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Excellent repestability
High zcouracy
Excellent reliability, long lie

Features and description

« DCto 26.56 GHz, DC to 40 GHz
frequency coverage

« Optional calibration data

« O 11dB, 70 dB, 90 dB

+ 1 dB steps, 10 dB steps

« Excellent repeatability

+ High accuracy

»  Excellent reliability, long Hie

»  Execeptionally low inzsertion loss

These attermators offer repeatability
of better than ¢.03 4B and excellent
ife (greater than & million switching
cycles per section).

This family of programmable step
attenuators offers coaxial measure-
ments to 26.5 GHz (K models) or to
40 GHz (L medels), in a compact,
rugged design. The first model in this
family is the Agilent Techmologies
S40608K /L., which offers outstanding

Agilent 84904, 6, 7K/L

Prugrammable Step Attenuators
Data Sheet

performance with an attenuation
range of § to 90 dB in 10 dB steps.
Other models include the Agilent
B4804K/ L, with 0 to 11 dB of attenua-~
tion in 1 4B steps, and the Agllent
84807K/L, with 0 to 70 dB of afttenna-
tion in 10 dB steps.

This latest design evolution sels new
standards for size and performance.
High attenuation sccuracy and low
SWR are achieved through the use of
miniature thingilm attenuation cards
composed of high-stabflity tantalum
nitride film on & sapphire substraie,
Insertion loss performance is out-
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Figure 1. Insertion Joss

standing, with less than 2 dB of loss
at 26.5 GHz and only 2.4 dB at 40 GHz
(figure 1. The compact size of the
units, 35% smaller than the 3486/7
(26.5 (3Hz) family, allows for sasy
integration into instruments and ATE
systams.

This family of step attenuators offers
three connector types. For operation
to 40 GHz, the 84804/6/7L models
offer either the 2.4 mum connector,
which is recommended for top per-
formance and for rugged and repeat-
able connections; or the 2.2 mm con
nector, which is compazible with SMA
and 3.5 mm connectors but is more
delicate. For operation to 26.5 GHz,
the 84904/6/7K models offer the

3.5 mun connector. This connector is
compatible with SMA and 2.82 con-
nectors, hut is more rugged. Each
model in the 84904/6/7K and L family
comes with twd female conneciors
(standard) or may be ordered with
one female and one male connector
for easy insertion into a microwave
chain or to combine the 1 B step
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84904 with a 10 4B step 845806 or
84907 to cover an atteruation range
of 121 dB or 81 dB in 1 dB steps.

Individunal calibration data reports of
aftenuation and SWR are available.
This data, measured with an Agilent
automatic network analyzer can be
ordered as Qption 8450wx-890,

Attenuation switching and contral
These units feature the same
small solenoids and switching civouits
as the Agilent Technologies
8404/5/8/7 step attenuator family.
Switching time s 2 maximum of 20
mill-geconds, including contaet set-
tling time. Once switched, the units
are latched with permanent magnets,
capable of withstanding shocks over
L0 Gs. The solenoids autoinatically
disconnect after switching, which
winimizes the attenuators’ power
requirements and simplifies the driv-
er circuit design (figure 8). Solenocids
are available in either 24 voit {stan-
dard, Option 8490xx-024}, 15 volt:
{(Option 8480x=-015), and 5 volt
(Option 8480x=-011) ranges to fit
your instrament or sysiem
requirements.

The units come equipped with 10-pin
DIP headers for connecting de conirol
Lines. Available accessories include a
208 mun (8 ineh) or 408 mm (16 inch)
ribbon cable with DIP-type connectors
that is compatible with standard 14
pin DIP IC sockets (11764-80002 or
11764-80003, respectively). Altern~
atively, & 1524 mm (5 fool) cable with

- free wires for divect soldering {11764~
G00013%, or a 1524 mm (5 fool) drive
cable that connects to the 11713A
attenuator/ switch driver, allowing for
eazy integration into GPIB-controlied
sufomatic test systems (11764-60004),
may be ordered.

Seiection switching

Figure 2 shows one attenuator sec-
tion: schematic. Each section utilizes
one solenoid with dusl coil windings,
one coil to switeh in the attenusator
card (e.g. 10 dB) and one coil to
switch in the thru Hne (0 dB).

