTPINPSIO
QUTPINPCIO?
OUTPINPDIO?
QUTPINPEIO?
OUTPIRFORM?
OUTPIRTMEM?
QUTPITMEM?

OUTPLIMF?
OUTPLIML?
QUTPLIMM?
QUTPHARK?
OUTPMAX?
OUTPMEAN?
QUTPHEHO?
QUTPMEMOP? value
QUTPMEMOT
OUTPMIN?
OUTPMINHAX?
OUTPMSTA?
CUTPMWID?
CUTPMWIL?
OUTPMRLF?
OUTPRESD?
OUTPRESR?
OUTPRESR?
QUTPRFORM?
QUTPRTHMEM?
OUTPSTIM?
OUTPTITL?
CUTPTHEM?
OUTPTMEMP? value
OUTPXFIL?x1,x2 0. f1.12
PEAK?

POLE? value

POSL *
PSOFT{ON|OFF}
RPLENV?

RPLHEI?
RPLLHEI?
RPLMEA?

RPLPP?

RPLRHEI?
RPLVAL?

SAVC

SCAC

SCAU

STIDROUT number,value
STIMROUT number,value
TARL? value
TARR?value

THRR value




Status Reporting

Status byte totals three status registers which indicate the internal condition of an instrument.
Figure B-1 shows the status reporting structure of the HP 87510A.
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Figure B-1. Status Reporting Structure

The HP 87510A has a status reporting system to report the condition of the instrument. Status
bytes consists of 8-bit registers, each bit represents specific instrument conditions. The value of
the status byte can be read by using SPOLL(717) statement from an external controller. This
command reads value directly from the HP 87510A without being set to remote. So, you can
operate front panel keys while a controller is reading the status byte. Contents of the status
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byte can aiso be read by using the *STBE? command. Reading the status byte has no effect on
the contents of the status byte. Table B-1 shows contents of status byte.

Table B-1. Status Bit Definitions of the Status Byte (STB)

Bit Name Description
2 Check event One of the enabled bits in event status register B has been set,
status register B
4 Message in A command has prepared information £o be output, but it has not
output queue been read yet.

b Check event - 1One of the enabled bits in the event status register has been set.
status register 7

Request service |One of the enabled status byte bits is causing an SRQ.

Operational One of the enabled bits in the operational status register has been
status summary | set.
bit

For example, to read the contents of Message in the output queue,

10 Stat=SPOLL{717)
20 Stb4=BIT(Stat,4)
30 PRINT Stb4

40 END

Figure B-2. Example of Reading Status Byte (1) N

or,

10 ASSIGN €Hp87510 TO 717
20 OUTPUT QHp87510;"«5TBYY
30 ENTER QHp87510;5tat

40 Stb4=BIT(Stat,4)

50 PRINT Stb4

60 END

Figure B-3. Example of Reading Status Byte (2)

The Event Status Register (ESR), Event Status register B (ESB), and Operational Status
Register (OSR) are subordinate to the status byte. Each register is set a bit with condition
which is watched by status bit. Status bit is cleared when is read by query or CLES command is

executed.
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Table B-2. Status Bit Definitions of the Event Status Register (ESR)

Bit

Name

Description

Operation
complete
Request control
Query error

Device
dependent error

Execution error

Command error

User request

Power on

A command for which OPC has been enabled, and completed an
operation.

The HP 87510A has been commanded to perform an operation
that requires control of a peripheral, and needs control of HP-IB.

1. The HP 87510A has been addressed to talk, but there is
nothing in the output queue fo transmit.

2. Data in the Output Queue has been lost.

An error, other than a command error, 4 query error, and an
execution error has occurred.

1. A program data element following a header exceeded its input
range, or is inconsistent with the HP 87510A’s capabilities.

2. A valid program message could not be properly executed due
to some instrument condition.

1. An IEEE 488.2 syntax error has been occurred. Possible
violations include, a data element violated the HP 87510A
listening formats or a data element type is unacceptable to the
HP 87510A.

2. A semantic error which indicates that an unrecognized header
was received has occurred. Unrecognized headers include
incorrect device-specific headers and incorrect or
unimplemented [EEE 488.2 common commands.

3. A Group Execute Trigger (GET) was entered into the Input
Buffer of a program message.

The operator pressed a front panel key or an optional keyboard
key or turned the rotary knob.

