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INTRODUCTION

The most frequently used radio-iink IF is 70 MHz, but IFs of 35 MHz and 140 MHz are gaining in
popularity. Systems with a small number of channels use 35 MHz; 70 MHz is used by systems
having up to 1800 channels. Aralog systems with 2700 channels use a 140 MHz IF; in the future
this IF will be used by digital radio-iinks cperating at high bit rates, and by satellite links
using TOMA. The RM-5 can handle all three frequencies.

The RM-5 comprises a separate generator section, the RMS-5, and a receive section, the RME-5.
The RM-8 s the simple way to measure total baseband distortion, the results are clear and easy-
to-read. The RM~5 can also be used to measure various kinds of distortion between IF ports, and
also modulator, demodulator and IF fiiter distortion. Al! these facilities are essential if
faults are to be located, and the whole system as well as each system component are to be opti-
mally aligned.

A test modem is essential if basic noise, intermodulatior products, or the BB-38 frequency re-
sponse between IF ports, are to be measured on wideband radio-link systems. The test modem is
available as an option.

In many applications the "noise calculation” option can be used instead of the test modem.

Using IF-IF differential phase and differential gain results, the cption calculates the inter-
modulation noise in three BB test chanpels. A11 relevant system parameters are used for the cal-
cuiation.

The RM-5 s alse ideal for test depts. that are planming to introduce automated testing to cope
with a large number of test items, or are looking for a better and more logical way of checking
batches containing different items.

A1l ths BM-5's generator and receive functions can be remote-controlled via a standard
TEC 625/1EEE 488 interface. This means that the RM-5 can be easily integrated intc automated
test systems.

Because the RM-5 has very low test frequencies {from 25 kHzJ, it is possible to test FM or PM
systems having a small number of channels,

However, to ensure-that atl faults can be detected, the RM-5 alse has test freguencies up te
5.6 MHz. These frequencies can also be demodulated in the RM-5's receive section. A facility
that automatically reduces the sweep witdh prevents incorrect results.

Extreme accuracy, especially at high frequencies, is essential for performing IF-IF distortion

measurements. Double modulation of UM and UA on the send-side, and tracking demodulation on

the receive-side ensure the RM-5 has the required accuracy. The modern design of the RM-5 makes
it reliable and easy-to-operate. The generator section and the receive section are operated by

buttons. Test parameters can be set very accurately.

The RMS-5 gengrator displays all the most fmportant transmit parameters by means of a multi-
digit 7-segment LED. The parameters can be set by means of up/down keys.

Frequently used setups can be stored and called up when required. An integral bettery ensures
that memery contents are not lost when the RM-5 is switched off.

Because the generator section is autematically tuned to the test frequency, end-to-end measure-
ments are easy to perform. The sensitivity of the receiver is automatically adjusted to handle a
range of signal levels. This facility operates at the IF and BB frequencies.




A new way of displaying results on the RME-5 has been adopted. The display unit can now show
curves and alphanumeric resylts simaltaneously in certain areas of the screem. This means sweep
traces can be read and understood at a glance, and that any phetos or printouts of the resylts
can be fully documented for use at a later date. The RME-5 has a "monitor" output for printing
cut the results on the screen.

The IF level at the centre frequency and the test deviation are shown on the screen, so that the
operator always knows 1f the test parameters are correct. The IF centre freguency and the sweep
width are determined by an integral frequency counter; these parameters are alsc displayed on
the screen.

A further feature which should be mentioned is the facility for displaying two sweep curves on
the screen simaltanecusiy. In other words, any pair of results {47, &9 and AU/Uol}, IF-1F
frequency response and return loss) can be selected via a pushbutton.

The calibrated ranges for the distortion parameters and the frequency response measurements can
be set by means of up/down keys.

The RM-5's display capability and facilities for evaluating sweep traces are greatly enhanced
by microprocessor control.

The freguency markers are now a pair of variable line cursors that are symmetrical about the IF
centre frequency {{.e. the vertical {ine through the centre of the screen).

Noisy traces, which often occur when measurements are made via satellite, can be smoothed and
made easier to read by means of a noise averaging facility. Five averaging factors are provided
to handle signals with various degrees of noise.

To eliminate the intrinsic distortion of the RM-5, or to adjust an item-under-test sc that its
characteristics follow a given curve, it is possible to store a reference curve and the differ-
ence curve obtained by subtracting the test curve from the reference curve.

The RM-5 has speciatl faciiities for anatysing distortion curves. The linear comporent and the
quadratic {parabolic) component of the curves car be calculated over any freguengy interval. In
the "Bessel spectrum" operating mode, the recefver displays the frequency~modulated fnput signal
as a spectrum - which means the RM-5 can be used as a spectrum analyser., This mode can aiso be
used to calibrate the test frequency deviation meter in the RM~5, and to set the sensitivity of
modulators and demodulators.

To set the IF centre frequency of modulators, yeu can obtain a display with higher resolution
by selecting the freguency counter mode on the RME-5.

Instead of the <IEC 625> interface board far remote controlling the RME-5, it is possible to
fit an x-y plotter interface that will only allow you to print ocut sweep curves,

The RM-5 aiso has an option for generating all the INTELSAT IF-IF frequency response and IF-IF
group delay tolerance masks that are used for Tining-up earth stations and satellite communi-
cations paths. One keystroke selects the mask you want.

The RM-5 is an up-to-date test set that can handle many complex applications but s neverthe-
Tess easy to operate.

1) See "Terms, symbols and definitions"

i
i
i
i




B Fw e B H. 2. . 5. B BR. B B B. R. 2. 5. B. 2. B

Tarms, symbols eand definitions

Sweep voltage UA . Alse called deflection voltage, peak value of
[sinusoidal} sweep voltage.

Uy Instantaneous value of the sweep voltage.
Test voltage Uy . RMS value of the {sinusoidal} test voltage.
U(UA} Magnitude of recefved test voltage as a function
of UA.
80 : Magnitude of the received test voltage at Uy = 0.
Non-1inear
distortionl}
Differential au/, - VU -, 1008
gainll Ug
Grotp delay 4T = T -1 o in ns
distortinnl} T.%, = Group delay of test signal at a working peint
determined by UA or Uy = 0.
Differential 4P = @9-@, in % rad (1% rad = 0,57%; 1° = 1,75% rad}
phasela $,, = Phase angle of test signal at a working point
determined by Y, or Uy = 0.
IF centre frequency F0 . IF carrier frequency, e.g. 70 MHz
Sweep width 47 . Peak value of IF sweep width caused by UA.
Sweep freguency fA 1 Frequency of the sweep voltage.
Test deviation 4% . RMS value of a frequency deviation caused by UM or
an external sinusoidal signal.
Test frequency fM 1 Frequency of test voltage.
Reduced sweep width d?RED . Automatic sweep width reduction as the test frequency
is increased ﬁFRED = 4F - fM'
Baseband BB . Name for wideband signal [(telephone multiplex or TV

signal) with which the IF carrier of & radio-1ink or
satellite system is modulated.

In the &M-5, the designation “BB" is used for both
inputs and cutputs and subassemblies which process,
generate or condition the BB signals or other signals in
the same frequency range, such as noise signals or
sinusofdal signals.

Intermediate frequency{band)} IF : In radio-link and sateilite systems, the wideband BB sig-
nal generally modulates the freguency of an IF carrier
signal. The IF carrier or centre frequency is 70 MHz for
systems with up to 1800 channels. In the RM-5, the desig-
nation "IF" is used for inputs and outputs and for sub-
assemblies which process, generate, or modify the fre-
quency modulated IF signals in the specified IF band.

1) The terms "non-linear distortion" and “group delay distortion" are used up to 1 MHz. Above
this frequency these guantities are referred to as "differential gain” and "di fferential

phase” resp..
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1-1
1 SPELIFICATIONS
1.1 SPECIFICATIONS FOR THE fM-5 S YSTEM
1.1.1  FREQUENCIES AND FREQUENCY RANGES
1.1,1.1  IF ranges
70 MHz range (standard} ...ci.ieiiiiiiiiianieiien e eeaaeesanresanearirarrataias A0 to 100 MHz
35 MHz range {option) .....iiive- e, P 25 to 45 MHz
140 MHz range {option) .......veviis e eneaianenny etied it 90 to 190 MHz
1.1.1.2 [fM" frequencies
{series T or series II, fM < 1 MHz)
Serfes I iivsinverrennnaans e e 27.778, 55,556, 92.593, 277.778, 555.556 kHz
Series 1T vouevnn- et i e fedeiraanaaaeen ... 25, 50, 83.3, 250, 500 kHz
High test frequencies {fM > 1 MHZ)Z) ........................................... 2.4 and 5.6 Mz
Either or both frequencies can be replaced
by one of the following 0ptions ...o.viiviieiiiiiieiniiienes RN 3.580, 3.579545,

4.430 or 4.433619 MHz

1.1,

1.3 "f," sweep frequency {sinusoidal}

Two selectable, fixed frequencies .....cvevicnirsatieanannanns PR N 18 and 70 Hz
or two frequencies that can be adjusted in 1 Hz steps cver the range ...........c... 18 to 70 Hz
One freguency can be wnﬂrmimdwﬂht%:wimZ)“., ............... eiaaee from 47.5 to 63 Hz
External frequency .voveveceocesrnrnrssssassnersss e ietessesesnerraanetiarsanrasaarans 18 to 70 Hz

2 IF-IF DISTORTION MEAS&REMENTSa)

Inless otherwise stated, the data are valid for input levels, PI’ from -20 to +10 dBm, and
for the 70 MHz IF range {standard) and the 140 and 35 MHz ranges {options). The foliowing
measurement ranges are valid for a max. screen height of 6 cm. The grid has 4 divisions, the
division spacing is 1.5 cm.

1) Does not apply to the 35 MHz IF range

2) From series F

3} The 18 Hz sweep frequecy must be used when the test freguencias are 25 and 50 kHz or 27.778
and 55.556 kHz
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1.1

2.3 "4T" group delay distortion (fH < 1 MRz)

Test ranges

u = SO0 or B55.556 kHZ wiiverinr i iiiiiii i it iiiai i, 0.8, 2,4, 8, ..., 80 ns
fi"t = 280 or 277718 KHz oooiiiiiiiiiaa e edaasetiidaes e, 1.6, 4, 8, 16, ..., 160 ns
fi\’1~ 83.3 or 92.593 kHz ... ..., Cerretirarararanan vaerenaesss 4,10, 20, 40, ..., 400 ns
Fﬂ = B0 0r 55,556 KHZ vvvicvinnnrnerierennioiinnerinrosiosnsnnisns . 8, 20, 40, 80, ..., 80O ns
fyg = 250r 22,778 KHZ weovnininiiiiiii 16, 40, 86, 160, ..., 1600 ns
Maximum sensitivity ........ et et ar it et ittty eeiriaaaaes 0.2 ns/div.
Intrinsic distortiont!
35 MHz?) 70 MHz 140 tiz?)
+5MHz | +10MHz | +12Mdz | +25MHz | + 18 MHz |+ 40 MHz
<0.5ns <Zns £0.4 ns <lns < 0.3 ns <1l ns
Intrinsic noise® (peak-to-peak) ...... Cerrraraerraer s e basairen e <0.1lns
1.1.2.2  Non-linear distortion ‘KU/UG:mifM < 1 MHz}
Measurement ranges i uee.sinrneraanrcsnaerassneconacaiarasssonanronsnan 0.4, 1, 2,4, ..., 40%
MaX. SBNSTLIVILY turrnnrirr e e cnnaenraerasrasasesassnirasnsaseosasaseonnsanss R 0.1%/div.
Intrinsic distortion
35 wz?! 70 Mz 140 Miz?)

1.1

+5MHz |+ l0MHz | + 12 Mz | + 25 MMz | +18Miz | + 30 MMz

< 0.2% <0.82 <G.1% < 0.3% <0.15% < 0.3%

4}

Intrinsic notse’’ {peak~to-peak]) . uiirurerrerrririnieieriisiivntstnteransnansnnnrsnnsss < 0.05%

-2.3  Differential phase '4p" (f, > 1 Miz)

Measurement ranges +.veeveene. et Cereerriarenereans .4, 1, 2, 4, ..., 40% rad

Max., sensihivity tiiiiiiiiiiiiinirannntnnserrasnrsranrtatcannes Crararrreaeans craenes B01% rad/div.

1} Test frequency 500 or 555.556 kHz; typical value a%t lower frequencies

2} If option is fitted

3} Averaging factor 32, test deviation Af > 200 kHz, test frequency 500 or 555.556 kHz, At
Tower test frequencifes the value increases by a factor of 556 kHz/fM.

4) Averaging factor 32, test deviation df > 200 kiz
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Intrinsic distortion (autom. sweep width reduction on):

70 MHz 140 Mzt
+ 12 MHz + 25 MHz + 18 MHz + 30 MHz
< 0.5% rad < 1% rad < 0.5% rad < 1% rad
Intrinsic notse?) {peak-to-peak] ..oiviiinnann T I < 0.05% rad
1.1.2.4 Differential gain 'ZU/UO“ {f,, > 1 HHz)
TESL FANGES «evvrariarnianreaana i inaaaran N 0.4, 1, 2, 4, ..., 40%
Max, SensTtivity veeinvrrnrcasiriiiaianiiins e teaiaraerrar e etasstanans e 0.1%/div.

70 Mz 180 Mzt
+ 12 MHz # 25 MHz |+ 18 MHz | + 30 MHz
< 0.2% < 0.4% <0.2% < 0.43
Intrinsic noise’’ (peak-to-peak) ..... e ST SO < 0.95%
1.1.2.5 Attenuation/frequency distortion ‘ZPI" (1F-IF frequency response}
Test ranges ....... Cerierans 4 e ieet sttt iy e 0.4, 0.8, 1.6, ..., 16 4B
Max., sensitivity ......... .0, e r e beai st ar ey e RPN G.1 dB/div.
ﬁpﬁ._jE;EiEsipmfgegggngy”;gsgpgsg;}
IF Tevel P, 35 Mzt 70 Mz 149 MHz1)
+ 5 Miz + 10 MHz + 25 MHz + 50 MHz
+3 dBm +0.15 48 +0.25 dB + 0.05 a3 + 0.1 d8
-26 to +10 dBm + 0.25 4B +0.35 dB + 0.1 48 + 0.2 d8

Slope correction factor for 4P, measurements

Linear errors, caused, for example, by long test cables, can be compensated for by using a
slope correction factor, The correction factor can be switched out when required, and does not

affect calibration.

1.1.2.6

Attenuation/frequency distortion ”APII" {selective}

{signal has same freguency as IF signal at input P

Level at input P

1} When option is fitted

2} Averaging factor 32; test frequency deviation 4f = 500 kHz

3} Temperature range +15°C to +30°C

.......... verveseaaee =30 to -10 dBm
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Test ranges ........oe... fasees Pareeteanes rrrereae Cerberssestrrerraassaaenen 8, 16, 4G, 80 dB

L L 2 et bivaraaa 2 di/div.

13

3 miz + 10wz | 70wz + 25 iz | 140 Mz + 50 Mz

; ' + 0.6 dB 0.7 a8

1.1.2.7  IF return loss ‘ZPII“

{use the RFZ-4 or the RFZ-14, see 4.5)

Meastrement ranges «.ouvveiionernieeiriaiineeneans be e sraraeraacastaraairrans 8, 16, 40, 8C d8
Max. sensitivity .......c.vn.... erereaeaeereas e aareeaaes st aenarens e rer v s e 2 dB/div.
Error Vimits, using the RFZ-4, with, for example BNC, TNC or 1.6/10 connectors,
frequency range 45 to 90 MHz, after calibration
at a, = 4B ..., et a e ety N vervsess v 10dB
at a, = WdB e Ve e N varveassaae. =2.1/41.8 dB
1.1.2.8 Yextern {e.g. for rf detector signals)
Heasurement ranges ....... G dreae e rraeaeeesaea rreneseesaes 8, 20, 40, 80, ..., BOC mv
Max. sensTeivity ... i iiiiiiiiiiiinnnen. fherrareciaan . . 2 omV/div.
Input impedance (dc coupling) ...ovvvvnrninnnnn.. Crreaasarraaaes R, 10 k@
Max. input voltage ...... e derraaraar e P Serreserrresnenainn ereersenrenas <7V

i.1.3 IF TEST PARAMETERS

The test parameters, and the cyrves showing the results, are both displayed on the screen.
The measurement range and the test frequency fM are shown at the top of the screen. The results
for the parameters described in 1.1.3.1 to 1.1.3.4 are shown at the bottom of the screen.

1.1.3.1 Levei;j?r“

(at centre frequency Fo)

Test range ......... Pt Cerreaiiaa Fereeeeeeaas Cedreraaaaeas -20 to +10 dBm
Reselution ...... beerereaeaas e e e eeeaaas Cesararanaeiaaeas venens C.01 dB
Error limits (after calibration at a transmission level of 0 @BM) «ovevvererrereereenss + 0.5 d8

1} Option fitted




B = B B B B =B &2
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1.1.3.2  Test frequency deviation "4f" (rms value)
Heasurenent range ...oceracaraiaoas Perarearacens e dearesasieeraeaeiintaaaas 15 to 500 kiz
Resolution covivinans P N e estesaan it e veesss 1 okHz
Mogulation frequency range
in the 35 MHZ IF ramge vovvnnnnraronvrarsuanes ek h e rinae et se ey 25 to 555.556 kHz
in the 70 and 140 MHz IF Panges ..ueeevieracaenoisvaranscasinonnssannne ceav. 25 kHz to 5.6 MHz
AT B atiONn it i ineanr o ariaananannassiasnnenen Bessel zero method, f'\‘i = 250 kHz (277.778 kHz}
or fM = 83.3 kHz {92,593 kHz}
Error limits {after calibration) ... ...cooiiniiiiiiiinias + 11% of resylt + 1% of selected range
1.1.3.3  Sweep width "4F"
Heasurement FANOB «..eierintstersiareantsesratanraesiastransrsos T + 0.2 to + 50 Mz
Resclution
0.2 to 8.99 MHz ... e it e et iaa e aa e ra ety Crdeaeearearaa, 0.01 MHz
10 50 BO MHE L. it inn i taeeiasatcanttaseanautrnnnsnanascssuasas rrearreiecaE e, 0.1 Mz
Error Haits ......., T T T T veren 5 x 1073 + 1 gigit
1.1.3,4  Centre frequency "FD“
{of the swept IF sigral at input PI)
Measurement range .......... Sreeeres st Ceeaeaaaea Gearraeaasenaans . 25 to 150 Mz
Resolution couiviiiiiiviinannes e e e aaacrat et s Cheiaeeraarn vesns 9.1 MHZ
Error Hmits ...l et et ......15x10“3_+_1&;‘gq‘t
1.1.3.5  Fremuency markers "H"
{(Twn adjustable, vertical cursers symmetrical about the centre frequency FO)
Range cuievrinvanens et erevearaeaes Ceirareaaeaaeiars erraeeraaes v ¥ 0,03 to * B0 MHz
Resoluticn
0,03 10 9.99 MHZ «iviiii ittt it e eareeeenas b iiiieareaens 0.01 MHz
10 80 B0 MHZ i i s et e beeeesasis e Saera et ren veenes 0.1 MHZ
Error HIIES ©evvinienrananinenenen e e L+ 5% 107% 4 1 gigit
1.1.3.86  Horinzontal cursors "o
{Twe adjustable cursors, symmetrical about the horizontal line through the centre of the
screen. The horizontal cursors can be selected instead of one of the test traces.)
Cursor separation ShOWN 25 .. ivirriiinniannaraneronsansrannns alphanumeric display on screen

{calculated from the scale}
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1.1.4 JF COUNTER
For unswept IF signatl at input PI
Measurement Tang8 «.vvervrrriiaiirianeriiieariaans derreieraeanaans Serersenasaanan 25 to 190 MHz
Resolution ..o iiiiiaias bersviarseriereanes Wessaraseseriacranann . 0.01 MHz
EFror THRits wuevverennrnenanneesn ORI ORI C+1x 107 4 2oz + 1 digit

1.1,

5  BESSEL SPECTRUM

To calibrate the RME-5 and to set the sensitivity of modulators and demodulators.
Frequency range of displayved spectrum ........... esiaesaeseaaaraare Neusiasaansereena + 400 kHz

Test frequencies for calibrating the deviation meter

Freguency serfes I ..oiviaiiiiens. eeiiaaaas b hanasieaeearaaaree veews 92,593 and 277.778 kHz

Frequency series IT .. iiiinnrieiiiiiiieiennininnnas PR N .+ 83.3 and 250 kHz
Detectable carrier suppression {Bessel zeroes)

at 92.593 and B3.8 KHZ voivvii it i i e e  reecaeeana e veo > 40 d8

at 277.778 and 250 k¥z ........ N e faensene e > 50 d8
Error limits on the frequency deviation

at fM = 92,593 or 833 KHZ oo et e, Ceeirerara ey veeens * 108 KHZ

at fH = 277,778 0r 250 KHZ v iviiiis ittt re ey hdsaseareneenran + 1.2 kHz

.0 BB DISTORTION HEASUREMENTS

1.1

Unless ctherwise stated, the data are valid for the whole BB input-ievel range from -50 to
-1 dBm. The following measurement ranges are given for the full graticule height of & cm. There
are four divisions with a 1.5 cm spacing.

.6.1  Group delay distortion "4V {fy, < 1Mz}

Heasurenent ranges

f” = 500 0r 55,556 KHZ . ivuisiiancrnnsansasnnsensarrosnssnsnnssnnans 9.8, 2,4,8, ..., 80 ns
fM=250 or 277,778 kHz ........ e P vesanaer 1.6, 4, 8, 16, ..., 160 ns
f” = B3.3 0r 92.593 KHZ viiuiiiinarirnnansansriararannnas Praseennaay 4, 149, 20, 40, ..., 400 ns
fN = 50 0r 55508 RHZ tiiiiiiii i rara it ata ettt st sa s g, 20, 40, 80, ..., BOO ns
fM_ = 25 or 27778 KHZ veevnninnns e feeene .... 16, &40, 80, 160, ..., 1600 ns
Max. sensitivity ..... e teavrsrnetetasnrsatantr s st nras o eressaesiaenaereanans eevs 0.2 ms/div.
Intrinsic distortion ...... e e aai et e e Ei st e s e c et s feraaas < 0.05 ns
Intrinsic noisel!?! (PRAK~L0-0RBK) 4\ eenerncenrsnineanss e v teerereneeaanaes <9.1 ns

1) Test frequency 500 or 555.556 kHz. At lower test frequencies the value is increased by a
factor 556 kHz/fM.
2) Averaging factor 32
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1.1.6.2 Hon-linear distertion “AS/UO Lfﬁ < 1 MHz}

Measurement Tanges .....cceieanrieaiaanoons Nedsaersaiaensaeran Vedeninsaana 0.4, 1, 2,4, ..., 40%
Max. sensitivity ...viieaians bt eaeibe et as e a Chaerarasa e e BU1%/d0y.
Intrinsic distortion ....oveiiiiiiiiivnnnsans e e P e et et < 0.023
Intrinsic noisel! {peak-10-peak) ..cvuverr.nn. P N e e < 0.05%
1.1.6.3 Differential phase "AP" (fH > 1 Mz}
Measurement ranges ....o....o.ieain i tienc s are e s 0.4, 1,2, 4, ..., 40% rad
Max., sensitivity ...viiviiniiieicnnarccovarsnsanns faiesrrreane L rieiarraseaaaas 0.1% rad/div.
Intrinsic distortion ..o vviinnennenns ibeiaibs i e ireereeiat et n i, < 0.05% rad
Intrinsic noisel! (peak-to-peak) ...... e eiaraeeeas i e i < 0.05% rad
1.1.6.4  Differentia! gain 'ﬁU/’iﬁ(;:_(fM > 1 HMHz)
Measurement ranges ..ieisacieeaeers Y P 0.4, 1,2, 4, ..., 40%
Max. sensitivity ....... b dtsetaerae s renann e raaneares hevsrrae e resatisaanns L 0015 /ddv.
Intrinsic distortion ..oouvviiniann. farsaas e reeeen Ceaseranrrecnaes ieariaas Gesaaeae < 0.05%
Intrinsic noisel) {peak-to-peak} .....oonennnn e ey iiraeeaas veees 20.05%
1.1.6.5 BB test parameters
Both the parameters to be tested and the traces showing the results appear on the screen simul-
tanecusly. The measurement ranges that have been selected are shown at the top of the screen, as
is the test frequency fM'
When BB-BBR distortion measurementis are being performed, it 7s also pussible to display the IF
parameters mentioned in 1.1.3 on the screen when the appropriate IF signal 1s appiied to imput
PI’ and the deflection signatl Ux is obtatned from the IF signal.
1.1.6.6 Horinzontal cursors "&"

{Two adjustable cursors, symmetrical about the horizontal line through the centre of the
screen. The horizontal cursors can be salected instead of one of the test traces.)

Cursor separation shown a5 ...cvseivinevernnnss reeneriararann ... alphanumeric display on screen
{calculated from the scale)

1.1.7 88 LEVEL

For unswept signals from 10 kHz to 12.5 MHz appiied to the "BB-Tevel” irput.

HMegsurement Tange .......c.ennns etieeiieie e, Cererrarrasarans cereerian veern -850 to -10 dBm
Y To R £ A e . S e eiiseanaerarana hsaeees Cenraans vianaas 0.Cl d8
£rror limits
for sinusoidal signals ..........- it s ase e Crbesaerasane eaneaas P ..o 0.5 dB
for noise signals {white noise) ..... e rsarsererarreraen eerieaarens e Cheaeen .+ +0.8 dB

1) Averaging factor 32




1-8

1.1.7.1 BB return loss

For unswept sinusoidal signals from 100 kHz to 12.5 MHz; measurement performed using

Resolution ......... Cersees LI S T A [ rarenraaanas vees Q.01 dB

The errcr 1imits depend on the directivity of the RFZ-14, the type of comnector used, the
measured return loss and the errer on the BB leve) measurement.

1.1.8  INTERNAL CVALUATION

the RFZ-14, l
Level range at "BB level™ ipput ...... reraares fesreserrianaans biiaeraarans .. -50 to -10 dBm

1.1.8.1 Welghting bandwidth for distortion measuremsnts

Welghting filter ot oot iirianrrennennnes ebaereraens veaareas approx. 1 to 4 kHzl)
Weighting filter in ... o . ..., Cereiiiaaaes Ceerearaees Charasraas Cieraaana e eeereaear e 300 Hz

1.1.8.2  loise averaging

Five averaging factors have been provided sc that even very noisy traces can be read easily
{e.g. measurements performed viz satellite). The shape of the trace is not changed by the
averaging process.

Averaging factors ........... PN fareean etra e iia e RPN Crsberaeeaes 2, 4, 8, 16, 32
Improvement in $/N produced by an averaging factor of 32 ..vevnven... it approx. 18 dB
Time constant, averaging factor of 32 .. v viirinrninnnnnnns Cerasaas Nerarean errareas oo approx. 5 s

The time comstant is proportional to the averaging factor,

1.1.8.3  furve difference

Yo eliminate intrinsic distortion, or to adjust an item-under-test to a specified character-
istic, a reference curve "REF" can be stored. This reference curve can then be dispiayed, or the
difference between the reference curve and the measured curve can be shown on the screen.

1.1.8.4  Curve analysis

Can be used for all distortion measurements. The point of intersection of curye with the ver-
tical centre 1{ne and the two points of intersection with the two frequency markers are used to
perform curve analysis.

LNt The difference in the y coordinates of the two points of intersection with the fre-
quency markers.

“PARAB": The difference in the y coordinates of the curve and the secant formed by "LIN" aleng
the x cogrdinate of the screen centre.

1} Depends on the test frequency
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1.1.8.5 Moise calculation (option BN 917/00.11}

The intermodulation noise in three BB white noise slots ts calculated from the differential

phase 4@ and the differential gain AU/UO using an approximation method.
PR 300, 600, 960, 1260, 1500, 1800,

2100, 2400, 2700 channel systems
................................ ..... table on screen

System type ...... e heeiesrreer e hedsas s
:TY-3TS & -SRI N e .

Noise analysis

The noise power in pWlp at three channel frequencies is measured at the conventional load, and
at overloads of 3 dB and & dB.

Distortion analysis
The 1st, 2nd, 3rd and 4th order distortion products for di fferential gain AU/U0 and
differential gain J@are calculated.

Caleulation LIME o oveeresirrannoraasscasnsnsanrntsonnaes Gierarreraeen Varerereaacans approx. 4 s

1.1.8.6 IMTELSAT tolerance masks {option BM 917/00.12)

IF-IF group dé1ay tolerance masks can be displayed in the upper half of the screen; IF-IF fre-
quency response can be displayed in the lower half. A1l tolerance masks are to 530G regulations

for FOMA and TDMA systems.

1.1.9  <IEC 625>/1EEE 488 INTERFACE BUS {options BN 958/21 and BN B53/21)

semota contrsls all the operating functions of the RMS-5 and RME-% except brightness. All the
AME-B's traces and measurement parameters are interrogated. Tolerance masks and aiphanumeric
characters are shown on the screen. A1l RMS-5 settings are interrogated.

Interface functions .....civeens P eraane .... SHl, AH1, T6, L4, SRI, RL1, PPZ, DCL, DT, CO

1.1.10  RESULT DOCUMENTATICM

1.1.10.1  Video output

The RM-5's display can be printed out. An external monitor can also be used to display results.

Frame frequency ..c..ereoseivesns ieeeeann iseueraraaessesanarorrs P R vesavs 50 Hz
umber of lines {sequential linme scan) .........evvsy erees ebradarens e ranatrr e iaan 312
Amplitude ....... areeseaen Careraees Meseerereraanns . enaerseeae etrerakeeans eeaean 1y

Impedance ....ivinvisrianens eiesann reeasaaa e veen s haeeraaas AP Cereeraeaasaay . 72 %




1.1.10.2  X-Y plotter interface (option 917/00.01)

Alternative to the <IEC 625> interface. For printing out distortion curves on special graph
paper (BN §17/00.79).

Sweep curves [2] and [10] are shown on the lefi and right of the paper resp.

Dimensions of a graticule area .............. Carereranas edrasraracut sy 10 x 10 cm
Jutput sensitivity, switchable «oiviiininnnrnnenn s taraeaniar ey dreersavaaes 0.1 or 0.4 Ve
Pen-Tift L., et teeaaie e up/down level can be inverted on interface board

1.1.10.3  Photographing the screen

The screen can be photographed with a hand-held camera {screen dimensions 8.5 cm x 12 cm).

EXTRA DATA FOR THE BM5-5 GEMERATOR SECTION

.2.1 IF SECTION

1.2.1.1  Main IF output

Centre frequency and sweep width

35 MHz rangel} 70 MHz range 140 Mz rangel}
Setting rangs for the centre 22.5 to 47.5 MHz 40 to 100 MHz 90 to 200 MHz
frequencye] {in 0.1 MHz steps) ’
Centre frequency error limits + 10 kHz + 20 ki + 40 kHz

Setting range of the sweep width 4F |G to + 12,5 MHz 0 to + 30 MHz 0'to + 50 MHz
{in 0.01 or 0.1 Miz steps)

Sweep width [AF) error 1imits +0.03 x AF + 3 kHz
Lentre frequency and sweep width ....... frertanaeeas N Cireraeraes set via keyboard in steps
or via up/down keys
Display
Centre frequency «oovveeiininnn.. e der e eae ittt aeeas Ceeans RN Craaeeaes 4-digit LED
Sweep width AF ....... e e e Crreerasiesiisieaneaas 3-digit LED

Automatic sweep width reduction

The reduced sweep width can be displayed instead of the sweep width which has been set. The
sweep width s reduced by an amount equal to the test frequency so that the limits of the IF
range are not exceeded at high test frequencies,

1} Option fitted

2} When the 35 MHz or the 140 Mz options, or both, are fitted, the best IF range for the
selected centre freguency and sweep width 1s chosen,




Setting range ....v-veeneraiinrareanas eeereraaraaaran, Cesearearrecataeciarabarnn 5 to 500 kHz
Set via keyboard or up/down keys.

Smallest STep ..i.iiiiinininnanriaan Gersarrrac ey Nesemserrasesstat et 0.1 or 1 kHz
DASPIAY 4 evutaae s atanenasaanenssieasoastsnnasasetitarranensaosratercsiibiiisantataes 3-digit LED
Error limits ....ou.., R L AR R TR R TR .08 x 4f
IF level

Lavel FBNGE «ovvurrviaarracesestortrtannionernannns ettt eranaaa e -559.9 to +10 dBm
Set via kevboard or up/down keys.

SMATTESE SEED 4 v e vuuruiacneesiansaesannnaeansoroteisian anainassritiasTati it ai it tay 0.1 48
DT SETAY e vveseesranesnsannroestsseaesannssssnosnosiasssssnauneniosssresqntssocss 3 1/2-digit LED

Level error-linitis

Lovel at 35 Mzt at 70 MHz at 180wzt
0 dam +0.15 d8 +0.25 8
+59.9 to +10 d8m + 0.5 dB

Max. frequency respense referred to an average value

IF level 30 Wiz + 10 izt | 70 vz ¢ 30 Mz | 140 Wz 507450 mz!)

+3 dagm +0.05 d8 + 0.1 48

-59.% to +10 dBm + 0.1 d8 + 0.3 dB
Output TMpedance coiiiiiiiiiiiearaiians e retasnerarraateavrasnabsesnranes PN vreeas 75 Q2
Return toss

IF Tevel 35wz + 10 Mzt | 70 Mz + 30 Mz | 140 WAz -50/+60 Maz!)

<0 dim > 34 dB > 30 d8

> 0 dBm > 30 dB > 26 dB
Harmonic ratio {2nd and 3rd order} ..viuiierrarsenassaiisinsnnenns Gereaaaaaane Paeerees > 30 dB

1.2.1.2  Auxiliary IF output

Decoupled from main IF ocutput; signal has same frequency
Level {unregulated) «..ooiiiiiiiviniiiiannneas e teaeereraaeraras ernrarerieane .. approx. -5 dBm
Qutput impedance ......... Srasrasissianarnane reverrrrees resamarremrisiresansanes Cabesaan 75 Q

1} Option fitted
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1.3 "IFO“ output {IF calibration gererator option, BN 916/00.20)

Freguency, switchable ittt iiniiiriiiiiiensranas ereena ekeseanans 351}, 70 and 140 MHzlE
Error 1imigs vvvrevrnvinnnns v varereenreeteraanenn rrasaaas reesenieans Cerrarerraans + 5 x 10'5
R RPN e e iiareeaetae e aaans faeiansasearareeres +5 dBm
Error TImiEs o ueiii it isnirenraranrsosvoasranssvannnnnens haere e ransensaeraniarars + 0.5 dB
Qutpul IMPedante .uururreversrrasueraresteanroancarsnunan aseasarann st ereresnrir ey 75 Q
Return JOSS tevienarnriecernnoracanaaans Wbeeateaban e essarnsareas bedsrtaenenanas > 30d8
Harmonic ratic {2nd and 3rd order) ....i.vererrneairarrvnens b eraaneees Mriecneassraanns > 30 d8
Noise, to CCIR Recs.Z!

BB00 GhaMMETS ittt ittt it ittt it i ee i ety bt < 1 pWop
2700 chamnels ottt ittt it an st eraereaene ebaresaanans < 2 pWop

1.2.1.4 ”UM extern”
for external test frequencies fM = 25 kHz to 5.6 MHz
Sensitivity at 250 or 277.778 kHz .....enn.. eesesansesniaaan e bvaseeraesrnranan . 10 MHz/V + 5%
Test voltage range {FmS) (iiiiieranncscnasnncannsenns raaisaereesraanes fetersieasaen 0 to 100 my
Input impedance ........ R e reiearerasere e eees s ereear Cbenrasiarsrenan 75 G
ReTUrn 1085 vervrierininnreneraacnannenoinn Crearssiseresiteranen Gaesieraereraaeens vve > 30 42

1.2,

1.5 "B, extern" input

A
for external sweep frequencies fA = 18 to 70 Hz 3
Sensitivity o.ooiiniiiiiii e et iearrsacat i fewianaean ~10 MHz/V + 3%
T B T T - . R T vires Dt 5 Y
Input TMPedance ...vuiinvrrrernrarernnnns 4 st aisssinsernraaaares hbeibesatsaneraraens 750
RETUPA 1058 iuiniintraiinaniniassiaassosrasnsssrnnsans Caeeraeaaeraiasnsaans Peerineanas > 30 d8

1} when option fitted
2} In other words

Jeemphasis to CCIR 275
Channel width 140 kHz to CCIR 404
IF transmission +5.2 d8m  to CCIR 403
Test frequencies to CCIR 399

3} From series F: +10 MHz/V + 3%
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1.2.2 BB SECTION
i.2.2.1 "V A + 14," BE output
OQutput TRPEdAnCe +vveertiiisestrrreratarsarerrrrianiann et r e aaieee et i, 75 Q
retyrn loss at test and sweep freguencies used ......... ettt et et n e e, > 30 d3
Igéﬁ_ffpgpgngjg;mfﬁ
SErTBS I tvveuninsnsnsratatoracrrnssnntasasrisannns 27.778, 55,556, 92.593, 277.778, 555.556 kHz
or
Series I tiiiiiiraanannerancnrennansnrnnnns N edeaieerreear e, 25, 50, 83.3, 250, 500 kHz
High test frequenties v erasiisneaieirsirtaesaiararassnrratsaissnsroonunassnes 2.4 and 5.6 MHz
OF vivenrannnnes i rere e e a et ar ettt . 3.580, 4.430, 3.579545, 4.433619 MHz
Error M vuirs s iarerraussaiosatuosesnassscansninssanssrssatorarnssnsansnoserssnnsens + 20X 10'5
Setting range for the test voltage U,
Setting range Tor v0TLa0E e iiiiiii e iirsattariaiaastassisararisanaaasannss 0.05 to 500 mv
For 1evel o .iiuesirriariinaaiaraaia iy et siiisaaesaaas -78 to +5.2 dBm
Set via keyboard, or by up/down keys
Smallest step
0.05 £0 4.9 MY L iuiuinriearanvivsaraoioranrarasetrentonannrananis et saaacaan veasvesess Q.00 mY
LR o T 3 I N 0.1 mv
50 £0 800 MV v iiuniunnrsreanrsetoannaracansaranssanssnsnsnennn e P el Lomv
= Crarhaaaeariaean i basessherenesannaaaraatiana s 0.1 48
10 =12 I 1 Cerebsaaraans v 3 1/2-digit LED
Test-voltage error-Timits oiiiuruiiiiiiniariatieiiantissansaarsrranesnas + .06 x &M or + 0.5 d8
Harmonic ratio {2nd and 3rd order) .....ccvvinen baeaeaneees b e i ietaaaee sty > 30 dB
Sweep frequency Foo.ooeiiiioiiiiiii eereaaas vesen 18 and 70 Hz
Errer TImits ottt it e e inr s i T e asasibari it PPN veen + 2%
§e§;j§§‘5gggg_gf_;gggp_yg};ggg_ﬁA ................................................... 0to*3YV
Setting via keyboard, or quasi-continuously via up/down keys
By R TS A o S et i esa et 0.001 v
Display ..... RPN L e e h st ed e et iere s ta e et et e e as 4-digit LED
Error TIMIES wiv vttt ianreriiananaereainnas i £0.03x Ty + 1w

The automatic sween widkh reduction facility can be switched off. When the facility is on, it
is possible to display either the reduced sweep voltage, or the sweep voitage that has been set.
fntering the appropriate sweep width AF

in the range ......ovinnn. Faareerenas P heesiaiaaeiaa Cerearcieesraeresariees + £, to j;é?
Harmonic ratio (2nd and 3rd Order) civiriiieeiiinsninereastsseanrosansnasassanrsssnnnans > 40 dB
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EXTRA BDATA FOR THE PRM-5 RECEIVE SELTION

1.3.1 IF SECTION

1.3

.1.1 IF input "PI"

35 MHz rangel) 70 MHz range 140 MHz rangel)
Capture range 30 to 40 MHz
40 to 100 MHz 90 to 190 MH:
Hoelding range 25 to 45 MHz

Min. sweep width, A”F, that gives synchronisation of the x-deflection voltage ......... * 200 kHz

Level range P ..ooiiiiniiiiinnns e . T . =20 to +10 dBm

Automatic range selection {(can be switched off).
Out-of-range LED

Input impedance ...... e aeerarrereeianean e haraeereaaraeaes Chrerseaanaeens veaeernsssaes 15 @
Return 1655 «oovunnirinniann, e bt Chesiaarraaes trreeaans vee > 26 dB
Max., input voltage (rms} ........ et htreerranreaae o dmasbecacerertaer e ersaaas cerenans 2¥
Test frequency recognition ..... Ceearierear et Ciaearereas Pieesaeanranaes veesena.e automatic
{see 1.3.2.1 for frequencies)
Captiure range ............ P eaiaaiaiiaarseansiiiaea, . Crarareesresans .....inlo‘S
Required test tone deviation 4f .......... ... Peerrieaaas B EERTREPE + > 15 khz
1F-IF distortion measurements
See 1.1.2 for measurement ranges and inirinsic distortion.
Display error limits (not including intrinsic distortion)
for the measurement modes AT ,Atp.AU/UO ........ fearerierans Vesasraseesneans oo+ 10% of result
for the measurement modeaﬁPI et e et area Mhetissssrararsenns .+ 6% of result
Slope correction for 43?1 mode {can be switched off) .......... Ceeraareaes approx. + 0.02 dB/MHz
Correction range "phase Ux“ rrerreraeaeaan Creesraraas et kraerararananreren ceerveesaranaas 1 6°
1.3.1.2 IF dinput "P““
Measurement mode éP,I {selective)
Frequency Tange ..uuusiesevsversrrcrsrasesesanns e e see IF input P (1.3.1.1)

X-deflection via IF signal with same frequency at input Pi‘

1) If option is fitted




Level Fange «.oeuncrcrnnsasnanaenionnes P J T R T L R LR TR TR -50 to -10 dBm
Error limits on displayed level difference éPII, at the centre freguency fg,
referred to an input level of -30 d3m ...... e Cerrasessanres » 2 0.5 dB + 5% of result
Haximum frequency response referred to an average value
35 Mz + 10 Mz} 70 Mz + 25 Wiz | 140 Mz + 50 Mzt
+ 0.4 dB 0.5 dB
Input iMpedance .....iaeiiiaraiiaiaaes Cebaneaeae e Crraearare e PN 7R
Return 1085 +.veeaosn ereraanrasretsaias s e hdearaerer st > 26 dB
Max. input voltage (rms) -c..voviaiansns Creeeas e htraeerabieer iy Ceseearnees P 2V
1.3.2 BB SECTION
1.3.2.1 B8" input Uyt bl
Input impedance .....ovescccananns Creraaraneee feeissieanaaan fieraararereseieins [PTIPN 75
Return loss for test freguencies fM ......... Ceeriaasen e PPN e > 26 d8
Test freguencies f,
SeriEs I iviiivrrnnaianeniaananans Wretaeiaaaes ... 27.778, 55.556, 92.593, 277.778, 555.556 kHz
or
Geries I1 vuvviavrnranannnnsnoasnnns dretaaeenaaas ereseaeranas veeas.. 25, BD, B3.3, 250, 500 kHz
High test frequencies ......eeeienns e isas e e raanaeaaaas . 2.4 and 5.6 MHz
or {option) iieeiiiiiiiiiiiana, Giessraanens Ceneeneen ... 3.580, 4.430, 3.579545, 4.433619 MHz
Detection of correct test frequeéncy ...coveevrveianananes PP eraes e aresaraaaaee . automatic
Capiure range ......o... P Crreraranaes haiasenserarraees . Cereens NP + 2 X 10'5
Level ranges for Uy «ooovvoriiiianns e rerearraes Ceeeenians eaaresseias ceves =50 to -10 dBm
Range selection ......vviuq-s teiiaraiaas Fikessiaseaanas R o heraas PR automatic
LED indicates signal out of range.
§y§gg_jrgg§g§;xva Crreraaeciieasres P PR ceranas paeesiaenns . sinusoidal
Automatic synchronisation from 18 Hz to 70 Hz
§W?Ri@ﬁ@iﬁA"“" ..... Caereetetiieeseaacsann heneires Cireseaaaraaanes ot 50mY tor 5 Y
Setting range "phase Ux” ............. e iieaanees Ceeinreans reaaes P, . 0° to 360°
B8-distortion
See 1.1.6 for measurement ranges and imtrinsic distortion.
Display error limits (not inciuding intrinsic distortion)
for the measurement modes AT, 4p, AU/U ... e e ..+ 10% of result

1) Option fitted




1.3.2.2  "pB-Tevel” input

See saection 1.1.7 for frequency andg test ranges.