Figure 2. Section slectrical diagram

With positive voltage applied to the
common pin, the state (attenuator
card or thru line) of & particular sec-
tion is determined by connecting iis
attenuator card pin or thru pinio a

negative voltage or ground. Figure 4
defines the pin assignments and wire
color code for the 117684.-60001/60002/
G00G3 drive cables. Table 1 is a sole-
noid drive pin and attenuation guide.
Table 2 {on page 4) defines recoms-
mended attenuator section activation,

Az a section is switched, the internal
contacts of the activated coll open,
thus shuiting off current flow. Af the
same time, the infernal contacts for
the other coil close so that it can be
activated when desired. Figure 3
shows a section that has been
switched to the attenuator card posi-
tion {note the closed thru line coil
contact), The switching is “break-
before-make” type, thus a momentary
interruption of the RF signal occnrs
at switching.

Although all sections can be swilched
simultanecusly, the attenuator driver
must not allow both pins of the same
section (e.g. Section 1, pins I and 2)
to be activated concurrently, or else
that section would cycle rapidiv. All
terminals are “floating,” so bipolar or
unipolar power supplies can be used.

g

Figure 3. Driver and indicator clrcults for one section of 2n AgHent 8424/5/6/7
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Figuye 4. Atteruator switching pinout
Tahle 1. Solencid pin and attenuation guide
Sectiom: Section 1 Section 2 Sectiond Soetion &

Thru Attn  Thrs Aitn  Thre Atte  Thru  Ata

Muodel Numbler Line Card Line Card  Line Card Line Card
B4B0BK /L
Atizruation [dB} ] HE ] i 0 30 ] 3a
Actuating pin 1 Z 5 8 4 g ] 7
11764-60084 plug
Pin number 5 8§ 7 B 9 10 H 12
11764-60002/60003 flat
Header pin munber 13 2 11 ] k) g 4 4
B48OTK/L
Atteruation {dB) i Hi] ] 2 9 a0
Actuating pin 1 2 5 8 4 §
11754-60004 piug
Fin numnber 5 8 7 8 g 10
11764-60002/ 60003 flat
Header pin number 13 2 11 5 3 9
BA0B4K/1L
Attenuation: [d8) ] i 1] 2 q 4 0 §
Actuating pin 1 5 g8 £ 9 g 7
11764-60084 plug
Fin number 5 § 7 § 9 10 H 12
11764-60042/60803 fiat
Header pin number 13 2 11 H] 3 g 4 10

. Fln 10 is +24 volts

Typical driver cireuit

Figura 3 shows an economical TTL
compatibility driver circuit for a sin-
gle attenuation section which utilizes
and IC relay driver and an inverter. A
TTL “HI” input to the driver switches
in the atfenuation card, while a “LO"
will activate the thru line for that sec-
tion. This provides & complimentary
driver for the section which assures
that only one solencid of the pair is
activated at & time. Diode protection
is required to protect the IC from the
solenoid voltage flyback,

Switch position can be indicated
remotely by uiilizing the open and
closed states of the internal eoil
contacts. Connected at Aand B in
figure 3 are two indicator cireuits, one
providing a TTL output and one that
activates an LED, These circuits will
output a TTL “HI (LED lamp ON" if
the attenuation card is in the RF cir-
cuit, and will output & TTL “LO7 (LED
lamp “OFF) if the thru line ig in the
RF circnit. Since current is drawn
through the coil for these cireults,
inadvertent switching is prevented by
liniting the current to 5 mA.

Agilent Techniologies asguines no
responsibility for the use of any cir-
cuits described herein and makes no
representation or warranties, express
or implied, that stch circuits are free
from patent infringement.

Drive cables
11784-600M1 10 pin DIP to 807 leng
. ribbon cable
11764-60002 10 pin DIP to 14 pin DIF,
‘ £ jong

11784-60003 10 pin DIP 5 14 pin DIP,
18" long

$1764-68004 10 pin DIP t 12 pin Viking
connecios, B0” iong. Usad
with 117134 driver

11764-60006 10 pin DIP fo {4) & pin BERG

connectors, 30° long. Used
Wwith 871304 or F06TTA driver
3



Table 2. Attenuator section activation guide

Recominended switching sequence: The Felfowing switching sequence {ie. which 30 dB section to use for the B4808K/L o7 wiich 4 ¢B section for the
B4804K/% shouid be followed to insure performance to specs.