A power-on sequence has occurred since the last read of the
register.
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Table B-3. Status Bit Definitions of the Event Status Register B (ESB)

Bit Name Description

0 Sweep or group | A single sweep or group has been completed since the last read of
complete, or cal | the register. Operates in conjunction with SING or NUMG,
std. complete

1 Service routine | 1. An internal service routine has completed an operation, or is
waiting or done, waiting for an operator response.
gmf:ﬁ‘g“a* LrigEer |5 The HP 87510A has set the manual trigger to the point mode

and is waiting for 2 manual trigger.

2 Data entry A terminator key has been pressed.
comiplete

3 Limit failed, Ch 2 | Limit test failed on channel 2.

4 Limit failed, Ch 1 { Limit test failed on channel 1.

5 Search failed, Ch | A marker search was executed on channel 2, but the target value
2 was not found.

6 Search failed, Ch | A marker search was executed on channel 1, but the target value
1 was not found.

7 Point One measurement point of a sweep has been compieted.
measurement
completel

10 Limit Passed, Ch | Limit test passed on channel 2. &
2

11 Limit Passed, Ch | Limit test passed on channel 1. .
1 7

12 | BIN Sorted, Ch2 |Sorted at specified BIN on channel 2.2

13  |BIN Sorted, Chl |Sorted at specified BIN on channel 1.2

1 This bit is set only when the related bits of both SRE and ESNB are enabled.

In the case of the manual trigger on point mode, HP 87510A accepts the next trigger while current measurement is
in progress (up to the number of points). Use bit I and bit 7 correctly to synchronize measurement and external
triggering. For example, 1) wait untif bit 1 is set, 2) trigger, and 3) wait until bit 7 is set.

2 BIN is specified by BINESB command

Table B-4.

Status Bit Definitions of the Operational Status Register (OSR)

Bit

Name

Description

14

Program running

An HP Instrument BASIC program is running.

Each status register has a register mask which enables generating Service ReQuest (SRQ) with
condition of a status bit. For instance, to generate an SRQ when the HP 87510A completes the
specified number of sweep, enable ESNB bit 1 which is the mask register for ESB 0 (*SING,
NUMG, or Cal Std. Complete”) which shows sweep completion and SRE bit 2. This makes a
path from ESB bit 0 to an SRQ. This example is listed as a program listing:
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10 ASSIGN C@Hp87510 TO 717

20 !

30 OUTPUT @Hp87510;"CLES" ! Clears status registers

40 {QUTPUT €Hp87S10;“ESNB 1" ! Enables mask register of "SING. NUMG. or

50 ¢ ! Cal Std. Complete" of ESB
i
1

60 OUTPUT QHp87510;"#=SRE 4" ! Enables mask register of "Event Status
70 ! ! Register B" of STB
80 !
90 ON INTR 7 GOTO End ! Declare SRQ interrupt
100 ERABLE INTR 7;2
100 OUTPUT @Hp87510;"SING"” ! Execute single sweep
110 GOTD 110 ! Endless loop
120 ¢
130 End: ¢ Exit from loop when sweep is completed
140 END
7
Figure B-4. Example of Generating a Service ReQuest (SRQ)
OSPT, OSNT

OSPT (Operational Status Positive Transition Filter)

Sets the positive transition filter. Setting a bit in OSPT will cause a 0 to 1 transition in the
corresponding bit of the associated operational status register (osR) to cause a 1 to be written
in the associated bit of corresponding operational status event register (OSER).

Because only bit 17 of the HP 87510A’s OSR is used to show program status, when bit 17 of
OSPT is set to 1, starting a program causes a 1 to be written in bit 17 of OSER. (And thena 1 is
written in bit 7 of STB.)

OSNT (Operational Status Negative Transition Fiiter)

Sets the negative transition filter. Setting a bit in the negative transition filter will cause a 1 to
0 transition in the corresponding bit of the associated operational status register to cause a 1 to
be written in the associated bit of corresponding operational status event register.

Because only bit 17 of the HP 87510A"s OSR the is used to show program status, when bit 17 of
OSNT is set to 1, stopping a program causes a 1 to be written in bit 17 of OSER. (And thena 1l
is written in bit 7 of STB.)
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Key Codes

Figure C-1 shows the codes of the front panel keys for using the KEY HP-IB command.

/ A ACTIVE CHANNEL Wi, cusseammsasg ENTRY
. 37 28 _ a3
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Figure C-1. Key Codes
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Calibration Types and Standard Classes, and
Calibration Arrays

Table D-1 lists which standard classes are required for each calibration type. Table D-2 specifies
where the calibration coefficients are stored for different calibration types.

Table D-1. Calibration Types and Standard Classes

Class Response Response and S
Isolation i-port
Response: s
Response and
isolation:
Response .
Isglation °
Reflection:
S11A (opens) o
S11B (shorts) .
S11C (loads) .