Iapul Impedance . uirriirreironnisorasncrssoorannes P resreesaes raerasenrrearicanraess 15 R
Return Toss ....vuvns. e hareaetaearrarara e ey PP e ee s veressiane. 2> 26 dB
1.3.2.3 “Yaxtarﬂ" input {on pack panel}

Input for rf detector signals for example.
See section 1.1.2.8 for data.

1.3.2.4  Demodulator output (back panel) E
Output for the demodulated test signal UM
Demoduiator sensitivity
in the nominal range of use for ambient temperature ...... eriiaaaaeneas Cereaen 60 m¥/MHz + 10%
MUTPUL TPPEUAACE vsrr e iaerimatmarivansraararnans PN e eaar e Cerreaees 75 @

1.3.3  RESULT FORMAT

It is possibie £a show ali results and parameters. in graphic and alphanumeric form, on the

Fereen,

13,31

fGraphic disglay

The graticule and bwu test curves can be shown simultanecusly. Any combination of the measure-
ment medes

47, 4, zju,»'uc, f'TPi, éPI, and Y

ext’ .
Both curves can be shifted jndependently in the y-direction over the whole graticule.
Size of graticule ...... et irarre et s ey derves . 5.6 cm x 8.4 cm
Lo . . . Fabaanaes PR ... 205 lines x 256 pixels
Graticule format
Horizontal o .oiniinineniarinian e e aarearaereraer ey eaens Giierreen veess 5 Yines
Vartical .ioviiiiiiiiiinaas Cenr e [N P, Chaaresesrenaanaeas veea 3 lines

plus two varjable frequency markers

Either one of the two test curves can be reéplaced by two variable horizental cursors which are
symmetric about the centre line.

If the results of two distortion measurements are shown simultaneously, arrows indicate the
appropriate measurement mode.

In the spectrum mide, only the graticule reference lines are shown,

P
15

3.2 Alphanumeric format

There arc a total of three lines above and below the graticule for displaying the test parame-
ters. These are: measurement ranges, test frequency, sweep width, centre frequency, marker se-
paration, IF level and test tone deviation.

Other parameters that are concerned with curve evaluation may also be shown within the grati-
cule; e.g. the results of LIN and PARAB.




L - [ — [ -~

1-17
1.4 WIDEBAHND DEVICES FOR THE 2an-t (70 AHD 140 MHz)
1.4.1  WIDEBAND MODULATCR, OPTION Bi 916/00.31
Fitted in the generator section, RMS-5
1.4.1.1 BB input
Modulator sensitivity at 277.778 or 250 kMz ....v0ss Ciaaaerees Mercenaeraeanaranans 10 MHz/V + 5%
Modulator frequency range, IF TO MHZ ...oiiuviauriiiiiiiinirrrisnisnneannenns . B0 Hz to 12.5 MHz
IF 150 MHZ oovvnvnnvnnranens Geserraean iereraraaas 50 Hz to 13.5 MHz
Max. wideband level for noise signals corresponding to (1800} 2700 channels
at 6 dB overload .iiieaecaiiaeiriceiaaiaens eieaaraaay e veens (-2.2Y 0.4 dBm
Max. tevel for sinusoidal signals «iieviacninvianen e dereeraaes e e ~10 dBm
Input IMpedante .....ii.ciiiiiriirerareans eeeriear e Crasareariaas Gerraresesriiaaraans 75 Q
Return 1055 «iiaiiaeiraiannans ety ervaisaaaees e > 30 dB
Max. input level {permanent damage) .....evusiesviaviaroneiemiriaiaaiiiiti e +20 dBm
Max. dc voltage .....vus et et eraireEeraredasti T s sy Chtssaasar s 5V
1.4.1.2 IF output
For data and error limits, except frequency respensSe, SBE .....iieessrrtitascnrainanaeas 1.2.1.1
1.4.1.3 Basic noise
Wher operated at (70 MHz/1800 channels) 140 Miz/2700 channels under CCIR conditionsl),
between +15°C and +30°C ...... et e aere ey Cereeiae < (15) 20 pwOp
1.4.2 RMED-5 WIDEBAND DEMGODULATOR, BM 2018/01
Separate unit with 18" format (2 U)
1.4.2,1  IF input
Centre fraquenty ..vveceeerasenss i eaieieeaanea e e an e PN 7¢ MHz * 50 kHz
can be switchad £0 i iiniii ittt Crereaeaaas veuess 140 MHZ + 100 kKHz
Level range ....... etrererensasaea iy o edtecereesraenane eceriaaa e PR -4 to +6 dBm
Input impedance ......... e traderaereraarrar ey Chrvararasaes hbearraraeaans P veere 15 Q
Return loss at 70 + 12 MHz or 140 + 18 MHz ........ eriaeariaaeees Cretneerearrean e > 30 a8
Max, input voltage {rms) ..uiiiieiennrriaiiariiianiiiirars erereaerrrerees Ceasiesa s 2y

1} €CIR conditions:

Use of pre-emphasis and de-emphasis to CCIR 275
Channel width 140 kHz to CCIR 404
Conventional Toag +17.5 d8m0 (70 MHz), +15.3 dBm0 (140 MHz)  to CCIR 399
IF transmission level, +5.2 dBm to CCIR 403
iF receive level, 0 d8m to CLIR 403
Test frequencies to CCIR 399




1.4.2.2 1B output

Demodulator sensitivity .............. Cermeaasaaes A eaerrerraniereraiiiians v 50 mV/MHZ + 10%
Demodulator frequency range at 70 MHZ TF vuurnrnrornn e, hdeeraaaens 50 Hz to 12.5 MHz

At 140 MHZ IF o ittt DN 80 Hz to 13.6 MHz
Qutput Tevel for 140 kHz sweep width (rms) ....e.vvvrirennn... feearaeeeaaeaeiaes ~32 dBm + 1 d8
Output impedance «...... et e et aaeee et ae e e eee ey e b rrereseirnta e 75 @
Return 1085, & KHZ 10 13.6 BHZ .. ittt iierererenens S brarasieareaaearasreans > 30 dB

1.4.2.3  Basic noise

When operating at {70 MHz/1800 channels) 140 MHz /2700 channels under CLIR conditionsl),
From #1570 £0 4300 Lttt it e e < (7.5} 12.5 puop

1.4.3  CHARACTERISTICS OF THE MODEM LOGP

The data apply to an ex-works modem pair, comprising the RMS-5, the wideband modulator option
and the RMED-5 wideband demodulator. This data should be considered to be typical for any RMS.5/
RMED-5 setup.

1.4.3.1 Basic and intermedulation noise

When operating at (70 MH2z/1800 channels) 140 MHz/2700 channels under CCIR conditionsl},
from +15°C to +30°C.

Basic nofse oot e Crrrrraaeas et < {20) 35 pWop
at conventional load ...... e, Ceraeraeaas e < {40} 50 pwop
at 3 dB overload ..o.oviininnnnnn. e R i Crereees .. < {60) 80 pwap
at 6 dB overload .......... [N frerereaaa rraeseses Creriaearaeaens typ. (100} 120 pkOp

i.4.3.2 BB frequency response

from 50 Hz to 12.5 MHz, referred to 1 MHz {at 70 MHz IF) oo e aaeresinaestaanee s + 0.5 dB
from 50 Hz to 13.6 MHz, referred to 1 MHz (at 140 MHz IF) .............. Ceeerbaeeseaias + 0.5 d8

1.4.3.3 TV transmission

Oroop, 50 Hz squarewave modulation .....ceevvvnnnn.. Ceerean, Nreeraaan hrerrraeena RN e €1%

1} CCIR conditions:

Use of pre-emphasis and de-emphasis to CCIR 275
Channel width 140 kHz to CLIR 404
Convertional locad +17.5 dBmQ {70 Mdz), +19.3 dBmd (140 MHz)  to CCIR 399
IF transmission leval, +5.2 d8m to CCIR 403
IF receive level, 0 d8m to CCIR 403
Test frequencies to £CIR 399




1.5 0PTIONS

Unless otherwise stated, options are charged extra and fitted ex-works.

1.5.1  WIDEBAND MODULATOR

Fittad in the MS-5 generator section, ¢f 1.4.

ot
(553

.2 35 Miz OR 140 MHz EXTENSION

Fitted in the generator section and the receive section, ¢f Ordering Information 1.8.

1.5.3  IF CALIBRATION GENERATOR (QUIET TONE)

Fitted in the generator section: 38/70 MHz or 357707140 MHz, cf 1.2.1.3.

1.8.4 <IEC 625> IMTERFACE BOARD WITH IEEE 488 CONNECTGR

cf 1.1.9
Either the <IE( 625> interface bus or the XY plotter interface can be accommodated in the

receive section.

1.5.5 XY PLOTTER INTERFACE

Fitted in the receive section (instead of <IEC 625> interface}, cf 1.1.10.2.

1.5.6 COLOUR SUBCARRIER FREQUENCIES

Eitted in the generator section and the receive section, cf 1.8.
Either or both test frequencies can be replaced by ... 3.580 oesntse)l), 3579568 miz (m/nTsc)H
4.430 (8, 6, H, 1/A)) or 4.433619 Wiz (3, G, H, 1/PAL)Y)

1.5.7 NCISE CALCULATION

Fitted in the receive section (back panel}
Alternative to the “INTEL3AT tolerance mask”™ optien
cf 1.1.8.5

1.

o

.8 INTELSAT TOLERANCE MASKS

Fitted in the receive section (back panel}
Alternative to the “noise measurement” option
cf 1.1.8.6

1) The fetter before "NTSC" and "PAL" designates the system type. The system designation for
cach country is given in Annex 1, CCIR Report 624 {Geneva 1974).




1.6 ACCESSOQRIES

charged extra

1.6.3 RFZ-4 RETURN LOSS COEFFICIENT MEASUREMENT BRIDGE

cf 1.1.2.7
Lo T e 10 MHz to 200 MH:z
e Lo LT T 75 Q
Insertion Toss ..ooiiniivnrnnnnnnn e e et arara e AP 6.5 d8 nominal
Max. measurement error ..... Crreeraaas BN W draersres ey 0.003 + 0.12 rl
Connectors .o.v.eun.. § e e e e e e st ey n e Versacoﬁ<:)9 with BNC insert
i.6.2  RFZ-14 RETURN LOSS COEFFICIENT MEASUREMENT SRIDGE
Freguency Fange .. ueisueeeerereeesnseoneeeneneransnennsnns fevarcasascarrsenns 100 kHz to 100 MHz
Characteristic impedance ........ e e e . RN 750
Insertion loss, open Zx Connector ...v... bers e enereas Lo etssrensssannersssancrsansnn max. 8 dg
.
MaX., error ...u....... e r s s e e et e, Ciiaas 0.015 + 0.13 x ¢*
Connectors .......... o rar st o et ereerean, Yersacon™~g with BNC insert
1.6.3 RFZ-12 RETURN LOSS MEASURING ATTACHMENT
Frequency range ........... et e et ia e, Cheraeratasuiasaniannan 200 Hz to 4.5 MHz
Operating mode ... ..vvuunn. e r e E A e et e e a st tane e balanced and unbalanced
Standard impedances
switchable ............. H e e e e a et e ettt ta e an et 75, 124, 135, 150, 606 Q@
Return loss {unbalanced) ....vviineiininivnininenn.., frrriieiaeaas b eaaeaiisieans > 45 ¢B
Max. measurement error {unbalanced) .......... Crrerires e rar e +0.003 +0.2r
Connectors )
for ftem-under-test ... ..oviiieriieennnsn Craeraaanas PN veraee 3-pole CF connector
for generator and receiver ....... Cearreeraaaaaas Crreireaaees o Yersaconil/9 with BNC insert
1.6.4  RMSF-5 FREQUENCY SPLITTER
Frequency range for sweep voltage ﬂA ............ e eaedeanaaesieararaaraaea 18 Hz to 100 Hz
Frequency range for test voltage UM .......................... Caareraree veevs 25 kHz to 12.4 MHz
Characteristic impedance ..... beeneairransarenas PR Nerteteeiaatiasestentrntaratnranns 75 @
Return less in the frequency ranges for ﬁA and UM e a b eae st rraaa s raren > 30 dB
Connectors ......... N feraaaineans [ e Versacon(:)g with BNC insert
Intrinsic distortion (peak to peak) ........... e artr e vo £ 10% of the smallest range
Frequency range insertion loss
Low-pass branch < 100 Hz <0.3 dB
(GA + Uy input to EA output) 25 kHz to 12.4 MHz > 46 d8
High-pass branch < 100 Hz >46 48
{0, + Uy fnput to Uy output) 25 kHz to 12.4 MHz <0.25 d8
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1.6.5 PRE- AND DE-EMPHASIS NETWORKS
Neminal value of input and output impedances ... . veiiiiiinniviannaaas e ddsaasas i, 75 @
Max. input level ........ e s taeamaavae bttty e issersa s aaeaaas +10 d3m
Netwarks_for television transmissions via FM radio-tinks {CCIR 405-1)
TY system fc fn ap at fn. 3y at fn Order numbers
No. of Tines| kiz kHz dB d8 Pre-emphasis | De-emphasis
4051) 3000 853 2 12 BN 445/01 BN 446/01
525 4000 761.6 3.4 10 BN 445702 BN 446/02
625 5800 1512 3 11 BN 445/03 BN 446/03
819 10000 14902 7 7 BN 445/04 BN 446/04
fC : Highest videoband transmission frequency
fn ¢ Neutral frequency
T Insertion Toss of the pre-emphasis network at the neutral frequency fn
agy ¢ Insertion loss of the de-emphasis network at the neutral frequency fﬁ
Error 1imits of the insertion Yoss as a function of freguency ........... + (0.1 + 0.05 f/fc) dg

No. of fmax fn Order numbers
channels kHz kHz Pre-emphasis De-emphasis
24 108 §6.2 BN 445/0% BN 446/05
60 300 184.0 BN 445/06 BN 446/06
120 552 338.5 BN 445/07 BN 446/07
300 1300 797.1 BN 445/08 BN 446/08
600 2660 1631 BN 445/09 BN 446/09
560 4188 2568 BN 445/10 BN 446/10
1260 5636 3456 BN 445/11 BN 446/11
1800 8204 5031 BN 445/12 BN 446/12
2400 11067 6787 BN 445/32 BN 446/32
2700 12388 75396 BN 445/13 BN 446/13

1} to {CIR Rec. 405, Oslo 1966




Numbar of fmax fn Order numbers
channels kHz kHz Pre-emphasis De-emphasis
12 60 3.8 BN 445/15 BN 446/15
24 108 66.2 BN 445/05 BN 446/05
36 156 85.7 BN 445/16 BN 446/16
48 204 125.1 By 445/17 BN 446/17
60 252 154.5 BN 445/18 BN 446/18
72 360 184.0 BN 445/19 BN 446/19
96 408 280.2 BN 445/20 BN 446/20
13z 552 338.5 BN 445/21 BN 446/21
192 804 493.0 BN 445/22 BN 446/22
252 1052 645.1 BN 445/23 BN 446/23
312 1300 797.2 BN 445/24 BN 446/24
372 1548 949.2 BN 445/33 BN 446/33
432 1796 1101 BN 445/25 BN 446/25
492 2044 1253 BN 445/34 BN 445/34
552 2292 1405 2N 445735 BN 846/35
612 2540 1558 BN 445/26 BN 446/25
7927 3284 2014 BN 445/27 BN 446/27
972 4028 2470 BN 445/28 BN 445/28
1092 4892 3000 8N 445/29 BN 445/29
1332 5884 3608 BN 445/30 BN 446/30

_larz 8120 4379 BN 445/3] BN 446/3]

Fmax : The upper frequency of the transmission band for telephone channels.

f

0.6132 x fmax; neutral frequency, i.e. the frequency at which the frequency
deviation of the system is the same whether or not a pre-emphasis network is fitted.

The insertion loss, a is compensated for at fn‘

EP’
Insertion loss at neutral frequency fn:
Fre-emphasis Ap = 5.0 d8 + 0.13 B

De-emphasis a 5 = 3.98 d8 + 0.13 48

£
Error 1imits of insertion loss
as a function of frequenty ............. e eeaaeaan, e + {01+ 0.08 /5 ) a8




1.7 GEWNERAL SPECIFIGCATIONS

1.7.1  ENVIROMMENTAL CONOITIONS

Ambient temperature

Nominal range of use {= 1imits range of use)

Mtitude of operation without cooling fan
up to 1000 m above sea-level ...... besunenann [ resersssususnnr s vewmaenas 0 To HAGTC
up to 3000 m above sea-level ..iuiiceereinneens PR [ Wessaemunenns evrewsne O To +30°C

with cooling fan

up to 1000 m above sez level ..iacavses [ re s an ey et aevsaersssunaas  to +50°C
up to 3000 m above sea level .aevieviiiirinnes chesssrrrrsavTeneransnunvns versrrrrvans O to #40°C
Storage and transit ...... erieerarenarrrrrn rveiesemeessserEnbLisasnssmnseansnannre «40 to +70°C
Harmeup LiRE cevvvvnorsen beasennnn [P Gererverumann eseresrrabasnennnsn cvssnenansae S 30 min

1.7.2  POWER SUPPLY

Hains voltage range «eevesvevsnsnrencranss sreeriernas . brrsrensans sesnens 96,5 to 261V
taing frequency Fante seeeeess eeiieeeeeeenrusearr s aE ey eraaraes erassnarves 4705 to 63 Hz
Safety class to IEC 348 and VBE O411 uovivincnrinonnenns varrreranan bemmmaeaean cevesvenw Class |

EMI/RFI suppression to regulation 1046/1984 of the Federal German Postal Authority [DBP).

Power consumption

RMS-5, Generalor cuceeesevssssssssrssrsnssssrnnasnssasrenas tersuvasseeevassasnanes dpprox. 80 VA
. 1

RME-5, receiver tueeesees weunmraen ewsaenarreanan terasssmasemnrrhssnenasorrannnsrarnenss 0 ‘\U—\"j

RMED-5, wideband demodulalor cecvesviinennnenss e braserarscar ey wrsssavease dpprox. 20 VA

1.7.3  DIMENSIONS in mm

AM5-5 generator

Bench model

Hidth with handles cevevenevess bebkbetrarcanaenna Cerasrusevevaras teirenimaanen crnvvanaennens 577
DVEFET] HBIGRT vevvvssnsncensncnsssssrssarssnsersasesrsrnsnavsrscasnssasnansnancsssessrsssssns 155

Depth with handles wveeeecarosrrvrrrvirsrsrsssennans I R L

1) Series D ... F: approx. 60W, 1 at 220 ¥: approx. 1.3 A (switching mode power supply)

£ms
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19" rack mounting (DIN 4] 484)

e AL AL Tl

Width eeervauenn vesanrranas heethbraneus
Height (3 1) ...... ereeeean eeanan s e eeaetisraeeeeenneneressraneaaass 131

Depth weeaeuenrann enbtevraananas PR .

18" conversion kit wivieveeuaen femmraean .
RME-5 receiver

Bench model

HIdTh wWith N2ndTe5 wiscuvevranramanne resrramsesEnerreny . ¥
Total hefght ...vevvenan.. ke hrtm e P P 4 15
Depth with Bandles tuveverravvnsmnes remareesaeans revratusrerenseneararabauraanuan cersrseass 434

18" rack_mounting

Width weeenereenans Nererarransanans mrsissesrrsemrtaneatenanean sessssrevesisriansransr . 443
Height {6 11} siviincenrreecnnnes s aade e a e rererereaneaean 4 7
Depth vt e et it rertemreneea everrrarenrranren ememerreensnaan eemmasrrnarn 379

19" conversion 271 cinveeseveneneanens farrsereseeanaa Cearetarsseimnssraanrerey weeeas BN 7060/00.08

RMED-5 widehand demodulator .

Sench mode!

Width with Pandies vivvenvevevaneereens R T
Total height ...... e TR e etvemeeaereeennerareans 110 !
Depth with handles coi.u.. 1

Width Loivevuee Cernrearaserenes Ceeseearsitreenaan teresmrriavrranmenrssnssnrernvrsrnerenveans 443
fteight (2 U} ..... e v N e m ekt AT Ak ey s ara eevneenana. P -
Depth cuvaus Sevavme b aeeee Cvsanenasres esenan P ereesrsraraveseaTusstrareay ceeens 378

1.7.4 Wz o
RES =5 0eneretor veererersavrssanssens e Gmebrenenereerinsrrsssnrntenanneannneas 20PTOX. 13 kg

RME-5 FECEIVER wevvevnnrenmanns R e eas et tseattearereaner ey weraneenees @pprox. 19.5 kg

WILH Co0lInNg FAN iivreevrennsarnscuncvaoncencne fenetnurnineerannsrrnrsanesess 2PPrOX. 20,5 kg

RHMED-5 wideband Gamodulalor vivieeveesesvsccasscnacressssvssrasronnrsrsnnnenvenvavans 3PPTOX. 8 kg




1.8 ORDERING INFORMATION

EM;51)- 70 MMz version, sweep freguencies 18 Hz and 7O Hz

Comprising the RMS-5* generator section BN 916/..
AME-5* receive section BN S17/..
Test frequencies Order
numbers

Series I: Series II:

27.778 xHz 25 kHz 2.4 MHZ 3.580 MHz 4,430 MHz 5.6 MHz

55,556 kMHz 50 kHz or or

92.593 kHz 83.3 kHz 3.579545 MHz 4.433619 Mz

277.778 khHz 250 kHz

and and

555,556 kHz 500 kHz

P A B B A BN 916/11%)
BN 917/11
A A B 8 A BN 916/12
BN 917/12
A Standard

B Colour sub-carrier, instead of 2.4 or 5.6 MHz test freguencies; see options

Wideband moduiator {option, fitted in RMS-5) BN $16/00.31
Wideband demodulator RMED-5 8N 2018/01

Unless otherwise stated, the option is fitted before the instrument leaves the factory.

An extra charge will be made.

... . [ . .

35 MHz extension
140 MHz extension

For the
RMS-5

For the
RME -5

BN 916/00.03
BN 916/00.30

BN $17/00.03
BN 917/00.30

IF calibration generator

35/70 MHz* BN 916/00.02 -
35/70/140 MHz* 8N 916/00.20 -

<IEC 525> interface board>! 3y 958/21 BN 853/21
with ILEE 488 connector

XY plotter interfaced! - By 917/00.01

* Fitted with the 75 { version of Versacon(:)Q; BNC Tnsert provided. If you require a con-
nector other than a BNC connector, please specify when you order the fnstrument. See 5.2.

1} 35 MHz and/or 140 MHz extension: see opticns

2} Has the 55.556 %Hz, 92.539 kHz and 277.778 kHz test freguencies recommendsd by INTELSAT.

3} £ither the <IEC 625> interface or the XY plotter interface can be used.
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For the For the
RMS-5 RME -5 E

Colour sub-carriers

M/NTSC 3.58C MHzl) BN 916/00.06 BN 917/00.06

M/NTSC 3.579545 MHZ}) 8N 916/00.04 BN 917/00.04 E

B, &, H, I/PAL 4.430Q MHZZ) BN 916/00.07 BN 917/00.07

B, G, H, I/PAL 4.4335619 Miiz?) 3N 916/00.05 BN 917/00.05
Noise ca%cu?ation“ _ —— BN 917/00.11 !
INTELSAT tolerance masksS) —- BN 917/00.12
Accessories (at extra cost)
Ventilator for the RME-5 8N $17/00.16
Return loss measurement bridgesq)

RFZ-4* (IF test bridge, 100 to 200 MHz) BN 697/00.04

RFZ-14* (BB/IF test bridge, 100 kHz to 100 MHz) BN 830/00.01

RFZ-12* (BB test bridge, 200 Hz to 4.5 MHz) 8 B10/01
Frequency splitter GA, Uys RMSF-5 BN 916/00.310
Pre-emphasis and de-emphasis networks™ see 1.6.5
TEEE 488/1EC 625 adaptor {m-m) for the <IEC 625> interface board $ 832
Plotter forms, 50 sheets, Englisn/German BN $17/00.79 .
Transportation cases

TPK-3 for the RMS-5 generator BN 626/09

TPK-6 for the RME-5 receiver BN 626712
Protective transportation covers (1 set, for the front and back of the instrument)

SG-3 for the RMS-5 generator BN 70Q/00,23

$D-6 for the RME-5>) receiver BN 700/00.26

5D-2 for the RMED-5 wideband demodulator BN 700/00.22
19" rack frame conversion kit

for the RMS-5 generator BN 700/00.03

for the RME-5 receiver BN 700/00.06

for the RMED-5 wideband demoduiator BN 700/00.02

* Fitted with the 75 Q version of Versacon<:>9; BNC insert provided. If you require a con-
nector other than a BNC connector, please specify when you order the instrument. See 5.2.

1) 3.580 or 3.579545 MHz are available instead of the 2.4 or 5.6 MMz test frequencies

2) 4.430 or 4.433619 MHz are available instead of the 2.4 or 5.6 MHz test frequencies

3) Fither the noise calculation facility or the INTELSAT tolerance masks are avajlable

4} See measuring accessory spec. sheet for more technical information and ordering information

8} The back cover for the RME-5 cannot be used when the ventilator is fitted

- Subject to change without notice -




- - .. . e . S L.

| . [ - .

2.

1

2 TELHNICAL DESCRIPTION
This chapter explains, using simplified block diagrams, how the RM~5 works, so making it easier
to ynderstand the test procedures used. First of all the technique used to measure distortion
will be explained. We will then procede te a description of the generator and receiver hard-
ware.

21 DISTORTION MEASUREMENTS

Figure 2-1 shows how intermadulatfon is used to determine amplitude and phase distortion on an
IF-(RF-}-IF transmission path.

Distorted test signal U’
generally amplitude- anﬁ

Test signal UM phase-modulated
o t i
' VA
A e |
LR | ‘ 1 |
— : \
E A | . au7s, 3
E ! - Gain ‘ AM de- Y inputs %
H i ; | modulator ;
| FM i IF-(RF)-1F FIeM measur-|88 fn %
i measuringwémnm transmis~ a-ﬂ)—ing de- | z;$$:i:iy B lAr)- P
X modulator| | sion path | modulator §
| | . M de- i
Double i Tracking 14 / ;
| moduiation | | demodulation modulator ‘
[ B J T | P |
I 1 / | to X input Display |
"l RMS5-5 t| RME-5 section [&
- Phase e T e e o e e e o e e — et e e ek =

- AM/PM conversion

Figure 2-1  Method of determining amplitude distortion AU/BG and phase distortion 4¢

In the generator section, the low-frequency sweep voltage UA (fA = 18 Hz to 70 Hz) and the
nigh frequency test voltage, which simulates a BB signal from an FM radio link, are fed to the
test modulator. The amplitude of the sweep voltage is very much greater than the amplitude of
the test voltage.

The output of the FM demodulator delivers a carrier, which is frequency-modulated by the test
voltage and whose centre freguency FD sweeps slowly over the whele bandwidth of the IF-{RF-}-
IF Tink at a rate determined by the freguency FA {see Figure 2-2a}. The modulation index 7 is
- at least at the higher test fraquencies - considerably less than 1 due to the low amplitude
the test voltage UM. The frequency spectrum (Bessel spectrum} at the modulator cutput then
consists only of the carrier UT and the first sidebands UMI’ UMZ' This frequency triplet
scans the IF-(RF-)}.IF bandwidth. A vector diagram of the freguency tripisi is shown in Figure
2-2b.

of
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Figure 2-2a  Swept frequency triplet of Figure 2-2b  Vector diagram of the frequency
the FM signal triplet (7 << 1, not shown to

scale}

If the attenuation of the IF-IF link depends on frequency, the jength of vectors UT’ TMI’

UM2 is & functien of the frequencycga- The quantities shown by the vector diagram change
periodically with the sweep frequency. It can be shown that, under these circumstances, the test
signal UM {t} is amplitude modulated, even if subseguent limiting {s fdeal.

The output signal from the FM test demodulator has the sweep signal and the distorted test sig-
nal superimposed on it. The sweep signal is coanected to the X-input of the video section, while
the test signal is connected to the ampiitude demodulator, whose cutput vcltage is proporticnal
to the amplitude variation AU. 4U referred to the value U is displayed via the Y-input of the
video section {see Figure 2-1, test signal U {(t)}. ﬁ 15 the value of U, at dF = 0 or

Uy = 0.

If the phase of the signal varies with the frequency, the vectors UMl‘ UMZ ne lenger rotate

at the constant angular veloc1tyuo when the phase curve is samplied. As a resu?t of this, a
signal phase modulated with the frequency f appears at the output of the test demodulator.

The distorted test signal is compared in a phase demodulator with a constant phase sinusoidal
voltage. The cutput voltage, which is proportional to the phase g¢ifference (dip} between the test

signal and the reference signal, is fed to the Znd Y-input and displayed.

The measured parameters &U/U and 4 are catled d¢ifferential gain and differential phase re-
spectively. They can be d;sp}ayed simultaneously on the screen over a frequency interval + AF
selected by the user 4 . sweep width).

If a low test frequency {fM < 1 MHz) is selected, the width of the freguency triplet 2 fM

is so narrow that the section of the phase curve from f0 - fM to fD + fM can be regarded

as Tinear. 4@ is therefore a measure of the slope of the phase curve, and so a measure of the
difference in group delay.

Amplitude variations at low frequencies are referred to as non-linear distortion AU/UQ.
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Figure 2-3  Phase curve of the IF-IF Tink

An advantage of this methed 1s, that in addition to detecting freguency-dependent attenuation
and group delays, it also detects interference caused by AM/PM conversion. The cause of the in-
terference can be determined from the shape of the result and its dependency on the test fre-

quency fMl} {see also 4.1.2).

HOW THE #MS-5 GENERATOR SECTION OPERATES

2.2.

Figure 2-4 is a simplified block diagram of the generator. It shows the microprocessor, and the
most important subassemblies for BB and IF signal generaticn. Double modulation is explained in
detail. This method is superior to others because of its very Jow intrinsic distortion.

1 BR SIGNAL GENERATION

The RMS-5 generates 7 @ifferent frequencies, 5 below 1 MHz and 2 above. The test freguencies
arg prcduced by dividing the outputs of a 10 MHz crystal oscitiator and two adjustable oscill-
ators. in the UM control circuit, the squarewave signal is limited, and a variable current to
adfust the amplitude is generated. A switchable 20 dB attenuator follows.

The test signal passes through a selective ampiifier that suppresses the harmonics of the
squarewave signal. From the amplifier the signal is fed into a branching filter. It is then pro-
cessed further depending on the operating mode (BB, IF}. There is a choice of two test-frequency

series,

The def1ectioa or sweep voltage is a very pure sinuscidal signal with a stable ampiitude. The
signal path branches at the output of the BA generator; one branch goes to the 8B output, the
other branck is processed further to produce an internal sweep voltage for the frequency regu-
lator. The signal for sweep widths up to 10 MHz or up te 50 MHz is obtained by means of a div-
jder.

Automatic sweep reducticn is carried out by a special program using appropriate G/A con-
verters.
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2.2.2  AUTOMATIC SWEEP REDUCTION

when this faciifty is on, and 2 high test frequency is selected, the sweep voltage is automati-
cally reduced to a point where the IF sidebands do not leave the selected sampling range, The
sweep signal 1s switched of f if the test frequency selected is greater than the sweep width 4F.

2.2,3 IF SIGNAL GENERATION, DOUBLE MODULATIGN

The test signal and the sweep signal are applied in parallel to the fregquency modulator. As
shown in Figure 2-4, the IF carrier signal is produced in the RMS-5 by mixing two high fre-
quencies. The following frequencies can be obtained from oscillators I angd II:

755 MHz -~ V60 MHz

830 MHz ~ 760 MHz
900 MHz - 760 MHz

35 MHz {option)
70 MHz (standard)
140 MHz (option)

Tais process is called double modulation because both oscillators are modulated feven though
the frequencies used are different). The sinusoidal test voltage UM (25 kHz to 5.6 MHz) pro-
duces frequency modulation ¥n oscillator 1. Because the test voltage is relatively small, a
small frequency deviation Af is cbtained, so that the cperating peint on the voltage/frequency
characteristic is far from the overdrive point. This means that the signal from oscillator I is
practically undistorted.

Depending on the IF selected, the low-frequency sweep voltage {18/70 Hz) causes the frequency

of oscillator Il to vary in the range 830 + 30 MHz (or 900 + 50 MHz, 795 + 12.5 MHzli). when
both oscillator signals are mixed, the result is a frequency moduilated, swept IF signal that has
Tow non-Tinear distortion.

In spite of the Jarge drive range, the sweep width 4F is always proportional to the sweep velt~
age UA. In the freguency regulation ¢ircuit, a linear frequency discriminator compares the
target value with the instantaneous voltage of the sweep signal. A voltage which is proportional
to the difference between the nominal value and the actual value is used to correct the fre-
quency of escillator II.

The IF centre freguency FD is automatically calibrated by a comparator circuit. By altering
the centre frequency of oscillator I, the centre freguency F can be offset by + 30 MHz
{+ 50 MHz or 12.5 MHz)l) if a non-standard frequency is entered via the keyboard.

IF output signal

The low-pass filter foliowing the mixer suppresses unwanted mixing products which result from
conversion of the two oscillator signals. There are two IF outputs. At one IF output, the level
can be adjusted continuously between -50 and +10 dBm, while the second IF output delivers a
fixed level of -6 dBm.

The IF calibration generator provides a highly accurate 70, 3% or 140 MHz signal at output
ZFo' The signal has a high S$/N ratio and a low harmonic content and so is ideal for quiet tone
measurements. The output level is +5 dBm.

13 35 MHz or 140 MHz IF options
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2.2.4 DIGITAL SECTION

The digital section comprises the CPU board with an 8085'microprocessor, the RAM and ROM areas,
the front panel and controls, and the control and regulation board. :

The dialog between the user and the instrument is performed via the keypad on the front panel.

The control signals for the input gates and outpet gates of the keypad are decoded by the front
panal board. A request for service entered via the front pang! is indicated to the CPU by means
of an interrupt. The CPU board communicates with the analog section of the RMS-5 via the control
and regulation board. A1) input and output gates and the D/A converters are on the control and
regulation board. The control signals are decoded on the board.

A trigger sigral for regulating the centre frequency is derived from @A. The trigger signail
is then fed to the CPU subassembly.

The stanrdard <IEC 625> bus subassembly js used with the IEC bus interface cption. The gate con-
trol signals are decoded on the board. An interrupt tells the CPU that a request for service has
been made via the IEC interface.
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2.3

HOW THE RME-5 RECEIVYE SECLTION OGPERATES

. - - - — ——

2.3.1 BLOCK DIAGRAM OF THE RME-5

2.3

Figure 2-5 shows the block diagram of the receiver and its three main constituent subas-
semblias:

- IF section,

BB section with "Digital X-Generator®,

- Digital section with microprocessor and screen control.
The function of each subassembly and how they interwork is described in the fallowing

sections.

.2 IF SECTION

2.3,

2.1 IF Tevel meter

2.3.

________ o
The swept IF signai passes via the automatic input attenuater to the IF level meter where the
signal is detected.

The IF level, whose magnitude over the sweep range depends on the frequency response of the IF
Tink, is fed to the 12 bit A/D converter in the sampling circuit whenever its frequency is equal
to FU. The digital x-generator contrcls this process, f.e. selects the correct instant for
sampling.

The large range of the 12-bit A/D converter, which converts the static results Plo’ a1,

p gives a high level resoluticn.

BF *

IF distortion measurement AP,
The freguency response of the IF lirk can be displayed in the operating mode API.
AP{ = API (f}, where FO - ¥ sfsf + AF (sweep range).

The signal API caming from the IF level meter is connected via the selector to the 8 bit A/D
converter which converts the dynamic resuits,

2.2 IF distortion measurements {selective) APIZ

Using input Pli on the RME-5, it is possible to measure IF frequency responses that have

Targe variations in attenuation selectivity. 4P, = APy, (f}, (f = sweep range). Return Toss
measurements can also be made. The main components of the circuit are the mixer at input P{I,
the logarithmic amplifier and the detector. The carrier signal for the mixer fs provided by the
tracking oscillator, see Figure 2-6. A swept IF sigral with a constant level aust be present at
input PI' In most cases, the -6 dBm cutput of the RMS-5 can be connected to receiver input

PE. Alternatively, a decoupled [F-system test port can be used.
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2.3.2.3  Tracking demodulation

The test demodulator in the RME-5 cperates on the “tracking principle* {Figure 2-6), which gua-

rantees Tow distortion demodulation of the frequency-modulated IF signal. With the aid of a fre-
quency control circuit {which is described later), the IF carrier frequency at the FM demodula-

tor ipput is kept constant. In this manner, the demodulaticn characteristic is used only around

the centre frequency, which means that "frequency demodulation” is carried cut in a strictly 1i-
near range.

The principle of operatfon of the frequency control circuit ¥s as follows: First {as shown in
figure 2-6), the swept and frequency-medulated input signal - whose centre frequency can be
70 MHz or 35 MHz - is converted in the mixer to a constant difference frequency

FEJ = ‘?F - fu = 10 MHz.

For this purpose, the mixer receives a signal with the frequency fF
tor. For a 70 MHz input signal, fF = 80 MHz, and this frequency can vary by up to + 30 MHz
{depending on the sweep width 4F of the input signal). For the 35 MHz IF, fF = 45 + 10 MHz
(150 + 50 MHz}.

from the tracking osciila-

The j;d? freguency variation in the tracking oscillator is provided by a control circuit. For
this purpose, the difference frequency fD = 10 MHz is connected via the frequency divider to

the frequency discriminator and the actual value of the cutput voltage is compared with the con-
stant setpoint. This results in a low frequency, sinusoidal c¢ontrol valtage, which corresponds
to the sweep voltage and which modifies the tracking frequency f? such that the difference
freguency remains constant at fD = 10 .MHz. The low. frequency control voltage also suppiies the

deflection voltage Ux for the display section.

|
i
i
i
i
i
£

Demodulator
Bessel spectrum
&
Controlled
calibrated .
attenuator Mixer Low pass filter FM demodulator
PI input 10 M e
z
| F::} b B8 |88 section
T0MHz £ JF AGC amplifier { BIMHz + AF
(35MHz « AF ) FHILSMEz 2 F)
{140MHz = AF ) 1180 = AF)
' G 1 (
o Tracking n
oscillator Frequency divider
= I
Actual value f
11:5 u Frequency o
discriminater =
to
frequency Defiection Nominal
counter voltage Ux value

Figure 2-8 Tracking demodulation, RME-5

2.3.2.4 Bessel spectrum

To display the FM spectrum, the tracking oscillator (see figure 2-6) is swept so that the

10 MHz intermediate frequency, and thus the converted FM spectrum, varies by # 0.4 MHz. This in-
termediate frequency s connected to the mixer of the evaluation circuit, which simultamecasly
receives a constant 10 MHz signal as the carrier frequency. In this operating mode, the RML-5
acts as a spectrum analyser.
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2.3.