Attenuation selected

BA906K/L BdB 18 dB 2048 30 dB 40 48 50 4B 50 dB 78 dB 80 45 80 4B
Section 1 {14 4B} X X X X
Section 2 (20 4B} X X X X
Section § (30 dB) X X X X X X X
Sectar 4 {30 dB} X X X X
BABOTH/L 0 4B 10 48 20 48 3048 ag 48 53 48 50 4B niB

Section 1 {10 dB) X X X X

Saction 2 (20 4B} X X X X

Section 3 {40 4B X X X X

B4004K/L 0dn 148 28 3dB £4B 5dB 5dB 748 EdB 948 10 48 11 d8
Section 1 {1 dBj X X X X X X
Section 2 (2 dB} X X X X X X
Secticn 3 {4 dB) X X % X X X X X
Section 4 {4 4B} X X X X

Switching notes: Pins relata to 10-pin attenuater header as shown (Teble 1), NOT terminating connector on any attached drive cable. Soleneids are magretic
latciting type; drive voltage may be removed after switching. Current is setf-interrupting in less than 20 ms.




&PIB attenuator/switch driver
Employing programmable step atten-~
uators and switches in an automatic
test system becomes an easy task
when the Agllent 117TI3A attenator/
switch driver is specified into the
system.

The 117134 has all of the necessary
features to provide GPIB controt of
up to two programmable atfenuators
of the 84%4/5/6/7 Series, and concur-
rently up %o two electro-mechanical
switches {e.g, the S671B or 8762
Series).

The 117134 inchides an integral
power supply (with short circuit
protection) that can simultaneously
provide 126 millamps at 24 volts

to all contacts for control of the
atienuators and switches, so ne
external power supply is nseded.
Connecting between the 11713A
and the 84804/6/7 step altenuators
is eagy with the 117848 drive cable.

The 117184 also features convenient
front panel keys so the user can man-
ually activate the individual attenua-
Hem sections and switches when in
the “local” mode. Switching time for
the drivers iz less than 10 millisec-
onds.

Tor test systems using the Agilent
TO000 modular measurement system,
antematic conirol of these products is
easy using the T0611A attenuator/
switch driver, The T0811A has a ver-
satile, easy to use manual interface
when used with the 70004 color dis-
play. Each 706114 is capable of con-
trolling up to 31 SPDT switches ara
combination of several step atienua.
tors and switches.

Optional calibration data for the
Agilent 84804/6/7

Use of calibration data (i.e., accuracy,
recorded, data of a deviee’s charac-
teristies) has always been an effective
means of veducing measurernent
uncertainty at RF and microwave
frequencies. Step attenuators have
Tong been used as reference stan-
dards in the measurement of gain,
attenuation, and receiver sensitivity.
Since the accuracy specifications
include margins for frequency
response and unit-to-unit variations,
calibration data can improve overail
measurement uncertainty.

Clalibration data is available as
Option 8490xx-UKS and is generated

Option 3490x=-UKS provides a tabu-
lar list of attenuation and reflection
coefficients in 250 MHz steps from
1500 MHz to 26.56 GHz and 270 MHz
steps from 26.5 GHz to 40GHz.
Measurements are traceable to NIST
(National Institute of Standards and
Technology, formerly NBS) standards
and feature very low measarement
yncertainties {See tablés 3 and 4).

For devices with option 8490x%-006
and option 8490xx-106, option
249000 UKG and NIST wraceability are
not available,

Tahle 3, Agilent 84804/6/7K/1 reflection
coefficient data uncertainty

Frequency Rangs (GHz)

from measurements made by an doto 124 & 017
Agilent network analyzer. 14410265 *.023
265034 % 025
341040 £ 028
Tabie 4. Agilent 34904/5/7K/L attenuation data uncertainties
Attenuation {dB} de to 26 GHz 2010 26.5 GHz 26510 M GHz
il 032 +0712 4.5
18 =018 +0.24 +0.30
20 +0.18 = 0.25 +8.30
ki 817 +0.3) +0.38
50 £ 0.386 +0.54 + .30
86 +0.38 + 054 + .30
70 +1.62 .72 +0.36
80 + 0.50 + 062 +R.BD
a0 £ .66 09 +1485