Tabie D-2. Calibration Array

Array Response! Response and 1-port
Isolation!
Ey Ex E:
2 Er Eq
Es

1 Meaning of subscript: X = crosstalk; T=transmission tracking.
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Waveform Analysis Commands

The HP 8751 A has several commands for analyzing measurement waveforms. These commands
allow you to perform analysis with a single command instead of combining marker functions,

This appendix provides information about these waveform analysis commands. The commands
are divided into four groups as follows:

= Waveform analysis setting commands

= Ripple analysis commands

s Maximum/Minimum/Mean search commands
m Filter and Resonator analysis commands

When a query command is sent, the HP B751A searches, calculates, and then returns the
resultant data by HP-IB. Nothing will be displayed on the CRT during this time, This makes
possible faster and easier operation than using the marker function in an HP-IB program.

Note Figures are concept figures to show how the commands work, and they are
different from an actual measurement display. Actually, nothing will change on
# the CRT when a command is executed.

Setting Commands for Waveform Analysis

The following commands specify the analysis range for the previously mentioned waveform
analysis commands.

ANARANG
ANARFULL
ANAODATA
ANAOMEMO
ANADCH1
ANAOCH2
THRR

ANARANG and ANARFULL

ANARANG sets the stimulus range for the waveform analysis commands. This analysis range is
specified independently from the marker search range. When the HP 8751A is turned ON, the
default setting for the analysis range is equal to the full stimulus range.

When the analysis range exceeds the stimulus range, the analysis range is reset to match the
stimulus range. For example, If the analysis range is set from 80 MHz to 100 MHz when the
stimulus range is 75 MHz to 95 MHz, the HP 8751A resets the analysis range to 80 MHz to 95
MHz. If the stimulus setting is modified after the analysis range is set, the HP 8751A resets the
analysis range to the full range of the new stimulus range.

Waveform Analysis Commands E-1
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ANARFULL sets the waveform analysis range equal to the full stimulus range.

ANAOCH1/ANAOCHZ

These commands select the channel to be used by the waveform analysis commands. ANAOCH1
selects channel 1 and ANAOCH2 selects channel 2. The channel selected is independent of active
channel.

ANAODATA and ANAOMEMO

These commands select the object trace to be used by the waveform analysis commands.
ANAODATA selects a data trace and ANAOMEMO selects a memory trace for waveform analysis.

Note The target trace (data or memory) can be specified independently for each
channel. The ANAODATA/ANAOMEMD command is effective for the currently
i selected channel. So, the ANAODATA/ANACGMEMO command should be set after
switching channel using the ANAOCH1/ANAOCH2 command.

THRR

Sets threshold ripple height for waveform analysis commands. Ripple height is defined as
difference between local maximum and loca! minimum. Waveform analysis command searches
only greater ripples than threshold value, and others are ignored. Default threshold value is 0.

Ripple Analysis Command

The following commands analyze ripple of trace data and return the resuitant data by HP-IB.
The effective analysis range for these commands is specified with the ANARANG command. The
HP 8751 A starts ripple analysis when it receives a query.

A sensitivity of ripple search can be set by THRR command. For details about THRR, refer to

RPLLHEI?
RPLERV?
RPLMEA?
RPLVAL?
POLE?




RPLPP?

The RPLPP? command calculates the amplitude between the local maximum and minimum
points within a specified range as shown in Figure E-1 and outputs the resultant data by HP-IB.
If no ripple is detected, a zero is returned,

@ Local Maximum

O Loosi Minimum

A

Spacified Range =e————-|

¥
&
|
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)
|
1
T
1
L
1
i
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?
I
1]
»
i
[}

e e e e e e o v

"RPLPPY returns this vaiue.

Maximum Diiference
Between Local Max
and Local Min.

o e o e b e e o i o

Figure E-1. RPLPP?
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35
40
50
60
T0
80

10 ASSIGN €Hp87510 TO 717

20 OUTPUT €QHp87510;"ANAOCH1Y
30 OUTPUT €Hp87510;"ANARANG 69.99E6,70.01E6"

QUTPUT €Hp87510;"ANAGDATA"

CUTPUT €Hp87510;"RPLPP?"
ENTER QHp87510;Ripple
PRINT Ripple;" dB"

END

B T T L R ]

When iBASIC is used, *
Change 717 to 800.

Select channel 1 for analysis
Set freq. range for analysis.
(69.99 MHz through 70.01 MHz)
Select DATA trace for analysis
Search for ripple

Get ripple value

Print ripple value

Figure E-2. Sample Program for RPLPP
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RPLHEI?