2.5 Frequency counter Fo’iiﬁ

2.3,

The frequency counter first determines the sweep limits of the tracking frequency (80 MHz ifo)
from the signal of the tracking oscillater. At the instant where the sweep veltage reaches its
extreme values {—UA and +UA)‘ the frequency counter receives an interrogation pulse from the

X-generator via the gate control, The two counter values are gvaluated im the digital section,

§.e. the parameter F ig calculated from FO jAd?.

3 BB SECTIOH

2.3.

3.1 Test signal evaluation

The frequency-demodulated signal which is present at the BB input {see figure 2-7) consists of
the sweep voltage and the superimposed fest voltage, which is generally amplitude- and phase-

modulated.

The test frequency detection circuit automatically determines the test frequency being used. Se-
Tection of the corrgct test frequency is carried out with the aid of band-pass filters.

Bafore the actual measurement, the test signal is kept constant by an AGC circuit., The ampli-
tude moduiation is not suppressed, as the AGL process is very slow. The resulting constant volt-
age ﬁo (UM at UA = ) acts as a reference parameter. The variation 4U of the envelope is

a measure of non-linear distortion or differantial gain.

Group delay distortion AT and the differential phase 4 are determined by the phase demodu-
lator. As a phase measurement has to be performed to determine group delay distortion, only the
phase shift that arises when the signal is swept need be measured.

Selection l
fo.o...f Aut
ML M7 | -
from FM WH_
demodulator 2%;
or BB input : Amp1itude
memm_m____ﬁ, : ’£Z; demodulator te selector
! Py
| = w | dude
| w ¥ signal
T, - @
! B t Phase demoduiator
WWN
by« 0y
G
i
£
Refersnce oscitlator g
Sweep valtage UA with
overlaid (distorted)
tagt signal U’ .
M § i
M

416:8

Automatic frequency detection

Figure 2-7 Deriving the distortions U/Uj, 4T, 49 from the BB signal Uy + Uy's
simplified block diagram
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The phase is measured by comparing the signal with a reference signal whose phase is constant.
The reference signal is supplied by a crystal-controlled gscillator.

The output voitage of the phase meter is proporticnal to the phase change which has the same
timing as the swees.

2.3.3.2  Test frequency deviation meter and 3B Javel meter

The s value of the test frequency deviation 4f s determined fn the deviation measurement
detector by the level of the demodulated IF signal, i.e. by GM, The 12 bit A/D converter de-
termines the level of the test signal very precisely, and displays this level. Alternatively,
the sensitivity of the FM demodulator is used to derive the test freguency deviation.

2.3.4  DIGITAL SECTIGN

The microprocessor circuit consists of the central processing unit {CPU) - a microprocessor
type 8085 - the moniter control with the memoriés for the two sweep curves and alphanumeric
characters, the frequency marker generation circuit, and the input and output ports.

The controls on the front panel are connected to the microprocesser via control lines. The
microprocessor accepts commands from the keyboard and sends them to the appropriate subas-
semblies. The microprocessor stores the distortion measurement results and displays them on the
moniter.

As well as performing control functions, the microprocesser also calculates parameters such as
the sweep limits, or processes the distortion curves {e.q. curve difference}.

The <IEC 625> bus board optien can perform all keyboard functions, which means that the AME-5
and the RMS-5 can be integrated into medern computer controlled test systems.

2.3,5 SWEEP CURVE DIGITISATION

The resolution of the analog results, i.e.47, 4p, AU/UO, éP}, 5?11, YEXT {y direc-

tion), and the deflection voltage Ux are determined by the 8-bit A/D converter. An 8-bit con-
verter has 256 (28) discrete cutput levels, but only 205 are shown on the screen. The space
that would have been oaccupied by these levels, is used for various kinds of alphanumeric dis-
plays above or below the graphic display.

During half a sweep-period (FO - 4F to F0 + AF), the "digital x-generator” converts the

sweep voltage Ux inte 256 veltage values to digitise the frequency axis. Each discrete fre-
quency value s assigned an x address (O to 255). The digital sweep is performed by cyclically
calling up each address in the range 0 %o 255 with the x counter in the monitor control cir-
cuit,

The y-signal is digitised by driving the x generator with the microprocessor, When the x ad-
dresses are the same, A/D conversion is initiated by the microprocessor. The correct assignment
of the frequency values x {n=20, 1, ..., 255) to the ¥, values {(m =0, 1, 2, ..., 255) on

the sweep -curve is thus obtained.

256 pixels are required to draw a sweep curve - 256 memory locations, each of 8 bits, form the
whole curve,




Using this form of curve storage, one can gasily access x-values {e.g. frequency markers} or y-
values {norizontal cursers). It is also possiblie to store whole curves for internal processing,
e.g. noise averaging or curve &i fference modes. External evaluation via the <IZ( 625> bus fis

also possible.

T
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Figure 2-8 Displaying distortion curves gn the integral screen
{graticule, no text lines)

2.4 <{EC 625> INTERFACE 8US

The <IEC 625> interface bus is used to operate microprocessor controiled devices.
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Figure 2-9 shows the simplified block diagram of the <IEC 525> Interface Bus board.

The interface to the IZC bus with the necessary driver and receiver circyits is shown on the
right-hand side of the figure.

The comb conpecior to the input/output bus of the internal microprocessor fs shown on the other
side of the figure.

For the microprocessor, the IEC Bus Interface is nothing more than a collection of iaput ports
and cutput ports. The exchange of data between the [£C Bus and the instrument is executed via
these ports,

The exchange of data between the IEC Bus and the imstrument is controlled by the IEC Bus pro-
gram. The PROMs in which this program is stored are not located on the IEC Bus interface board,

but within the instrument.

The actual interface logic is lotated in one IC, the IEC bus interface module MC 68 483 made by
Motorola. This interface Togic handles the major part of the interface tasks independently, f.e.
without use of the internal microprocessor; for example, it automatically handles the IEC Bus
handshake cycle and decodes all messages which are transferred on the IEC Bus. The interface
states assumed as the result of these messages are written into the corresponding input ports. A
further input port is used as a transfer register for Jistener bytes. Listener bytes are data
which are transferred from the 1EC Bus to the instrument as long as the instrument is addressed
as the listener; for example, when setting parameters for the instruments are being trans-
ferred.

In addition to the input ports, the module contains cutput ports which are used for:

- Reception of control commands with which the microprocessor can modify the behavior of the in-
terface logic (for example, as one of many possibilities, it can stop the handshake cycle or
transmit a service request SRQ via the I£C Bus).

- As transfer registers for bytes which must be transferred from the instrument to the IZC Bus,
for example taiker bytes and status byte.

Talker bytes are data which are transmitted from the instrument to the IEC bus as tong as the
instrument is cperating as the talker, for example when it is transmitting results of measure-
ment.

The status byte is the response of the instrument to a serial pell and contains the current in~
strument status.

The instrument address can be set on the address switch.

With tha aid of the "PP switch", it is possible to determine the data line of the [EC bus on
which the device is to send its status bit SRQ if the controller executes a status interrogation
by means of parallel pell.




Important Safety Instructions

A.C. power line voitage

The operating voltage of the instrument should be the same as
the a.c. line voltags, 5o check whether or not the two voltages
are equal.

Safety Class

This instrument is categorized as Safety Class | according to
VOE 0411 or [EC Publ. 348, The power cord delivered with the
equipment has a protective ground conductor. The a.c. power
piug must be plugged into an &.c. power receptacie thathasa
third wire to ground, except in rooms that are particularly
certified otherwise. Any disconnection of the protestive ground
conductor either inside or outside of the instrument is not per-
mitted.

Connection to measuring circuits presenting
hazards to personnel

Sefore the connection is made to a hazardous circuit, a
protective ground connection, for protection against the meas-
urement circult, ought to be connected to the enclosure. In
case the protective ground conductor of the a.c. power line
can also assume this protactive funclion, the a.c. power con-
nection should be established #rst of all. 1f the measuring
circuit has an inherent protective ground conductor, then this
conductor must be connected to the enclosure before a con-
nection is made to the measuring circult,

Defects and Exceptional Conditions

When it can be assumed that safe operation is no longer pos-

sible, the equipment should be taken out of service and

inadvertent operation should be prevented.

This accurs when

— the equipment shows external signs of damage

— the equipment ng jonger operates

— after being overstressed in any way {e.g. storage, transport)
so that the tolerable limits are exceeded.

Fuses
Only specified fuses are permitied for use.

Opening the Instrument

Afler the covers have been removed or when components are
removed with tools, certain components thatoperate with
applied voltage could be exposed. And also connection points
might be carrying a voltage.

Therefore, before the instrument is opened for inspection, alt
voltage sources should be disconnecied.

But sometimes calibration, mainienance or repairs require that
the instrurment be open and operating with apptied voltage. 50
only experienced craftspersons who understand the dangers
associated with working oninstruments that have exposed
voitage points shouid undertake the job.

Capacitors can retain a voltage charge even after the instru-
ment has been disconnected from voltage sources, Thus, the
circuit diagrams should be observed.

Repairs, Repiacement of Components

Repairs must be done according to correct technical practice.
With that, particutar attention must be paid 1o the character-
istics of construction. None of the safety precautions should

be changed, especially for leakage paths and air gaps, and
separation by insulation mustnot be reduced.

Qnly origiral reptacement parts ought to be used. Other
reptacement parts are only permitted if the safety and protection
againsthuman injury are not degradad throughthe use of non-
original componenis.

Safety Testing after Repair and Maintenance

Testing of the protective ground conductorinthe
powercordfortheinstrument:

The resistance of the protective ground conductor shalibe
measured. It shouid be <0.5 Q. The power cord should be
bent and kinked during the measurement so asto reveal any
intermittent connection. This gives evidencs of a dafective
power cord.

Testingtheinsulationcfthea.c powercircuit
The insulation resistance is measured at 506 V between the
a.c. power connection and the protective ground conductor
connection. For this measurement, the instrument's power

switch should be ON.
The insulation resistance ought tobe >2ME.

581
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3-1

COMMISSIONING AND CPERATION

3.1

PREPARATION FOR USE

3.1.

1 UNPACKING THE INSTRUMENTS

3.1

The generator section and the receive sectiom are shipped in special packaging.

The instruments should be removed carefully from the packing which should be kept, should it be
necessary to ship the instruments at a later date. If the packing material has been thrown away,
see 3.1.1.1.

.1.1  MNotes on shipping

3.1,

The RMS-5 and the RME-B should only be shipped in appropriate packing materials. If the orig-
inal materfals have been lost the instruments should be packed as shown in Figure 3-1.

Weoden board
K 16 mm thick
R g L N T P;.'}_.__"_‘Jl‘riw..'v-. B

- Hard podding fixed i ‘;g\g”
to the unit by means il
of adhesive tape *

560mm

T H P Folding carton

h = height

'

Figure 3-1  Packing the instruments

2 SETTIMG UP THE INSTRUMENTS

3.1.2.1 Yse as a bengh-top instrument

The RMS-5 and RME-5 bench-top models can be used in a horizontal position or tilted on a fold-
out support. If the RMS-5 and the RME-5 are to be stacked, the RMS-5 must be the instrument at
the bottom of the stack.

The specifications in chapter 1 for the RM-5 are only valid for the nominal ranges of use de-
fined in that section.

If the AM-5 s to be used in locations where the ambient temperature is very high, a ventilator
fan can be fitted to the back of the RME-5. The fan is easy to fit and take off if you want to
ship the RM-5 (TPK-3 and TPK-6 Transportation Cases, see 5.6).
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The nominal operating temperatures are:

AME-5 without fan | RME-5 with fan

up to 1060 m above sea level: 0 to +40°C 0 to +50°C
up to 3000 m above sea level: G to +30°C 8 to +40°C

3.1.2-2  Use in 19" racks

The RMS-5's and the RME-S's case dimensions comply with DIN 41 494 and the American standard
ASA € 83.9 "Racks and front panels”.

The instrument can therefore be installed in a 19" rack if the front panel is widened by means
of two mounting brackets (see figure 3-2).

@ Plastic guides

Hinged support

19* mounting bracket

Figure 3-2  Converting the bench model for rack installation

The order numbers for the complete conversion kit {including screws) are given below:

BN 700/00.83 (RMS-5 Generator Section}
BN 700/00.06 (RME-5 Receive Section)

The feet on the bottem of the instruments and the locating studs on the tops of the instruments
must be removed before Tnstallation {cf. figure 3-2).

Caution: 1f you want to install the instruments in cabinets, make sure that the nominal range
of use for ambient temperature is not exceeded (see 3.1.2.1}. Generally, a gap of 1 U
(44.4 mm) must be left between the instruments. It may be necessary to fit fans to
dissipate the heat generated in the cabinet. Filters should be used to stop dust coi-
Tecting,
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3.2 MAINS COMNNECTION

3.2.1  POMER SUPPLY

Each instrument can be gperated from a maing supply having 4 frequency between 47 and 63 Hz.

N.B.

gefore conpecting the instruments,
value and that the correct fuses have been fitted.

check that the mains voltage selector is set to the correct

Instrument Mains voltage Fuse

pMs -5 Generator Sectien 220, 227, 238 ¥ T0.638 (0.63 A stow-blow)
114, 117, 127 v T1.258 (1.25 A slow-blow}
86 to 261 V T 3.15 8 {3.15 A stow-blow}

RME-5 Receive Section
{series D to F)

RME-5 Receive Section 220 ¥ (193 to 261 V) T0.88 (0.8 A siow-blow)
[from series G} 110 ¥ {96 to 140 V) T1.68 (1.6 A slow-blow)
RMED~5 Wideband 220, 227, 235 ¥ T 0.25 B (0.25 A slow-blow)
pemodulator 110, 117, 127 ¥ T 0.5 5 (0.5 A slow-blow)

When the instruments are delivered they are set to 220 V¥, unless another setting was specified
when the set was ordered. The mains voltage selector at the back of the instrument can be set to
110, 117, 127, 227 or 235 ¥, {A}] RME-5s to series F are powered by @ switching mode supply, and
5o it is not necessary to set the mains voltage; the RME-5 can be operated from any ac supply
with a voltage between 96 and 261 Vi,

The protective conductor of the mains connector of both the RMS-5 and the RME-5 is connected to

the instrument case so that the latter is at earth potential when the instruments are connected

to the mains. Both instruments are therefare safety class I instruments as defined in VDE 0411

or 1EC 348,

3.2.2 REPLACING FUSES

Figures 3-3b and 3-4b show wherg the fuses are.

Remove the fuse-cap to replace the fuse. The table 1n 3.2.1 indicates what type of fuse must be

used.

Spare fuses are in the compartments at the back of the instruments.

33 SWITCHING ON THE TIMNSTRUY MENTS

After the mains switch has been pressed (on pusition sndicated by red panel), the RM-5 carries
out a short test routine and is then ready for operation. The RM-5 reaches full accuracy after a
warm-up period of about 30 mins.

| To check the functions of the RM-5, connect the RMS-5 and the RME-5 back-to-back, and use the

test in 5.1.2.
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3.3.1

WHAT HAPPENS WHEN THE RMS-5 IS SWITCHED ON

¥hen the RM5-5 15 switched on it performs a self-test. The setting that was valid the last time

the Tnstrument was switched off is recalled from memory.

3.3.2

Front panel test {approx, 2 s)
A1l indicators are activated. The 7 segment digits in the four display fislds are all set
€0 “gv,

' CPU board seif-test

If there is a fault, a 4-digit error message appears in display field B (see figure 3-3a).
The codes have the following meanings:
ROM error: 01.01; 1 = 0 to 6 = ROM ¢ to ROM 6
RAM error: (no change in contents)
02.J1; 1 =0 to 3 = RAM @ to RAM 3

3 =0: cell error

J = 1: address error (A to AlDQ)

J = 2: address error (All, Al2)

i

i/0 error: 03.00
IEC 825 interface error: 06.00 (only if interface board is fitted)
The ipstrument halts if there is an error message.

If the self-test does pot find any errors, the instrument shows the instrument address
{standard address: 12) in display field D, provided that the instrument is fitted with the
IEC 625/1EEE 488 interface, of figures 3-3a,b.

If the instrument is not fitted with the interface, the setting that was valid before the
instrument was last switched off is shown after the self-test.

{Series D and £ RMS-5s show address 30 in display field D if no [EC 625/1EEE 448 interface
has been fitted).

[f the RM5-5 has not been used for a long time and its battery has discharged, it will go
into a standard setting {see 3.3.3) when it is switched on. Front panel setups stored by
means of the MEM function are lost,

WHAT HAPPENS WHEN THE RME-5 IS SWITCHED ON

If the instrument is fitted with the IEC 625/1fEE 488 $nterface, the instrument address
(standard address: 13) appears on the screen for about 10 s when the instrument is switched
on.

The RME-5 then restores the last front panel setup. If no signal has been appiied to the in-
puts and a distortion measurement was selected in the last setup, the message "SWEEP SIGNAL
TGO LOW" appears en the screen. The LEDs (JL) which indicata that the input Tevel is teo
low come on.

When a sweep signal with the correct level ¥s applied to the appropriate input, the LEDs
(4} } go out, and the trace appears on the screen.

The "SWEEP SIGNAL TOO LOW" message also appears if the applied signal goes cutside the
nominal range for more than 10 s. The deflection voltage 4y for displaying the sweep
trace is not generated or synchronisad.

[f the RME-5 has not been used for a long time and 7is battery has discharged, the message
"BATTERY LOW" appears on the screen for about 1G s when the imstrument 1s switched on (this

does not apply to serfes D instruments). The RME-5 then selects the standard setup, see
3.3.3.
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3.3.3  STANDARD SETUP

A1l the front panel setups for the RME-5 and the RMS-5 are stored in RAMs which are powered by
battery when the instruments are switched of f. Front panel setups that are stored by the RMS-5's
MEM function and the normaliser trace stored by the RME-5 are therefore not Yost when the RM-5
is switched off.

1f the RM-5 is not used for some time (> 30 days), the batteries will discharge and the para-
meters will be lost. If this is the case, a standard setup is selected when the RM-5 is switched

on.
Transmission parameter VYalue Front panel key
IF centre frequency F {IF..0) 70 MHz 91
IF Tevel P 0 dsm [8]
Sweep veltage EA 1V (103
Sweep width AF 0.5 Miz r103
Automatic swesp reduction of f [5]
Frequencj deviation 4f 100 kHz f13]
Test voitage Yy, 100 my {-8.7 dBm) {13]
Sweep frequency fy 18 Hz [14]
Test frequency f, 500 or 565.55 kiz®! 4]
Yp exr of f 11}
Yy eyt of f [1z]
Gap of f 61
Facility for switching off sweep signal of f [10]
Wideband function {only if optien of f (18]
fitted)
RME-5:

Receiver functions State Front panel key
Operating mode IF measurement {221
IF centre frequency 70 MHz {211}
Phase U, (IF) on 18]
ALC on 0]
Distortion result 1 on f21
Distortion result 2 on [10]
Measurement mode 47, 4¢ {depends on fM) [2]
Measurement mode 4P, 0.4 dB/DIV [10]
Frequency response correction APE of f [19]
Noise averaging factor of 4 (51

A11 other key functions are disabled.

1) Test frequency series I or Il
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3.3.

4 R

"

IHITIALISATION

3.4

Under certain circumstances (e.qg. batteries partially flat), it may not be possible to operate
the RMS-5 or the RME-5 via the front panel as the instrument is disabled.

Counter measure: "Reinitialisation”
* Switch off
* Hold down LOCAL [13] (RMS-5) or [24] (RME-5) and switch on instrument
simultanequsly '
* Press down LOCAL for about 5 s.

The instrument s now in the standard setting as described in 3.3.3. Front panel setups that
have been stored (MEM function) and reference curves {NORMALISER} are lost.

CORTROLS AND ITHDICATORS

The standard RM-5 has a 70 MHz IF. The versions with 35 MHz or 140 MHz or both are marked with
G (RMS-5) and £ (RME-S).

[t should aiso be noted that two different test frequency series (fM < 1 MHz} can be selected
when the internal test freguencies are uwsed. For this reason, ftwo values for the fest frequen-
cies are often stated.

The lettering on the test frequency selection keys [4] on the RMS-5 will tell you if the test
frequency facility has been fitted or not. A plate marked F con the front panel of the RME-5 alse
indicates that the test frequency series option has been fitted (frequency in kHz).

AT1 the controls, indicators, inputs and outputs that you will normally use are located on the
front panels of the RME-5 and RMS-3,

The mains connector, the mains voltage selector and the instrument fuse are at the back of the
instrument, this also applies to the connectors for the <IEC 625> interface bus, the XY plotter
and the video printer for listing the results.

Tables 3-1 and 3-2 describe the controls and indicaters. The codes used in figures 3-3 and 3-4
are also used here. The numbers in the square brackets on the front and back panels of the in-
strument which are used to mark controls etc., are also used in the tables and text.

The symbols used to designate the controls etc. in the circuit diagram are shown in the right-
hand columns of the tables.

When a key {cr keys) on the BRMS-5 or RME-5 §s pressed, the function may not be carried out
immediately; continue pressing the key until the function is activated.




Figure 3-3a Front view of the RMSQS

Figure 3-3b Rear view of the RMS-5
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3.4.1

THE RMS-5's CONTROLS AND CONNECTORS

Code

Key
symbol

Function

3-9

Circuit diagram
code

£11]

2]

£31

{41

S

CiR

=
=
ot
el
5]

)l=]

Main_IF output: Z, . =75 ¢, level range -59.9 to

+10 dim

Types of IF signal:

- frequency modulated, swept signal {distortion
measurements 4T, 49, 4U/U)

- unmodulated carrier, swept [freguency response
measurements ﬁPI, gPIE)

- frequency modutated signal, not swept (Bessel

spectrum)

DATA ENTRY {see 3.5.2.1)

Numerical keypad

- for entering parameter values directly
Ples Yopnt (Fods Upo 4F, 4F, Uy
Select the parameter type using the dark-grey
huttons below dispiays A, B, C, D

- for entering setup addresses {froat panel setups)

Clear key for erasing incorrect numerical entries,

but not complete parameter entries

Key for terminating parameter entries {numerical

keyboard)

Up/down keys (dual function)

- step or guasi-analeg setting for the values
of PEF’ I?CENT (FO}, UA, ar, 4f, UM
Select the parameter type using the appropriate
key {dark—gray keys below displays A, g, ¢, D)

. for use with the memory functien (key [31 om)
$TO: stores front panel sefups
RCL: recalls front panel setups

Memory key for storing and recalling a maximum of

20 different front panel setups; see 3.5.3

Keys for setting the test frequency fM
- 1 from 7 direct selection {appropriate LED on]

- interlocked keys

6 Bu 4

7Sl ... 526

75827

7831 ..., 37




Code

Key
symbol

Functicn

Circuit diagram
code

{5]

(6]

£7]

81

(51

f1o1 ¢

SWEEP
REQUL,

~af
-,

~
"

©
™

oot
=1

AF =0
Ug = 8

AF

see 3.5.2.3
fFRED = éf - fM! LﬂFnis not erased)
Uy L (1 - fMﬂéF)

Key for injecting a gap pulse
(éU/UO curve)
- Removes uncertainty of 180°

Aux. IF outpy out = 75 )

~ Signal shape same as that from output [11]

- a5 auxiliary signal for APEE frequency response
measurements (connection to P, output of the
RME-E)

i

IF-level entry key (Py.)
When the key is pressed (LED on) the parameter

setting is made via keyboard {2] {display A)
IF level range: -59.9 to +10.0 dBm

When the key is pressed {LED on}, Fo can be set
via keypad [2] {display B)

FG: - 22.5 to 47.5 MHz {35 MHz IF option)
- 40.0 to 100.0 MHz

- 0.0 to 200.0 MHz {140 MHz IF option)

Sweep voltage entry {0,)
Press the key (LED on) and set ﬁA via the key-
pad [2] {display B}
GA range: O to 3 V
Sweep width ey, ﬁ} = 0, sweep voliage ﬁA =0
- On/off function with red LED (cf display B or C}
- The original setting is restored after switch off.
Sweep widtn key (AF) )
When the button is pressed (LED on), the ar setting
13 made via keypad [23, {display L)
AF range: - 0 to 12.5 ¥iz (35 MHz IF option)
= 0 to 30.0 MHz
- 0 to 50.0 MHz (140 #Hz IF option)

756

75 28

8 8u 3

751

ise

753

784

7585

g ?

A
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Code

Ke
symbol

-~

Function

3-11

Circuit diagram
code

{113

[£z21

(13]

[14]

[15]

[16]

[17]

[18]

[19]

¢
Yurnr

a

Al
kH

0

0PT.

LOCAL ¥

Key for switching in an external test signal {via
the back panel connector [35], display C off)

Key for switching in an external test signal {via
connactor [167, display D off)

Test tone deviation key (4F % rms value)

Press the key [LED on) and enter Af via keypad
[2], display D
~ Af: Q0 to 500 kHz

WWWWW y ¥ rms vaiue)

Press the key {LED on} and enter UM via keypad
£2); entry in mv or dBm {see display D)

Press “HM" again to select m¥ or dBm.

- UM: 0.05 to 500 mV or -75 to +5.2 dbm

fA setting is shown by appropriate LED
IF, output (option} quartz accurate signal
35/70/140 Mz

Frequency at the output depends on the IF centre
frequency setting [9}

Input for external test signal HMEX¥/BF

- Sweep mode: sinusoidal signal, fregquency 2% kHz
to 5.6 MHz

- Wideband mode (option}: wideband baseband signail,
e.g. white noise

i&rf_pM_PﬂtﬂﬁE: test signal for 8B mode (cht =75 Q)

{internal wideband demodulator in operation}
- 4F and Af displays are off

Key for selecting mamual mode [green LED on}, if
the RMS-5 is remote controlled via the 1EC 625/
TEEE 488 bus

757

758

759

7810

7528

18 Bu 1

16 Bu 6

16 Bu 5

7530

7538
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Code Key Function Circuit diagram
symbol code
Digital displays (red LEDs)
A - 3 digit display plus sign for IF level (dBm) 7iIL1l,5,6,7
- 4 digit display for centre frequency F, (MHz }
or sweep voltage UA (v}
C - 3 digit display for sweep width AF (MHz) 71 ... 14
b ~ 3 digit display plus sign for test tone deviation 712, 4,
Af {kHz) or test voltage Yy (m¥, dBm) 15 ... 17
E Earth connector ' 1Bu3
F Mains switch 151
& IF ranges fitted
Table 3-1a Controls, indicators and connecters on the front panel of the RMS-5
{see figure 3-3a)
Code Function Circuit diagram
code
[35] Input for external, sinusoidal sweep signal 9Bul
(fA = 18 to 70 Hz}.
H Compartment for spare fuses, Versac0ﬂ<:)9 keys, allen
keys and board extractors
1 Table showing incorporated options (BNs}
J Mains connector 151
K Mains voitage selector
L Mains fuse
# Humber of signature 1ist for address bus
N Siot for the IEC 625/ILEE 488 interface {option BN 958/21})
Table 3-ib  Connectors etc. on the back panel of the AMS-5

{see figure 3-3b}
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3.4.2  CONTROLS, INDICATORS AND CONNECTORS ON THE RME-5
Code Key Function Circuit diagram
symbo? code
[13 @ Keys for shifting the sweep trace vertically [2] 27 S 49, 5¢
[21 b Key pad, each key calls up a measurement mode, 27 535 ... 38
' L |er 3.6.2 27 G121 ....24
"IF frequency response” {selective), test signal
APy .
at input P {26] with IF reference signal at input
PI’ {251; IF return loss measursment
s "IF frequency response” {wideband) test signal ap-
| [plied to input Py, [25].
“Group delay distortion/differential phase” test
signal applied to IF input Py (25] or B3 input {27}
Yewr "Yext.ﬁ external sweep result applied to input [41]
Up/down keys for selecting the measurement range 21 5 29, 30
Xey for activating the plot function {xy plotter 27 §$ 28
P interface) or to freeze the video display 27 61 36
o ) Key for switching off the current measurement 27 543
o | mode [23]
£31] Key for selecting the BESSEL SPECTRUM mode - 27 541
IF signal spectrum 27 G115
[4] Frequency counter function key - for measuring 27 540
unswept IF signals 27 G 14
[51 Up/down keys for setting the nofse averaging factor 27 § 23, 27
. {sse appropriate LED display) 27 Gl 37 ... 41
L]
{6] Press this key for horizontal lines on screen 27 5 12
27 5 18, 11
I Arrowed keys for adjusting the distance between the 27 @1 51
& horizontal lines
8 !
[7] Selects a bandwidth of 30C Hz to weight the sweep 27518
signal 27 G 3t
£8l] Potentiometer for calibrating the IF level meter 107 34
{see 3.6.7.1)
{9] Keys for shifting the selected sweep trace 27 5 47, 48
vertically [10]
Li0] Key pad for caliing up the second sweep trace; 27 531 ... 34

AUfU,

Apa

Except for non-linear distortion/differential dis-
tortion, the measurement modes are the same as
those on keypad [2], see 3.6.2

27 61 17 ... 20
27 S 25, 26

27 s 24,

27 §1 35,

27 S 42
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Code Key Function Circuit diagram
symbol code
f111 Potentiometer for calibrating the frequency deviation |18 P 103
maeter for the BESSEL SPELTRUM mode {see 3.6.7.2)
123 Keypad for forming the trace difference 756 ... 8
{NORMAL ISER}, see 3.7.3 27 Gl 42 ... 44
Storing the reference curve
Cailing up the difference curve or reference curve
GFF Displaying the current sweep trace
[13] Keypad for operating the noise caleulation and the 2081 ... 8
INTELSAT tolerance mask options {cannot boih be 27 61 46, 47
fitted, see 3,7.5 and 3.7.6)
[14] Potentiometer for altering the brightness of the 2971
display
[16] & Pair of keys for shifting the frequency markers "M° 1951, 2
{vertical lines)
{171 D& I key for showirg outward and return sweeps 27 517
{183 Key pad for performing phase corrections on the 27 S 13, 14,
deflection mode U, (see 3.6.2.3} 53, 54
27 &1 26, 27
UrliF) The deflection voltage is derived from the IF signal,
Pair of keys for adjusting the phase of Ux:
e T+ ¢
U LIF): 8%, U (B8): + 180
U, {88 Deflection voltage from the BB signal.
{19] Key for linear frequency response corrections API 27 520
via the appropriate potentiometer 27 Gl 32,
16 P 33
(20} Key for evaluating the sweep curves: LIN and PARAB, 275 ¢
o the results are shown on the curve 27 G1 45
211 IF range: 35, 70 and 140 MHz (depends on option 27 5 45
fitted) 27 61 9, 10, 83
[22] Key for IF mode, activation of inputs P, and P 27516
27 &1 28
(233 Key for 88 mode (4T, 4@ and AU/ ), 27 5 15
Input [27] enabled 27 &1 27
£24] Key for switching from manual to remote mode 27 5 44
27 61 16




Code

Key
symbol

Function

Circuit diagram
code

{25}

261

[271]

£2s]

[291

[303

Table 3-2a

IF input P, Zin = 75 @, for the following signals:

- frequency modulated and swept sigrals (47, dy
and AU/UO)

- unmodulated, swept carriers (API measurements)

- frequency modulated, unswept signals

IF input PII’ Zin = 75 4, for fregquency response
measurements (PII) where there are large variations
in attenuation, also return loss measurements, IF
reference signal applied to input PI

8B_fnput, 2, = 75 0, test signal s 0y + U, from
the item-under-test; input s enabled when key {Z3]
is on.

BB level meter key for enabling input [29]

§Bﬁjgyg}migpgt$lzin = 75 @, for measuring the
level of unswept signals from 10 kHz to 12.5 MHz
Switches of f the automatic IF-level matching

facility {LED on}; wait until AFC capture occurs
before pressing this key

Screen for displaying all iypes of resuits:

- Sweep traces and cursors. The relevant parameters
are shown above and below the graticule.

- IF signal spectrum {section of frequency range)

- Monitor mode “frequency counter function" and "BB
level-meter function”.

AFC indicator lamp is on, when the fnput frequency
is within the capture and holding range

LED on if the IF input level is ocutside the nominal
range

Indicates when the BB input level (distortien
measurements) at connector [27]} is outside the
nominal range

Indicatas what IF ranges have been fitted

Indicates what test frequency series have been
fitted (series I or series II, or colour subcarrier}

Earth connector

Mains switch

2Bul

8§ Bul

5Bu 2

27 § 3%
27 Gl 50
18 Bu 1

27 5 46
27 Gi 52

27 61 13

27 Gt 11, 12

27 G 48, 4%

151

Controls, indicators and connectors on the front panel of the RME-5

(see figure 3-4a)




Code Function Circuit diagram
cade
[40] DemoduTator output that allows the test signal Uy, to be §Bu 6
precessed externally.
[41] Input for the low-freguency signal “YEXT“ for evaluation 10 Bu 2
) in the RME-5, Zin = 10 kQ, measurement range 8 to 800 my.
{42] ¥ideo-signal ocutput for results {video printer, monitor) 1987
1 Table showing options that have been fitted {BN)
f Battery compartment for the NiCads used to buffer the memory
contents when the instrument is switched of f.
K Mains connector 1s5t1l
L Mains fuse
M Compartment for spare fuses, Versacon(:)9 keys, allen keys
ang a board extractor
N Number of signature list for address bus
¢ Stot for the noise calculation option (BN 917/00.11) or
INTELSAT tolerance mask option (BN 917/00.12)
P Siot for the IEC 625/1EFE 488 interface option (BN 853/21}
or the xy plotter interface option (BN 917/00.01)
Table 3-2b  Connectors etc. on the back panel of the RME-5

{see figure 3-4b)
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OPERATING THE 8MS-5

3.5

3.5,

1 USE OF INTERNAL OR EXTERNAL TEST AMD SWEEP SIGNALS

3.5,

When the RM-5 s in its standard operating mode using internal test and sweep signals, the keys
U g7 [11] and Uy pyy [12] are disabled. The appropriate LEDs are off (cf figure 3-3a}.

External test signals (input [163) and external sweep signals {input [35]) in the appropriate
frequency ranges can be used when keys [11] and [12] are pressed; the appropriate LED indicators

come on.
The modulator sensitivity at both cutputs is 10 MHz/V.

When UA EXT [11] is pressed, the sweep width display disappears, as if the IF sweep width is
determined by the external sweep voltage and the sensitivity of the modulator in the RMS-5.

aF S = 10 MHz/V

® Shod. * Va Exr’ Mod

NOTE: A minimum voltage must be applied to input Up pyre This voltage depends on the [F range
that has been selected. The following minimum values (typical values) are necessary to
ensure that the IF centre frequency regulator works properly.

IF range Minimum voltage ﬁA exT aF 4
35 Mz 2.5 my 25 kHz
70 Mz 5 my 50 kHz
140 MHz 16 mv 100 kHz

When Gy ooy [12] is pressed, the frequency deviation display disappears as the frequency de-
yiation is now determined by the voltage of the external test signal and the sensitivity of the

modulater {see above}.

1t is also possible fo use an internal test signal with an external sweep signal or vice

yersa.

2 SETTING THE RMS-5'S TRANSMISSION PARAMETERS

The transmission parameters described in table 3-3 are set by first of all selecting the para-
meter type with the dark grey keys and then entering the numerical value using mumerical keypad
[2] (DATA ENTRY). The parameter values are shown numerically in display panels above the keys,
where appropriate the unit is indicated.




Trarsmission Key Display | Display format Unit | Range Resolution
sarameter
® if level (Pypy (18] | & sign 10t 109 107l eBm | -59.3 to +10.0 dBn 0.1 g8
@ IF centre fre- (21 | s 108 10h 1% 1ol fmi | a) 225 te 47.5 Mz
quency Fepyr (F,) b) 40.0 to 100.0 izt | 0.1 iz
c) 95.0 to 200.0 MHz®)
® Sweep widtn (JF) | {101 | ¢ 209 1071 1072 TwHz | a) 0 to 9.99 Mz 0.01 Wiz
& Lot 1e® a0l e 10.0 to 12.5 Mz | 0.1 Mz
N b} G to 9,99 MHz 0.01 MHz
- 10.9 to 30.0 Mz 0.1 Mz
¢} 0 to 9,99 MHz 0.01 MHz
10.0 to 50.0 Mz 0.1 MHz
@ Test tone 1311 o 0 10 1971 [kHz | 0 to 49,9 xHz 0.1 kHz
deviation (dF) E§§ 10! 10° | kHz | 50 to 500 kkz 1 kHz
{4f, rms)
® Sweep woltage el | s R I i L 0 to 3.000 V ¢.001 v
- oLl ey
(3,
3
ER P janat fuy 1 f (oSS S
I fest signat {,) 1 {131 ] D 10V, 1070 10 v 0.05 to 4.99 mv 0.0 mY
= 108 108,007t Tmv | 5.0 to 0.9 mv G.1 v
10¢ ;gé 1° Tav | 50 to 500 mv 1 mv
-1
sign 100 10° 107 fdem | -75 to +5.2 dom 0.1

Table 3-3  Transmission parameters that can be set via keypad [2]

- Test frequengy (f

- Sweep frequency (

Mk

¥

Al

Selection is made directly via keypad [4]; the selected test fre-
quency is shown by the LED above the key. The frequency (in kHz}
printed on the key refers to frequency series I and is an approximate
vatue. Test frequencies that are used to calibrate the freguency de-
viation meter are marked with a “J".

Key [14] "18/70" is used to select the sweep frequency. fach time
the key is pressed the other frequency is selected.

Ypper LED on: 18 Hz

Lower LED on: 70 Hz

1) If 35 MHz IF option is fitted
2) If 140 MHz IF option is fitted
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2.1  HNumerical entries

3.5

The parameter values are entered using numerical keypad [2]1. {The LED above the blue MEM key
must be off). The RMS-5 is only set to the new value when the ENTER key is pressed,

Example: The IF level is to be set to -3.5 dBm.

* Press "pIF" [83 ® appropriate LED on
* Press "~ - the old display is erased
3" - the sign and digits enter the display from
v the left
e - LED flashes while the digits are being entered
Press “ENTER" ® LED stops fiashing and remaing on

@ @& transmission level of -3.5 d8m is output at [1}
1f you make an incorrect numerical entry, use “CLR* to erase this entry, and enter the value
again. The LED for the appropriate parameter key wiil flash until the entry is terminated with
“ENTER™,

If you enter a value which is out-of-range {see table 3-3), an alarm tone is output when the
entry is terminated. The RMS-5 always takes the maximum or minimum value in such cases.

2.2 Quasi—aha]og settings

Quasi-dnalog adjustment of the selected parameter over a certain range can be carried out using
the arrowed keys in keypad [2], f.e. by holding down the key; (the LED above the blue MEM key
mist be off). While you adjust the parameter, the current value s always shown in the appropri-
ate display, this value is set jmmediately by the RMS.5.

By observing the resuits on the screen of the RME-5, and by pressing the keys "4r* and "<&

alternately, the setting you want can be obtained {e.g. carrier vanishes at the Bessel zerop =
Af ).

nARN L Kay held down: “Continuous” increase Tn parameter until the upper limit fis
reached

Key pressed for a
short time {< 2 s} Parameter increased in steps, the step width is ecual to the
smallest increment that can be set {cf table 3-3)

'

AELA Key held down: "Continuous” decrease in parameter until Tower Mimit is
reached

- Key pressed for a

short time (< 2 s}: Parameter decrsased in steps, the siep width is equal to the
smaliest decrement that can be set (¢f resclution,
table 5-3}

An alarm tone is output when a range limit is reached.
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3.5.2.3  Setting the IF centre freguency and the sweep width

3.5

The RM«5 can be fitted with a max. of 3 IF ranges, incliuding the standard 7Q ¥z range. Table
3-3 gives the IF frequencies and their limits.

Within these frequency ranges, any IF centre freguency Fo and any IF sweep width AF can be
chosen provided that FD 3;&? does not exceed the given limits.

Exgmp]e: 70 MHz range: 40 to 100 MHz
at F =70 Miz < 4F = + 30 Miz at most
atF = 83 Mz = AF = + 16 Miz-at most

If ?0 :‘A¥ is cutside the limits, the sweep width is set to its mex. value, the centre fre-
quency is not altered.

If you enter a IF centre frequency which is outside the IF range, the IF freguency is set %o
the appropriate range iimit and the sweep width is set to zero.

An alarm tome is ocutput whenever the sweep width or centre frequency are out of range.

When the RM-5 is fitted with several IF ranges, there is some range overlap. The RMS-5 will al-
ways select the range that gives the greatest sweep width.