Attenuator setting
Attenuation accuracy (2dB; referenced from 0 dB settingh

84907K/L
B4305K/ L.
Antenuator satting i 20 36 4 1) L] 7t it} 80
Frequency range de to 46 GHZ® 15 2.8 0.7 1.8 1.2 1.8 1.8 2.7 28
84904K/L
Attennator setting {dB) 1 2 3 4 5 8 b 8 9 14 11
Frequency range
tle to 18 GHz .35 0.45 .55 1.55 .55 0.55 0.60 0.68 0.55 a.70 0.80
1810.28.5 GHz 0.AL n.50 4.78 178 0.70 0.70 0.80 G380 . 0.8 3,90 110
25.5to 40 GH2* .60 0.80 0.80 0.80 .88 0.50 114 .10 1.20 130 158

1 Stap-to-step accuracy is the maximum vatiation from the nominal siep size when chenging attenuation values, W is 3 second specification an accuracy, and is used in combine-
tion with the absolute accuracy specifications to fimit maximem afiowable varatian fram nominal. Typical step-to-step accuracy for the 848061 and 828071 Is £6.8 dB to 285
GHz, +0.8 dB t0 40 GHz: for the 849041 is +6.3 1o 28.5 GHz, £0.4 t0 40 GHz

2 Attenuvation aceuracy to 28.5 GHz for K models,
" Specifications

Insertion loss
{in dB 0 dB position, f = freq. in GHz]

84804K/1 (0.8 + 0.044)

BABOGK /L (0.8 + 0.04x)

B4907K/L {0.6 + 0.034

SWR de 12.4 GHz 34 GHz SWR dc 12.4 GHz
to 12.4 8Hz to 34 BHz o 48 GHz ta 12.8 GHz to 76.5 GHz

L modeis K models

BAS04L-101 1.3 1.7 1.8 B4404K-101 11 1.7

84804L-1068 (1.5) 1.9 (2.0 B4G04K-106  {1.5} {1.9)

B84806L-101 1.3 1.7 1.8 84906K-101 1.3 17

849061.-006 (1.5} (1.8} {2.0) 84906K-006 (15} (1.4

8490711087 126 15 1.7 848071181 1.25 1.5

849G7L-006 (1.3) 1.9 {1.9) 84007K-006 (1.4} {17

Attenuation temperaturs coefficient Environmental capabilities Shock aperating

Less that 0.0001 dB/dB/C*

Power sensitivity
0.001 dB/Wait

. FF lnput power {max.}
1 Wati average, 50 Watls peak
(10 ps max, pulse width)

Life (min)
5 million cycles per section

Repeatibility
0.03 dB, typical

{Up to 5 million cycles)

Temperature, operating
~-20°C to +75°C

Temperature, non-operating
~55°C to +85°C

Altitude, operating
4,570 meters (15,600 £1.)

Altitude, non-sperating
13,700 meters (50,000 ££)

Humidity
CycHng b days, 40°C at 95% RE with
condensation ’

10 (s, six ms, on six sides, three
blows

Shock, non-operating
BO0 Gs, 1.8 ms, in six directions

Yibration, operating
5 @s, 34-2000 Hz

EMC

Radiated interference is within the
requirements of MiL-STD-461 method
RE02, VDE 0871 and CISPR
Publication IT



Mechanical information

Net weight 84804K/L BA905K /L 007K /L
281 grams 291 grams 229 grams
(10.3 oz} {10.3 a2} {8.107)

Mounting position (any)

RF connectors

2.4 mm connectors standard, L models only
2.92 mm (SMA compatibie), I. models only
3.6 mm (SMA compatible), K models only

Switching speed
Maximum 20 msec including seitling time

Switching Nominal cnil
Solenids Cail vaitage Current’ impedance
Standaxd 4V 125 mA 10
201 30V) {at 24 V} {85 mh}

1 Gurrent per section; approximately 10 mses duration bafore intersal sontects epen the ceil girmst

Figure 5. Dimensions are in millimeiers and inches.