The RPLHEI? command searches for the maximum height between all neighboring local
maximums and minimums within a specified range, as shown in Figure E-3 and outputs the
resultant data by HP-IB. If no ripple is detected, 2 zero is returned.

roe - Sacified Range sw————iwt

“RPLHEI?" relurns thiz vaiue.
{dmximem Haight

E

@ tocal Maximum

© Loos! Minlmum

D LT T T SRy T

RRETT
Figure E-3. RPELHEI?

10 ASSIGN QHp87510 TO 717

20 OUTPUT ©QHp87510;"ANAOCH1"
30 QUTPUT ©Hp87510;"ANARFULL®
35

40 OUTPUT QHp87510;"ANADDATA"
50 QUTPUT €Hp87510;"RPLHEI?"
60 ENTER €Hp87510;Ripple

70 PRINT Ripple;" dB"

80 END

When iBASIC is used, change 717 to, 800
Select channel 1 for analysis

Range for analysis is equal to

the stimulus range.

Select DATA trace for analysis

Search for ripple

Get ripple value

Print ripple value

e ek mal s vem v e

Figure E-4. Sample Program for RPLHEI
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RPLRHEI? and RPLLHEI?

These commands also search for the maximum height between neighboring local maximurmns
and minimums within a specified range as does the RPLHEI command. But RPLRHEI? searches
only for the local minimum to the right from each iocal maximum point, and RPLLHEI?
searches only for the local minimum to the left from each local maximum point as shown in
Figure E-5. Both commands return the maximum height by HP-IB. If no ripple is detected, a
zero is returned.
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“RPLAHEI?" returns this value.
(Maximum height
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Figure E-5. RPLRHEI? R

r——  Spacified Range s

“RPLLMEI?" returns this value.
Maximum betgh®
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Search Laft
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© Local Minimim
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Figure E-6. RPLLHEI?
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RPLENV?

This command searches all neighboring peaks and their included valleys for the maximum
height, perpendicular from the valley minimum point between neighboring peaks, to the
intersection of an imaginary slope line drawn between the neighboring local maximums as
shown in Figure E-7, and outputs the resulting maximum envelope value by HP-IB. If no ripple
is detected, a zero is returned.

SR Specifiod Range o=

imagingry Siope

"RPLENV?" refurns this valie.
Gdeximum height \

g = - —

& Local Maximum

¢ Local Minimuem

o o gl - —— - — o —— -

CRGAEC0T7

Figure E-7. RPLENV?
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RPLMEA?

This command averages all heights between neighboring local maximums and minimums within
a specified range as shown in Figure E-8 and outputs the average value by HP-IB. If no ripple is
detected, a zero i returned.

ks Spacified Range ——

o
[
=
3
javg
=1
(=X
[77]

® Locsl Maximum

D Y

C Local Minimum

o e s A e e W A 5 0 e g Sl 44 O g

|
i
i

"RPLMEA?" relurns the aversge valie derived by the tollowing equation
hi + h2 + h3 .. + hnt + hn

Avarage value =

Figure E-8. RPLMEA?

i

110 ASSIGN €@Hp87510 TO 717
120 OUTPUT ©Hp87510;"ANAOCH1"
130 QUTPUT ©Hp87510;"ANARFULL"
136 the stimulus range.

140 QUTPUT €Hp87510;"ANAODATA" Select DATA tracs for analysis

! When iBASIC is used, change 717 to 800
L]
d
!
!
150 QUTPUT €Hp87510;"RPLRHEI?" ! Search right for ripple
i
!
!
!
!
!

Select channel 1 for analysis
Range for analysis is equal to

160 ENTER @Hp87510;Right_ripple ! Get ripple value

170 OUTPUT €Hp87510;"RPLLHEIY" Search left for ripple

18C ENTER €Hp87510;Left _ripple Get ripple value

190 QUTPUT €@Hp87510;"RPLENV?Y Search for “envelope ripple"
200 ENTER €Hp87510;Env_ripple Get envelope value

210 DUTPUT €Hp87510;"RPLHEAZ" Search for ripple and average ripple values
220 ENTER QHp87510;Mean_ripple ! Get average value

230 PRINT "Right Ripple ";Right_ripple ! Print ripple values
240 PRINT "Left Ripple “;Left_ripple !

250 PRINT "Env. Ripple ";Env_ripple !

260 PRINT '"Mean Ripple ";Mean_ripple !

280 END

Figure E-9. Sample Program for RPLRHEI, RPLLHEI, RPLENV and RPLMFEA
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RPINVAL?