.2.4  Automatic sweep reduction

The automatic sweep reduction facility prevents the sidebands furthest from the swept IF
carrier from going cutside the IF range of the object under test, when a new test frequency is
selected. The sweep reduction facility does this by setting the sweep voltage to an appropriate
value. To understand how the circuit functions, we must examine what happens when the test sig-
nal ﬂA + UM is fed into the modulator (see figure %;5). The carrier frequency of the fre-
quency modulated signal is swept over the range + 4F which depends on the modulator sensitivity
and the sweep voltage UA‘ The first pair of sidebands, fM from the swept carrier, is caused

by the test voltage UM‘ If the sweep voltage has been selected so that the IF carrier touches
the edges of the IF transmission band, the upper and lower sidebands will be outside the IF
transmission band F0 - 4f to Fo + 4F at 1F carrier 1‘5%. At lower test frequencies this is

not of major importance because the sidebands are very close to the IF carrier (figure 3-5a).
However, assuming the same sweep voltage, a pair of sidebands will be cuiside the bandwidth
being examined if higher test frequencies are used. These sidebands undergo certain changes and
may falsify the results {figure 3-5b).

[f the test frequency fM is set to a higher value, 2 circuit in the generator section sets
the sweep voltage to a value that will prevent sidebands being shifted outside the bandwidth
that was to be investigated, i.e. the selected bandwidth, see figure 3-5¢.

When the automatic sweep reduction facility has been switched on by means of “SWEEP REDUC" E5],
it works for all test frequencies, no matier whether IF or BB measurements are being made.

It has no value to use sweep reduction for measurement modes other than AT, 4 and ﬁU/UO,
as these modes use a swepi, frequency-modulated signal.




UA ,UM——-»-—

Sweep voltage UA {not reduced)

Reduced sweep voltage GA

at high -test frequency (fM}

Bl Frequency
IF mo?u?atnr

IF carrier

i
i
E
i
i
i - 1
with sideba/ndsj1 ? l ; ;ﬁ/
A -
I i -
e &z
A
T - o
AN
! z | E
o : i [
% i | ?/
2.t
7 B N
Tt e
| ! :
I % 7
% Laahl 7
y [ ] f, b .
%A 34%3{0?*"’; // £

Figure 3-5 Automatic sweep reduction
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a) Sweeping the IF range with a Tow test frequency (automatic sweep reduction off)
b} Sweeping the IF range with a high test freguency (automatic sweep reduction off}
¢} Sweeping the IF range with a high test frequency (automatic sweep reduction on}

- Sweep reduction é?gia {IF distortion measurements)

" The IF centre frequency and the IF sweep width have already been entered:

* "JE" on (lower LED on) Display C: @ Je
* Select sweep width reduction by pressing "SWEEP REDUC." [5]
{red LED on) Display C: @ 4F
* press " AF" {upper LEZ on) Display £: 0'4@&50

The actual sweep width is:

droc, = AF - f

RED f,, = current test frequency [4]

M M

* Select higher test frequnecy using the numerical keypad [4] Display C: @ d%RED

The sweep width é%RED decreases, while the sweep range (c¢f figure 3-5) remains the same.
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If you enter a test frequency FM which is Jarger than the sweep width sz, the internally ge-
nerated sweep signal is disabled (display £ = 0, acoustic alarm}.

If a value for ‘:]AFREE) is displayed (upper LED above the “4F" key on) and an entry is made via
the numerical keypad [2], the entry is interpreted as a normal sweep width entry, i.e. not re-
duced. The display shows 4F instead of ‘EFRED (Tower LED above the “AF* key on).

- Sweep Wwidth reduction U,o.. (BB distortion measurements)

When the test signal GA + UM is applied to an external modulator, the IF output range of
the modulator can be kept constant at different test frequencies, if automatic sweep reduction
is on. The modulator sensitivity Sext must be taken into account when the sweep voltage GA
is set. The following equations apply:
R
ext

GARED can be caleulated from the following formula:

. AF - By fu )
Yareo = oE Uy () AF = half the IF output range
Sext aF

Example: Sensitivity of external modulator: 12 MH2z/V, IF range + A = + 10 MHz
Up = 4F/5,., = 10 MHZ/12 #iz/V = 0.833 ¥
fﬁ
10 MHz

= 0,833 v {1 -

UARED

f.Ml = 500 kHz: UARED = (0.731 ¥

sz = Z.4 MHz: UARED = 0,633 ¥

RH3-5 settings:

* Test signal UM’ fMl = 500 kHz

* Sweep voltage GA
- Press "GA" [10] (lower LED on)

~ Enter 0,833 V via numerical keypad [2] Display 8: @ 0.833 v (0,

A
* IF range * 4F
- Press " k" [10] {lower LED on)
Enter "10 MMz" via numerical keypad [2] Display §: ® 310.0 MHz { 4F)

* Reduced sweep voltage SARED
- Press "SWEEP REDUC.™ [5] (red LED on)

- Press "GA“ {upper LED on} Display B: 90.791 v (U )

}

ARED
* Set test frequency sz to 2.4 MHz Hisplay B: #0.633 ¥ (UARED
The swept FM signal whese upper and lower sidebands coincide with the If range limits
Fo + 10 MHz when the carrier is at its maximum and minfmum frequencies (+ AFoon), is output
by the modulator.

RED

If a test frequency f,, which is greater than the selected IF transmission range (with "AF*),

fs set, the internal sweep signal is switched off {displays B and C are 0, and an atarm sounds).

If an entry i{s made via the numerical keypad [21, when GARED is displayed {upper LED above
key “GA" on}, the entry is not taken to be a reduced value. The display thes shows EA (Tower
LED above key "UA" ont. ’
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3 STORING AMD CALLING UP COMPLETE FRONT PAMEL SEYUPS (MEMORY FUNCTION}

3.5.

Using tae blue "MEM" key, it is possible to store and recatl a total of 20 complete RMS-5 front
panel setups. This facility makes it easy to perform measurements that have to be carried out
regularly as all the settings are immediately ready for use. When the RMS-5 i3 switched of ¥, or
there is a power failure, an integral battery will power the memory for about 30 days.

3.1 Storing setups (STORE}

3.5

* Enter parameter type and value

* Press “MEM® [3] @ MEM LED on
* Select memory location XX
via numerical keypad [2], e.g. Ol @ MEM LED flashes
{address range XX = 01 to 20} @ Number of memory location shown in
display D
* Press "STO" {4p) @ al1 displays show the last para-

meter setting

* Enter the next front panel setup
{e.g. use address "02"}.

If you are not sure what is stored at a particular address, and do not want to overwrite a use-
ful setup, the VIEW functions {see 3.5.3.3) will allow you to check the contents of each
address. If an address no. <0 or > 20 is entered, the error message 010 {out-of-range) appears
in display B and a warning tone sounds.

.3.2  Recalling setups {RECALL}

* Press "MEM" [3] @® MEM LED on
* Select the memory location you want {XX)
via the numerical keypad [2] & MEM LED flashes
{address range XX = 01 to 20) Memory location number in display D
* press "RCLY {<5) ® MEM LED off
@ a1l displays show setup parameter
values

If an address < 0 or > 20 is entered the error message Gl0 is shown in disptay B and an acoustic
alarm is given. If memory locations with no contents are called up, the error message 001 (no
contents) is shown in display B and an acoustic alam is output.

I the instrument is not used for a long time (batteries go flat), of if a reinitialisation is
parformed, stored setups may be lost. When the address is called up, the error message 001 ap~
pears in display B and an alarm sounds.

Note: The standard setup is stored at address 0, as described in 3.3.3.
If "LOCAL® and the mains on button are pressed simultaneously to perform reinitialisation
{approx. 5 &), all the setups are erased, however these are not Tost when address Q is
called up.




3.5.3.3  Displaying setup parameters {VIEW)

3.5,

You want to find out what setup is stored at address XX (the RMS-5 stays in its present oper-
ating mode).

* Press "MEM" [3] {LED on) & MEM LED on
MEM LED flashes

* Enter address XX via the numerical keypad @ Address no. shown in display D
(address range XX = 01 to 20}

* Press "VIEH“{ENTER)i) & The setup (XX} is displayed without
being set on the instrument as long as
“VIEW" is held down.

If nothing is stored at address XX, the RNS-5 displays the following:

Display B: 006 (% nc contents) and
Display D: address XX

(If you want to set the instrument to the setup displayed in VIEW mode, simply press "RCL"

(3.

To Took at another address in view mode, erase the address display with "CLR" and enter a new
addrass.

3.4  Erasing setups

frasing a single setup

* Press "MEM" [3] : ® MEM LED on

* Enter address XX via the numerical keypad @ MEM-LED flashes
Address no. shown in display U

* Press "VIEW" (eNTER)Y!

ard "CLR" simultanecusly @ Display 8 = 001 {rot used}
© Display D = address XX and
acoustic alarm

* Press "MEM" [3] ® MEM LED off

Erasing all setups (XX: 01 to 20)

* Press “MEM" [31] ' ® MEM LED on
* Enter "10C" via the numerical keypad ® MEM LED flashes
"100" shown in display field D

* press VIEW" (ENTER)D)
and "CLR™ simultaneously @ Display B: 001
Display D: 100 and acoustic alam

* Press "MEM" [3] @ MEM LED off

1} Series [ and £: The ENTER key does not have the addfitiomal "VIEW" marking
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3.6 OGPERATIMNG THE RME-S

3.6.1

HEASURENENT HMODE OVERVIEW (OPERATING SEQUENMCE)

3.6.1.1

IF measurements

*

*

® Distortion measurements @Frequency ceounter

press "IF® [22) {LED on)

Select the IF range you want with “IF/MHz" [21]; if several IF opticns are fitted, e.g.
95 MHz or 140 MHz, press key {21} until the display indicates the freguency you want {LED

en}.

|

|
Y

@ Bessel spectrum

{input [25] {or [28]) {1nput [25] used) (input £25] used)
used) * Pross [4] * Press [3]

* Measurement mode AT, 4(p, éU/Uo, {LED on} (LED on}

AP[ or AP!I is selected via
keypad [2] or [10]
{appropriate
LED on)

SPECTRUM

T IF - RPUT Py
/’\_/ b
AN pd p
‘\‘-‘____,,f”,

96210
6 105
416 17

*

Shift the curve tc the re- cf 3.6.4 cf 3.6.3
quired position using the
arrowed keys (1] or [9]

Set the sensitivity using
the arrowed keys marked
RANGE

Use the keypad [17], [18]
to shift the outward and
return sweeps of the dis-
tortion curve so that they
coincide {cf 3.6.2.3)

fvaluation of the result
curve using keypad [8],
{121, [131, [20]




3.6.1.2 BB measurements

BB-B8 distortion measurements, wse input [27] 88-88 leve! measurements, use input [29]

* Press “BR" [23] {LED on) * Press [281 {LED on)

* Measurement mode AT, 4P or AU/UO is se-
tected via keyboard [2] or [10] (appropriate
LED on}

L~ BE-LEVEL

é,,—"*~\\\“-"’// 7 {4Bm}
X e
S~

| hl
Shift the curve to the required position

16 WA

¢f 3.6.5

fuo i

k

*

using the arrowed keys [11 or 9]

* Set the sensitivity with the arrowad
keys marked "RANGE"

*

Adjust the outward and return sweeps
of the distortion curve (keypads [171,
[18]) until they coincide

{cf 3.6.2.3}

180° phase uncertainty

{gap injection with BMS-5)

* Keypads [53, {121, £13], [20] are used
to evaluate the result curves

3.6.2  DISTORTION REASUREMENTS

Some of the distortion measurements (sweep method) that can be shown on the graticule are
Tisted below:

- AT group delay distortion or "4¢" differential phase
- AU/UO“ non-linearity distortion or differential gain
- dPI“ attenuation/distortion (IF-IF frequency response)

- " 4P, " attenuation/frequency distortion (IF to IF frequency response) selective
measurement of large level differences
IF return loss measurements {ar)

- HYEXT" Displays the detected rf signals that are associated with the sweep signal of the
Rif-5
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Y1 result Y2 result
{upper curve} Test frequency {Tower curve)}

Yl resutt ——
marker

Measurement range
¥I result: 80 ns

Electronically ¢ ¥2 result: 4 4B

calibrated
graticule

Y2 result

l marker

!

i
Sweep width idﬂF IF centre frequency M: Frequency markers
HFCENT) {= 4F}
IF level at Fa A€ RMS test tone deviation

Figure 3-6  IF measurement illustrating the display of distortion measurement results
{The Tines at the bottom of the screen are not present for BB measurements, input
£271 1s used),

With the keys in rows [2] and {10] you can display {call up) twoc sweep curves, Yl and Y2, simul-
tanecusly. Fach row of keys s used to select a measurement mode - see figure 3-4a - the sel-
ected measurement mode is indicated as the current measurement mode by the appropriate LED {on).
The arrangement of both rows of keys s the same, the only difference being that of the measure-
ment mode, i.e. "4T,4¢" or "AU/U". Rs the keys "PII", "Pp" and "Ypu" are contained in

both rows, combinations such as "4, 49" with PIZ or Py and ¥£XT can be displayed simui-
taneously. The same is true for "AJU/Ua" at [10] with the measurement mode combinations in row
[23. The ease with which various modes can be displayed simultancously is very useful in prac-
tice.

If the test frequency f, <1 MHz, the result of the distortion measurement AT, 49" is auto-
matically displayed as a group delay measurement [4T): if fM > 1 MHz & differential phase
measurement (AQ) {s performed.
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The sweep curve can be shifted vertically with the arrowed keys marked POSITION {11 {or £91).
The position of the other curve is not altered.

NOTE: The markers ">" and "<" show that the results cannot be displayed on the graticule with
the current settings. They indicate where the results have gone off the screen. They alse
tndicate whether & 1isting has been made with a videoprinter or a camera.

If you only want ONE sweep curve displayed on the screen, e.g. Y1, the Y2 trace can be switched
off with the appropriate ON/OFF key. The appropriate measurement mode LED goes off.

The range for the selected measurement mode can be adjusted in steps using the arrowed keys
marked RANGE.

Press "4 ": the measurement range is increased by one step
Press " <¥": the measurement range is decreased by one step

The current range per division (DIV} is always shown on the screen for all appropriate measure-
ment modes. The measurement mode is shown in the top Iine of the screen. Measurement mode Y1 is
on the left of this line, measurement Y2 i3 on the right, see figure 3-6. The possible measure-
ment modes are shown in tahle 3-4.

Sweep Measurement mode Measurement ranges (¥ 4 DIV.) Unit
curve
e 4 0.4 1 Z 4 10 20 49 % rad
®AT L) 27.7/25 wHz 16 40 a6 160 400 800 1600 | ns
Yi 55.5/50 kHz 8 20 40 80 200 400 800 ns
92.6/83.3 kHz 4 10 20 40 100 209 400 ns
277.7/255 khiz 1.6 4 8 16 40 8C 160 ns
555.5/500 kHz | 0.8 2 4 8 20 4y 80 ns
Y2 & dU/UO i 0.4 1 2 4 10 20 40 %
Yl, Y2 i@ sz - 0.4 0.8 1.6 4 8 16 déB
Y, Y2 | & APII - - 8 16 40 80 - a8
¥, Y2 | @ Yext 8 26 40 80 200 400 800 my
Max. voltage + 40 1907 + 200! + 400) + 800f + BOO| * BOO | my

Table 3-4  Variable measurement ranges for the RME-5 (scale range = 4 DIV}

When making distortion measurements, it is best to choose 18 Hz as the sweep frequency. At
this frequency, the twoc lowest test frequencies < 60 kHz can be used without any restrictions.
Also, no problems will be caused by using bandwidth reduction for noise averaging {cf
3.7.1.1). The 18 Hz sweep frequency does not cause any flicker on the RME-5's screen.

|
!
|
x
|

When you are using an IF in the 35 MHz range, the highest test frequencies that can be used
are 500 or 555.56 kHz. If a higher test frequency 1s selected, the error message

“fM > 1 MHz" appears instead of the frequency display. The dispiay showing the results of
the distortion meastrement is, however, not disabled, because, depending on the item under
test, 1t is still possible to make measurements (because of the small IF range, however, the
resuits are, in most cases, of little value}.

1) The measurement ranges for AT depend on the test freguency, fM, selected.
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3.6.2.1 Frequency markers [16]

1.6.

When IF input {25] is used, the x-axis of the graticule can be further subdivided by a pair of
vertical cursors to read off the results for 47,49 48/80, AP!, APII and Ypyr. The cur-

sor pair {dashed lines) is symmetrical about the centre frequency fo' A quasi-analog adjusi-
ment of the separation is possible over the sweep width. The frequency marker range is ~

0.1 4F <M <4F. The keys marked FREQ. MARK have the following effects;

“ o {2 * reduces separation
" o o=p " increases separation

The parameter value indicated by the freguency marker is shown in the line below the graticule,
see figure 3-7.

You should note that the frequency markers cannot be set in C.1 MHz or 0.0l Mz steps (depends
on sweep width), as may be suggested by display on the screen. The maximum resclution is deter-
mined by the measured sweep width and the number of pixels aleng the x-axis {256).

When the instrument is switched on, the frequency markers are 'at the sweep limits (M = AF), and
therefore cannot be seen. To¢ bring tﬁe markers onto the screen, the cursor pair mist be moved to
the appropriate position in the sweep range using the " o =" key. The Tonger the key is held
down, the faster the movement of the cursors becomes. Fine adjustment of the markers can be made
by quickly pressing the keys "o o™ " (= o> " to shift the vertical cursors to the required
position on the screen.

In some frequency marker positions, the marker lines may flicker. The reason for this is the
variation in the last digit of the sweep width display. It is stil} possible to detect frequency
marker fiicker if a large sweep width has been selected {display resclution is reduced to

100 xHz and the sweep width display flickers less). This is becauss the frequency counter that
determines the sweep width still operates at a resclution of 10 kHz.

2.2 Horizontal cursors [6]

Adjustable horizontal cursors {dotted) can be used to read off values on the y-axis. The curscr
pair is symmetrical about the centre line, see figure 3-7. In this way, it is possitle to set a
tolerance band for one sweep result or to determine the extreme values of the trace. The separ-
ation of the horizontal cursors "&" is shown numerically above the screen graticule (left),

When the horizental cursors are used, it is ornly possible to display efther Y1 or Y2. If two
sweep curves are displayed and the horizontal cursors are switched on, the Y2 curve disappears
{keypad [I0]). Sweep trace Y1 has precedence (keypad [2]). Switchover from Y1 to Y2 is pos-
sible.

The herizontal cursors are switched on using the ON/CFF button [6] {LED on}. The separation is
adjusted using the arrowed key below [61:

H il

increases separation; Timits are the upper and lower graticule lines
"{}“ reduces separation
As long as one of the arrowed keys is held down the separation of the cursors will be increased

or decreased 1n a quasi-anatog manner. Fine adjustments can be made by pressing the xeys quick-
Ty.




3-32

3.6.

Frequency markers

A,

Hortzontal cursoers

Figure 3-7  Sweep with frequency markers "M" and horizontal cursors "&" switched on
It should be noted that the resolution with which the separation of the horizontal cursors is

displayed depends on the measurement range selected and the number of pixels along the y-axis
{i.e, 205).

2.3 Phase correction for the deflection voltage U

- B8 distortion measurements

¥hen disptaying BB distortion measurements, the phase of the deflecticn voltage for the display
unit should always be checked (note above BB key [23]: phase Ux). If the outgoing and return
sweep are not the same, this means that the phase is not correct. The return sweep must be dis-
played using key [17]. If two curves are displayed simultaneously the result selected via keypad
[1C] disappears. Switchover from row [2] to row [10] s possible.

* Display return sweep on screen: press key [17] (LED on), ¢f figure 3-8.
* Shift the cutward and return curves with keys * <" or “&D", until the curvas coincide.
* Remove the return trace from the screen by pressing key [17] {LED off).
The 180° phase shift that occurs can be elimirated using the btanking gap described in
I the following section.

There are some FM demodulators which behave like high-pass filters and block the low-frequency
sweep signal. If this is the case, 1t i3 not possible to obtain the deflection voltage from the
88 signal. Instead, one can feed an IF signal from a test port before the demodulator input into
the P, input on the RME-5 (press "UX{IF)“).
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Figure 3-8 Phase shift between the outward and return sweep during a B8 measurement

- IF distortion measurements

In the IF mode, the deflection voltage obtained has the correct phase. However it may be ne-
cessary to carry out fine adjustments on the phase of Ux’ if the instrument is operated under
extreme ambient temperatures, component ageing has takems place or a new sweep frequency has been
selected. Carry out the correction as described in the section on BB distortion measurements.
The correction range is at most + 6°.

- Gap pulse

As the deflection signal s stnusoidal, there is always a 180" uncertainty on the phase of the
resylt.

This can be removed by inserting a blanking gap in the test trace by pressing key £53 {LED on)
on the RMS-5. The gap 1s displayed most clearly on the screen in the dU/UD mode, and should

- assuming positive modulation - be moved to the lefthand edge of the screen with the arrowed
keys [1B8] on the RME-5, see figure 3-9.

The gap only gives you a rough guide when you adjust the phase of the deflection veltage, fine
adjustments should be made with key [17] and the arrowed keys [18] until the cutward and return
traces coincide.

The polarity of modulaters and demodulators can be determined using the blanking gap (not if
the phase shift of the 88 output signal is too large). If the gap is on the left of the screen
this means positive polarity, on the right negative.
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=5E00kHz dU/U=. Big

L—— Gap pulse

Figure 3-9  Using the blanking gap to eliminate the 180° phase uncertainty

3.6.3 BESSEL SPECTRUM MEASUREMENT MODE [3]

In the "BESSEL SPECT.V/" mode {key [3] on the RME-5), the spectrum of the IF sfgnal applied to
PI input [25] 1s shown. The RME-5 therefore functions as a spectrum analyser, see also 4.2,

The frequency range that can be displayed is about 808 kHz. This is sufficient to show the lst
sidebands if a test frequency fM = 250 kHz (or 277.8 Mz} is selected. This mode has been sup-
plied to make the calibration of the frequency meter ({see 3.6.7.2) and the adjustment of modul-
ators and demodulators {sensitivity) possible.

in the FM spectrum monitor mode, the lower line on the screen contains the test frequency f,,
the ms frequency deviation of the test signal at the first bessel zero (1 = 2.405) "Afo“, and
the currently set ms deviation "4f"; see figure 3-10.
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Carrier
Lowar sideband 1 Upper sideband

=83, 3kHz +4=142kHz  af= GOkHz

l—-_—— Approx. 800 kHz mm—l—l

Figure 3-10  "BESSEL SPECT.V/" monitor mode, key [3]

3.6.4 "IF COUNTER" MEASUREMENT MODE [4]

The frequency counter in the RME-5 can be used to measure the freguency of unswept IF signals
{range 25 to 190 MHz). The test signal which is applied to input PI [25] s displayed digi-
tally with a resolution of 0.01 MHz. Key [4] controls the display. Ensure that the signal leve)
15 in range. The frequency F0 below the 1ine "IF INPYT PI“ should be read off as shown in
figure 3-11. As well as the frequency, the IF level P; ts also shown. If the test signal is FM
{e.g. from the RMS-5) the rms test deviation Af is alsc shown.

TF-INPUT R

F=139.958 Mz

P=— 5.90 dbm

AfK 15 kHZ

Figure 3-11 IF COUNTER results, key [4]




3.6.5 "BB LEVEL METER" MODE 28]

The frequency range of the BB level meter is 10 kHz to 12.5 MHz; the level range is -50 to
-10 dBm.

The BB level meter is calibrated automatically.

The signal to be measured s applied to the “BB level™ input connector [29] and is switched in
by pressing key [28] (ON/OFF), the appropriate LED cemes on.

As shown in figure 3-12, the power level is shown as a 4-digit number, the resolution fs

0.01 dB. The error message "> -10 dBm" or *< -50 dBm" appears if the signal is out-of-range.
The BB level meter can be used in the following applications which are described in 3.9.

3.9.4.2  Adjusting modulator sensitivity
3.9.5.1  Adjusting demodulator sensitivity

If these measurements are carried out to check systems that have already been installed, you
shoutd ensure that no cther signals {e.g. pilots) are applied to BB level input [29] in addition
to the test signal, as the wideband level meter in the RME would show the total Jevel. Signals
with frequencies < 100 Hz are an exception {e.g. the sweep signal ﬁA} as they are not regi-
stered by the level meter,

Total wideband signals can also be measured #f quasi rms calibration is used for the BB level
meter. This is useful for measuring system loading at a decoupled BB test port, or for measuring
total noise level.

Press key [28] to switch off the BB level meter {LED off}. The last used input is still enabled
- even during BB level measurements {key function [287).

IF=THPUT P

R= MHz

320,00 dBm

BF-LEUEL

~27.02 JBm ol 58 1evel

Figure 3-12  "BB LEVEL METER" results, key [281




3.6.6  SIMULTANEQUS MEASUREMENT OF 8B DISTORTION AND BS LEVEL

It is not possible to adjust demodulators unless BB distortion (4T, éU/UO) and BB level can
be measured simultaneously, as demodulator sensitivity depends or the BB level.

As there are separate inputs for BB distertion measurements and BB level measurements a
T-branch is required to split the signal.

[S -
= F
T-brangh ! g E
o =
Demodulator b 4 =
BE [ [Zz -
. _ (2] =i
T l L
: £ Eog
WePt; k - - o [}
frequency modulated . oNT X Yy el
signal T T
7] Kl z

Figure 3-13  Measuring the BB distortion introduced by a demodulator while at the same time
measuring the BB level

The results of the distortion measurement and the level measurement can be displayed simuyltane-
ously by switching over from BB distorton mode ({"BB" key [23] on) to 88 level mode. Key [28]
must be held down for Jonger than 3 s. The result format is shown in figure 3-14.

The BB level meter only measures the level at the output of the T-branch.

Figure 3-14  Result format for simultanecus BS distortion and level measurements




3.6.7 CALIBRATING THE IF LEVEL METER AND THE FREQUENCY DEVIATION METER

3.6.

Accurate IF level and frequency deviation measurements can only be made after the IF leve!
meter and the freguency deviation meter have been calibrated. The RME-5 and the RMS-5 must be
operated in back-to~back mede by connecting connector {11 (RMS-5) %o connector [25] {RME-5).

The iF level meter s calibrated at the approximate centre frequency Fa (IFCE§¥) using an
IF level of 0 dBm, the frequency deviation meter is calibrated using the Bessel method at the
test frequencies fM = 250 kHz {or 277.8 kHz) or 83.3 kHz (or 92.593 kHz}, cf 3.6.3.

7.1 Calibrating the IF level meter (PI calibration}

3.6.

* Enter IF level "Pi. = 0 dém ([8], (2]}
* Enter IF centre frequency “IFCENT" {[9], 21
* Enter sweep width "A¥" = 0 MHz {press "z}F/UA = ", LED on}

* IF measurements: press "IF" {221 (LED on)
* Select IF range: appropriate setting with “IF/MHz" {21]
* IF counter measurement mode: Press [4] (LED on}
- Compare displiayed level PI with ¢ dBm transmission Tevel
- If the twe values are not equal, adjust pot. [8] "CAL. P
is 0.00 dBm.

I” $0 that the level displayed

7.2 Caiibrating the IF frequency deviation meter

Basic settings as above, i.e. 3.6.7.1.

* Set test frequency fi = 250 kHz {cr 277.8 kHz): press appropriate key [4] {LED on)
* SeTect "frequency deviation 4f": by pressing "4f/kHz" {LED on)
* Set a sufficiently small frequency deviation, e.g. 25 kiHz

* Select SPECTRUM display: press "BESSEL-SPECT.V" [3] {LED on)




Figure 3-15a Wezkly modulated IF carrier

According to the Af-setting on the RMS-5, the Bessel spectrum is shown on the screen of the
RME-5 {in the example illustrated in figure 3-15a for 4f = 25 kHz, the weakly modulated carrier
is shown}. For calibration, a Af-value of exactly 425 kHz is required (—=4f ).

- The ms test deviation on the RMS-5 should be set {e.g. via the up/down keys [2]) so that
the carrier disappears, see figure 3-15b,

- If the displayed Af-value {in the example 421 kHz) is not equal to the thecretical value
f, = 425 kHz, adjust pot. [111 "/ CAL. 4f% sc that the displayed value is egual to
425 kHz.
(Note: After calibration, it may be possible that the Af-display on the RMS-5 indicates a
value which is not the same as the theoretical value: cf 1.2.1.1 error limits on settings).

- If required, calibration can be carried out at fM = 83.3 kHz (or 92.593 kHz).
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1st sideband
af FM spectrum

N Suppressed carrier

Sbkﬂz-+4ﬂ#425kHz 4f=421kHz

Figure 3-15b  Suppressed IF carrier, phase deviation Ti= 2.405 (1st Bessel zero) before cali-
brating the frequency deviation meter [Af # af,)

3.7 SPECTAL WAYS OF DISPLAYING SWEEP TRACES OK THE
RME-E

3.7.1  NOISE AVERAGING

3.7.1.1  Reducing bandwidth [7]

One way of reducing the effects of noise on the results fs to reduce the bandwidth used. How-
ever, it should be noted that under certain circumstances, high-frequency signal components may
be Tost, so falsifying the results.

Instead of the usual bandwidth (1 to 4 kHz, depends on test frequency}, a bandwidth of 300 Hz
can be selected by pressing [7].

When performing sweep measurements {18 or 70 Hz) you should check the correctress of the re-
sults by switching from a wide toc a narrow bandwidth. Figure 3-16 shows what happens to the re-
suits if the bandwidth which has been selected is too narrow.

Note: When the 300 Hz bandwidth has been selected you should, as a rule, always use the 18 Hz
sweep frequency to prevent incorrect results. This {s because at this frequency the ratio
bandwidth/sweep frequency is still sufficiently large. The &M-5's display does not
flicker when a sweep fregquency of 18 Hz is selected.

The 300 Hz filter can also be used in conjunction with the digital noise averaging facility
{see 3.7.1.2) to achieve an optimal result.
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a) 300 Hz bandwidth not sslected

b} 300 Hz bandwidth selected

Figure 3-16

Effect of the 300 Hz filter on a sweep curve with ripple, sweep frequency
Fpo2 70 Hz
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3.7.1.2  Digital noise averaging [5]

Untike reducing the bandwidth, (cf 3.7.1.1) digital noise averaging (arrowed keys [5]) does
not remove ripple components from sweep curves.

The average is calculated using a current value ?i+i and a value Y1 that was stored when
the last sweep was made. The following averaging factors can be selected N = 2, 4, B, 18, and
32. The new average value 7i+1 is displayed on the screen. To form a trace, a total of 256

averages are calculated per sweep, see 4.3.

The averaging facility is switched on by pressing S pelow [53: N = 2 is the standard
averaging factor (appropriate LED on). fach time "4F" is pressed the averaging factor is
doubled, the appropriate value {s indicated by an LED. Maximum noise averaging is cbtained for

N = 32, Figures 3-17a to 3-17¢ show the effect of the various averaging factors - the larger the
factor the less noisy the curve is. Twe sweep curves showing the results of "4T" and AU/UO
distortion measurements are displayed simultanecusly.

The averaging factor is reduced by pressing "JL" £5]. If a factor of 2 has been selected and
this key is pressed, the averaging facility is switched off. A}l the LEDs are off.

Note: Before switching on the noise averaging facility {5}, the sweep curve should be shifted
{vertical shift, measurement range) so that the noise peaks fall within the digitisation
range {(graticule}, otherwise the results will be incorrect.

When the noise averaging facility is switched on, there will be some delay between pressing the
keys {{1J or [9]) to vertically shift the curve and the curve being shifted (especially if

N = 32). The adjustments, therefore, have to be made gradually. If necessary, reduce the noise
averaging factor, or switch off the facility.

S0 OMAz: ME4. SANz
af=141kHz

Figure 3-i7a Noisy sweep curves for 4T and AU/UO; nofse peaks: [




Figure 3-17b

Figure 3-17¢

Sweep measurements as a), averaging factor N = 2

Sweep measurements as a), averaging factor N = 8
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3.7.2 IF FREQUENCY RESPONSE CORRECTION 4P, [19]
S

3.7.

When API measurements are being made, it s possible to eliminate the spurious linear fre-
quency responses caused by long test cables; see figure 3-18.

The first step in the procedure is te make a back-to-back measurement with the BMS-5 and the
RME-5 using the cables that are to be used but without the i{tem-under-test. If the most sensi-

tive range is used {C.01 dB/DIV) the frequency response of the cables is displayed as an obligue
1i§e_on the screen.

Then press key “?x frequency response correction" - the red LED lights. The potentiometer on

the right of key [191 should then be adjusted until the obligue line displayed on the screen is
rhorizontal,

The PI measurement is then performed with the frequency response correction facility on. The
frequency respense displayed s now solely that of the ftem-under-test.
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Figure 3-18 Eliminating the effects of test cables on the API frequency response

3 CURVE DIFFERENCE (NGRMALISER [121)

To elimipate intrinsic distortion from the reselts, or to align an item-under-test to a particu-
lar curve, a reference curve REF can be stored using the nommaliser function using keypad [12].
In the latter case, the ftem-under-test is connected up and the stored curve can be subtracted
from the measured curve A: DIFF = A - REF.

The reference curve is stored by pressing "STORE/REF", see example after figure 3-19a., When the
REF curve has been transferred to the memory, the LED above "STORE/REF" flashes for a short
period.

After the item-under-test has been connected to the test setup, the current curve A appears on
the screen (see example after figure 3-19b). When the key "BISPL" {s pressed (LED "DIFF" on),
the difference curve appears on the screen and the text "DIFF* appears on the bottom Tine of the
screen, see figure 3-19c. As the {tem-under-test is adjusted the vartations in the parameter
being measured are shown in the difference curve. This is very useful for alignment work.
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When the reference curve is shown on the screen, the only front panel key functions to be en-
able¢ are [6] for the horizontal cursors and [5] noise averaging. The parameters that are valid
far the reference curve are also transferred (measurement mode, measurement range}, This
prevents {mcorrect measurements.

The reference curve can be called up by pressing "DISPL" cnce more. "REF" appears in the bottom
tine of the screen. In this way, the three curves can be distinguished when they are listed -
serizl print out (video-printer}.

When “CFF® is pressed, the current curve reappsars on the screen.

Tre difference curve can alsc be formed for two sweep curves which are displayed simyltane-
ously, if two reference curves are stored,

Figure 3-19a Stored reference curve REF {e.g. item under test 1)

Figure 3-1%b  Curreat test curve A (e.g. item under test 2)
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Figure 3-19¢  Difference curve "DIFF" (2 "REF"-"A"}

- Top: before alignment

- Bottom: after alignment (Zerc line coincides with the lTowest peint on the
reference curve)

the following should be borne in mind when using the normalfser function:

The digitisation range for the RME-5 comprises 256 amplitude steps in the y direction, of
which only 205 are shown on the sCreen,

To ensure that the difference curve will not go of f the screen when the normaliser function
is switched on, the mest negative point of the reference curve should be moved as far as pos-
sible into the display range, before the reference curve is stored.

The measurement range should be selected to leave as much room as possible above and below
the curve in the digitisation range.

The difference curve can be shifted with keys [17 or [9], this also means that the current

curve is shifted. If the test curve goes ocutside the digitisation range, the difference curve
will be absent at the appropriate points.
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3.7.4  CURVE ANALYSIS "LIN"/"PARAB" [20])

important information is given by the separatfon of the maximum and minimum values on the sweep
curve and also by the shape of the curve Ttself. The Tatter can be analysed fully by determining
its frequency components, however this requires extensive calculations (see 3.7.5). A simplified
method, which uses linear and parabolic components, s useful for alignment work; this methed is
described below,

INTELSAT uses this simplified method to adjust gioup delay pre-equalisers and it is described
in SSOG (Satellite Systems Operating Guide).

The microprocessor analyses the curve by calculating the di fference in the y-coordinates of the
two end points (Po, Pz) of the curve between the frequency markers M, see figure 3-20. This
valug is displaved as "L" on the screen. The uP alse calculates the parab. component, f.&. the
difference between the y coordinates {at FO} of the chord Joining the end points of the curve
and the y coordinate of the curve at Fg. The parabolic component “P" {is shown with the correct
sign and correct scale on the screen, see figure 3-21. As the calcutaiion is performed continu-
ously, the values can be used to align equalisers.

To display "." or "P": Press [20] "LIN/PARAB", LED on.

When key {201 has been pressed, the result you do not require can be erased from the screen
using keypad [10], as curve analysis can only be performed on one sweep trace. It is possible to
switch from keypad [2] to keypad [10].

LK

—Distortion curve

161

- ositive 1f Y, > ¥
LIN = Y, - ¥, P 270
negative {f Yz < Y0

PARAB =

Yot P positive 1f parabola s concave
1 | negative 1f parabola fs convex

4

Figure 3-20 QDefiaition of LIN and PARAB components
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Figure 3-21  Numerical display showing the L and P components determined during a group delay
measurement
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3.7.5 NOISE CALCULATION (OPTION BN 917/0CG.11)

3.7.5.1 General remarks

Using the noise calculation cption, ft fs possible to determine the components of fntermodyl-
ation noise at the baseband of all common radio-link systems (see table 3-5}, provided the in-
termodulation notse is caused on the transmission path between the IF ports. The calculation
uses the results of A and Al}/Uo measurements. Sectfon 4.7 deals more fully with the basic
theory and the limftations of this method.

The intermodulation noiss is determined using three white nofse test channels (CCIR 399) for
conventional load, 3 d8 overlcad and 6 dB overioad. Noise is displayed in pWOp.

The RME-5 can be retrofitted with the noise calculation option. Refer te 5.5 for more inform

ation.
BDomann .
DEDHDGGD g a g
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L [ [} L
IF§ Item }IF
Y under M
test
e.g. modules or [F-IF measurements on system
Ny :
49y AU/, MRS [13] b Py Conventional load
=
gy
Noise
calculation

Results of distortion

Iy i
I 1.74 kHz
measurement '

test channe) i

F—»—— Baseband ——**4

Figure 3-22 Calculating noise from the results of distortion measurements
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3.7.5.2 List showing what radio-1ink systems can be tested with the RM-5 and the appropriate
parameters
System RMS~5 setting RME-5: Calculated notse for
3 baseband test
3 sweep widih A?Z) Test Measurement Nominal value!channels
No, |[No. of | autom. sweep frequency | mode: - of displayed
chan- | reduction on fM4} distortion sweep widih
nels At £ /kHz | F,/kHz | £3/kHz
1300 |+ 4wz 2400 kHz +1.6Mz |70 538 | 1248
3580 kHz + 0.4 MHz
2 |600 |+ 6 Mz 2400 khz 3.6 Mz o 1534 | 1248
3580 kHz 2.8 Wiz
3 360 + G MHz 2400 kHz differential + 6.6 MHz 534 1248 1886
. 3580 kHz | phase Ap + 5.4 MHz
4 1260 |+ 10 Mz 2400 kiz 276 M2 53 | 438 | 5340
3580 kHz + 6.4 MHz
5 (15008 |+ 12 g 2400 kHz | and $9.6Mz s34 2438 | 5340
- 3580 kHz + 8.4 Wiz
- 3580 kHz | gain + 9.4 MHz
&,
721008 | + 15 wiz 5600 kHz 198 Mz g |3seg | 7600
- 4430 kHz + 10,6 MHz
8 | 2000t |+ 17 Wz 5600 khz LILAMZ g3 |3ses | 7600
4430 kHz + 12.6 MHz
9 12700 |+ 18 MHz 3600 kHz $12.4 M2 g4 | s3a0 | 11700
4430 kHz + 13.6 MHz

1} US systems,

the IEC bus.

all other systems

to CCIR 399-3
2} The given sweep width is the setting value for :\é?, which equals the range scanned.
31 The digit 1s used to 1dentify the system, when noise calculation is remote-controlled via

4} If the RM-B has the high test frequencies.
Software s available for the following test frequency combinations:

- Standard version:

- Specfat version 1:
- Special version 2:
- Special versien 3:

Table 3-5

2.4 MHz and 5.6 MHz

2.4 MHz and 4.43 MHz (TV)
3.58 MHz (TY} and 5.6 MHz
3.58 Mz (TV} and 4.43 MHz (TV)

Radio-1ink systems on which tests can be performed




3.7.5.3  Menu operation (RME-5)

The noise calculation option is operated by means of a menu which fs displayed on the screen.
The menu is called up with keypad [131. The lst page of the menu is a Tist containing all the
types of radio-link system on which tests can be made, as well as instructions on setting the
RME-5 and the RMS-5, The following page contains the results of the noise calculation and the
components {1st to 4th order) obtained from an analysis of the sweep curve. This page also lists

the appropriate setting parameter so that all the relevant parameters can be checked at a glance

{1isting).

Before starting the noise calculation procedure, make sure that the results for the A9 and
AU/U0 measurements are displayed properly on the screen (in the digitisation range}. If
necessary, use kKeys [1] or [3] to shift the curve vertically, or change the measurement range,

cf figure 3-23a.

* press MENU (LED on)

* Select required system with CURSOR keys
s4p# or "Jb": corresponds to markingm

- f
- AF = dFpey + fy)
- Automatic sweep width reduction on

* Start ncise calculation
Press RUN/STOP (LED on}

& Menuy as shown in figure 3-23b appears on the
screen

® 1800 channel system

& §4= 2.4 Mz

4F = 10,6 + 2.4 MHz = 13 MHz!

These parameters must be used for se-
Tected system.