Orderiny information

Programmable step attenuators

84904K 040 11 dB, 1dB steps; doto 28.5 GHz
84004L 01c 114dB, 1 dB steps; do fo 40.0 GHz
B4008K 0 to 80 dB, 1] dB steps; dote 2855Hz
849061 0o 80 dB, 10 dB steps; deto 46.0GH:
84907K Dto 70 dB, 10 dB steps; do to ZB5GHz
84907 Cto 70 dB, 10 dB steps; de to 40.0 GHz

Options

To add options to a product, use the following ordering scheme:
Muodel: 84804/6/7x [x =K. L}

Mode! options:  84804/8/Tx-opt#1 or B4804/8/ Tx-optH2

Supply voltage {must choose ong)

84904/6/7x-011 BV dc supply voltage

84904/8/Tx-015 15V do supply voltage

B4904/8/7x-024 24V de supply voltage (standard option}

BF connectors {must choose one}
84504/8/7K-004 » 3.5 mm female connector, 3.5 mm female connector {standard option)
84904/6/7K-104 » 3.5 mm male connector, 3.5 mm female connector
B4904/6/7L-006 » 2.82 mm SMA compatible connectors (UKB not available with this option)
844904/6/71-100 - 2.4 mm male connecion, 2.4 mm female connector
84904/8/7L-101 + 2.4 mm femele connector, 3.5 mm female connector {standard option)
84904/8/7L-106 « 2.97 mm male connector, 2.82 mm female connector

{UKB not avzitable with this option)

Calibration documentation {optienal}
$4504/6/Tx-UXE Calibration data

Accessories {opfional}

11764-50081 « 16-pin dip plug (for attenuter connection) to 1524 mm {5 foot) ribbon cable
11764-60002 « 203 mm (8 inch) ribbon eable with 14-pia headers, famale 10-pin raceptacie
11764-50003 » 408 mm (18 inch) ribbon cable with 14-pin headers, female 10-pin receptacle
11764-60004 « Interconnect cable 10-pin dip plug to “Viking” connector ffor use with 11713A)

E_ﬁ;giieﬂi Email Updates

www.agilent.com/find/ ematiupdates
Get the latest isformation on the
products ard applications you saleck

Agitent Technologies’ Test and Measurement Support.
Services, and Assistance

Agilent Technolngies alms to meximize the vajue you
receive, while minimizing your risk and problems. We
striva to gnsure that you get the test and messursment
capabilites you paid for and obtain the suppart you
need. Dur extensive support rasources and SBvices can
heip you chonse the vight Agilert praducts for your
applications and apply tham successfully, Every instru-
ment and systerm we seli has a global warranty, Support
is availzhle far at least Hve years beyond the production
life of the product. Two concepts underlis Agilent's over-
all support policy; “Dur Promise” and *Your Advantage.”

Gur Promise
flur Promise means your Agilent test and measuremand
squipment will mest its advertised perfommance and

‘funetionality. When you are choesing new equipment,

we will heln you with groduct information, including
realistic performanca spesifications and practicst racom-
mendations from experignced test engineers. When you
use Agient sqaipment, we can verlfy that it works prop-
erly, help with product operation, ard provide basic
measurement assistance for the use of specified capa-
hilities, 5t no extra cost uppn request. Many self-help
tools ars available.

Yeur Advantage

Your Advantsge means that Agilent offers 2 wide range
of additional expert test snd measurement services,
which you can purchase according to your unigue tach-
nical and business repds. Solve prohlams sfficiently and
watn a competidve sdge by contracting with us for cali
firatipn, sxiza-cost ppgrades, sat-of-warranty repairs,
snth on-site sducation and fraining, as well as design,
system integration, project management, and ather pro-
fessional enginesring services. Experiencad Agilent
angineers and technicians worldwide can kelp you maxk-
mize your productivity, aptimize the retum on investmant
af your Agilent instrements ant systems, and obtain
dependable measurement acraraty for the e of those
pradusts.

By internet, phane, or fax, get assistance with all yoar
test and measurement needs,

Doline assistance:
www.agilent.com/find / assist

Phose or Fax

United States: Kores:

{tel} 800 452 4844 {tel) {82 2) 2004 5004
{Fax] (B2 7) 2004 5115

Canada:

(1=} 877 804 4414 Latin Amarica:

{fax} 305 282 5485 {tel] {305} 268 7500
{Fax) {308) 265 7559

China

{tal} BOO 815 0108 Taiwan:

{fax) 800 820 2818 {tel) 080T D&Y 555
{¥ax) OBOO 296 334

Eurcpe:

{tad) (31 20) 547 2323 [Hher Asia Pacific

[fax} (31 20} 547 2380 Countries:
1121} [B5) BITS 8100

Japau: {fax) {65} 6836 0762

{vel} {81} 426 56 7832 Email: |

Hax) [B1] 626 56 7840

tro,_asia@agilent.com

Pruguct specifications and descrigtions in this document
stthjest ts change without notice.
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