The RPLVAL? command returns the maximum total of the differences between the local
minimums and the adjacent left-hand and right-hand iocal maximums within the range
specified by the ANARANG command and the stimulus value of the minimum total by the HP-IB
bus. Refer to Figure E-10. If the corresponding points are not found, a zero will be returned.

u———— Spacified Range —>
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\ *RPLVAL?" returns this stimulus.
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® Local Maximum
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Figure E-10.

POLE? ’
The POLE? command searches from the maximum value point for the leftward and rightward
local minimums which are blow the value obtained by subtracting the parameter-specified
value from the maximum value, and returns the first qualifying local minimums found with
their corresponding stimulus values. Refer to Figure E-11. The command parameter should be
a negative value. If such a point is not found, a zero will be returned.
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"POLE?" returns these points’ value and stimulus.

Figure E-11. POLE?

Maximum/Minimum/Mean Value Search Command

The following commands return the maximum, minimum, and mean value of a trace within the
range specified by the ANARANG command.

JUTPHAX?
CUTPMIN?
OUTPMINMAX?
OUTPMEAN?
PEAK?
KEXPK?
NUMLMAX?
NUMLMIN?
LMAX?
LMIN?
TARR?
TARLY

OUTPMAX?/OUTPMIN?/OUTPMINMAX?

These commands search for 2 maximum/minimum/mean value within a specified range and
returns it with its corresponding stimulus value by HP-IB. OUTPMAX? returns the maximum
value and OUTPMIN? returns the minimum value. CUTPMINMAX? returns both the maximum and

minimum values :

Weveform Analysis Commands F-9
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OUTPMEAN?
OUTPMEAN? returns the mean value within a specified range by HP-IB.

PEAK?

The PEAK? command returns the maximum local maximum within the specified range with

its corresponding stimulus value. If there are two or more maximum local maximums, the
minimum stimulus value is returned. The HP 87510A records the maximum local maximum and
its stimulus value. If such a local maximum is not found, a zero will be returned.

NEXPK?

The NEXPK? command returns the maximum local maximum (within the specified range) having
a value less than the vaiue recorded by the HP 87510A. It also returns the corresponding
stimulus value. If two or more such local maximums are found, this command returns the local
maximum having a stimulus value larger than the stimulus value recorded by the HP 87510A.
If such a local maximum is not found, 2 zero will be returned.

NUMLMAX?

The RUMLMAX? command returns the number of local maximums within the specified range.

NUMLMIN?
The NUMLMIN? command returns the number of local minimums within the specified range.

LMAX?

The LMAX? command returns the nth local maximum counted from the left end df the specified
range. n is a command parameter. If such a local maximum is not found, 3.40282347E + 38 will
be returned.

LMIN?

The LMIN? command returns the nth local minimum counted from the leftf end of the specified
range. n is a command parameter. If such a local minimum is not found, 3.40282347E+38 will
be returned.

TARR?

The TARR? command searches for the point having the parameter-specified value rightward
from the left end of the specified range. If it is found, the TARR? command returns it and its
corresponding stimulus value. If the point is not found, a zero will be returned.

TARL?

The TARL? command searches for the point having the parameter-specified value leftward
from the right end of the specified range. If it is found, the TARL? command returns it and its
corresponding stimulus value. If such a point is not found, a zero will be returned.
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Filter and Resonator Analysis Command

The following commands are device related. They are easy to use for specific device analysis
because they will output many parameters with only a single command.

OUTPFILT? valuelsufix]
OUTPXFIL?
OUTPCFIL?
OUTPRESO?
OUTPRESR?
OUTPRESF?

()
& ]
3 4
=
ot
m
0. 3
[

OUTPFILT? valuefsuffix]

QUTPFILT? returns filter specific parameters, insertion loss, BW(bandwidth}, feen:, @, AL.F and
AR.F within the range specified by the ANARANG command.

This command has parameter which sets the offset of xdB to the maximum peak value to
determine the cutoff point. For example, use “-3dB" for the parameter value of OUTPFILT?
command to determine the cutoff point to 3 dB below the maximum peak.

Figure E-12 shows a typical example of a bandpass filter measurement trace. The insertion loss
is the absolute value of the difference of the maximum within a specified range and 0 dB. BW
is the stimulus width between two cutoff points (fi and f;) and the center point of two cutoff
' points are given as feens. Q is calculated as:
\/31 X 2

Q= "Ew
AL.F is the stimulus difference between the left 2dB cutoff point and the center point of a
specified range. Similarly, AR.F is the difference between the right cutoff point and the center
of a specified range.

Zeros will be returned for all parameters when two 2dB points can not be found. »
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