® The foliowing appears on the screen:
- NOISE CALCULATIGN RESULTS
- BUSY (approx. 3 s}
- Results, see figure 3-23¢

The intermodulation nofse in the three slots is shown for the appropriate loadings (range G ts

99955 pOp).

* Return to normal display
Press RUK/STOP {LED off)

* If RUN/STOP is pressed agatin, you can branch directly via the menu intc the noise calcul-
ation routine. This makes alignment easy {distortion alignment —e subsequent noise

check).
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TR YT
=231 kHz

Figure 3-23a Example showing the resuits from an IF distortion measurement

NOISE ‘CALCLLATION ~PARAMETERS— . | I
800 CHANNELS
950
1780
1500 .

- 1800 e CURSOR position
2100 :
2400
2700

RM-§  aF=10.6MHz( SWEEP REDUC) Operating Instruction
SETTING: £,=2. 4MHz MODES: ap 4UU after setting

Next eperating
step

NEXT STEP: RUN/STOR

Figure 3-23b  Menu: 1ist of systems on which tests may be made (no. channels)




NOTSE CALCULATION ~RESULTS=

SED PARAMETERS FOR CALCULATION:
00 4F210.6MHz £,2.4MHz ap 4l

0dB  +3dB +6dB
1 i1 78 pWlp

Intermodulation noise

seaq for 3 noise slots

pROp
Wop B

W U= 205 %
+.353 %
218

Distertion curve
~ compgnents
lst to 4th order

Return tc measurement
"distortion”

Figure 3-23¢  Results of noise calculation {derived from distortfon curve in figure 3-23a)

N.B.: - If the settings on the RMS-5 (fy, AFp.) or on the RME-5 (49, AU/U ) are wrong,

the error message "WARNING IMPROPER PARAM. SETTING® §s displayed on the screen (the in-
correct parameter flashes). The results for the noise calculation are not displayed.
Check the settings and make suitable corrections by leaving the noise routine and re-
turning to the normal display. Press RUN/STOP (LED off}.

After the correction has been made, you can restart the noise calculation routine
directly by pressing RUN/STOP (LED on}.

On the other hand, the results of a distortion measurement are shown whether or not the
appropriate parameters have been entered. It is therefore possible to perform curve ana-
lysis at any sweep width, provided it {s not larger than the test frequency. This means
that the RM-5 can be used on digital radio-1ink systems where the calculation of inter-
modulation noise is not important.

3.7.6  INTELSAT TOLERANCE MASKS {OPTION BN 917/00.12)

3.7.6.1 General comments

The Umits for distortion occuring fn satellite systems are latd down in SSO0G {Satellfte Sy-
stems Operatfen Guide). When systems of this kind are Yned up, IF-IF group detay (4T) and IF-IF
frequency response LdPE) f.a. must be measured for the various carrier sizes.
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The RME-5 has & facility {option BN 917/00.12) for displaying tolerance masks and the results of
the distortion measurements simultaneously. This means that when alignment work is being done
the effect that varying AT has on dPI can be seen at a glance. Tolerance masks for all carrier
bandwidthsl) from 1.25 MHz {12 channels) to 36 MHz (1872 channels} and for two TV systems with
carrier bandwidths of 17.5 MHz and 30 MHz are available. It is also possible to call up toler-
ance masks for TDMA operation (earth station response limits, SS0G vol. 31. As well as selecting
the system, the type of signal path must also be specified, i.e. end-to-end measurement or an
in-station-measurement, see figure 3-24, Instructions on setting the RM-5 and how to proceed
dyring the measurement appear on the screen of the RM-5.

The INTELSAT tolerance mask option (board to be plugged into the back panel of the RME-5) can
be fitted instead of the noise calculation option. See 5.5 for more information.

] = i o
pooooEo oo oo oo nocoo8n o oo oo
az - o5 = a o
Bao o g 2o o a
P oo Sonooato g 3
Saoocobn G o [k Catt a
o [SEA| Doogso o oa oo o oo oooso oo o980
Qoo o [l fw] Qoo o o [=3
R0 [N o] 5 © c 0
| | BT ) H‘ SN 1 Y <) ﬂ'
I 1] U T
aoog © g o
ﬁtmmﬂjﬁﬁmgga 8
Qoo =2
olo ooonoppeBE8a 5 8 4
o a
Of O 0O
L} [T = ﬂ‘
[B] 2
iF
RF
G
iF b = s
RF RF i
=

Signal path a: TRANSMIT FREQUENCY RESPONSE {in-station~measurement)
Signal path b: IF-IF-FREQUENCY RESPONSE (end-to-end measurement via satellite)

Figure 3-24 Line-up signal paths

1) The carrier bandwidth is equal to the bandwidth of the IF filter. The sweep width AF 1s smal-
ter than the BW.




3.7.6.2 Tolerance mask types

The following figures show the gereral format of the INTELSAT tolerance masks. The appropriate
4B, ns and MHz values are given in table 3-8 for the carrfer bandwidth BW. There are two sets

of values, cne for transmit mode and one for IF-IF mode.
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Figure 3-25 IF-IF group delay tolerance mask (4T)
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Figure 3-26

[F-IF frequency response MPE)
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Tolerance Group delay 4T Ampl{tude API
Nc.}} mask e“ 4}5) 3 A A3 F g h Meas, | 2 e b Meay, Test
Carrier Mz Mz MHz (MHz | MH2z | ns | ns ns | range | 48 dB [ dB [range |fre
stze Type3) ns/o dB/n quancy
Mz
o s T 113 [r0.57 1309 |3 24|28 130 ja0 107 )0 LS N
21 I - a8 148 tso lso 14 o ez 55.3 kiiz
2 o IBed2.25 {+1a3 20 jre (o | M2 201507 0 LS L fy =
22 ¥ 3203z (40 |50 |14 |o 302 53 kez
e i} 4,50 (+2.25 141 3.6 {12 |12 |20 4100 405 10 1200
23 IF 20 24 |40 feo 10 o Jeolz
R T {675 |38 |62 |5 |1 |12 |12 (20 j0d 0 25l
28 iF 2t 28 j4c Jeo fos |0 |sal2
05 |0 LI PRSI PUIFE PO PP PR I R L LS RS LSRN
25 ¥ - 1wl (3 |20 (06 1025082
% s T {13.50 |+ 6.75 |12, 10,8 ] 3.6 | & | €15 1100 03 0dp2S T
26 T = 112 |30 |20 ek |o.2s0|2
07 1. 1575 |4 7.88 1az 12,6 a2 [ &6 |15 0 p0E Rl 28 L
27 I - 12012 la i fes [ozise|z
08 0.6 B 18002 9.00 16,6 1ag | ap [ &[5 11810 03 O LZEIL o S
28 I - g |16 |3 f20 los |o.2]solz 277.7 w2
s R feeso r1ra oo ligofsg |25 138100103 02 zE L
29 ¥ - § (10 1 jee o6 lpaing
X TR 1224 {+15.2 129.9 |25.0(8.63]3 | & 1510 06 03125 L
1 ¥ 6 |10 |30 {2 frz osls50]2
Bodssow LTR l3s00is18.0 3300288096 3 (5 |15 10 06 103428
31 ¥ 6 |10 [30 leo |12 |os]se ]
Roodyrgeor 1R lys7s|e7.me 142126042 (6 {6 [15 100 103 o125l
32 IF 8.4]8.4 {20 |20 lo.s |oz]s.g )
2 videerr |TR 30,00 (s 15.0 (30,0 200 8.0 (5 5 |15 |10 105 103725 -
3 TF Tolr o jee jor {eoslas it
CR £ PO T R P e 0.6 Do (1ot
to | to 4o to
+ 307436 24 + 36
Mz | Mz e itz

1} This digit indicates the carrier size when the INTELSAT tolerance mask is remote-controlled

via the [EC bus.

2} The tclerance mask has been altered to chbtain the appropriate resolution (2 d8 instead of

2.5 dB, 4 d8 instead of 5 dB).

3} TR: Transmit frequency response {in-station test), IF: IF-IF frequency response
4) B: Bandwidth of the wanted IF signal

5y AF: RMS-5 sweep width

Table 3-6

INTELSAT tolerance masks to SSO0G
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3.7.6.3  Using the menu {RME-5)

The tolerance masks are selected using a spectal menu, whichk 1s called up by means of keypad
[13].

* Press MENU (LED on) & The menu, as shown in figure 3-27a, appears on
the screen.

* S¢lect the appropriate carrier

bandwidth with CURSCR keys " 4P or
il corresponds to marking m @ In example: 2.5 MHz
* press ENTERL) ® The menu, as shown in figure 3-27b, is

disptayed on the screen

* Select transmit mode or IF-IF mode
using the CURSOR keys """ or * J&";
corresponds to marking M

* Set RMS-5 to the appropriate ® In the example: f,, = 82.6 kHz
values; fM é? =+ 1,13 Miz
AF
* Press RUN/STOP {LED on)} ® Tolerance masks are displayed as shown in figure
3-27c

* Shift the AT curve using the keys .
marked with [1] unti] 1t iies in the
upper part of the tolerance mask

Shift the éPI curve using the keys
marked [9] until it Yies in the lower
part of the tolerance mask

INTELSAT TOLERHNCE NﬂﬁKS

R -s— CURSCR position

1.
2
=
T
Q.

5.0
CARRIER 17.5
BANDWIDTH:  20.
5.
36.
6.
VIDEQ
VIDEO
80.0

. " : N Operating instruction
NEXT STEP: ENTER ——— Jgerating Ine

ta @ c: BN oD UW.§3 U? hJ

Figure 3-27a  Menu: list of carrier bandwidths

1) If a bandwidth of 80 MHz has been selected (TCMA}, the operator is not prompted to press the
enter key after the appearance of the 1st menu, because it is not pessible to make a choice
between TR mode and IF-IF mede. The parameters to be set on the RMS-8 (fM an¢ AF) are shown
on the tolerance mask; the measurement ranges on the RME-5 are selected automatically.




e CURSOR positicon

RESPONSE?

S0ns; ‘ Auto. setting of
.Eﬁﬂﬁl measurement mode
¢ and range
Aot 1,13 MHz Setting in-
fu> S2.6ikHe st o
XT STEP: RUN/STOP Nay cperating

Figure 3-27b Menu: setting list

Upper limit
4T
Lower limit

Upper iimit
API
Lower Timit

Figure 3-27c  INTELSAT tolerance masks for a carrier bandwidth of 2.5 MHz
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3.8

LISTING THE RESULTS

3.8

.1 VIDED PRINTOUT/MONITOR DISPLAY

3.8,

The RME-5 monitor, which cperates on the video principle, allows you to cbtain & display with a
Jarger format via the video-output [423 and also allows you to print out the information dis-
slayed on the screen on a video-plotter. The printout, which contains all essential parameters,

is an accurate and easy-to-read result protocd}.

The video printer or the external monitor is connected by means of a coaxial cabTe with BNC
connectors to [42] on the back panel of the RME-5. The printer can be operated at considerable
distances from the RME-5. The video-signal is always present at the output; the print procedure
is started using the printer controls.

when the screen contents are being printed cut, the display must not change. The RME-5 should
not be adjusted. It is a good jdea to freeze the screen contents during printout by using the
START/STOP key function [2] [or [10] on the RME-5}.

For connecting a videc-printer or an external monitor

Connector : BNC
Dutput impedance : 75 Q
Sutplt signal : video/positive/625 Tines

Qutput voltage at Zout = 7.

in Vo, (BAS) = 1V

2 XY PLOTTER {OPTION BN 917/00.01;

Instead of printing out everything on the screen, it is also possible to print out the sweep
traces on their own using an XY plotter. Any standard XY plotter can be connected via the XY
piotter interface. The RME-5 can be retrofitted with the plotter interface at any time. See 5.5

for more information.

Before fitting the XY plotter interface into the back of the RME-5 [see 3-4b), the sensitivity
of the outputs should be adjusted so that they are the same as those of the pletter. Two values
can be set using switch § 1 - see figure 3-28 for settings.

$ 1/1 and § 1/2 open: 0.4 V/em
$ 1/1 and § 1/2 closed: 0.1 ¥/em

There is aiso the possibility of inverting the polarity of the pen lift function by means of
the pen-1ift I1ink. When the plotter board leaves the factory, Tink b-c s fitted, see figure
3-28.
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Switch § 1/1, 2 Pen 1ift Tink

-
[T' 1t
t
=
]
i
; i )
(T ze [ 3F o3 s
Cr ~R B~ —fT- i~
[917-mu1] ! i@J
-
Adaptor -
~a-—— XY nlotter RME -5 “_Mboard
Figure 3-28 XY plotter board with switch § 1/1, 2, and pen 1iFt link
The supplied cable K 379 should be connected to the XY plotter interface connector. The other '

end of the cable should be connected to the remote control connector of the plotier - see table
3.7,

8{ ccocoaooco )l

XY plotter interface connector pins for cable K 379

View onto ping

96 29

Connector pins Function Cable colours Connection point at
the p10€ter1)
e 1 Ground Screen
2 Sutput "+x" Grey | o e
3 Qutput “-X" White | L.,
4 Qutput “+Y" Green
5 Output "-¥" Yellow Ceerraes
6 Pen-1ift Brown
7 Pen-11ift Red
8 5 Ground Screen
@ § Ground Screen
10
: Kot used
15

Table 3+7 Pin assignments for the plotter interface output

1} To be entered by customer
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Special forms are available for recording sweep resuits. There is room at the top of the form
for all important parameters; plotter protocol BN 917/00.79.

The x and y sensitivity of the plotter nust be set. The pen should be placed on the zero peint
on the form; see figure 3-29.

Sweeps Y1 or Y2 are recorded by pressing the START/STOP key {LED on) in the appropriate row, If
there are two traces on the screen and START/STOP {21 is pressed [LED on} the curve (including
cursors etc., see figure 3-30) 1s drawn on the left of the form. After 20 s, the time taken to
draw the curve etc., the pen returns to the zero point

When START/STOP [10] s pressed (LED on} the second trace is drawn on the right of the form.
1t is, of course, possible to reverse the position of the traces on the form.

The plot can be interrupted at any time by pressing the appropriate START/STOP key {LED off),
the pen returns to the zero point.

Tables for current test parameters
{RME-5 display etc.)

Tero marker-l] |

a

Areas reserved for trace

91618

Figure 3-29  Resuit form (DIN M) with two areas for traces, BN 917/00.79

The speed of the plotter can be increased by up to x & by using up/down key © 4" [5]. The
appropriate speed should be chosen to match the ripple on the trace. The speed should be chosen
to match the ripple on the trace. The speed can be reduced by pressing "<&" [5].

Figure 3-30 shows a trace displayed by the RME-5 and the cursors etc. that can be displayed
with the plotter interface.
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Figure 3-30 a2} XY plotter printout; dimensicns, format
b) Listing after a) with frequency markers

o} ¢

/

—J Horizontal cursors

Figure 3-30 ¢} Listing after a) with cursors (M = 4F)
d} Listing after ¢) with " { = ¢

b
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Frequency markers "M"

-j 4= 0: horizontal centre
1ine
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3.9

APPLICATIONS FOR THE BRM-§

3.9.

The type of item to be tested is used as a basis for describing the various measurement mecdes,
so giving the description a practical value. This may mean that some measurement modes are re-
foerred to more than once, however details will only be given when the measurement mode is de-
scribed for the first time. Later only mew aspects are mentiomed and a reference to the de-
tailled description is given.

There are three basic applications for the RM-5:

- In-service measurements on radio-links performed by system manufacturers or system operators
at installation or for maintenance purposes.

- Testing radie-link or satellite system modules in the lab or test dept.

-~ Satellite system measurements.

BB-BR, IF-IF and BB-IF, IF-BB measurements can be made. The IF of the item-under-test can be
35, 70 or 140 MHzl}; other values are also possible, see 3.5.2.3.

1 END-TO~END MEASUREMENTS ON RADIO-LINKS (BB-BB)

Terminal stations of radic-links are the ends of a medulation section, which consists of sever-
al radio-links and relay statiens. The baseband (BB) signal supplied by the FOM multipiex device
is converted in the radio-link terminal sfation into a freguency modulated IF signal. For trans-
mission via a radio-link antenna, further conversion to the radio-frequency (RF) Jevel is ne-
cessary. At the opposite end, the signal is converted back to the 33 level,

The most important measurements which are carried out betwsen radio-link terminal statiens

are:

- Measurement of group delay and linear distortion 47 and AU/U0 {measurement frequencies
fy <1 MHz),

~ Measurement of differential phase and gain 49 and éU/UO {measurement frequencies
> 1 MHz).

- HMeasuring the variation of attentuation of BB signals.
- Measuring the basic and intermodulation ncise.

The RM-5 is ideal for the first two measurements, however to perform the last two measurements
with the RM-5 you require the wideband option, and a sweep test setup (e.g. RX-50 or RK-25 from
W&G) .

1) IFs of 35 MHz and 140 MHz as option
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3.9.1.1  Distortion measurements AT, Ap, and AU/gO

Test setup:
Station 8
"W (BB, phase U_ 0 ... 380°17g
S (&} 388
14 i
(7] station 4 Uy (F )" [&} g &
Sweep limit 7 -
T OCoaDotn @ g o display Dwﬁ - -
5 ¢ o odoc oo G808 3 Ei a B8 measurement o
[ a
o0 - 25
i [ <l [3 q: =] :ﬂr
T 3 O
!
|
[ e
W Radie equipment E ; Radic equipment i b
& ez
8B IF o b - RF 1 B3
IF RF ias = e I

F# modulator

Several hops FM demodulater

4 D y

|
| |
:
!

- Figure 3-3%

Set the test
ator section

Modulation section

Distortion measurements between radio 1ink terminal stations (BB-83)

voltage (key Uy [131) and the sweep voltage (key ﬂA {103) on the RMS-5 gener-
in station A using the numerical keypad [2],

As & rule, the procedures and setiings for testing radic-link systems are prescribed by various
organisations so that results are comparable.

If there is no appropriate test procedure, there are two ways of proceeding:

- The receive section of the RME-5 is in station A and is connected to the IF test-port at the
system modulator output so that the sweep width can be displayed on the screen. At the lowest

test frequency or when the automatic sweep width reduction facility is switchad off, set the
sweep width as shown in table 3-8 by varying the sweep voltage output by the RMS-5.

- There is no RME-5 in station A; see figure 3-31 for test setup. The sweep voltage to be set,
GA’ can be caiculated from the following formula:

g -4k
b=Gr xamemix 10

Where:
& =
ﬁfﬂ =

Py

( + ap)/ZO

Pq

Peak value of IF sweep width (= IF transmisson band}.

rms value channel frequency deviation at neutral frequency fn'

Power Tevel at modulator input Q', which causes an yms channel frequency devi-
ation dfn; in an 1800 channel system, for example, a level of -40 dBm at point
0' with the relative level -40 dBr results in an rms deviation dfﬂ of 140 kHz at
the neutral fregquency fn = 4988 kHz,

Preemphasis attenuation at sweep freguency fA; in the case of preemphasis net-

works for voice grade chanrels, a§ =4 d8.

915 1L




Table 3-8 shows values for DA that are Iikely to occur in practice.

The magnitude of the test veoltage depends generally on the rms channel frequency deviation Af.

A satisfactory resuit is achieved if - starting at a small value - the test voltage is increased
until the result no longer appears nofsy. If the test voltage is toe large, the fine structure
of the result will be lost.

Radio-link system | Relative lgvel PQ' Afn AF EA
at point '
960 channels -48 dir ~48 dbim 200 kHz + 12 Muz 0.104 ¥
1800 chanrels -40 dBr -40 dBm 140 kHz + 12 MHz 6.372 ¥
2700 channels -40 dBr ~-40 dBm 140 kHz + 18 MHz 0.558 ¥

Table 3-8 Values for determining the sweep voltage ﬂA for three standard radio-link systems

Evaluation of the results at station B is carried out either on the monitor of the RME-5 (simul-
taneous display of éU/UO and AT or 4@t} or externally by a computer {IEC Bus). The results can
be logged with the aid of a video plotter.

If you make a connection between the decoupled IF test port before the demodulator input in
station B ani the PI input [25] on the RME-5, as shown by the dotted line in figure 3-31, the
sweep width 4F, the IF-level PI and the frequency markers can be shown on the screen if

UX{IF) (18] has been pressed. The LED above the BB key [23] is on and shows that a BB measure-
ment is being made.

Another case where the auxiliary IF signal has to be connected is where the system demodulator
blocks the sweep frequency required for recovery of the deflection voitage Ux‘ In this case,
press pushbutton “Ux (IF}" [18] (LED on) and correct the phase of the defiection signal - the
RMS-5 to remove the 180° phase uncertainty (see section 3.6.2.3).

.2 END-TC-LND MEASUREMENTS BETWEEN REPEATER STATIONS (IF-IF}

To detect faults, B2-BB measurements over a modulation section must be made as a series of se-
parate measurements. Relay sfaticn to relay station measurements via a radio-link are very im-
portant.

As & rule only the IF ports are accessibie in relay-stations, i.e. the test signal passes from
the IF input of the transmitter to the IF output of the receiver ir the next station.

The RMS-5 outputs a swept, FM IF signal {test signal} which is received and processed by the
RME-5. The various types of measurement are described in the following sections.




3.5.2.1

Test setup:

Distortion measurements AT, A¢ and AU/EO

HoopooHo o g o
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Hop
Relay station A B — Relay station B
Figure 3-32  Repeater tu repeater distortion measuraments {IF-IF)

RMS-5 settings {entry via [2]):

Table 3-9

[22%
[211]

The results are shown on the screen of the RME-5 {sfmultanceus display of &U/Uo and 47 or

: IF measurement
¢ IF same as RMS-5

Vatues for common systems

4PL) or the resuits can be sent to a computer via an IEC bus for further processing.

N.B.:
station (cf 3.9.3).

[8} “PIF“ ¢ Nominal system value faor UIF = 300 m¥ % 0.8 dBm
[9] "XFCENT“ . IF centre freguency
[5] "SWEEP REDUC" : Automatic sweep reduction on (at fM >.1 MHz)
£13] "asn : Test tone deviatfon is the same as the rms channel or set frequency devi-
ation to such a high value thet result displayed on the RME-5 no fonger ap-
pears to be nofsy (1imit; when the fine structure of the result is last].
(10} °4F" : Sweep width 4F, set to value appropriate for the system
f4] "fM‘*  Test frequency as laid Town in the test procedure
[14] "fA" * Sweep frequency as laid down in the test procedure
System IFCENT RMS channel frequency Sweep width 4F
deviation AF
$60 channels 70 MHz 200 kHz F 12 MHz
1800¢ channels 70 MHz 140 khz + 12 Miz
2700 channels 140G MHz 180 kHz + 18 MHz

The results of the distortion measurements can be sent back to the transmit-side relay

916 1%
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2.2 IF-1F frequency respoase API

3.9,

The IF-IF frequency response of the sweptl {f carrier can be measured using the setup shown in
figure 3-32, assuming that there are no 1imiters in the system which would flatten the frequency

response.

So that the sweep signal U covers the whole IF range either switch off the automatic sweep
reduction facility, or at 1east use a low test frequency (the latter possibility lets you dis-
p1ay the results for 4T and AP measurements simultaneously). Except for PI below 2] or

{10] al? tha other settings are the same as those given for the distortion measurement in
3.9.2.1. See the frequency response correction facitity described in 3.7.2.

2.3 uhite noise measurements using the RM-5's wideband device

As an alternative to calculating the noise from the results for A and .dU/UO {distortion mea-
surements) using the RM-5 and the noise calculation option {cf 3.7.5}, it is also possible to
measure noise using a white noise measuring setup as shown in figure 3-33, The wideband device
is essential for this measurement. Dn the transmit-side it comprises the RMS5-5 and wideband mo-
dulater, on the receive-side there 7s the separate RMED-5 wideband demodutator.

Before the noise signal reaches the modulator input [16] of the RMS-5 - 0PT. [18] must be on

- it is passed through a preemphasis network so that the §/% ratio will be approx. constant over
the whole frequency range of the wideband signal after demodulation. After demodulation in the
RMED-5, the signal should be passed through a deemphasis networkl)

(81 "p F" : Nominal system value for U{F = 300 m¥ ® +0.8 dBm
£al "IF i : IF centra frequency
[18] "OPT." : Wideband modulator on {sweep mode fs off; sweep width and test tone deviation

display are disabled)

RMED-5 settings:

[z} . Centre frequency 70 Mdz (key up) or 140 MHz (key down}

See figure 3-52 (table 3-12) for a description of the RMED-5's contrels and displays.
Figure 3-34 gives the settings for the white noise measuring setup.

The values in figure 3-29 are based on the following considerations:

To obtain a certain rms channel frequency deviation of AFn at the neutral frequency f", and
assuming that the sensitivity of the medulater is known, a voltage vrms must be applied at the
input of the modulator.

af

¥ , this corresponds to a power level into 75 @
rms 5

#

Mod

y
p= 20108 Fiay,

The resulting power level is the same as the relative level at the modulator input p = P

1} Preemphasis and deemphasis networks for all common CF and TV systems can be delivered as test

accessories.
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Smod = 10 MHz /Y Sdemod = 50 mV/MHz
Preemphasis Vems = 0.3 ¥ Vs = 0.5 ¥ Dee@phasés
RS-50 } 1 F AF ] | RE-50
ader lor) EMS-§ _?“ —— AMED-5 -—{r— oder {or)
RS-25 i _ - AF i 1 L
| & =5l | | !apzddﬁf
Lat foool ! l [atf i £
. (R S n ‘ =
7 7 1 i | | -
+ ; ! H
! ! ; 1 § ?
System Relative Relative RMS channel freg. deviation | Relative Relative
Tevel g; Tevel P, &fn at neutral frequency fn level p, tavel p;
969 channels | -17.7 dBr -22.7 dir 200 kHz -28.7 dbr -32.7 d8r
1800 channels | -20.8 dBr -25.8 dir 140 kHz ~31.8 dBr -35.8 dBr
2700 channels | -20.8 dBr -25.8 dBr 140 kHz -31.8 dBr -35.8 dBr
. i i RE-50,
N | ‘ RE-25
\\\_\\\ | | settings
. [ i .
System Norm. con- Conventional Total rms deviation Conventional load
ventional Tecad total . * /20 total level at
Toad pk Tevel at input a5 = 105, 720 45, otutput
960 channels | +14.8 dBmd -2.9 dBm 1.099 MHz -17.9 dBm
1800 channels | +17.5 dBmd -3.2 dBm 1.062 Wiz -18.2 dBm
2700 channels | +19.3 d8md -1.5 dBm 1.292 MHz -16.5 dBm
Set on Measure with
RS-50, RS-25 REBZ-25

Figure 3-34

Settings for white noise measurements between relay stations {IF-IF)
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3.9,

At the neutral frequency, the preemphasis network attenuates the signal by a_. Therefore the
relative level which has to be taken inte account when the noise level is set is

pl=p,.*a .
r r o] .

As the noise signal must simulate both the telephone channel loading and the average loading of
the system as a whole, the conventicnal Toad total lewel p}_ s greater than the relative level
p; by a valde equal to pgc the normalised conventicnal load

= ok + * R
Pre " Prc TPy

The normalised conventicnal load py _ for various systems is given by the formulae below.

- I 4 jogn- 1dBm0 for systems with tess than 240 channels

p‘k
Le [ 10 log n - 15 dBmd  for systems with 240 or mere channels

Similar considerations apply %o the receive side. The noise produced by the modem loop can be
determined in back-to-back mode and eliminated from the result.

The test setup shown in figure 3-33 allows you io measure noise and distortion alternately by
switching over from wideband to sweep mode on the aMs-5 and by making the appropriate switch-
aver on the receive side. Effects produced by adjustments te reduce distortion can be checked
immediately using & white noise measuring setup.

2.4 Modulation freguency response measurements using the RM-5°s wideband option

Modulation freguency response {frequency dependent attenuation distortion in the baseband) is a
measure of the non-linearity voltage and frequency deviation as 2 function of the modulation
frequency.

It is usually measured betwsen 88 ports using a CF sweep setup. However when performing such
measurements it is important to determine each type of error contributing to the total error as
well as the total error itself.

Each contribution to the total error arising between the IF ports of radic-link transmitters
and receivers can be measured using the RM-5 and the wideband option (wideband modulater in the
RMS-5 and the RMED-5 wideband demodultatori.

The cnly difference between the test setup for modulation frequency response measurements and
that for white noise measurements is that the white noise measuring setup is replaced by a CF
sweep setup {e.g. the PS-1% on the transmit side and the SPM-19 and 3G-4 by W&G on the receive
side}. The preemphasis and deemphasis networks are not required.

RMS-5 settings {keypad eatry via [2]}

ra] “PEF“ : Nominal system value for UIF = 300 m¥ = +0.8 dBnm
[5] “IFCENT" . Enter IF centre frequency
[isl "orT." . Wideband modulator on {sweep mode off; sweep width and test fone deviation dis-

plays disabled)

RMED-5 settings:

(21 : Centre freguency 70 Miz {key up} or 140 MHz (key down)

The settings for the sweep setup {e.g. sweep iimits, transmission Jevel etc.} depend on the
system under test.

The error introduced by the modem Yoop ¢an be eliminated by making a measurement in back-to-
back mode which is used to adjust the final result.




1.9.3  RETURNING DISTORTION MEASUREMENT RESULTS TO THE TRANSMITTING STATION DURING END TG END
MEASUREMENTS (TF-IF}

3.9.3.1 Results in anatog form {IF signal)

If end-to-end measurements are carried cut at the IF level, it is possible to return the dis-
tortion measurement results 4T, 4¢ and .ﬂU/UO from the receiving station (B} to the transmit-
ting station {A)}. A complete measuring setup must be installed at both stations. The cenfigur-
ation is shown in Figure 3-35.
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Figure 3-35 Transmitting distortion measurement results from station 8 to station A

The RME-5 at station B after demodulation, passes the received IF signal, via the demodulator
output [403 (the distorted test signal Ul':i} to input [161 (UMEXT) of the RMS-5 in the same
station. The test signal UI:1 is frequency-modulated in the RMS-5 but not swept (JF = 0 [101).
The uaswept IF signal is transmitted back to station A and connected to the IF input [25] (?I}
of the RME-5. The test signal U;! available at the demcdulator output [40], which was not
distorted further during transmission {4F = 0}, is connected together with the sweep voltage
UA derived from the RMS-5 {station A) to the BB input [27] of the RME-5, which operates in BB
mede - pushbutton [237 down.




3.9

.3.2  Results in digital form (8ME-5 with IEC bus interface)

3.9,

The results of distortion measurements can be retursed to the RMS-5 via a data ¢hannel using
the RME-5's IEC bus interface. Figure 3-36 shows the system. The parallel IEC bus signal from
the RME-5 1s converted to a serial data signal {¥.24) and transferred via a modem to station A,
where after being demodulated it is processed further by the computer (1EC bus extender).

Station B
RME-5
with <I£C 625> Boomeolo o o g
option 82 o © ° 3
Station A Socooolle B 8
: GO «a ] s oo o b
e e [ oy g ™
Q\_‘ i g a g o
O [ S e s i o i - 'ﬁ [ B RMS_S
olo © v °© -
X i . T ol
(] LI
i
OB - YT Y I T A
i
|
| iF
! 8F
i
Controller with l S s
: i Within
V.24 interface i system"mmwwm_——_-i
{ i
|
Hoden Moden e K
| (Fik

N
i

Figure 3-36 Using a data channel to return the results of a distortion measurement to the
transmit station

4 MODULATOR MEASUREMENTS (B8-1F}

3.5,

It is necessary to carry out tests on modulators and demodulators separately to eliminate any
non-linear characteristics which would have to be compensated for later.

4.1  Setting the IF centre frequency

To set the IF centre frequency of modulators, the RME-5 is used as an "1f counter" - pushbutton
[4] pressed, with resolution of 0.01 MHz for the value “FO“. Figure 3-37 shows the test
setup.

[22] o IF measurement
[21] : IF centre frequency
{43 1 IF counter

PR e — —— —— r— —— F—




- .

Egcmmﬂnm g g o

o o o

Soonoofa B &

o oogan fa T R

Modulater
?SQ BB oo 0 =} (=] -
e} 2t - = 0 00 "
IF . | WS el -
IF carrier of
¥ LI | ]
] modulator

)

Figure 3-37 Setting the modulator centre frequency “Fo

The required FO value is set by making appropriate adjustments on the item-under-test.

3.9.4.2 Adjusting the modulator slope ”SuOd"
L)

The slope SMod of a2 modulator is defined as
SMod = .»:I‘f/UM
where Af is the rms value frequency deviation and U"1 is the RMS value of the meduiation volt-
F
age, f.e. RMS value of the test voltage.

In the case of frequency modulation with one sinusoidal signal, the IF carrier disappears from
the spectrum of the frequency-modulated signal at a modulation index T = 2,406 {first zero of
the Bessel functieon). As the modulation indexw i3

T = 4/
with peak deviation AF and modulation frequency fM {or test frequency}, the rms value devi-
ation at the modulation index 7= 2.405 is

s =220 g

V 2

As a specific slope is required for the modulator and as the modulation frequency fM can be
set on the RM5-5, the modulation voltage UM which is necessary for generation of the first
Bessel null position can be calculated:

2.406 x f
U= T x s
M Vr_x Mod

Example: The slope of a modulator is to be 10 MHz/V; fM « 277.7 wHz
Uy = Uy = oo x LM 08 oy = 15,26 dom
y 2 10 MHz /¥
Set the calculated level value on the RMS-5: Press UM {13] {LED on} so that dBm is shown as

the unit (if necessary press UM twice). Enter the level with keypad [2].
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Figure 3-38  Setting modulator siope with the Bessel method

After this, use test setup shown in Figure 3-38. The RME-5, which acts as a spectrum analyser,
displays only the sidebands of the IF signal on the monfter; if the slope § of the unit
being tested is correct.

MOD

If the IF carrier appears in the frequency spectrum, which means that SMod # 10 MHz/¥, then
the unit being tested should be adjusted until the modulator slope is correct.

If a preemphasis network is connected to the modulator input, which is in the case with modu-
lators used in radio-iink systems, the above considerations are true only if the attenuation of
the preemphasis network at fM is taken into account. The modulation voltage must be increased
by an amount equal to this.

£131 “UM“ : UM calculated in accordance with the above formula and with the aid of a
precise level meter at output [14]

{101 : GA = 0 {red LED on)

{4} : Pushbutton function "277%7" or "92.6/" (or "25057" or "83.3V")

[22] : IF measurement
[21] ¢ Appropriate IF for unit being tested
{31 : "BESSEL SPECT.S7"




Note: There is no reason why the modulator slope should not be adjusted at other test frequen-
cies of the RMS-5 and depends only on whether the maximum possible modulation voltage
QM of the RM3-5 is sufficient to generate the first Bessel zero for a given modulator
slope.
Instead of the RMS-5, a level generator can be used, its output signal being connected
directly to the 88 input of the modulator befng tested. This makes it possible to use
test freguencies which are not available in the test frequency series of the RMS-5 {e.q.
neutrat frequency).

In both cases, care must be taken that the peak deviations at a given test frequency do
not become larger than the IF transmission band of the modulator,

3.9.4.3 Distortion measurements 4T, 49 and 4U/i}0

For distortion measurements on modulators, the RMS-5 generator supplies a composite signal con-
sisting of the sweep voltage and test voltage. The sweep voltage GA determines the sweep width
of the IF signal measured at the output of the unit being tested.

RME-5 settings:

{22] oo IF
{e1] 1 IF corresponding to IF of unit being tested
{23, 110l : Measured parameters 47T, 49 and Ai}/UQ

The sweep width Ae for exploring the IF transmission band is set up with the aid of the 4F
value displayed on the RME-5, with “automatic sweep width reduction” switched of f and at the
Jowest test frequency. The appropriate setiings must be chosen for item under test.
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Figure 3-39 Distorticon measurements on z modulator

The test voltage U, must be set so that the displayed resuit is as free of noise as possibie,
without losing the fime structure of the result {approx. value = 1 ... 2 x channel frequency de-

viation).
The evaluation of the results is carried out on the screen of the RME-5 or externaliy by a com-

puter connected via the IEC bus.




3.9,

4.4 Measuring the variation of the IF centre frequency with temperafure for medulators

3.9,

A measdrement that is fregquently of interest in development Jabs and test depts, is the vari-
ation of the IF centre frequenty with freguency. This measurement can be performed easily using
the frequency counter facility of the RME-5 {key [4] down). The test setup is shown ia figure
3-39, AF/UA = 0 [10] should also be pressed (red LED on). The unswept FM spectrum is applied
to the input of the fraguency counter: If the centre frequency varies by more than 10 kKz, this
fact 1s recorded or the current absclute value F0 is shown numerically on the screen {monitor
display IF-INPUT P}). It is therefore possible to determine the variation of the centre fre-
quency with temperature by observing FD at suitable intervais.

To return the original distortion measurement results to the screen press AF/UA = 0 (AMS-5)
again, {LED off), the RME-5 IF counter facility must aiso be switched off. The sweep width has
the value that was previoulsy set.

3.9,

4.6 IF frequency response AP,
£

The test setup is shown in figure 3-39.
See 3.9.2.2 for test procedure and result evaluation.

5  DEMODULATOR MEASUREMENTS

3.9,

5.1 Adjusting demodulator sensitivity

The sensitivity, S, of a democdulator is defined as:

5 = U/4f

Demod

With 4f = 2.405 x £,//Z (1= 2.405: 1. first Bessel null position, see also 3.9.4.2), the
voltage at the output of the demoduiator becomes

2.405% x fM
U # e X §
Demod VPE Demod

1f the sensitivity of the demodulator and the test frequency f, are known {selected on the

M
RMS-5), the voltage U is cutput by the demodulator, this veltage can be measured with BB
level meter.

demod

RMS-5 settings:

fal, [z} : #0.8 dBm (¥ demcdulator IF-input level)

f91, 2] : Appropriate centre fregquency for the item-under-test
£13] "UM" P Uy =0V {Press "0", “ENTER" on the numerical keyboard)
(101 "grpy, = 0" : red LED on

[41 : Key function "277%7" (ar "280%7")
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Figure 3-40 Demcdulator semsitivity adjustments

RME-5 key functions:

[2z] 2 IF
fe1l . IF range appropriate for item under test

The demodulator sensitivity is adjusted in iwo sieps: use the test setup in figure 3-40.

1st step: Select the BESSEL SPECTRUM measurement mode on the RME-S by pressing (3.
Increate the test voltage output by the RMS-5 using the arrowed key 4 until the 1st
Bessel zero i5 reached (carrier suppression}

2nd step: Select the BB LEVEL MEASUREMENT mode on the RME-5.
Press 28] (LED onj,

The voltage U 4 can be expressed in terms of a power level:

dema 2
i Udemod/75 &
Pdempd 7 10 1og
1 ml
U is given by the formuia in 3.9.5.1.

demod
1f the measured value 15 not the same as the theoretical value, adjust the sensitivity of the

demodulator.

1f a deemphasis nefwerk is connacted to the demodulator output, its attenuation should be taken
into account when the test frequency is set.




3.9.5.2  Distortion measurements AT, ¥ and z}U/UO

3.9,

The RMS-5 generates a frequengy modulated, swept IF signal which is applied fo the input of the
demodulator, see figure 3-41. The demodulated signal fs applied to the BB input [27] of the
RME-5,

SoooneBo o z g
2o ok
| ZoowooHo =
Sweep voltage el ) [=lal I DOoe @O oo
and test voltage 2
Demoduiator gca g “ o
s, o o N ol
¥ THE Y 9 1
LTI TT
SOOI ggEs @ g o
Swept, fregquency @ & 0 o coooonn BEES E 5 é
modulated IF signal 0O 0 © =
| S el =
[ [}
Figure 3-41 Distortion measurements on a demodulator
RMS-5 settings:
[8], 121 : Nominal value for iiﬁ_- = 300 my¥ £ +0.8 dim
[9], (23 : Appropriate IF centre frequency for the item under test
[0 “de*, 121 : Sweep width AF depends on system
F4] t Test frequency as laid down by test procedure
[14] - Sweep frequency as laid down by test procedure

[137 "4f", [2] : Test tone deviation AF the same as the rms chanmel frequency deviation, depends
on the ftem under test. To reduce noise the test tone deviation can be in-
¢reased until the point where the fine structure of the sweep is just about to
be lost.

{233 : BB measurement ——s= "l (B8)" [18]
{21, {10} : Appropriate distortion parameters
[17] : Set the phase for AU/U0 using the blanking gap; ¢f 3.6.2.3

Evaluation of the results is carried out on the screen of the RME-5 (simultaneous display of
ﬁfl}/U0 and 4T or 4!}, with the internal evaleation facilities described in 3.7, or on an
external computer connecied via the IEC bus.

The auxiliary connection between output [7] (RMS-5) and input [25] (R¥ME-5) permits insertion of
frequency markers in the BB distortion results. This is absolutely necessary if the demodulator
being tested suppresses the sweep signal. Press pushbutten "Ux {IF1"; LED on. Phase correction
- pushbutton {17] pressed - with the arrow pushbuttons under [18] 4s also necessary.

5.3  Measuring return loss at demodulator inputs

Sge 3.9.7.2
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3.5.

5.4 Measuring demodulator idle noise

3.9.

For this measurement, a noise-free sinusoidal signal with minimum harmonic content {"quiet
tone”) for the appropriate IF is provided by the RMS-5 at output [15] if the RMS-5 1s equipped
with the optional feature "IF calibration generator”.

Hoise receiver
{e.q. RE~25
from W&G)

2 (Dl

Moise signal

Demodulator
=
>
Ha Unmodulated

- IF carrier

Figure 3-42 Measuring demodulator idie noise

Select the required IF, i.e. 35 Mz, 70 MHz or 140 #MHz {(depending on the option

[n]

o]

[

fitted) using

[9] and [23. No further settings are required as the signal is tramsmitted at a fixed level of

+5 dBm.

The intrinsic roise power generated in the demoduiator is measured at the baseband frequency
with a white noise receiver or selective level meter, If the RE-25 White Noise Receiver from WG
is used, the relative level can be set directly and the noise can be read off directly in pkOp.

5  MEASUREMENTS ON MODEM LOOPS (BB-BB)

3.9,

Maasurements are frequently carried out on modem Yoops, 1.e. modulators and demodulators con-

nected in series. As these measurements are performed between BB ports, only distortion measure-

ments are relevant in this context.

6.1 Distortion measurements 4T, 44 and ﬁU/‘UO

M5-5 settings:

4]
[14]

RLN! "UA". [21:

[13] “UM", [27 :

: Test frequencies as Jaid down in test procadure
: Sweep freguencies as laid down in tesi procedure
Sweep voltage BA = J¥/s
under test, it is assumed that Smod $s known}

o d’ AF as per test procedure {depends on item

Increase the test voltage until the sweep curve is free of noise.
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Figure 3-43  Distortion measurements on a modem loop

RME-5 keyfunctions:

[23]

(21, [10]

[173]
(183

¢ B2 megsurement mmmww-»"ux (BB)" [181
1 Setect relevant distortion parameters

: Correct the phase of Ux {see 3.56.2.3), then switch off key function [17]
: “Ux {IF)" when IF reference signal is input, (see figure 3-43): connection

marked as a dotted line, correct the phase of Ux

To match the levels, a 4.4 dB attenuator should be connected between the modulator ocutput and
the demoduiater input.

The connection to input £25] {shown as a dotted lime in figure 3-43) allows you to calibrate

the x-axis of the screen grid - press U (IF) [18] - with the sweep limits Fo +dF and the

frequency markers. This s useful for interpreting the sweep traces.

This means that the sweep width A7 (QA setting by means of {101, [2]) can be checked directly
on the screen of the RME-5. The swesp width [or GA) should be set to a Tow test frequency
{(keypad [4]) when the automatic sweep width reduction facility is off.

The resulting test tone deviation 4f (UM

equal the rms channel frequency deviation for the system in guestion}.

setting) can be checked ysing the RME-5's frequency
deviation meter - Jf on screen - when the IF signal is applied {e.g. test tone deviation 4f to

Tre results can be evaluated internally as described in 3.7 or externally by computer via the

IEC bus.

3.9.7  TESTING IF MODULES {IF-IF)

Uniike IF measurements on jnstalled radio link systems with standardised If levels, the signals

used to align IF modules {amplifiers, filters etc.) may not Tie within the level range of the

PI input. If this is the case, the RME-5 cannot lock onto the signal, and because of the

method used to recover the deflection voltage, it may take several seconds for the display to
return when the input level returns to the correct range. Section 4.6 describes a test setup
that can be used in cases such as these.

NE.Ne

l




3-81

3.9.7.1  Distortion measurements 4T, 4@ and AU/iia

The measurements are basically the same as those described in 3.5.2.1. The valugs for the IF
level, test tone deviation and sweep width depend on apolication. ‘

Note: By pressing API in keypad [2] or [10] on the RME-5 (LED on), the frequency response
PI can be displayed simultaneously with the 47,49 sweep or with the AU/UO sweep
{see 3.9.2.2).
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Figure 3-44  Distortion measurements on IF modules

3.5.7.2 If rveturn loss a_ and groug delay 47

The RFZ-4 or RFZ-14 feturn Loss Measuring Bridge, which are available as accessories, are es-

sential for IF return loss measurements,

Wnen the RME-5 is in measurement mode A?II, the measurement range (full sgreen height) is
adjustable between 8 and 80 dB, cf table 3-4.

The bridge connector to the Ttem under test is fitted with an insert from W&G's Versacon(:>9
Universal Connector System. This means that the bridge can always be connectad to the item under
test without any other adaptors or connectors. In this way, errors introduced by connectors are
minimised.

Use the test setup shown in figure 3-45 for a, measurements.

The advantage of this test setup is that it allows you 1o display the a, result (dPIE key
function) simultanecusly with a distortion sweep or the IF freguency response é?l, see figure
3-46a.

In practice, it is important to be able te display group delay 47 and return less sfmultaneous-
1y to observe the effects of the adjustment of one on the other. When setting the RME-5 and the
RMS-5, it is assumed that return Toss a, and group delay will both be measured. It is also as-
symed that a test frequency < ¢ MHz will be selected, as the automatic sweep reduction facility
Timits the sweep width at nigher test frequencies and this would mean that the IF range for the

measured return loss &, would be reduced.
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Figure 3-45  Return loss measurements on IF modules
RMS-5 settings:
(81, (23 : Set IF level. To compensate for the bridge loss set the IF level & dB higher
than the requirement for the item-under-test.
{91, 2] : IF centre frequency 35/70/140 MHz
f1e] »dre, 21 : Sweep width AF as laid down in test procedure (cepends on item under test)
43 1 Test freguency as required, fM <1 tHz!
(143 : Sweep freguency as required

{137 “4¢", {2] . set the test tone deviation [rms channel frequency deviation) fo the system
value or to a value so large that the noise on the sweep disappears but the
fine structure is not lost. Using "noise averaging' on the RME-5 [cf 3.7.1) re-

move the noise from 47T results.

RIE-5 key functions:

[2z] i IF measurement

[21] © IF range appropriate to item under test

(21 : AT peasurement, if result noisy: [5) "averaging” {see 3.7.1)
[10] :'ZPII“

First of all obtain an optimal result by adjusting the test tone deviation Af (key [13] and
up/down keys [21). Gnly when this has been done can the RME-5 be calibrated.

Catfbrating the RM-5 for a  reasurements: ftem under test discomnected:
Method 1: The RM-3 {5 calibrated with the test output of the bridge short-circuited (r = -1].
I The short-circuit should be made with the short (order no. $ 818) provided with the RM-5.

To calibrate the RM-5 make the fellowing alterations in the test setup: Remove the connaction
from the output of the item under test to the PE input {257 on the RME-5 and connect ouiput
{71 on the RHS-5 with input Py on the RME-5 (dotted line in figure 3-45}). Tne connection is
essential for the tracking control of output PIE [267 on the RME-5.
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When total reflection occurs {r = +1 or r = -1} the return loss {s 0 dB. This then serves as a
reference for the a, measurement, The 0 d8 1ine on the screen should be shifted to the upper
edge of the screen with [9] and adjusted unttl it ¢s on the upper grid Tine. To display an a,
range of 40 dB, the sensitivity of PII should be set to 10 dB/BIV.

Method 2: To eliminate the intrinsic errors of the test setup, the transmission level can be re-
duced during the calibration procedure so that a reference 1ine which lies close to the expected
value can be chosen.

Example: Expacted value a,
Reference 1ine at a

34 ds
30 dB

5

Transmission level set on the RMS-5 = 30 dB iess than the transmission Tevel of

the following measurement

The 30 dB reference line can be shifted to a suitable position with {9} {e.q. centre of the
screen}. In method 1, a resolution of 10 dB (or 20 d8) must be selected; in method 2, a resol-
ution up to 2 dB/DIV can be selected wsing the measurement range keys below [L01.

The short on the bridge connection to the item-under-test should be left in place while cali-
bration is being performed.

Method 3: Standard mismatch

If a standard mismatch is available {e.g. 20, 25 and 30 dB mismatches are contained in our
Versacomp -~'75 range), the advantages of method 1 {same transmission level for calibration and
measurement) and method 2 (better resolution} can both be obtained. Instead of the short, the
standard mismetch should be connacted to the bridge connection of the item-under-test.

The reference line corresponding to the standard mismatch appears on the screen. Using the
POSITION keys it can be made to coincide with any line on the grid.

8, measurements with ftem-under-test conpected:

After calibrating the test setup, connect the item-under-test to the bridge. If method 2 was
used to perform the calibration, raise the transmission level to the required value.

When reading off the results, the horizontal cursers (keys marked [6]) can be used to increase
the resolution given by the measurement range that has been selected. One of the cursors is
placed on the point of interest, then using the cursor separation displayed at the top of the
screen and the scale factor, it s possible to read off the return loss at the point with a res-
clution < 0.5 4B,

N.B.: The following calibrator procedure for a, measurements is only valid if the test tonme
deviation Af, and the test frequency fm, which were set for the AT weasurement before
calfbration, are not changed. This is because any alteration would change the energy
distribution between the IF carrier and the sidebands as the level at the PII input
[26] is measured selectively.
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A

a, = 30 d8

Figure 3-46a  IF return loss a,. {and group delay 47) after calibratios to the horizontal cen-
tral line

= 23.5 dB at 55 MMz

= 30 8

= 33 d3 at 73.53 MHz

af=141kHz

Figure 3-46b  Using horizontal cursor for high resolution read-off of a. results

If you do not intend displaying ancther result simultaneously with the a, result, the follow-
ing changes should be made in the test setup shown in Figure 3-45: there is no connection be-
tween the output of the item under test and the PI output {257 on the RME-5, this is shown by
a dotted line. The output of the item-under-test is terminated with a 75 Q impedance (BN 922}.
On the RMS-5 switch of f the automatic sweep width reduction facility and the test tone
deviation.
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1.9.7.3  IF frequency response AP,I

The APII IF frequency resporse 1s the selective measurement of variations in attenuation
using a large dynamic range. The linear level display range covers 40 d8, the max. measurement
range (APII = 20 dB/DIV) on the screen of the RME-5 is however 80 dB.
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Figure 3-47 Selective measurement of the variation in attenuation of an IF medule

(8], 123 : as required, but the level at input [26] of the RME-5 must be < -10 dBm
[s], [2] . If frequency same as IF of item under test

(13] "4f", (2] : 4F = O

(101 “dF", [23 : 4F as required

[14] : Sweep frequency as laid down in test procedure

[223 : If measurement
[21] : IF range appropriate to that of {tem under test
{21, €103 o 4P

The cornection between connector [73 {RMS-5} and connector [251 (RME-5) is required for the
tracking control of input [26] and to cbtain the deflection voltage Ux'

The frequency markers [16] and the horizontal cursors [6] can be used to read off the attenu-
ation curve valwes for the {tem-under-test {e.q. an IF filter). This makes it easy to determine
pole attenuation and the 3 dB Timits.

Figure 3-48 shows the attenuation curve of a 70 MHz bandpass with a pole attenuation of 76.8 48
at 92.2 MHz. In figure 3-49, the 3 dB Yimits are determined. The only measurement mode that can-
not be used for this purpose is measurement mode APII via input Pr1 {267, Measurement mode

A?I via input Py [257 can however be used. The advantage of measurement dPI is the higher
resolution (1 dB/DIV} and the possibility of measuring group delay distortion and displaying the
trace simultaneously without having to reconnect any cables.
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Figure 3-48 variation in attenuation of a 70 MMz bandpass in measurement mode APII

Figure 1-49 3 dB timits of a 70 MHz bandpass filter in measurement mode ﬂ?,

3.8.7.4  Mnite noise measurements

The measurements are basically the same as those described in 3.9.2.3. The settings on the
RM-5 {or RMED-5} and the white noise measuring setup are determined by the user.

3.9.8  MEASUREMENTS On SATELLITE SYSTEMS

The same equipmert ind technigues used o test radio-link systems can also be used withaut A0y
problems to test 7't satellite systems.

However, a sinusoidal sweep frequency of 18 Hz i lafd down for end-to-end satellite measure.
ments and a sweep freguency of 70 Hz is used for radio-link testing. The reason for using a
lower sweep frequency for testing satellite systems is the large amount of noise associated with

the transmitted signal which necessitates measurements with as small a bandwidth as possible. On

L

the other hand, to obtain valid results, the handwidth to sweep frequency ratio myst be as high
as possible,
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The obligatory test frequencies are 55.556 kHz {12 channels), 92.593 kHz {far systems with 60 or
more channeis) and colour carrier frequencies of 3,58 or 4.43 MHz for TV transmissions.

The following measurements which are prescribed by INTELSAT can be performed by the RM-5.

- IF-IF frequency response APZ’
- IF-IF group delay distortion 4T,
- BE-BB non-linearity distortion AU/UO.

The test setups and test procadures are gfven in 3.9.1 and 3.9.2. Measuring the group detay
gistortion of the modulation equipment in the earth station, before making tests via satellite

is also recommended.

Another important test is checking the IF Tilters with respect to frequency response AP{ and
group delay distorticndT. The IF filters are accommodated in the earth station and are used for
the transmit and receive side selection of the varicus IF transmission bands; these filters have
therefore to meet stringent requirements. The bandwidth of the filters varies between 1.25 and
36 MHz depending on the number of telephone channrels carried. To adjust these filters the
prescribed tolerance masks can be displayed on the screen when the INTELSAT tolerance mask
option 1f fitted in the RME-5 (BN $17/00.12}, cf 3.7.6.

RF measurements using the RM-5 and sweepers or down-converters are also possible. More infor-
mation 1s given in 3.9.9.

At present, only 8B-BB white noise measurements are 1aid down for satellite systems. IF-IF
white noise measurements would however be useful for fault Tocalisation purposes. The RM-5, fit-
ted with the wideband option, can be used to perform measurements of this kind. The preemphasis
and deemphasis networks required are available from WaG, cf 1.6.5.

Like the values given in figure 3-34, 3.9.2.3, the values for white noise measurements are
listed in tables 3-10 and 3-11. Using the obligatory values for the rms channel frequency devi-
ation and the sensitivity of the wideband modulator in the RMS-5 and the wideband demodulator in
the RME-5, the relative level at the BB ports is calculated.

The facility for caleulating noise from the results of the AP and AU/U, distortion measure-
ments is an alternative to the classical procedure, see 3.7.4 for more details.
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Kumber Appro- Retative level | Relative RMS channel Relative Relative
of priate p; at input level Py at frequency de- level Pp at tevel p;
telg- If band- | of preemphasis | the BB input | viatios éfn at | the BB output |at the out-
phone width network of the RMS-5 | the neutral of the RMED-5 jput of the de-
channels frequency fn emphasis network
(MHz) {dar) {4Br) (kHz) {dgr) (dBr}
12 1.25 -23.0 -28.0 109 -34.0 -38.0
24 -19.5 -24.5 164 -36.5 -34.5
36 -19.2 -24.2 168 -30.2 -34.2
48 2.5 ~20.2 -25.2 151 -31.2 -35.2
60 -21.1 -26.1 136 -32.1 -36.1
72 -21.8 -26.8 125 -32.8 -36.8
60 -15.1 -20.1 270 -26.1 -30.1
ie ~14.4 -19.4 254 -25.4 -29.4
96 5.0 -15.4 -20.4 263 -26,4 -30.4
132 -16.8 -21.8 223 -27.8 -31.8
192 -18.6 -23.6 180 -29.6 -33.6
96 -12.8 -17.6 360 -23.6 -27.6
132 -12.3 -17.3 376 -23.3 -27.3
192 7.5 -14.3 -19.3 257 -25.3 -29.3
252 -15.5 -20.5 260 -26.5 -30.5
132 -11.1 -16.1 436 -22.1 -26.1
19z -16.6 -15.6 457 -21.6 ~25.6
252 10.0 -12.7 -17.7 358 -23.7 -27.7
312 -13.7 -18.7 320 -24.7 -28.7
252 -8.5 -13.5 577 -19.5 -23.5
312 15.0 -5.0 -14.0 546 -20.0 -24.0
372 -10.1 -15.1 480 -21.1 -25.1
432 -11.7 -16.7 401 -22.7 -26.7
492 -12.2 -17.2 377 -23.2 -28.2
432 17.5 -9.5 -14.5 517 -20.5 -24.5
432 -8.0 -13.0 616 -19.0 -23.0
492 -13.8 -13.8 558 -19.8 -23.8
552 -9.6 -14.6 508 -20.6 ~24.6
612 20.0 -10.6 «15.6 454 -21.6 -25.8
792 -12.7 -17.7 356 -23.7 -27.7
432 -6.5 -11.5 729 -17.5 -21.5
492 -6.4 ~11.4 738 -17.4 -21.4
552 -7.1 -12.1 678 -18.1 ~22.1
612 -7.8 -12.8 626 -18.8 -22.8
792 25.0 -9.8 -14.8 499 -2¢.8 -24.8
a2 ~11.5 -16.5 410 -22.5 -26.5
792 -5.5 -10.5 816 -16.5 -20.5%
972 -5.% -11.9 694 -17.9 -21.9
972 -5.7 ~10.7 802 -16.7 -20.7
1092 -6.8 -11.8 701 -17.8 -21.8
1332 36.0 -8.3 -13.3 591 -18.3 -23.3
1872 -11.3 ~16.3 419 -22.3 -26.3
Table 3-10 Determining the relative levels at the B ports of the wideband facility of the

RM-5 for 1F-IF white noise meaurements on INTELSAY satellite systems
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No. of Appro- Reduced Conventional | Total Conventional | Relative
tele~ priate conventional load - total | rms Toad - total | level p;
phene I¥ band- | load p;c fevel at deviation level at at the outf-
channels | width input iii output put of the
Af=18 ki dig deemphasis
network
{MHz) {dBm0) {dBm) {MHz} {dBm) {dBr}
12 1.25 +3.3 -19.7 0.159 -34.6 -38.0
24 +4.5 -15.0 0.275 -29.% -34.5
36 +5.2 -14.0 0.308 «28.9 -34.2
48 2.5 +5.7 -14.5 0.291 -29.4 ~35.2
30 6.1 -15.0 0.275 -29.9 -36.1
72 +6.4 -15.4 0.261 -36.3 -36.8
60 +6.1 ~-9.0 0.545 ~23.8 -30.1
7z +6.4 -§.0 0.614 -22.9 -29.4
96 5.0 6.9 -8.5 0.582 -23.4 -30.4
132 +7.5 -9.3 0.529 «24.2 -31.8
192 +8.1 -10.5 0.457 -25.4 «33.6
96 +6.9 -5.7 0.797 ~20.6 -27.6
132 +7.5 -4.8 0.8%2 -22.4 -27.3
192 7.5 +8.1 -6.2 0.755 -21.1 -29.3
252 +5.1 -5.4 0.743 -21.3 -30.5
132 +7.5 -3.6 1.02 -18.5 -26.1
192 +8.1 -2.5 1.18 -17.4 -25.6
252 16.0 +9.1 -3.6 1.02 -18.5 -27.7
312 +9.9 -3.8 1.00 -18.7 -28.7
252 +9.1 +0.6 1.65 -14.3 -23.5
31z 15.0 +9.9 +0.9 1.707 -14.0 «24.0
372 +10.7 +0.6 1.65 -14.4 -25.1
432 +11.4 -0.3 1.48 -15.2 -26.7
492 +11.9 -0.3 1.48 -16.3 -28.2
432 7.5 +11.4 +1.9 1.92 -13.0 -24.5
432 +11.4 +3.4 2.29 -11.5 -23.0
492 +11.% -1.% 2.20 -11.9 -23.8
552 +12.4 2.8 2.12 -12.2 -24.6
612 20.0 +12.9 +2.3 2.00 -12.56 -25.6
792 +14.0 +1.3 1.78 ~13.5 -27.7
432 +11.4 +4.9 2.71 -16.9 -21.5
492 +11.9 +5.5 2.90 «9.5 -21.4
552 +12.4 +5.3 2.83 -g.7 -22.1
612 +12.9 +5.1 2,76 -9.5 -22.8
192 25.0 +14.0 +4.2 2.50 «10.7 -24.8
972 +14.9 4+3.4 2.28 -11.5 -26.5
792 +14.0 +8.5 4.09 -6.5 ~20.5
972 +14.9 +8.0 3.86 -7.0 -21.9
872 +14.9 +9.2 4.46 -5.7 -20.7
1992 36.0 +15.4 +8.6 4.13 -6.3 -21.8
1332 +16.2 +7.9 3.82 -7.0 -23.3
1872 +17.7 +6.4 3.22 -8.5 -26.3
R5-50C, Te be RE-5G,
RS5-25 measured RE-25
settings with settings
REBZ-25
Table 3-11  MNoise measursment setup settings for IF-IF noise measurements on INTELSAT satellite

systems using the RM-5°s wideband device
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3.9.9 RF HEASUREMENTS

To perform rf measurements, the AM-5 must be used in conjunction with other test sets. As these
test sets are all commercially available (e.g. Scientific Atlanta, Hewlett Packard), only the
principle of two measurements will be outlined.
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Figure 3-50  RF measurements using the RM-5 and a sweeper

A swept, frequency modulated rf signal with low distortion is required for performing measure-
ments on the recefve path of radio-Tink or satellite systems. A sweeper which is driven by UM
and UA produces the required rf signal directly. The RMSF-5 splitter is used to divide the
composite signal QA + UM at output [17] of the RMS-5 intc its components GA and UM' The
RHSF-& 15 an accessory that can be orderedl). The measurements can be performed at the IF or
BB ports.

Measurements can alsc be made on the transmit path. The transmission signal is generated by the
RM5-5. The rf signal at the output port of the transmission path ¢ then down-converted and
applied to input PI of the RME-5, see figure 3.-51.

1} Order no. 8N 916/00.10
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Figure 3-531  RF measurements using the RM-5 and a down converter

Using an rf detector it is possible to dispiay the rf frequency respense on the screen of the
RME-5. The output signal from the detector is applied to the Yogy, Trput (417 on the back

panel of the RME-5. The key Y, . in keypad [2] or [10] is then pressed (LED on), The measure-
ment range (8 to 800 mVY} can be selected in several steps to give the largest possible display.

The sweep trace can then be recorded as indicated in 3.8,

Using the RM-5, the sweeper and the down converter, it is also possible to make rf-rf end-to-end
measurements (e.g. transponder measurements on satellite systems), or to test rf modules.
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Figure 3-52  Front view of the RMED-5 Wideband Oemodulator

Code Function Abbreviaticn in
the circuit
diagrams

{13 Input for a wideband, frequency modulated IF signal 28ul

IF centre frequency 70 or 140 MHz
Level range -4 to +& dBm

{23 Key for selecting a centre frequency of 70 MHz or 140 MHz 1 3 51

[3] Qutput for demodulated wideband B8 signal 4 Bu 2

A input level out-of-range indicators 2 Gl 51, 82
E Earth connector I Buil

F Mains switch 151

Back panel: Mains connector, mains-voltage selector, mains fuse

Table 3-12  Controls and connectors on the RMEQ-5
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3,10 REMOTE CONTROL [<IEC 625> BUS)

3.10.1  PRELIMINARY REMARKS

The RMS-5 Generator Section and the RME-5 Receive Secticn are microprocassor controlled instru-
ments whose functions can be controlled manually or via a desktop or process computer. If the
latter mode of operation is required the instruments can be fitted with a remote control board
to IEC 625 which requires a byte serial bit paratlel interface system for programmable test
equipment. The IEEE 4B88/78 or the HP-IB interface which is encountered in may computers and test
instruments are electrically compatible with the IEC 625 interface. Using this interface, a com-
puter and up te 14 test instruments (not necessarily from the same manufacturer) can be connec-
ted together to form a flexible, efficient system. Any difficuities caused by different connec-
tors {e.g. 25-pin Canon connectors or 254-pin Amphenol connectors) canm be circumvented using ap-
propriate adaptors.

A11 compatible instruments are connected in parallel to the IEC bus, this means that they can
access all bus lines. A1l the instrumenis connected fo the IEC bus can transmit measurement or
status data (TALKER} or receive programming data (LISTENER} accerding to their typs. There must
nowever only be one controller in the system, and one TALKER may transmit data at any one time.
When selecting a controller various criteria should be borne in mind, e.g. what I&C bus func-
tions have been implemented, speed, coniroller programming, memery capacity and so on, if a
powerful and efficient test system is to be set up. A1l bus messages use IS0 7 bit code {ASCII
code}.

Programming is made much easier 1f you know how to operate the instruments manually {see pre-
vious chapter) and are acquainted with the general characteristics of the I£C bus (see Wandel &
Goltermann brochure "IEC 625 Interface Bus® order No. 6390/00.39).

1f required, Wandel & Goltermann will provide you with complete, ready-to-use systems. The ad-
vantage heing that the user does not need to bother about the electrical, mechanical, functional
and programming problems that may arise.
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3.10.2  INSTRUMENT CONFIGURATION/INTERFACE FUNCTIONS

Figure 3-53 shows the setup of an automatic test System with an <IEC 625> interface. This is
the smallest possible configuration comprising the controlier and the RM-3.

Before connecting the various instruments tegether, fit the interface boards in the instrument
and controller and set the device addresses. This procedure will be described in the following

sections.
. 8N 853/21
Device messages
g (programming, measurement, status data) wn
E: S
conrotter | 3 K ol wmes
= and interface =
messages
BN 958/21
i
i 2
=3
:> o AMS-5 =
= bt

Figure 3-53  RM-3 controlled by computer via IEC bus

3.10.2.1 Interface boards for the IEC bus {IEC bus board)

The test instruments must be fitted with an IEC bus board (BN 958/21 or BN 853/21) if they are
to be used in an IEC bus system, see Figure 3-53. They may be easily retrofitted by removing the
dummy panels on the back panel of the instrument and inserting the boards in the appropriate
slots. Before fitting, check that the wire-links are as shown in figure 354 or 3-55 and that
the address switch {see 3,10.2.2) and the paratlel poll switch {see 3.10.2.3).are set

correctly.

Notes on the CLEAR {CLR) wire link

if the IEC bus command IFC {INTERFACE CLEAR) is intended for the instrument as well as the in-
terface, the wire link CLR must be fitfed on the interface board (BN 853/21) or the CLR switch
set to ON. In this case, the IFC command initjates a DCL {DEVICE CLEAR) and a GTL (GO TO LOCAL}
comaand. Re-initialising the instrument produces the same result, i.e. the instruments are reset
to their standard settings, stored front panel setups {RM5-5) and stored reference curves
{RME~B) are lost.

After fitting the CLR wire-link in the RME-5 it is a good idea fc repeat the IFL several times
over a perfod t > 25 ms using a suitable program loep to ensure that these functions are imple-
mented,
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3.10.2.2  Instrument addresses

Each instrument in the system must have a unique address so that the controller can call up the
instrument in question. To set the addresses for the AMS-5 and RME-5, switch off and set the
address switch 51 on the interface hoard using binary switches Al to A5, The RME-5's interface
board must be taken out, the address for the RMS-5 can be set from the back panel, see figures
3-54 and 3-55. When the RM5-5 leaves the factory its address is set to 12, the RME-5's address
is set to 13.

Example: Setting the device address to 12 : 01100 (binary)

on OFF .
: Al R
2 A2 OFF 2 0
3 A3 l
4 it i
: b5 ] l
6 LON }
7 TON Switch A5 | A4 | A3 | A2 | AL
8 c Setting o 1 11 e o :> 8+ 4 =12

Vatue 68 (4 12 |1

Figure 3-56 fxampie showing how to set the instrument address
Special care should be taken to ensure that instrumeni addresses are not duplicated (the address

of the controller too, e.g. 21 for some hp centrollers}. There is a maximum of 31 address num-
bers available {{ to 30).

3.18.2.3  Setting parallel poll

The parallel poll interface function which has been implemented on the IZC bus boards BN 958/21
and BN 853/21 allows the the appropriately addressed device to output one status bit on one of
the data lines DIQ 1 to DIO 8 without being previously addressed as a talker when the controller
initiates a paraliel poll.

In this way, one can determine very quickly and clearly which instruments {max. 8) have sent a
service request to the controller.

The data line which the instrument uses to reply to the parallel poll, must be specified using
parallel poll switch S2 {see figure 3-54 and 3-55} on the IEC bus board, The instrument must be
switched off.

Example: PP reply should be 5

N j 1 2 3 4 5 6 7 g8 S5 is on
OFF B B H B ﬂ E H B = reply on data 1ine DIO 5 {read into a
PP switch 52 controller variable as 2°°! < 15

Figure 3-67 Example showing how to set parallel poll mode
{e.g. data line DIO 5 for the RMS-5 and data line DIC 6 for the RME-5)




3.10.2.4 Bus connections

The IEC bus boards are fitted with a 24-pole Amphenol connector. The pin assignment is shown in
figure 3-58 (on the right). IEC bus cables of various lengihs are available to connect the test
instruments to other equipment or to a controller. Instrument to instrument connections must not

exceed 4 m.
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Figure 3-58  Bus conpection assignment on the instrument

A maximum of 15 instruments can be connected togsther by the interface. The total length of the
bus must not exceed 20 m (see DIN standard <IEC 625>, part 1, section 31.1 p.66 and section 39,
p.710.

The length can be increased by using interface couplers {2-wire or &-wirg} or modems.

3.10.2.5 Interface functions

The following table is an overview of the interface functions realised on the RMS-5 and the
AME-5 in accordance with the IEC standard. The abbreviations for each function are described in
detail in the brochure "<IEC 625> interface bus® {order No. 6350/00.39). The necessary controi-
ler interface functions are also given so that the functions provided by the RME.5 and the RMS-5
can be fully exploited. The hp computer which we recommend ensures fast and straightferward pro-
gramming of cur remote-controllable instruments. Other computers with an [EC interface bus can
also be used for this control function. The user must however be sure that the computer he
chooses has all the necessary controller functions. Infermation of this kind will be found in
the manual or can be cbtained directly from the manufacturer. We can say nothing about the
performance of our instruments when they are used with contrellers which do not fulfil the

minimum requirements {see DIN TEC 625, part 1).
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Function Description RM5-5 | RME-5 | Controller

SH 1 Source handshake Source handshake, full implementation {[ | ™

AH 1 Acceptor handshake | Acceptor handshake, full implemen-
tation

T6 Talker Ta]kef, all functions

L4 Listener Listener, all functions

SR1  Service request Service request, full implementation

RL 1 Remote/local Remote/tocal switchover, full im-
plementaticon {disables manual oper-
ation with 1£C bus command L0}

pr2 faratiel poll Paraliel poll activated via switch

1953 Device clear Device clear, full implementation ™

DT 1 Device trigger Device trigger, full ifmplementation L

o not a control function Lo L.

Cl System contrgl .

2 Transmit [FC

c3 Transmit REN

C4 React to SRQ

cs Contralier Take over control

S transfer take over synchronously
functions request return of control,

paraliel poll
Transmit interface message

c7 Tike C5 but no parallel poll 277 In-

Cs Tike €5 but no "request return of stead
control® of

€11 ) Tike C5 but no request return of Ch
contrel and no parallel poll 452

Table 3-13  Implemented control functions on the RMS-5 and RME-5 plus essential controller

functions

3.16.3  PROGRAMMING

In the following examples programming on the RM-5 is carried out with the hp 85 as the con-
troller. It has been fitted with the 82937 A IZC bus interface and the 1/0 ROM. The statements
used for the IEC bus are contained in the 1/0 manual of the computer. Section 3.10.4 contains
the programming words that are used to form the programming data which can be called up by the

RME-5. Depending on the statement used, the controller automatically sets the test instruments

to talker mode to output test data, or to listener mode to accept programming data.
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3.10.3.1 Preparations

Before programming data can be transferred to the instruments, they must be switched over from
manual to remote control mede. The remote control mode {REM) is enabled with the hp 85 state-

ment

ABORTIO 7
or REMOTE 7,

*T" 5 the select code of the controller interface.

If ABORTIO 7 is used, the interface functions will be cleared (IFC} te ensure a definite ini-
£ial status on the bus. If the CLR wire-link has already been connected on the interface board
{ses 3.10.2.1), the instruments will also be returned (DCL) to their standard setiings (see
3.10.4.2). Any front panel setups {MEM) or reference curves that have been stored will be lost.

If the wire-1ink has not been fitted, the IEC bus command SDC can be used to bring the ad-
dressed instrument to a specific status. The purpose of this procedure is to prevent any setting
that would interfere with the test run. The hp 85 controiler performs this function with

CLEAR 712,

By caliing up the address of the instrument (12 in the case of the RMS-5), the instrument in
guestion is set o the listener mode. A1l the keys on the front panel with the exception of the

tocal key are disabled.

In the remote control mode, the instrument can also be set by remote control by transmitting
the REN IEC bus command and addressing it as a listemer, e.g. by using the instruction

REMOTE 712

It is possible to prevent the instruments from being switched over from remote to manual mode
when the local key is pressed for any reason if the command LLO follows the IEC bus command REN.
This is achieved with the statement

LOCAL LOCKOUT 7.

To cancel the LLO command and to select manual mode {see IEC bus brochure), the IEC bus command
GTL canr be used, which is executed in conjunction with the statement

LOCAL 712

3.10.3.2  Using programming data fo set the instruments

After the appropriate preparations have been made, e.g. resetting the interface functions,
setting the instruments o their standard settings and enabling the remote control mode, pre-
gramming data {instrument input data) can be transferred from the controller to the instrument
with the statement

4 QUTPUT 712; programming word

line number
Qutput command
Select code {7} and device address {e.g. 12}
Programming word/words (PW, see 3.10.4)
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The programming word comprises the header, a decimal number and a comma. The word is assigned to
a specific device function. Tables 3-14 and 3-15 show the logical form of the headers, each pro-
gramating word is described in 3.10.4.3 to 3.10.4.6 {alphabetical order, separate for RM3-5 and
RME-5).

To set the RMS-5 or the RME-5, several programming words, separated by a cemma, can be concaten-
ated to farm the device input data string. The RME-S could be set in the following way:

- "CLEAR 713
QUTPUT 713; “IBF , DP , R13 , ¥2§ , AV3 ,"

I L-[j———mmﬂoise averaging facter of 8
Show Y2 result on screen
Measurement range R13

Measurement mode AT, 49
88 mode

The programming words are processed from left to right.

NOTE: Each programming word must be terminated with a comma, i.e. alsc the last entry in a
string.

3.10.3.3  Trigger

From the first programming example for the RME-5 in 3.10.3.2, one can sge tnat the RME-5 is
immediately set to the new parameters after the program line has been eatered and the "END LINE"
key has been pressed. Afterwards the instrument behaves as if it were in manual mode, provided
the &MS-5 provides an appropriate input signal. [t performs measurements continuously as if in
the operating mode "continuous trigger™, which is part of the standard setting (3.10.4.2) or can

be set with programming word "T¢" {trigger mode T@).

If you want the controller to call up the results in remote control mode, & single measurement
myst be triggered. The programming word "T1® {trigger mode T1) is used to set the device to the
singie trigger operating mode, the controller then sends the BASIC statement

TRIGGER 713

the GET {GROUP EXECUTE TRIGGER) command to the device in question (fn this case the address is E
13).

when the trigger command is received, single trigger interrupts the current device function and

a new measurement is performed. E

3.10.3.4  Statushyte, service request

In general, a waiting time tc allow for setting, settling, calibration, and the measurement
time must be allowed between triggering the measurement and calling up the results {RME-B}. For
this reason, the statement ENTER ... must not follow the statement TRIGGER, as the result ob-
tained will be incorrect.

In the case of distortion measurements, the waiting time is mainly determined by the synchroni-
satian of the deflection voltage Ux when parameters are changed and by the time it takes to
form the sweep trace,

Waiting times have also to be set for the RMS-5, as incorrect transmission parameters wouid

also give incorrect results.




Delay times are easy to program with the hp 85, simply
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use the WAIT statement with the waiting

time specified in ms {e.g. WAIT 200C); delay times can be obtained with FOR NEXT loop on other

types of centrolier,

The waiting times for the RMS-5 and AME-5 are given in the following:

Settling time when a parameter is altered {time after

trigger command}:

RMS-5:
Paramater change Settled after
- Centre frequency v eeecrrireaarorcannseenes & x 1/fA
or status bit for 4f, . <+ 100 kiz
~ Swaep width Liiii ittt e 70 ms
SR 0/, 0 40 ms
T I = 1 - PN 148 ms
- Test signal 4f, Uy vovveinnnnns e 50 ms +T 1)
-~ Test freguency .......- Besesniaaeasianeanraas 90 ms
- UM EYT tTrTerTeTeeeretesseeeiiii 30 ms
- UA EXT *7wrretteneeteeras s eesia 250 ms + & x 17§,
- Wideband demodutater {option) (.i.viiiiiiian. 20 s
- Store front.panel setup (MEM, RCL) ......... 250 ms + 6 x l/fA {or 20 s in wideband mode)
- Store front panel setup {IEC bus, IN ...} ... 250 ms + 6 x l/fA {or 20 s in wideband mode)
- Sweep FreqUuency cievreicrreierriiiarerarariaes 1.5 &
= GAP seirecreaaaraerrnonnn hevereierieaearanan 30 ms
RME-5:
& sweep result can be interrogated after
« Averaging factor 0 . o 200 ms
- Averaging factor 2 ..oiiiiiiiiiiiiiiiiiiian approx. 3 s
- Averaging factor 4 ... approx. 3 s
- Averaging factor B «.iiiiiiiiiiiain e approx. 6 s
- Averaging factor 16 .. ..iiiiiiiiiiiiiiane, ... approx. 1l s
~ Averaging factor 32 .. .iiiiiiiiiir i ianianes approx. 1l s

The test result is only called up in the shortest possible time, if the end of the measurement

{s recognised automatically. This can be done by check

ing certain bits in the status byte, or by

continually interrogating the SRG line, or by using the $RQ interrupt.

In the case of serial polls, the device that has been addressed outputs its status byte (status
data; see 3.10.4.4 (RMS-5) or 3.10.4.6 {RME-5)). The controlier only evaluates the "busy bit",
in this case bit 5 with a value of 2t . 16. An SRQ is not required.

1) T = 50 ms = time censtant of lst order

After Test signal has settled to
T £3.2%
27T 86.4%
T 95%
47 $8.2%
57 99.3%
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The hp 85 uses the following statements:

23¢ S = SPOLL {713} iserial poll of device with address 13
248 IF BIT (5,4) THEN 22§

The controller executes this lesp until the busy bit which has been set by TRIGEER ... {true =

1} fs set to O 2t the end of the measurement; the controller therefore waits until the results
are ready.

Other bits in the status byte, e.q. those used for error messages or for incorrect evaluation,
whase coding and meaning are described in 3.10.4.4 {RMS-5) or 3.10.4.6 (RME-8) may 2also be
true.

Another way of determining the end of the measurement, if continuous data exchange is not taking
place on the bus, is to poll the [EC-bus contrel lines, i.e. the interface control line SRY in
the controller interface.

23¢ STATUS 7, 23 Q Ipoliing the IEC bus comtrol lines
248 IF NOT BIT (0,5) THEN 239 1SRQ bit evaluation without renewed SRQ pell

So that the fnstrument can transmit the service request message on the SRQ line, “SRQ on end of
test” should be programmed using the programming word "XX...," when the instrument s set. The
Toops (Vines 238, 240} are executed until the "SRQ bit" of status register 2 {IEC-bus control
lines) is true.

As well as continually peliing the IEC bus control jines in the comtroller interface, several
types of controller have statements such as ON INTERRUPT ... or ON SRQ GOSUB .... This allows
the computer to do calculaticns, for example, while it is waiting for an SRQ. After the SRQ, the
program branches to a line number where it can access the test data.

If several instruments have been connected to the 1EC bus, each of which could have sent anr SRQ
in the time perfod in cuestion, a serial poll of all the instruments must be carried out and the
resylts evaluated to determine from which instrument the SRQ came. Only those imstruments which
have their RGS bits set {bit 7 = 1) and the busy bit = false {bit 5§ = 0}, have sent SRQ after
the ¢nd of the test.

Using a parallel poll, instead of the serial poll described above, it is possible to determine
somewhat more quickiy which instrument {max. of 8) has sent a request for service.

The hp 85 parallel poll statement is:

A= PROLL (7}

The sum of the values for each bit for lines DIO 1 to DI9 8 is assigned te variable A. For
example, if the status bits for DI0 L and DIC 3 are set, A is assigned the value 5

(20 + 22}. A serial poll is then carried out on ihe instruments that have been so identi-
fied, to determine from the status byte what the reason for the request for service was.

3.10.3.5  Control word

The control word is a further way of determining the instantaneous status of the RME-5. As a
reply to the programming word "CO", the RME-5 transfers a 156 digit centro] word to the computer
{2 ASCII characters from the extended character set). Only bits BG to B7 are used o perform
the evaluation. Only those bits that are relevant to a particular operating mode are evaluated,
other bits have no significance.
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CONTROL WORD ¢ ¢ s

Format: 5?| 85!85|84|B3{32|81{a{)

git Signal Bit status

@ H

B? AFC Not captured Captured
B6 Ux synchronisation sot in sync. In sync.
B, ¥ level indicators: too high/too low | Qut-of-range Level OK
BQ UM tevel indicators: oo high/too low | Out-of-range Level (K
83 IF level PI Qut-of-range In range
BZ Test tone deviation AFf Qut-of-range In range
81 B8 tevel (signal at (291} Qut-of-range In range
BO Test frequency fM Not detected Detected

The follewing example shows how the control word is displayed on the screen of The computer.

3 Prepare memory
;;jwi;go”ilmm""m"m““m“m“mwl____*_.Request control word

} Transfer to memery A

Convert to binary word

Mask bits 87 tO'BO

Displayed control word

If the pravicus contro) word were used to poll an RME-3 operating at IF frequencies, there would

be no point in evaluating Bi'

3.10.3.6 Interrogating results; functions that have been set and operating states

The controller can obtain test data from the RME-5 or setting data from the RMS-5 and process
them further, provided the instrument has been addressed as a talker. The hp 85 uses the follow-
ing statement to obtain test data or setting data.

ENTER 713 USING "%, % K"; AB
ENTER 713 is used to address the instrument as a talker {in this case its address is 13}. The

format specificaticn "%, % K" {see the hp 85 I/0 programming guide} means that the controller
uses £0I and LF as terminators.

The type of transferred data that can be stered in a string variable (in the example AZ) or
that can be printed out after, for example, "PRINT AZ", or that can be displayed on the screen
after “DISP A", depend on the measurement that has been programmed before these dats are
transferred.

The units, e.g. dBm, kHz, MHz, ns stc. are not transferred by the RME-5, but can be deduced
from the data output mode (cf 3.10.4.4 or 3.10.4.8) or from the programming mode.

1f the test data is assigned to a numeric varfable, this value can be used immediately for
further cajculations, but the information i the first two alphanumeric characters fs lost.
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interrogating the distortion curves (dynamic results)

When the computer scans the points on the trace, it takes the 51 amplitude steps outside the
grid as well as the y values inside the grid into account [(RME-3, 205 values). Figure 3-59 shows
the internal range of the grid and the ¥ values.

% Test curve X
=y 255 -
r 18 -— -
o /‘éi—v-,
3
R IR R
g / N e
=
g 4y g
el
b
_n&-%\ / 1L 4
digitizing ‘\\\\\;_ _‘,/// z
range & 1, &
S
[&]
wE
085
TR |
B ; i
1 | i
i l 1
R N - ; , 5
001 128 255 o
i ] | e
Values transferred X valugs ———mm AY=51

to computer!

Figure 3-89 X and Y range of screen (digitisation)
Bl < x < 255; gg@ < y < 255

Ustng appropriate programming words with the format "RE ..." (cf 3.10.5.4] it is pessible to in-
terrogate any point on a sweep trace {y values) or the whale trace. '

When 3 single point is interrogated transfer to the controller takes place in the form of a
3 digit decimal number in IS0 7-bit code (ASCII cade}, i.¢. the y values corresponding to a
particular x valye.

When the whole trace {s interrogated, the y values are exprassed in terms of binary coded deci-
mats (EBCDIC code) to save time. Transfer of this kind is 3 times faster than the transfer of
single points. The hp 85 uyses the NUM statement to convert the ASCII characters.

If the y values of two points on the trace are knows:, the difference of the distortion values

can be calculated from the following equn.

Y, - ¥

Trace difference: 2 x sensitivity/DIV:; Y = 51

For example, the points could be the maximum {Yi value in figure 3-59) and the minimum (Yz
value). When both these points are known, the maximum distorticn can be determined.

The extreme values of a distortion measurement can be found for both curves using the program-
ming words "RE@A," and “REZ8,".




Reo | {uae] [uMe] [s10] [Ret][meL]

UMMY

LEV UF ) {ua] [sw] [oev] | uMosu (Fa] [wa] [GcaP]

Figure 3-60  Programming words and associated controls on the RMS-5

[ve1] EEA

[(M1fv2] (W] PZTHP]Z”E]PHEXEI HIETES,

Figure 3-61 Programming words and associated controls on the RME-5
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3.10.4  DEVICE MESSAGES

3.10.4.1 Overview of prograrming data for setting the RMS-5 and RHE-5

Tables 3-14 and 3-15 show the programming data formats (instrument input data} for the RMS-§
and RME-5, ordered according te function. Programming data may comprise one Gr moré programming
words. fach programming word {PW) comprises a header, a decimal number and a + or - sign and a

Comma .

The header has a max., of 5 letters {e.g. UMDEM: test voltage with unit d8mi.

After the header for the required function has been found, the programming word §s easy to
fingd, as they are Tisted alphabetically in 3.10.4.4.

B

The syntax given in the tables for the programming words must always be observed. Numerical
entries for the RMS-5 are an exception however and leading or trailing zeros may be ignored.

1t is never possible to enter a unit, similarly data that the test set sends to the cantroller
does not centain units.

Figures 3-80 and 3-81 show the front pangl; each function on the front panel is assigned a code
which will help you find the appropriate programming word in the following section.

g RMS-5
Device function (comtraller —e-RM5-5) HEADER BODY AND
TERMINATOR
Complete front panel setup
- Standard setting (cf table 3-16) I é,
- Store device setup $T0 2d ,
g - Load device setup RCL 2d ,
- Erase device setups MEL 2d ,
Frequencies
g - IF centre fraquency IF 5d ,
- Sweep width 4F Sy iq
- Test frequency fM M 4,
i - Test tone deviation 4f DEV ad ,
- Sweep freguency fA FA 4,
Leve} and voltages
i - IF level P . LEY 54 ,
- Sweep voltage GA {v) UA Ed ,
_ it il i
Sweep voltage "external UA EXT UAE d,
E - Test signal UP {mV) UMMY ad ,
i
- Test signal Uy (dBm)} UMoBM 5d ,
- Test signal uM £XT UME d,
i d = Mumber of characters, the max. number is always given

Table 3-14  RHS-5 function/programming word assignment
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RMS5-5
Device function {controller —amRMS-5} HEADER BODY AND
TERMINATOR
Additional functions
- Sweep width reductien RED d,
- Gap {for AU/UO resylts) GAP d,
~ Wideband mode W d,
Data traffic
- Interface mode XX 4d
- Trigger mode T d,
- Data output (setting parameters) E 8d ,
d = Humber of characters, the max. number is always given
Table 3-14  RMS~5 function/programming word assignment {(continuyed)
RHE-5
Device function {controller —sRME-5) HEADER BODY AND
TERMIMATOR
Standard setting (cf tables 3-17, 3-18) N d, g
¥ range IF 3¢,
signal_inputs
- Activate BB«IF inputs I 24,
Measurenent medes
~ Group delay, diff. phase 4T, 49 oP .
- Mon. lin, distortion, diff. gain AU/UO DG R
- Attenuation distortion API, APII 2 24,
- External sweep signal ¥, . £X d,
~ Switech on/switch off distortion results Yi, Y2 ¥ 24,
- Frequency counter Fé d,
- Bessel spectrum BES d,
- BB level meter BFL d,
- 8 mode and BB Yevel display 88 g,
Measurement range
- for distortion measurements Y1, Y2 R 2d ,
Pnrase correction
- ﬁx from BB or If Ux 2d
- Phase setting PH 3,
~ Display outward and return sweep FB d,

d = Number of characters, the max. number js always given

Table 3-15 RME-5 function/programming word assignment
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RME-S
Device function (controller —ae RME.G) HEABER BODY AND
TERMINATOR
Evaluation of distortion results
- 306 Hz filter BY d,
- Digital noise averaging ‘ AY d,
- Curve difference N 3d
- Curve analysis LP d,
AP, frequency response correction SL d,
Vertical displacement of Y1, Y2 YP 6d ,
Auto, level control AUTR d ,
Frequency markers M 5d ,
Horizontal cursors HL 3,
Screen displays
- Text entry {in lines) L 2,
- Erase character field ER Y
~ Reference curve SR .,
- Tolerance masks {general) T0 z .,
Additional funciions
- Motse calculation {option) NC 2d
- Tolerance masks to $S0G {option) ™ 24,
- Control word {RMZ-5 status, cf 3.10.3.6) co s
Gata traffic
- Interface mode XX 8d ,
- Trigger mode T d,
- Resylt, measurement mode and measurement RE 4d ,
range interrogation

d = Maximum number of characters

§ = String whose number of characters depend on the programming word; ¢f relevant program-
ming words in 3.10.4.5

Table 3-15 RME-5 function/programming word assignment (cont.)

3.10.4.2  Stendard settings on the RMS-5 and RME-5

The instruments are set to a well-defined initial state {standard setting}, when the DCL or DCE
[EC bus ccmmands are received. If the battery that supplies current to the CMOS memory is flat,
the RMS-8 or RME-5 will be set to these standard settings when they are switched on.

The standard settings for the RMS-% and the RME-5 correspond to the programming words given in
tables 3-15 or 3-17, see 3.3.3

The standard settings for the RMS-5 and the RME-5, can also be called up with the programming
word "INL", when the instruments are in program mode.
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RMS-5  "IML,®

1F@7@.3, IF centre frequency IF = 70 Mz
LEV+E.80 IF level PI = 0 ¢Bm

UAL.204, Sweepn voltagi ﬁA = 1V

SHEL5Y, Sweep width AF = 0.5 MHz
DEV1EG, Frequency deviation Af = 100 kHz
UMMYIEE, Test voltage U, = 100 m¥
UMbBM~8.78, Test voltage UM = -8.7 dBm

FAL, Sweep freguency fA = 18 Hz

FMB, Test frequency fM = B00 or 555.55 kHz
T, Continuous trigger mode

iXgige Interface mode

- A1l other functions are inoperative

- Entry preparation: IF level entry is selected

- Data output mode to "EIF," {= IF centre frequeny); see 3.10.4.4
- Device setups cannot be called up (except RCLP)

ey ey e oo ] e ] Pemie

Table 3-16  Standard setting for the RMS-5

RME-5 ML

IF78, IF range 70 MHz

11F, IF signal inputs [25] and [26] active
UXIF, Phase UX from IF

AUTRL, AC on

Yil, Yl result on

Yzi, ¥Ye result on

pP, Measurement mode 4T, 4P

riz, Measurement mode API

R14, Heasurement range for Yl result, depends on fM
R24, Measurement range for Y2 result = 0.4 dB/D
AVZ, Noise averaging factor 4

1€, Continuous trigger mode

XXg19e¢, Interface mode

- A1l other functions are inoperative

Table 3-17  Standard setting for the RME-5 in “IF mode" (reinitialisation)




RMS-5 programming words DEV, FA, FM  3-11%

It is only possible to call up a standard setting for the BB mode in remote control mode. The

appropriate programming word is "INZ2,".

RME-5  "INZ,"

[F7d, IF range 70 MHz

18F, BB sigral input, comnector [27] active
UXBF, Phase G* from B8

AUTRI, ALC on

¥il, Y1l result on

Y2i, Y2 result on

op, Measurement mode 4T, 49

na, Measurement mode AU/UO

Rid, Measurement range for Y1 result, depends on fM
R24, Measurement range for Y2 result: 1%/01V
AVZ, Noise averaging factor 4

T, Continuous trigger mode

XXPLE0G, Interface mode

- A1l other functions are inoperative

Table 3-18  Standard setting for the RME-5 "BB mode”

3.10.4.3 Programming words for setfing the RMS-5 {in alphabetical order)}

[ oev] ajajelel. | Test tone deviation 4F (kHz} (DEVIATION)
Max. of 4 characters including decimal point;
cf table 3-3
11919 Standard setting: 100 kHz
Fa 1 df, Sweep frequency fA {Hz}
1 18 Hz
2 70 Hz
1 Standard setting
M| 4, Test frequency fM
1 Lowest test frequency: 27.778 kHz or 25 khz
7 Highest test freguency: 5.6 MHz {for standard version)
5 Standard setting: 555.556 kHz or 500 kHz

DEV

FA

FM




RMS-5 programming words GAP, IF, IN, LEV, MCL, agl, RED, STO 3-1i3

{ GAP 1d |, Gap in distortion results
a Gap off
1 Gap on
o} Standard setting
IF idid|didid IF centre frequency Fc {MHz}
Max. OF § characters inciuding decimal point;
c¢f table 3-3
al7igl-|g Standard setting: 70 MHz
I ii, Standard setting {jﬂl}i_fﬂAL!lATiON}

GAP

IF

IN

The standard setting for the RMS-5 as shown in table 3.16 can be called up by the controller
with this programming word.

LEY

IF level P, (dBm} (IF-LEVEL}

Max. of 5 characters including the decimal point
and sign; ¢f table 3.3

Standard setting: O dim

MCL

£rase front panel setups {MEMORY {LEAR)

M oee s W] D
TR oee - M2

frase setup at address 1
£

rase setup at address 2C

RCL

Call up setups

Call up setup at address !

Canl gp setup at address 20

o eee o

R oeaa ¢

-

standard setting ¥ "INL,"

[ RED

Sweep width reduction

off
On

TR et TR O

Standard setting

ST

Store setups

N ssas | 0O

R ees |G

Store setup at address 1

Store setup at address 20

LEV

MCL

RCL

RED

STO




RMS-5 programming words SW, SW/UA, T, YA, VAE, UMDBM, UME, UMMY, WB 3-115

[ SW idldldle 5 Sweep width AF [MHz) SW

Max. of 4 characters including decimal point
gl.|518 Standard setting: .5 MHz

, Sweep signal on/foff SW/UA

d
# off
1
2

( SH/UA

On: 4F = O Miz or B, =0V
Standard setting

|
i T ,g Trigger mode T
Free run (continuous)

Trigger type {single)
Standard setting

e W2 o0

UA  ididid|didl, Sweep voltage EA (V) UA
Max. of 5 cnaracters including decimal point,
¢f table 3-3

11824 Standard setting: 1V

, Sweep voltage “external® U UAE

A EXT
Off

On
Standard setting

UMDBM i didididid], Test signal UM {dBm) UMDBM

Max. of & characters including decimal point
and sign, cf tabie 3-3

UAE

e @ oo

18778 Standard setting: -8.7 dim
UME 1 d, Test sional "external” UM £ UME
P Off
i On
4 Standard setting

UMMV |dididy, Test signal UM {mv) UMMV

¥ax. of 4 characters including decimal point,
cf table 3-3

1@, Standard setting: 100 av
PNB d ,i Wide Band Mocﬁe” WB
# off
1 On
2 Standard setting

1} with wideband modulator option




RMS-5 programming words XX

{ XX 1d|did 4, Interface mode
] SERVICE REQUEST after "mains on” NO
i YES
8 SERVICE REQUEST after execution of NG
i the trigger function YES
PARITY BIT: no  parity
{i.e. with 150 7-bit code} cdd parity
even parity
g TERMINATOR no terminator
1 {i.e. with IS0 7-bit code} END & DATA BYTE
2 END & ETX
3 LTx
211169 Standard setting

The character(w) can be selected instead ¥X.

31.10.4.4  Programming words for the RMS-B data output mode, status byte
Controlier - RMS-5 RMS~5 —m=Controller
£ Transmission parameters Format
T v T ¥
Ligly IF level P (dgn) g_s_:fx__fur:_;_._ﬂfmj
IIFE, IF centre frequency F {MHz} Loy
SIWE, Sweep width AF iz T
ST/ AL, Sweep signal dF/ﬂA =0 f 1
Ul A, Sweep voltage ﬁA (v} !
Ul ALE External sweep voltage g 1{25! off; 1{15 0l i on
DIEIY Frequency deviation 4f {kHz) P ‘._i:
MV, Test signal Uy (mV) T
Y MDIBIM, | Test signal U, {dem) [sni 1 1.7
UiMe Test signal Uy "external” _E_J of f; ]_95 L}J
Fl A, Sweep freguency fA {Hz)
Rl E|D Sweep width reduction !{3 ﬂ] off; [B11]on
N ”"T'""'"“—Y“
Fim, Test frequency fM (kHz} ___ﬂ;”w' o
GLALF Gap [7 g]ore; [811]on
WiB, Wideband mode (option} [{Z i@ of f; [Q :1iom
Sn ¥ sign
SPOLL 8716|5413 12 |1 Status byte
(RMS-5 —m= Controller)
2 Remcte
1 Laocal
8 NO
1 ves RO
# Trigger function ended
1 Trigger function still operative
2 AIF < 100 kHz centre frequency
1 JIF > 100 kHz offset
Data tines

The command "SPOLL" is only used to interrogate the status of the instrument.

gramming word.
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XX

It is not a pro-




31.10.4.5

Programming words for setting the RME-5 [in alphabetical order)

[7A8Tﬁ

Automatic level control (AUTO RANGE)

off
an

Standard setting

[ AY

Digital noise averaging {AVERAGING)

Averaging off
Averaging factor "2"
Averaging factor "4"

E
i
Averaging factor "g" f Averaging on
Averaging factor "L1&"

Averaging factor "32%

ML Ol B L RN e W] o

Standard setting: averaging factor "4°

85 mode with BB Tevel display {BASE BAND)

Special function off
Special function on

=i =] oo

Standard setting

l BES

Besse] operating mode

off
On

Standard setting

1 BFL

88 level meter (BASE BAND FREQUENCY LEVEL}

off
on

TR e TR (D

Standard setting

300 Hz weighting filter (300 Hz BANDWIDTH)

Gff
an

o8 B <

Standard setting

co |, Control word {status RME-5,
cf 3.10.3.8)
oG |, Differential gain AU/UG

{DIFFERENTIAL BAIN)

Standard setting: not selected

RME-5 programming words AUTR, AV, BB, BES, BFL, BW, Co, DG 3-119

AUTR

AV

BB

BES

BFL

BW

CcO

DG




RME-5 programming words DP, ER, EX, F@#, FB, I, IF, IH

M , Group delay/differential phase 4T/{4y
{DIFFERENTIAL PHASE)
Standard sefting: measurement mode selected
ER O, frase whole character field (text)
(ERASE)
[EX dl, External sweep result YEXT
1 As Y1 result
2 As Y2 _result
”Starné;;zvju:éttinqg: not selected
EEEFQ d ,[ If_mcounter operating mode
# Operating mode off
1 Operating wode on
9 Standard setting
FB |di, Qutward and return sweep
(FOEWARD/BACK TRACE}
i Only cutward trace {standard}
1 OQutward and return trace
8 Standard setting
FI did ,1 Signal imputs (INPUTS}
8iF BB input [27] active
1iF If dnputs [25], [26] active
IiF Standard setting
17117 did|d IF input frequency (INTERMEDIATE FREGQUENCY)
35 35 MHz IF range {option fitted)
78 70 MHz IF range
11418 140 MHz IF range loption fitted)
78 Standard setting: 70 MHz IF range
rIN d ,i Standard setting (IJ{?TIALISAT[DN)
3 IF mode; see table 3-17; same as setting
when reinitialised
2 B mode, see table 3-18
1 Standard setting
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DP

ER

EX

FO

FB

IF

IN




RME-5 programming words

=

LP, M, NC

The string £ comprises a max.

screen. The lines can be

L didig|, Text displayed inside screen grid
[LINES)
331 Line L {line at top of grid)
3t :
143 Line 13 {Tine at bottom of grid)

numbered in any way (5 from 13).

L didi, Erase single lines
#il trase fine No. i
i -
113 Erase line No. 13

See the programming word

"ER,". {Lines that have been set can be overwritten),

1 1Poid ,i Trace analysis (EIN/PARAS)
2 Off
1 On LN ang PARAE
values shown
# Standard setting

The programming word “REGY," can be used to interrogate the LIN/PARAB values.

M a|di.qd|di,

Inter frequency marker daviation
{FREGUENCY MARKERS)

Cxample M = 1.53 MHz

Standard setting: freguency markers outside
the sweep range

Sy i

Mz  kHz

- If the marker deviation is greater than the sweep width AF, Vimiting teo AF takes place.

- The programaing word “"RE@5,” can be used to interrogate the M value

NG didi, Moise calculation option, BN 917/00.11

{NOISE CALCULATION}

@i off

g1 Select system 1

M Ne. 1 {300 channals) cf 3.7.5.2,

" : ‘% table 3-5

#19 Select system
¥o. 2 {2700 channels).

g Standard setting

- The RMS-5 must be set to the required parameters f, and it

H
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L

of 30 characters; the character field a maximum of 5 Yines per

LP

NC

- The resylts for the 49 and éU/UO distortion meansurements must be selected. The traces must

Yie within the digitisation range.

~ The results can be interrogated by means of the programming words "REPE,” and “REQF,".




RME -5 programming words N, P, PH, R

N d|did Formaticn of trace ¢ifference (NORMALISING)
GIF|F Function off [current trace A displayed)
DifF Difference trace "DIF" displayed
RIE|F Reference trace "REF" displayed
SiT|0 Store reference trace
Q1iF |F Standard setting-

P did], Attenuation/frequency distortion
1|1 API result (key row [27, Y1 result)
14z APi result {key row {107, Y2 result}

211 APII result {key row [21, YI resuit)
212 éPII result {key row [1Q], Y2 result)
T2 Standard setting
g Py |d]d|d Phase setting {correction of Ux) in degrees
0010
]f Setting O to 360° (U from BE)
31610 j
-igs ]
E e { Setting -5 to +5° (U from IF)
+3is J

- The functions "UXBF,” or "WXIF," and "FB1,” must be programmed beforehand.

R [didl,| RANGE
47T {ns/D) Jalis API ﬁPII YEXT
{% rad/n} | {dB/0) | (dB/D) | (mV/D)
fin e T T fws | Teee T
11 4 2 )3 0.4 0.2 0.1 - - 2
142 5 2.5 1 0.5 0.28 G.1 - 5
143 20 16 5 2 1 8.5 0.2 2 10
Y1 1|4 4 20 10 4 2 1 0.4 [ 20
115 100 50 25 10 & 2.5 1 10 50
116 200 100 50 20 10 5 2z 20 100
117 400 200 160 40 20 10 4 - 200
AU/UO {%/0} éPI APII YEXT
(dB/D) | {dB/D) | (m¥/D)
2il 0.1 - - 2
242 G.25 0.1 -
213 G.5 0.2 2 ¢
¥2 1Z2i4 1 G.4 4 20
215 2.5 1 10 50
216 5 z 20 100
217 10 4 - 200
Yl |1j4 Standard setting: selected measurement range depends on fM
Y2 |2i4 Standard setting: 0.4 dB8/D hﬂPI result)
- fMI to st = low test freguencies (< 1 MHz)
- fugr B T high test frequencies {> 1 MHz}
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N

PH




RME-5 programming words SL, SR, T, T, 70  3-127

E SLoid ,i API Frequency response carrection {SLOPE CONTROL} SL
? off
1 On
b} Standard setting
S T Y Y255 Tass
P — oty Ny P,
SR 1d¢| @18l g|¢)2 Zi5(5 .iStore reference curve SR
1 Store reference curve in Y1 memory
Z Store reference curve in Y2 memory

A reference curve is a curve that is defined by the user (¥ a string with 2 x 3 x 255 charac~
ters), e.g. a previous result that has been stered in the controller. The reference curve fis
used to form the trace difference in the normaliser mode.

I T di, Trigger mode -'-
[ Free run mode {continuous)
1 Trigger request {single)
™ jdld], THTELSAT tolerance masks (TOLERANCE MASKS), TM
option BN $17/0C.12
gl|e Off
g1 Tolerance mask TR measurement
N {carrier bandwidth 1.25 MHz) p cf 3.7.6.2,
e : table 3-5
143 Tolerance mask for VIDEO**
104 Tolerance mask fir TOMA
241 Tolerance mask 1 IF-1F-measure-
: : {carrier bandwidth 1.25 MHz) | ment, ¢f 3.7.6.2,
oo : table 3-8
3|3 Tolerance mask for VIDEQ**
?i P2 Pn,m
A , A
ri%__\ Yl XE YE xn,m :E}El\
| 0 qd GiB]l ] E l I E | i “lz 5 5{ I % i,i Tolerance mask programming -'-(:)
1 Set tolerance mask !
{string with 2 x 3 x m characters)
2 Set tolerance mask 2
{string with 2 x 3 X m characters]
ai, Switch off tolerance mask (¥ standard setting}

- To define a tolerance limit at least 2 points must be defined, a maximum of 16 may be used
{range for n and m)

- If the lst x value > P@1 and/or the last x value is < 255, no tolerance mask lines will be
displayed in the range from 921 to X1 or xn,m to 285,




A ELC AR L —

- To enter a tolerance mask,
must be switched of f (programming word "Y ...

ST,

7=

H A3

-

- 085~ - -

T

Ly -

]

PENN

N

A \

f Sl

RME-5 programming words UX, XX

(8

_—Test trace {Y1}

= S

X values — e

the test channel in which

-

%/,//-To¥erance limit 1

_-Tolerance limit 2
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Y2 path

$16:177

the tolerance mask i3 to be displayed

In the previcus figure this would be the ¥2

channel: the result is determined in the Y2 channel, which is provided for the tolerance mask,

the format of the instrument input data string is: OUTPUT 7i3; “Y2@, TC1 ...,

T02 ...t

UX

XX

1 Ux  jdid ,1 Derivation of deflection voltage Ux
BIF Deflection voltage Ux from 88 signal
1|F Deflection voltage U from IF signal
I[F Standard setting
XX idid|dididy, Interface mode
2 SERVICE REQUEST after "power on” MO
1 - YES
¢ SERVICE REQUEST after execution of i0
11 trigger function YES
i PARITY BIT: no parity bit
1 (150-7-bit code} odd parity bit
2 even parity bit
i TERMINATOR: no terminator
i (150-7-bit code) END & DATA BYTE
2 EMD & ETX
3 ETX
# TERMINATOR: no terminator
1 {1S0-7-bit-code) END & DATA BYTE
2 END & ETX
piLgg e Standard setting

The character Q@ can be used instead of XX.




RME-5 programming words Y, YP

Test channels Y1, Y2 for the distorticn
measurement modes

Chanrel 1 off} Equivalent to ON/OFF
Channel! 1 on button {2]
Channel 2 of f | Equivalent to QN/OFF
Chanpel 2 on }.button {10}

[ASTEE B A~ B oV R

b gt e R R TR

Standard setting

Yertical shift for Y results {Y POSITION)

L I o A =Y

Yi results shifted upwards
Yl results shifted downwards
Y2 results shifted upwards
YZ results shifted downwards

L""""\/"""""“"‘”‘“’
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Y

YP

Shift values: @ to 9992, there is an internal correction for the max, shift value.




3.10.4.6

RME-5 programming words RE

Programming words for interrogating the RME-5's results, status byte

Controjler —=RME-5

AME -5 —= Controller

RE  {did Result {static) Test data format Uﬂiti) gutput for
{RESULT {variable} incorrect
operation
1p1g| | Test frequency f, Ll Jat ., g kHz 2000
v
""r“W"?—qu3' fMQ’ kHz FM not
- H:MS' fMG’ fw kHz detected
pil Frequency deviation 4f L_L T:] kHz 9693}
995
pizi | IF level P, Gt 1 1.7 1] dm +99,99%
gi3 IF centre frequency FQ L l.: ! Mz G@@-@é)
{resolution 0.1 MHz)
-~ S N N
6|4 Sweep width AF Polet 1 b < 10 mHz Mz 415)
e gass
DDA o 10w MHz
M e ! H
@15 Frequency markers M il M o< 10 MHz MHzZ ﬁﬁgﬂd)S}
BERELERLE MHz
g6 IF centre frequency Fnz b1 MHz wnen AFC is not
4] PRI NN 0 S S |
{resclution 0.01 MHz) captured, do not
evaluate out-
put word
|7 8B Teve) o T 7.7 T dBm -gg.90°)
-99.968
B8 Horizontal cursor [:E:_i ; E depends|If the AFC is not
separation e [ on captured and U
e mea- is not synchro-
HEN sure- inised, do not
T ment evaluate out-
““J*“‘;:::] mode put word
g9 LIN/PARAB component ol 10 D oden 1] depends onlAs for horizen-
¥ measure- |tal cursor
LIN value PARAB value ment mode |separation
T T T T T H
1A Extreme values trace Yl | : Ewmi - { o i H E depends on
T, 415}
fwin  Tmin Fmax  Thax |medsures pl2x @
BB Extreme values trace Y2 ment mode
i
Examplg: Determine the extreme values of the Y1 trace

Controller —eeRME-5: "RE@A,"

RME -5 ~wtme Controller: [064]112[221]210]

Cf figure 3-88:

Y.
min max
2 T2 N

L
min
bt

1) Cannot be taken into account with output statements (PRINT, DISP); (form output string)
2} IF counter mode

3} Out-of-range

4} AFC not in captured state
5} Ux not synchronised

34133

RE




Controller —u RME-5

RME -5 programming words RE

RME -5 —ume Controller

RE idid|,| Result Test data {strings} Dimension
gic Measurement range Plx
for Y1 result P2z =1 ...7
3P x
E X x Follows from
geg Y1 result off | the table for
#0 Measurement range £1x | p:ogramfing word
for Y2 result P2x | we 1.7 Rooes
B4 x
E X x
gag ¥2 rasult off
PL: A?I; pe: AP}I; pp: AT or 40 DG dU!UO; £X: YEXT
Example: The measurement range for the Y1 result is to be determined.
Controller —wRME-5: "REZL,”
RME-5 —mControlier: P24
Measurement mode SPEI Measurement range RIS
Follows from the table for programming word "R...,": 10 d8/D
RE  |digi,| Measured re- | Test data {string} Dimension
sults for
noise cal-
culation
o R toad in d@
e, s,
036036036 e
slel |1 REAIREREEN
ntermodu- prp e Op
lation noise % ? fnot
- Qutput words {8} Terminating trans-
each comprising line corresponds ferred)
5 characters to interface
{incl. decimal made
point)
- Separator:
comma
4 dusu
1st 2nd 3rd 4th 1st 2nd 3rd 4th order
! T T
BiF Distortion L b i - ; - : — j—lMWMﬂh- %
components ? ? {not
15t to 4th - Qutput words (8} Terminating trans-
order each comprising 1inre corresponds ferred)
5 characters to interface
{incl. decimal mode
point}
- Separator:
comma

See figure 3-23c
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Controller —s= RME-5

RME -5 programming words

RME-5 —e= Controlier

Resuit
RE 1 4| djd i d ] Distortion Format
trace
1 Interrogation

2 Interrogation

102 10! 10°
(.

See figure 3-5% for x value
nange of definition (##l to 258)

of each point (Y1}

of each point (Y2}

R N B Y value
102 10* 10°

The transfer is performed using a
three digit decimal having a value
between §@@ and 255

118 i@ 8@ Interrogate
whole curve Yl
218 6@ Interrogate

whole curve Y2

string with 255 characters {each point
an the curve is expressed as a binary

coded decimal inm EBCDIC cudel)

x=l X=

x=254 x=255

SPOLL g7l (514132 1 Status byte {RME.5-—s—Controller)
@ Remote
1 Local
g No ROS
1 YES
4 weasurement?!  Ready
1 Busy
9 Ho Return of mains voltage
1 Yes
. — —
Data lines

3137

RE

The SPOLL command ts used exclusively to determine the status of tne deyice. It is not & pro-

gramming word.

1} The hp 85 uses the NUM. statement to convert the transferred characters into decimals

between 908 and 255.

2} SRQ is possible, see programming word S
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MEASURING NOTES

4.1

QOCCUREMNCE OF DISTORTION IN FHM RADIOQ~LINK

SYSTEMS AND INTERPRETATIONM OF THE RESULTS
AT, 4P AND AU/QO
The intermodulation noise measured at the BB output of a radio-1imk system with a white noise

measuring setup increases as the power tevel in the system is raised. This increase s caused
by the Tinear and noa-linear distortions within the assemblies. The most important of thase

are:

- non-linear relationship between voltage and frequency in medulators and demodulators;
- amplitude freguency response within the transmission band for the FM signal;

. non-linear phase response within the transmission band for the FM signal;

~ AM/PM conversion in IF limiters and traveiling wave tubes;

- long, incorrectly matched transmission Yines for the FM signal;

- distortion in the baseband amplifiers.

A disadvantage of the white noise measuring method is thai the result provides 1ittle infor-
mation on which of the distortions has caused the noise, Generatly, several sources are respon-
sible for the resulting noise. Precise analysis of distortion is possible only with a distortion
measuring setup such as the RM-5. The measuring method used is the intermodulation method which
is used generally in radie-link measuring technology, and whose principle is described in
Section 2.1,

The following questigns are important for interpreting the distortion measurement results
displayed on the screen of the measuring setup:

- Is this an amplitude or phase result?

- At wnich measuring frequency, in operating mode "automatic sweep width reduction®, are the
distortions maximum?

- ls there a relationship between the measuring frequency and the result?

- What is the shape of the resuli?

If these four questions can be answered clearly, then there are only a few possible causes of

the interference. In order to permit the user of the RM-5 to answer the questions, the following

sections deal with the variocus causes of interference and effects on the measured results. In

order to simplify comprehension of these sections, the origins of most of the formulas used have

hean omitted. For further information, see the W&G special brochure written by

R. Dick: "Detection of faults in the transmission path of FM signals with the aid of modern
digtortion measuring equipment", Order No. 8022.

4.1.1 DISTGRTIONS RESULTING FROM NON-LINEARITIES IN MODULATORS AND DEMODULATORS

If the characteristic curve of a frequency modulator or demodulator is not straight, i.e. has
variations in the siope, then the signal at the receiving end will be amplitude modutated by the
deflection frequency. Display of the demodulated signal on an oscilloscope will Tead to varicus
results for the non-linear distortion ﬁU/UO, depending on the shape of the characteristic

curve.




4.2

4.1

A square law characteristic (4f = au + buz) leads to a tilted straight 1ine on the screen of
the receiver, while a cube law characteristic (4f = au + cu3} will result in a parabolic
curve. If sguare law and cube law distortions occur simuitaneously, the components can be dis-
played separately on the screen:

One component "LIN" describes the linear component of the curve, and a second component
"PARAB" 1indicates the parabolic component of the curve {see Section 3.7.3].

The relationship between the shape of the characteristic curve and the shape of the curve on the
screen is shown in Figure 4-1.

As modulater and demodulator characteristic curves are generally independent of frequency, the
displayed non-linear distortions AU/U0 are also independent of the test freguency used. It is
therefore sufficient to measure with only one test frequency fM < 1 Mz for measurements on
modulators and demodulators.

.2 DISTORTION IN THE TRANSMISSION PATH OF THE FM SIGNAL

In the transmission of the FM signal {IF or RF level}, distortion is caused both by amplitude
and group delay frequency respoenses and by AM/PM conversion.

The cause of the distortion can be determined from the type {ATor 4P or 4u/ug), shape, and
variation with test frequency of the results displayed on the screen of the RM-5.

The transfer function of a transmission path in practice {in this case: path of the FM signal)
HIR) = AlQ)» 1B can be approximated by a series expansion:

HIQN = [L+g (R-Q)+g, (0-021% g, (2-21% g, (2 -0)%....]
iy o pd 0 © 3 3 © 4 g 9
exp. j [bz Q- QO} + by Q- QG] + by (e - QO) + ...]
In the development of this series, the linear element b
& greup delay and causes no distortion.

1 vas ignored, as this indicates only

The transmission two port network is supplied with an angular modulated signal, whose amplitude
is normatised to the carrier voltage to make a valid simplification:

ug (t} = cos EQO t+ ¢ ()] (2)

Qo is the carrier freguency andQ(t} is the phase angle; taken together as containing the in-
formation.

After the signal has passed through the transmission two port network, there is generally an
additional amplitude modulation P(t} and & phase modulation Q{t)}, which means that the signa}l
can now be represented as:

u, {t) = [1 +P{t)] cos [Qotv*Q(t) + 0{t)l (3}

Limiters in the FM signal path are generally designed to suppress fréquency-dependent interfe-
rence AM F{t}. This requirement can be fulfilled only with difficulty, as both the travelling
wave tube Timiter and the limiter preceding the FM demodulator convert a part of the ampiitude
modulation intc additicnal interference PM Qz (t}. The relationship {s given by the AM/PM con-
version factor®:

Gz(t) = gp{t) (4)
©1s normally also frequency dependent and can be described approximately by a series expan-
sion:

8(8) <0, +8, (-0 +e, (0-9)7+ ... (s)
The additional spurious PM Qzlt} is then
0,(t) =8 p(t) +6, P(£)®'(2) +eza>(t)®'2(t) (6}
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Figure 4-1  Non-linear distortion ﬁU/UO on the screen as a fupction of the modutater

characteristic




The signal has the following shape before passing through the FM demodulator +f the AMW/PM con-
version is included:

ua(t) = ¢ps [Qot +@it) + 0lt) + Qz{t)] )

Tables 4-1 and 4-2 show the distortion measursment results for the important causes of impair-
ments with respect to reselting intermodulation reise. In the calculation, the results of coef-
ficients gy gz, g3, 94 and bz' b3, b‘% were included. The effects of AM/PM conver-

sion were assumed to be both freguency independent (ea) and varying linearly with frequency

( e‘l).

Phase results Ay
With constant sweep range
General . 4G
= A
Cause of impairment s Wi gt do, Form

PO -
Parabolic phase b, Lb, 40w, 1 49, b, 48, __/“
Cubic phase b, 35, 400w, 13 40, L b, A0, N
Quadratic phase b, 8b, 4wy - 40wy 177 49, b, 42, C::i
P R ———
g, 9y | bg, 0, AQuwy Y149, 0,9,49, _—
; Fopepnpe
AM/PM 9, 9y | 49,9 40wy 1z AR, 99,49, __/____
2 I B
canversion [13 00 393@@ AQ oK . 13 AQA s Q]Oaz}QA M
3 [
0.9, | 80,8, 140w, - 40w, 12 49, 9,0, 49, i

Table 4-1  Phase measurement resalts as a function of cause impairments

815 48

Amplitude results %—S-
With constant sweep range
General s 49,

Cause of fmpairment 'ﬂ—f Wit gpt §"““U—2“] mex Form
Parabolic gain g, qufmzwuz 172 ﬁQA '2_;2‘ AQAE ?_\“
Cubic gain 9, EgngwM? U3 4y 8/8 %‘ﬂQA] 7
Quadratic gain g, 59;AQ2‘”M2 12 49, /8 QLAQAL Q
b, 0, 2,0, 40w,} us b, | 827,949, ::\:.:
A/ PN Shaeﬂ‘muﬁz 13 49, 8/9 b3@ﬂﬁmha 5—::
cgnversion EL% EbieﬁAQIMMz 11 AQ.\ /8 ba@ﬂéQ;‘ Q

Table 4-2  Amplitude results as a function of cause of impafrments

916 .49
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The form of the results depends on the cause of impairment. These are sketched in tables 4-1
and 4-2, in each case for gasigixgrgn, bn and 8.

The type of measured result which cccurs - phase or amplitude - is a further indication of the
cause of the impairment.

The measured results shown in the general case also depend on the test frequency selected

LUM-
For example, the amplitude result increases as a square of the test frequency for coefficient
93. Due to the finite bandwidth of the transmission path, however, limits exist.

If the operating mode “automatic sweep width reduction” {s used, i.e. if fixed sweep Timits of
(4Q, =4Q +£dl}l} are specified, then 4Q in the general form of the results can be re-

placed by (AQ% -LJM). 1t is now obvious that small results must be expected for low test

frequencies and that the result becomes O whenly, = aﬁk.

The cptimum test frequency lies between these values. It §s found by differentiating the
genaral form of the measured resylt, with (éQA —LOM) instead of A%, the equation is then

solved forggm.

For example, Table 4-2 shows that the optimum test frequencywM opt = 2/3 zﬂQA for the

cubic gain g3.

In a further step, the maximum result can be calculated if the optimum test frequency is inser-
ted in the general form of the result for(ﬂM. In the selected example with 93, the maximum
amplitude measurement results éU/UQ = 8/% dy AQAB_

The values for the optimum test frequencies in the operating mode "automatic sweep width re-
duction® {constant expioring width) show that many causes of impairments can be detected only
if high test frequencies are used.

For a system with 2700 charnels this means a test freguency of about 12 MHz. More generally one
can say that test freguencies that are approx. equal to the highest baseband frequencies of the
various mgltichannel radio-link systems, i.e. 5.6 MHz, 8.2 MHz and 12.39 MHz, must be avail-
able.

1f one locks at the characteristic sensitivity curves as a function of test frequency referred
sweep range {figure 4-2), one sees that a test frequency of 5.6 MHz the results are sufficiently
sensitive for systems with 1800 and 2700 channels. As an example we will take the case where an
optimal test frequency of 2/3 of the sweep range is required to find the cause of impairment.
for a 2700 channel system the IF transmission bandwidth is equal to sweep range * 18 MHz. The
optimal test must therefore be 2/3 x 18 MHz = 12 MHz to cbtain an optimal result. At the highest
test frequency of 5.6 MHz, with x = 5.6/18 = 0.31 the sensitivity, y, is stiil equal to 0.46.
This example is however the most unfavourable case that can occur. For other impairments the
sensitivity is very much better.

For in-service measurements one usual only performs distortion measurements at 500 or

555.55 kHz or less, or at the TV colour carrier frequencies of 3.58 or 4.43 MHz. One also
measures the group delay distortion of radic-links and satellite systems using TDMA at IF fre-
quencies.

For this reason, there are no test freguencies > 5.6 MHz provided by the RM-3, instead you

will find the test frequencies for systems with a small channel number.

1} AQA = AQ +w),, means 4F = ﬁFRED + f

M M
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Figure 4-2 Relative measuring sensitivity as a function of the test frequency referred to the
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In the tables: corresponding causes of impairments

For evaluation, the measured results 47 or 49 and AQ/UO are first measured at all available
test frequencies and the curve is recorded. After this, the causes of fmpaimments are
determined with the aid of Table 4-1 and 4-2, this is explained using the following example:

In practical applications, the results shown in Tables 4-1 and 4-2 will gererally not appear in

such a pure form. However, interpretation is possible in most cases.

if a dU/U result thhto M, opt. = 2/3 AK? occurs, and if the shape {s a straight line, then

the cause ef the 1mpaxrment can, on the basis of Table 4-2, be 93, b » 8 or b3 80

If AM/PM conversion alse cceours, then this can be detected clearly on the basis of the characte-
ristic results for bz or b3. If none of the expected 4P results occur, then the cause of the
impairment must be 95
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4.2 Bessel spectrum

So that you wilt be beter able to understand how the RM-5
operates (in particular the hesse! spectrum mode). the following
sactions will give a short overview of the fundamentals of fre-
quency modulation.

4.2.1 Frequency modulation

Radio-relay systems generally use frequency modulation,
which is a special form of angle modutation. The general formula
for an angle-modulated signal is

ulty = Usin (),

For angle modulation, the argument i) is varied in the raythm
of the modutation signal, which means that the above gequation
can be rewritten, with the carrier frequency Qr and varying
phase B{l), as

() = Usinp(t) = Usin [t — ®(b)] 5
where the information is “hidden” in ®{8),

i a sinusoidal modutation signal

witth = hoos (el + g

is used, then P} = neos {ont + @) The variation of the angle
with time is then ‘

() = Df'.f[ =y o8 (ol -+ ) (@

A measure for the magnitude of the phase variation is the phase
deviation v, aiso called the modulation index. As a variation of
the angle y with lime naturally causes a frequency change, then
the instantaneous frequency is

chp(t . . oy
]—P() = Gy 4y S0 fugf+ @) = Q7 2Af sin {ond + o)

a7
The frequency deviation Af is a measurs for the frequency
deviation, This can be calculated, from woy = 27Af, as

The phase deviation or modulation index is thus

At

f

These relationships apply to frequency and phase maoduiation.

The only differences between the two types of modutation are

the following:

- # the frequency deviation Afis proportional to the amplitude
of the modulating signal, then the process is called freguency
modulation (FM). The phase deviation y then varies, as
shown by equation (3) ininverse proportion to the modulating
frequency f;.

— |f the phase deviation n varies proportionally with the ampli-
wide of the moduiating signal, then the process is called
phase modulation (PM).

o=

LAAMMAMARAARAR
AT

Unmodulated carrier signal

/\ Moduiation signal

— t

\ {\Frequency-modulated signal
l HMP‘ f 7@ pki itk
IR M

Figure 4-3 Frequency-modulated signal

Figure 4-3 shows the signal curve of a frequency-modulated

signat.

The frequency spectrum of such a frequency-modulated signal
with sinusoidat modulationis caloulated below. First, itisneces-
sary to obtain the exponentiat representation of the signal. For

the general refationship

e = cog X + | 8inX

itis possible to write the imaginary part as
Jm {e'“ } = sinx.

For the angle modulatad signal in equation (1), the refationship
is thus

o e
u{ty = Jm lUTe IE

if equation {2} is inserted in this equation, then
ity = Jm {UTeJiL‘rt neosfed - } . 5)

The Bessel functions with the order 0, 1. 2,8, ., apply to the
expression e 1 T vl which means that it can be

represented as follows.

g iostt <o) = oy — 2 (n)eos(mnt + @) +
2PRSIcos2unt + 201) —
+ 2Pdyin)cos(Bunt + 3u) +

o

I this expression is then introduced into equation (5), the result
is
utt) = Jm {Us{cosQst + jsinQn{da(n)

— 2iy{mjcos{2int + g =

+ 2R 4mcos(Zut + 204} —

— 2fJainicos{3ont + 3@} +

TR |




As only the imaginary parts must be considered, then

ult) = Uy {dgn)sin Gt -
— 2 (1)cosSt - cos (it + gy} —
— 2J5(3sin Qrt - ¢os {2t + 204} —
— 2Ja(m)cos €3t - cos (Fuwt + 3uy) -1 {6)

With the aid of the general trigocnometrical relationships

COSU COS Pl = Jé [cos {a — B) + cos (¢ + B))

sina-cos = ;— isin (a -~ $) + sin (o + 8}]

and
= CO$X = 8in{xX — )
2
- 8inx = sin{x — )
) 3
COS X = §in {x --E}

itis possible to obtain the spectral compaosition of the frequency-
modutated signal when modulated with the sinusoidal sigral

Uicos{int + q).
The foliowing is true for the FM signal

Uty = Urdo{n} sin €4t +

w Undyin) dsin (@ + ot + gy~

1 2 1t

+ 80 {8 ety - ; ]}+

+ Uw'g{)}){sin ({Ly + 2o+ 20~ 1 |+
+ SN [{Qr — 200t — 20, ~ ]} +

3

+ Urdaln) -{sm (€21 + 3ot + 3oy =

] -+

L (7}

The curve of the Bessel function Jayin}, Ji{n}... for the amplitude
of the carrier and of the sidebands is shown in Figure 4-4.

With the aid of the formulas for the frequency-modulated signal
[equation {7)}], itis possible to derive the vector diagram for a fre-
quency-modulated signa! (Figure 4-5). The vactor diagram for
four different instants in time with a phase deviation
i} = 1 2 57.3% is shown in Figure 4-6. n Figures 4-5 and 4-6,
the vectors of the carrier signal and of the sideband signais of
the 1st and 2nd order are shown. The geometrical addition of
these vectors results in a total vector (resultant vector) which
moves over an arc of £57.3% The generation of this arc is
understandable because the amplitude of an undistorted FM
signal, as shown by Figure 4-3, is constant. The radius ofthe arc
is equal to the ampiitude of the unmodutated carrier signal.

In contrast to amplitude modulation, the amplitude of the carrier
varies in the case of frequency modulation. The carrier
amplitude is 0 when the Bessel function Jy{n) = 0; this is the
case {as can be seen from Figure 4-4) at the phase deviations n
= 2405, 5,520, 8.654.

'

0 ;
D |

0.8 Carrier
Jofn}

XXJ;{\'Q w— 151 order sideband
Gi i

/ / \ \Jz{nhw— 2nd order sideband

|

NARVE.Y AV
VU ADNALA
N \U N~

0 2 & ] 8 0 (PR 1%
Phase deviation n

V.

Figure 4-4 Bessel functions as a function of the phase
deviation 1)

| [FRGH

Figure 4-5 Frequency spectrum and vector diagram of
the frequency-modulated signal for
n = 1 £57.3° with a sinusoidal modulation
signal of f; = wy/2n

Figure 4-6 Vector diagrams a, b, ¢, d at four different
instanis for a frequency modulated signal
with a phase deviationn, = 1 & 57.3° with
a sinusoidai modutation signal
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4.2.2 DBESSEL SPECTRUM AS A FUNCTION OF THE TEST FREQUENCY AND RMS VALUE TEST FREQUENCY DEVIATION

The frequency spectra which result from equation (4} for various phase deviations {y~df ~
UM) are shown for three different test frequencies in Figure 4-7. It can be seen

that the frequency spectrum becomes wider due te augmentation of higher order sidebands as the
phase deviation increases.

In the cperating mode "distortion measurement”, where the compiete FM spectrum is swept with the
sweep frequency within the IF range {depending on the sweep width AFY), the phase deviation M s
always less than one, as only the carrier and the first sidelines are reguired.

For calibration of the rms value deviation meter, and for setting the slopes of modem units in
the operating mode "Bessel spectrum”, a phase deviation 7= 2.405 {first Bessel null position)
is set up:

4F = 2.405 x f, = a“fo; (45 = /AR

Disappearance of the carrier - "Bessel” - on the screen of the RME.5 {5 best seen at the test
frequencies fM = 83.3 kHz {or 92.6 kHMz) and 250 kHz (or 277.8 kHz); see Figure 4-7.

//"/J; a— e “ o v . /,'/’
7 L] opn 0 (helake] 78 2 (el
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4 “f 4 o / T f,
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fz=p . L7 i 7 -
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Figure 4-7 "Bessel spectra" as a function of the rms test deviation aF {or UM) at three test
frequencies; the frequency range displayed on the screen of the RME-5 is approxi-
mately 800 kHz.

4.3 USE OF LOW TES7T FREQUEMNCTIES

The RM-5 has the low test frequencies of 25 kHz (27.778 kHz} and 50 kHz {55.556 kHz). The im-
pertance of these Tow test frequencies in conjunction with a low phase deviation (W< 1) is
shown with the aid of two examples.

4.3.1 MEASUREMENTS ON NARROWEAND SYSTEMS

Figure 4-8Ba shows the group delay T{f} of a test object (narrowband system} with bandwidth B,
together with the frequency triplet of the sampling FM spectra with the

high test freguency fMZ in Figure 4-8b and

low test frequency f,, in Figure 4-8c.
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4.3.

From the ratio of the bandwidth B and sweep deviation JF, it can be seen that sufficient explor-
atfon is not possiblie at the high test frequency fMZ' The group delay behavior of the system

can be displayed with sufficient accuracy only at the smallest test frequency; AF ~B/2.

a) 1i{f] I/ g 2
; / Narrow band system
/
;,/'\_/'\x 8 = bandwidth of system
s '
Z <
- / o
M - T /
fy
[ )
&}

Fu

- }

R SRR RN
—
-
e

fa Foefuy 7
—ml (AF pm— Sweep width at test frequency fitz
b— ki — AF << B Group delay behaviour

z 1 Tan not be determined
quaiitatively

¢l A . 7o) Low test frequency
a ? g/' @ e.q. 25 kHz (27.78 kHz)
2 )
7 N7
j Pl L
'/‘. L : :/ f
“h Fy v
Fos tu

p JF e SWeep width with test freguency fﬁl

AF = _,gm = Group delay behaviour can be
assessed quantitatively

81641

Figure 4-8  Sweeping of a narrowband system with "automatic sweep width reduction” on
a) Group delay T {f}
b} With high test frequency F,

M2
¢} With tow test frequency f,, (<< f )

ML Me

2 _VEASUREMENTS ON SYSTEMS WITH RIPPLE-SHAPED TRAMSFER FUNCTIONS

Figure 4-9 shows the conditions during exploring of a group delay curve T(f) with a rippie
shape - e.g. SAW filter - with two different test frequencies fMl and fMZ {fm < fMZ)'

Figures 4-9a, b show the explored frequency tripiets of the EM spectrum at a given point of the
sweep range (8). If the wvalues for the various spectral lines are considered - particulariy the
upper and lower sidebands - different values for the difference éTi’ ATZ at test frequencies

fMl and fMZ are obvious. The slope “AT/EfM“ is a measure of the resolution. The steeper

the slope, the bhetter the resoiution.
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From this example, it is clear that the fine ripple structure in the group delay curve can be
resolved only with a very Tow test frequency (fMl) and a small phase deviation {M < 1). A test
frequency which is teo high (fmz) would flatten the curve.

— = large (good resolution)

Tl 44
2w

small {bad resoiution)

)

: ; v {ow test frequency
e.g. 25 kHz {27.778 kHz)

i-—fx1 -
f O
et My S

Figure 4-9  Swesping a ripple shaped group delay curve T{f} {wideband sysiem)

a) with high test frequency fMZ
b) with low test frequency fMl

SUPPRESSION OF NOISE BY AVERAGING

If the ¥ signals of two consecutive sweeps {¥§ and Yf+l} are averaged, effective noise
suppression can be achieved, and is an economical solution as far as memory is concerned. For a
specific frequency point Xy averaging is carried out using the following relationship:
Ve =T+ et 7 1
N
: selectable averaging factor 2, 4, 8, 16, 32

M
¥ : average value of preceding sweep (shown on screen)
Y : current sfgnal value {not displayed on screen)

The new average value 71+1 is calculated from the current signal value Yi+1 and the preced-
ing average value Yi‘ Yi*l {or the complete curve) s then displayed con the screen. The
average value Yi determined in the preceding sweep cycle and used for calcuiation in turn de-
pends on the preceding cycte (1-1} (etc.); see Figure 4-10.




Noise averaging can be increased further by increasing the value of N (> 2), as the difference
Yi+1 - ?1 approaches zero; the average values of two consecutive sweeps passes become equal
and the distortion curve becomes smeother,.

This method of noise averaging has the advantage that recording occurs after each sweep cycle

and the result can be shifted vertically on the screen at any time.

; X, X»
Yi digitisation Yi+‘ digitisation
mi“: ' rvs i [-“ViJ
Vi 1 eI, Z 3
Storage ofmggs Storage of 256
Yi points Yi+i points
Averaging of ¥, Averaging of Yo
screen display screen display

Figure 4-10  Basic timing plan for noise averaging

USE OF THE RZ-4 RETURMN LO0SS MEASURING BRIDGE

See also TECHNICAL DATA 1.1.2.7 “IF return loss measurement"

With the aid of the RFZ-4 Return Loss Measuring Bridge (BN $97/00.04), the return loss of coaxi-
al test objects can be measured or swept in the frequency range 10 MHz to 200 MHz. The reference
impedance (characteristic impedance) is 75 Q. With the aid of the RM-5 Radio-Link Measuring Set-
up, return loss measurements can be carried out in the IF ranges 22.5 to 47.5 MHz or 40 to

100 MHz. Matching to all common cennector types is ensured by the conversion system

Versacon /g,
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1 ERROR LIMITS

Aa,

The error limits are a function of the directivity ratio D of the bridge and of the measured
value a_. The value D depends on the plug type and the frequency as shown in Figure 4-11.

Type of comnector

l

ju0
b 16/55: 256
a8 P '
e T e TGN T
,.#—ﬁ:’:aﬁﬁ"‘”
=1

50

4 50 ) 100 128 1 W0 Me 10

Figure 4-11  Directivity ratio D{f) of the a, bridge "RFZ-4"
parameter: type of plug screwed inte Yersacon connector

16: 123

The error limits of the a, measurement {function of ar and 1} are shown in Figure 4-12. A
prerequisite for this is calibration of the Measuring Setup for a,, measurements with a short
cireuit (r = -1} at the measuring output of the bridge and in the required sweep range. See also

Section 3.9.7.2.
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Figure 4-12  Error iimits of a, measurement with the RM-5 after calibration
Parameter: D as shown in Figure 4-11
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ADJUSTING TF MODULES DURING PRODUCTION OR IN

TEST DEPTS,

If the IF level at the IF output of the RME-5 varies too much when IF modules are being ad-
Justed synchronisation will be Jost. Several seconds may go by before sync. is restored and the
X deflection veltage is recovered. If a frequency splitter is used this difficulty can be
avoided. The test setup shown "converts® the IF measurement into a BB measurement by using the
demoduTator ocutput at the back of the RME-5. The sweep signal is input from the generator via
the frequency splitter. The sweep voitage can be any value greater than zero.

!
IF module Uy
] b d
ad Bty
P Frequency splitter
= 25 - L L gRMSE-5) 2 g16/00.10
= %
e T i
Swept, frequency =T & & i
modulated IF signal |in o g “ j
= - /i I =1
o T .

7]

9.

Figure 4-13  Test setup for adjusting IF modules

Set the RME-5 to BB mode ([221}. The deflection signal U, must also be recovered from the 88
signat ([18] Ux (BB)). Ensure that tne phase of the deflection is correct.

Figure 4-14a and 4-14b show the results, a pure IF measurement is used and also when the pres
vious test setup is employed.
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Figure 4-14a IF results

Figure 4-14b  Results for the same ftem under test, but using the setup shown in figure 4-13

Unlike the upper display, no IF parameters and no frequency markers are shown in the Tower dis-
play.

The great advantage of the test setup described previously is that when the signal returns to
the IF input Tevel range, the RME-5 is synchronised.
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INTERMOODULATION NOISE CALCULATION

4.7,

Two test methods are of special impartance for FM radio-1ink systems:

« White noise techniques 2llow one te directly determine the quality of a transmission path.
The disadvantage of this method 1s the 1{mited scope for determining the sources of noise.
Only limited improvements can be made in the noise behaviour of the system by using this

method to perform adjustments.

atign systems and modules to give optimal distortion.

By optimising unavoidable distortion we mean, reducing the intermodulation noise power in the
maximum number of channels possible to at least the permitted values. An extra noise measurement
is therefore necessary to check the alignment.

As there 1s a ¢lose relationship between distortion and intermodulation noise, it would be a
good fdea to try te calculate fntermodulation noise from distortion.

The RM-5 has all the prerequisites to make calculations of this kind: Digitised distortion
curves and a ppP.

The algorithm for calculating the noise must be so designed that the uP will give a result in a
time acceptable to the user,

The follewing sectiens will give the user the theory of the method and describe ts limitations
in practice, so that he can apply the method in the best way possible.

L RELATIUNSHIP SETWEEN DISTORTION AND NOISE

The basis of the method is knowing the transfer characteristics of the system. Figure 4-15
shows the essential elements of an FM transmission system.

i range
2.y, sevaral radic-finks
A

[ e e, e \

BE u u IF AM P 13 t 8B
. o / - S N A b(? SR - ~ f [ Sy
irput et t gl u u Output
Preamphasis  FM mogulator Linaar Limiter FM demodutator  Deemphasis
fransmission
channei

W
Madulation section

Figure 4-15 Block diagram of a FM transmission system

The intermedulation distortion at the baseband output is due to linear distortion i.e. devi-
atfons from flat ampiitude and group delay responses in the IF range, non-linear distortions in-
troduced by ampiifiers in the BB also contribute to intermodulation noise but will net be con-
sidered further here.
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The effects of AM/PM conversion in the limiter amplifiers and the travelling wave tubes also
play a role. Modulator and demodulator non-linearity also contributes to intermodulation noise
but can usually be neglected if the modulation section between the BB ports is treated as a
whola. No modem is present anyway if the If sections are being investigated. Therefore in the
system model the modem is assumed to be ideal.

4.7.2  DETERMINING THE TRANSFER FUNCTION

The transfer function {phase and magnitude) could be determired by using the RM-5 to measure
the frequency respense (API) and the group delay distortion (4T} directiy.

However the sensitivity of group delay measurements is not sufficient and the presence of am-
plitude Timiting circuits makes it impossible to obtain useful results from frequency response
measurements. Also it is not possible to precisely determine the effects of AM/PM conversion.

1t is therefore best to perform distortion measurements on FM systems using differential phase
{49} and differential gain (AU/UO). This is particularly true of wideband, multi-channel
systems. Systems of this kind to prone to intermodulation and so to intermodulation noise even
if distortion is minimal.

The results of differential phase (49} and differential gainAU/uO measurements, are deter-
mined by the frequency respense and the group delay frequency respense of the linear network,
and the effects arising from the combined effects of linear distorticn and non-linear AM/PM con-
version. The first problem te be soived is deriving the transfer function from the 4P and

/}EJ/Uﬂ curves. A formula expressing the relatfonship between the transfer function and 49 or
AU/UO can be obtained after some manipulation and by neglecting terms that are insignificant.
Figure 4-16 gives an overview of this procedure.

4.7.3  THE ACTUAL HOISE CALCULATION PROCEDURE

Using the expression for the transfer function and a system model 1ike the cne in figure 4-15,
the noise power components of the 2nd and 3rd order can be calculated, The caleulations are very
complex and so could only be made using z mainframe computer.

However, if certain test parameters such as sweep width and the test freguency can be taken as
constant, and the standardised system parameters like channel nc. etc. are used, coefficient
tables for each type of system can be calculated on a mainframe computer and stored in ROM which
can be accessed by the RME-5's microprocesser. The noise calculation is then relatively simple,
only invelving the distortion coefficients and the values ip the table. The calculation time is
therefore reduced to an accep%abie length (figure 4-16).

4.7.4 EXPRESSING THE RESULTS OF DISTORTION MEASUREMENTS AS A MATHEMATICAL FUNCTION

As has been mentioned previously, an alegraic expression that gives the best possible descrip-
tion of the results is required, e.g. a polyncmial of the 4th degree.

Each term in this expression corresponds to the lingar, quadratic, cubi¢ and guartic components
of the distortion curve.




Basic caicutation Direct rinise calculation in the AM-5

Relationship between Ag and AW/ Uy and
magnitude and phase (g and b) of the transfer
function and the AM-PM conversion factor k
{ty = measuring frequency}

Qutput quantities
Distortion curves measured with the RM-5as a
function of the frequency:

N

Ag = 1{g, 0, K, ty, ¢ | ® D@fferem%ai phase el
A&’UG em—gf {g. bfi: (f.z, 1} ® Differential gain AU/Ug(w)
T 7
o P— — & &
< s

Apgroximation

Determining the coetficient A, and AU, of
the polynomiat for mathematical description ot the
measured resulls:

Solving for g and b (approximation method)!
g = AL, Ap)
b= f (A, AUUG

The transier function is thus kKnown ® Vo Agy o+ AgpeF 4 Aoy e Agg’
H (o) = gles) - &5 & AU/ = AU o+ AU of +
7 AU o = AW U0
i 7
a < b
Va

Neise caleulation

Relaling the polynomiat coefficients A, and
AU/, with the nose coefliclents L, and M,
B/awW0p = LAy, AU/ Ug, Lo M)

T
|

o

given system and measuring parameters

i, and M.

These coetficients are slored in the noise calcuta-
tion option,

~ <

-

Output of the result

Display of the intermosiulation noise power valies
and the palynamial coelficients {distortion analy-
si) on the screen of the BM-5.

Figure 4-16 Diagram showing the steps in the noise calculation procedure

The metrod of least squares is used to determine the pelynominal. Tests have shown that this
mathod is suitable for curves with some noise and ripple. However, it should be borne in mind
that a pelynomial of the 4th degree will not give a very good approximation to curves that are
very irregular. However ip practice reservations of this kind may safely be ignored.

Figure 4-17 shows the measured curve and the graph of the polynomial that is used to approxi-
mate it. Increasing the degree of the polynomial to cbtain a better approximation would not be
useful as the terms of higher degree could not be uysed to calculate the intermodulation noise.
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Figure 4-17 Measured distortion curve approximated (least squares) by polynomial of 4th
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5 COMPARISON BETWEEN CALCULATED AND MEASURED NOISE

If noise calculation is to be of use, the results must be comparable with the results of white

noise measurements.

When comparing intermodulation neise calculated from the results, the fo??owfng extra noise
contributions should also be taken into account.

- Thermal noise from item-under-test and modulator/demodulator

- Modem intermodulation noise

Both noise contributions can be determined with the white noise measuring setup and modem that

wera used for the reference measurement, see figure 4-15.

A further contribution to the measured noise may arise from the AM/PM cenversion of the demodu-
Tator. This depends on the type of distortion introduced by the item under test and its magni-
tude, as well as the PM/AM conversion factor of the demodulator. The latter is generally small.
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Figure 4-18 Comparison of calculated noise and measured noise

When making a comparison, the errors introduced by the test set (approx. 10%) and the inaccurate
setting of the relative level on the test set {frequency response of relative level) must also
be taken into acecount.

1f there is not a good fit between the measured curve and the approximate curve, one can, as a
rule, expect that the calcutated noise will be too low (see 4.7.4].

The following exampie will show in details how the comparison is made, figure 4-20 and table
4-3.

There 15 a very good agreement between the results. This is shown very ¢learly by the noise
diagram, figure 4-21.

Hoise calculation is particularly useful when adjustments on separate modules are made. Usually
when measurements of this type are made with a white ncise test setup, the noise from the
wideband modem, which can be circumvented, swamps the nofse from the item under test. Noise
caiculation is the only way of obtaining a good estimate for the intermodulation nofse intro-
duced by the IF module while adjusting distortion. There are no effects introduced by the modem.
Other valuable information is obtained from the results of the distortion analysis which are
displayed on the screen with the noise results. The lst to 4th order distortion componenis are
shown. This means that the noise calculation opiion need not just be used for intermodulation
noise but has other applications, e.g. on digital radio-links.
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Figure 4-1% Test setup for comparing calculated noise with measured noise




Figure 4-20a Results of an IF distortion measurament

M -RESULTS-

USED PARAMETERS FOR CALCULATION:
1800 4F% 9.5MHz £,3.5MHz 4p alU

sLor CdB +3dB +6dB
S3kHz! 64 9

BOpckHz:  TEB

7HEO0KHz: 456

DISTORT. 1:.ap+il.7
ANALYSIS 20 +1.23 %
1. T8 4. 32 -B.62 &
ORDER 4 . —-.513

RUN/STOP

Figure 4-20b  HNoise calculated from the results in figure 4-20a




Cenvent. load 0 dB + 3 dB +6 dB
Calculated | Measured Calculated | Measured Calculated | Measured
pCa1. 64 256 1022
PTh 30 78 240
PMcd
534 kHz P 94 102 335 355 1262 1230
\ﬁmmwmm_“f \“wmmm,vw L___._V_w/
~8% -6% +3%
® (.4 dB 2 (.3 d8 % 0.1 d8
9531. 768 3051 12157
P
Th 16 26 51
pMad
3886 kHz Py 782 813 3077 3080 12208 11000
4% -(,4% +11%
= 0.2 @8 = -0,02 dB = 0.5 d8
PCa1. 456 1821 7273
g
Th 1 17 42
PMod
7600 kHz Py 467 417 1838 1820 7313 5890
+12% +13% +24%
2 0.5 dB # 0.5 48 % (.9 dB
(P in pWOp)
Table 4-3  Comparison between calculated noise and measured noise

4-23




4-24

| Ig
I I 3sslskaz
IR I .1 1500 khz EE
5 owyy |-
2
- 534 4Hz
5107
-85 — Calcutated
——— Measured
I
50 -
-5 i 3 of @ 410

Overioad 1eveT wmmer g

Figure 4-21  Graphic comparison of calculated noise and measured noise

i
4
E
i
i
|
|
i
i
i
i
i
I




W N 8, B =B B B o=

=B E =B =

DETERMINING THE AM/PM CLOMYERSION FACTOR USIHNG
TH

Digital radio-link systems often use modulation procedures where a part of the information to be
transmitted is coded in terms of discrete amplitude setps, e.g. 16 QAM. This means that signal
degradation could be caused by compression and AM/PM conversion. Non-linear effects of this kind
are encountered in power amplifiers, limiters and mixers.

Limiters are, of course, only used in sytems with _pure phase modulation, e.g. 4-PSK. However
linéar distortion in the transmission band always means that amplitude modulation is present.
When amplitude modulation is converted to phase modulation, this means that the phase of the
modulation steps is incorrect.

This means that AM/PM conversion and compression must be measured. The following describes a
way of measuring AM/PM conversion using the RM-E,

The noise calculation option for the RM-5 is essential because of its distortion analysis
facility. A network with a parabelic group delay with frequency response and a fiat attenu-
ation with freguency response in the IF range must also be included in the test setup.

The AM/PM conversion coefficient, © in rad/%, is defined by the following equation:

48
g=—2 (1
4y,
1
Aﬁo is the phase deviation in rad at output of the item under test and &Vi is the relative
amplitude in % at the input of the item under test. Sometimes the conversion factor Kp will be
used instead of the coefficient 9.

The approx. relationship between the factor and the coefficient is given by the following
formula:

K, = 666 [grad/as) (2)

AM/PM conversicn measurements can be performed with the test setup aiven in figure 4-22, using
an IF module as the item under test. It is, of course, possible to use the same methed for IF-BB
modules, i.e. FM demodulators. In the latter case, the 8B output of the ftem under test is con-
nected to the 8B input of the RM-5.

gggﬁmfga =l g
%Smmmmgm 8 8
s} oa O good o o o
IF 2
mdl«” e { ; .é = imim s
R B O O o
~ E— | Ry e b
!, mmmmm } 0 i
LTI EeaE 80 oo
s b - BEEE ol 8 o
Network with " Swept, frequency © @ o ooocosoBdes oo =2
parabolic i modulated IF signal o o 0 S
group delay f &S | T =i =
response T T =

Figure 4-22 AM/PM conversion measurements using an IF module as the item under test
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A network with a known group delay/frequency response (parabolic) Tz the units are ns/Msz

is connected between the output of the generator and the input of the object under test, The
amplitude/frequency response of the network must be flat over the bandwidth swept.

A test fregquency in the MHz range, fﬁ, is selected on the generator, e.g. 5.6 MHz and a sweep
width apprepriate to the bandwidth of the system in question. If AN/PM conversion is present,
the differential gain &U/Uo in $/MHz is displayed as a slanting strafght line. The AM/PM con-

version factor can be caiculated from Tz and 4DG,

k, = 10.508 405 (3)
P T T
Where
AbG is in %/MHz
?2 is in ns/{MHz)2
fM is in MHz
Kp is in grad/dB

it is also possible to convert K to rad using equation (2}, in both cases it should be noted
that this approximate formula is only valid for smaili values of Kp {< 5°/dB}.
K
6= -2 {4)
6.6

The test method used is described in IEC 487 and 510 and will also be centained in the new
publications on systems with digital moduiation.

The following steps must be made:

- Connect the RMS-5 with the input of the Tz network and set the sweep with to % B/2 and
select a Tow test frequency of 83.3 or 92.5% kHMz. The test tone deviation Af should be
approx. 100 kHz. theck if the IF frequency response is within + 0.05 ¢B and calculate T2 in
the following way (step 1, figure 4-22).

T, = 4T/
- Switch on the automatic sweep width reduction facility {[5] SWEEP REDUC.)} and select a test

frequency fM in the MHz range {about 1/2 to 1/3 of 8/2) and determine the linear component
of differential gain as described below.

To eliminate the intrinsic error of the test setup, two different reference measurements
should be made, depending on the frequency range of the item under test {IF or BB).

The linear components of the differential gain (AU/UQ)1 are determined using the noise

calculation option’s distortion curve analysis facility. The jtem under test is disconnected

but the group delay network §s im place {step 1, figure 4-22).

Jation's options distortion curve analysis facility. The item under test {FM demedulator) is

connected, no group delay network.

- Determine the linear components of the linear gain as above but this time with the item
under test and the group delay network connected in tandem (step 2, figure 4-22).
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Calculate the difference between the two components

z?U/U0 = (,45EJ/U°)2 - {dﬁ/uo)l
Calculate the linear component of the AWUO result 1n the following way:
406G = AU/UO/B - 2fy, [%/MHz]

calculate the AM/PM conversion facter 1n grad/dB:

Ky = 1051 A5,
T2 fu
Example:

The AM/PM conversion factor of an IF module is to be measured. Figure 4-22 shows the test setup.

As figure 4-23 shows, the amplitude frequency response is within + 0.05 dB. The T2 valie
of the group delay network is calculated using figure 4-24 and is equal to 12.8 ns/
12 MHz)% = 0.089 ns/MHz°.

Without the item under test but with the group delay network connected, determine the linear
component of differential gain AU/UC'}1 (fM = 4.43 Mz and 4F = + 7.6 MHz when the auto
sweep reductien facility is on). Figure 4-25a shows the results for di fferential gain and
figure 4-25d the linear component with

(ﬁU/UQ)i = +(.689%

With the item under test connected (AU/UG)2 is determined {figures 4-25¢ and 4-25d):
(.ﬁlU/LﬁO)2 = -0.546%

The difference is
Jeaurs ) §= | (-0.588% - 0.639%) | = 1.2633

The linear component is therefore
ADG = 1.253%/§24 - 2 x 4.43) = 0.083%/MHz.

The AM/PM conversion factor is therefore:

0.083
Kp = 10.51 x = 0.5%/dB

0.089 x 4.43°
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Figure 4-23

Frequency response of the group delay neiwork

Figure 4-24

Group delay frequency for group delay network
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Figure 4-25a

&

Differential gain of test setup without {tem under test

IMPROPER PARAM. SETTING

_ g AFF A EMHz £, CiHz ws A

Figure 4-25b

% Al .68
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Distortion analysis of results from figure 4-25a




Figure 4-25c  Differential gain when {tem under test is connected

‘NOISE CALCLLATION ~RESULTS=
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Figure 4-254  Distortion analysis of results from figure 4-25¢
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5 fFUNCTIONAL TEST, MAINTEMNANCE,ETC.
5.1 FUMCTIOHNAL TEST
The functions of the RM-5 that are relevant for its main applications are tested with the gener-
ator section and the receive section in back-to-back mode {5.1.2}. A functional test determines
whether the instrument is performing to the specifications given in the data sheet and whether
the error limits are OK. The instrument settings given in each section may not necessarily cor-
respond to the worst case. The shert, double-screened 76 Q cable, delivered with the RM-5 should
be used to perform the measurements.
I¥ the RME-5 is fitted with the xy plotter interface or a video printer is avaiiabie, it is a
good idea to list the test results.
So that one can determine which Tnstrument fs responsibie for a fault, the most important
characteristics of the generator section should be tested with a calibrated attenuator and a
frequency meter. These measurements preceed the back-to-back measurements (56.1.1).
N.B. The measurement should be carried out after a warm up time of 30 min. The function test
uses test and sweep freguencies that are generated internally.
5.1.1  CHECKING THE GENERATOR SECTION OF THE RMS-5
5.1.1.1  IF output level
Required test equipment: Calibrated level meter {e.g. EPM-1 with TK-10 test probe from W&G)
RHS-5 settings:
[el, [21 : 0 dom
{91, {23 : 70 Mz {35 MHz, 140 MHz with appropriate ootion)
131, 21 UM =  my
[10] s JF =0
[4], [14]1: any
- Calibrate the calibrated level meter at O dim, zin = 75 9
- Connect the calibrated level meter to connector [1]
- Required reading on level meter: < + 0.15 dB {+ .15 dB at 35 MHz, % 0.25 d8 at 14C MHz}
5.1.1.2 BB output level

Test voltage UM

Required equipment: calibrated level meter [(e.g. EPM-1 with TK-10 test probe from WEG)




[13], [2] : Uy = 0 ¢em (= 274 mv)
[10] : UA =0y

f4] : fM = 92,6 or 83.3 kHz

- Set the calibrated level meter to 0 dBm at U, =75 9]
- Connect the calibrated level meter to connector [17]
- The level meter must indicate 0 dBm + 0.5 d8

- Call up test frequencies under [4}

- In each case the reading must be: O dBm + 0.5 d8

i

Sweep voltage UA
Required test equipment: Calibrated level meter (e.g. EPM-1 with TK-10 test probe from W&G)

£131 [2] Uy = -75 &Bm {approx. 0 mv)
{103, £21 : 4y = o v

Set calibrated level meter to 0 dBm at Zin =758

Connect a 9.03 ¢B attenuator (accessory) to connector [17]

Using the arrow key @ 2] increase the sweep voltage EA until the level meter indicates
0 dBm

- The §A dispiay {B} must 1ie within the range 1,100 V + 0.035 V.

.1.3 IF centre frequency (standard frequency, whole IF range)

-6

Required test equipment: frequency counter to 200 MHz, error < 107% of displayed value.

(31, {23 70 MHz (35 MHz or 140 MHz option fitted)
(101 : 4F = g Mz
[131] : Af = 0 kHz
(8], (2} Pip = 0 &

- Connect the input of the frequency counter to connsector [1] of the RMS-5,
- Use the settings in the following table to perform the appropriate measurements:

35 MHz range 70 MHz range 140 MHz range

{option) {option)
Frequency 22.5, 25, 30, 35, | 40, 45, 58, 70, 90, 110, 122, 140,
settings [2], [9] 40, 45, 47.5 MHz 82, 95, 100 MHz 158, 170, 190, 200 MHz
Error Timits + 10 kHz + 20 kHz + 40 kHz




. . . S, 8. @8, 5. W, .. . . e . e e e e @l @6

5.1.

[£2]
1
[¥%)

1.4  Test and sweep frequencies

5.1,

Required test equipment: frequency counter {see 5.1.1.3)

Test frequencies

RHS-5 settings:

(133, [23 : Uy = O dem

[103 p O, =0V

fi23 H UMEX? = OFF

- Connect freguency counter to connector £17]

- cal) up all test frequencies under key pad [4], see table:

Key down {LED om) Display on frequency meter {in kHz)
fiu {series 1) iy lseries 11} fu {series I} fu {series 11}
"27.7" "75" 27.778 + 0.0006 | 25 + 0.0005
"E5.5" 1ol 55.556 + 0.0011 50 + 0.0010
"92.6" “83.3" 92.593 + 0.00185 83.3 + 0.00167
T 250" 277.778 + 0.00556 | 250 ¢ 0.00500
*H55" Y5007 555,55 + {,0120¢ | 50C + 0.01000
“2400" 2400 + 0,048
"5800" 5600 + C.112
Sweep freguencies

Switch frequency counter to average period display mode.

RMS-~5 settings:

[13], 2] : Uy = -75 dBm {approx. O mv}

(101, f21 : 0, = 1 v

A
[141 : 18 Hz, frequency counter dispiays average period = 55.556 + 1.111 ms
[14] : 70 Hz, frequency counter displays average period = 14.286 + 0,286 ms

2 CHECKING THE RM-5 {RMS-5 AMD RME-5 IN BACK-TO-BACK MODE)

5.1,

2.1 BB-BB distortion measurements

- Connect connector [17] (RMS-5) with connector [271 (RME-5)

Intrinsic

distoertion

Settings
RM5-5 RME-5
{133, [23: Uy = -10 dBm [231: B8 mode

{103, [23: UA = 1Y

[2] : 47, 4¢ measurement,
measgrement range 0.2 ns/D

£a] ¢ fy = 855.5 kiz (500 kHz) f16l: AU/UO measurement,
measurement range 0.1%/0
[143 ;70 Hz [51: averaging factor 4
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- AT+ and 4U/U, resuit shifted in the display area (POSITION [1], [93) §
- Evaivate result and select each test frequency in return
Intrinsic distortion limits
4T: <£0.05 ns; Aip: < 9.05% rad; .{EU/UD 1 <0.02%
{only for fy > 1z}
Intrinsic noise
Settings
RMS-5 RME-5

(i3], (27 : Uy = 30 dém (5] : averaging factor 32
Intrinsic noise limits {peak-to-peak)
AT{at 555 kHz or 500 kHz): < 0.1 ns AU/HO, dp/rad: < 0.05%

When selecting the test frequencies with the RMS-5's key pad [41, check the frequency values
shown in the upper Yine of the RME-5's screen.

5.1.2.2 IF-IF distortion measurements

E

Settings

RUS-5 RUE-5

{81, [2] : 0 ¢Bm (IF level) f2z]: IF mode

[91, [2] : 70 #Hz (35 NHz, 140 MHz, [213: 70 MHz (35 MHz, 140 MHz,
when optien is fitted) . when option is fitted)

(103, [2] : 4F = 12 MHz (sweep width) [2] : 47, 4P measurement

measurement range 0.2 ns/D

(131, [21 : 4f = 500 kiz {10]: AU/UD measurement

{141 1 70 Hz Measurement range 0.1%/D

[4] Py 555.5 or 500 RHz [5] : averaging factor 32

~ Connect connector [1] (RMS-5) with connector [25] (RME-5)
- Position AT- and dU/Uo result on the screen (POSITION [1], [9])
The measurements should be made for two sweep ranges, see table.

Intrinsic distortion 1imits:

T 2)
IF 4F fy < 1 Mz fy > 1 Mz
1)
4T dB/UO 49 4u/u,
35 MHz + 5 MHz < 0.5 ns <0.2% - -

+ 10 MKz < 2.0 ns <0.8% - -

70 MHz + 12 MHz <04 ns 20.1% < 0.5% rad £0.2%
* 25 MHz <1.0ns <0.3% £ 1.0% rad <0.4%

140 MHz + 18 MHz £0.3 nms <0.15% <*0.5% rad <0.22
+ 30 MHz - £0.3% 2 1.0% rad 2 0.4%
+ 40 MHz <1.C ns

1} at 555.5 or 500 kMz
2) Automatic sweep width reduction




5.1,

Intrinsic noise {peak~to-peak}, averaging factor 32, sweep width 0.2 Mz
at f = 555.5 or 500 kHz: 4T < 0.1 ns; éﬂ/U < 0.05%
at fM > 1 MHz and 4f = 500 kHz: 49 < 0.05% rad, 4u/u; £ 9. C5%

e e s B B S B ¥ K. B, &2 B 8o

2.3 IF frequency response measursment API and AP,I

IF-fre quency respoense 4 PE {frequency response correction [19] off)
Settings

Rs-5 RHE-5

[83,.[2] ¢ -10 dBm (IF leve! PI) . f223: IF mode

(91, [23 : 70 MHz (35 MHz, 140 MHz £21]: 70 MHz (35 MMz, 140 MHz
with cptions fitted) with options fitted)

{101, [21: JF = 25 wuz [23 : éP{ measurement,
(10 MHz at 35 MHz IF, measurement range 9.1 &8/D

50 MHz at 140 MHz IF)
{131, (21: Uy = -75 dim (approx. O my)

- Connect coanector [1J (RMS-5) to connector [25] (RME-B), use a short cable
- Pesition the éPI result on the screen using the arrow keys and note result, cf in the fol-

Towing table.

Frequency response APE Timits:

Ir AF 4P,

35 Miz .+ 5 MHz +0.25 €8
+ 10 Mz + 0,25 dB

70 Mz + 25 MHz + 0.1 d8

140 MHz * 50 MHz + 0.2 d8

Set the IF level ¢n the RMS-5 to -20 dBm and note the dPI result, of table.

IF fregquency response APII {selective}

- Settings as forldPI measurement, but select APII result on the RME-5 (e.g. under [21},
measurement range 2 d3/0

- Connect connector [1] (RMS-5) to connector [26] (RME-5),

- Connect cornector [7} (RMS-5) to connector [25] (RME-5).

- Position éPII result with arrowed keys {1} on the screen and note result, ¢f following
table,

If 4F P

35 MHz * 10 MHz + 0.6 d8
70 MHz + 25 MHz +0.6 dB
140 MMz |+ 50 Mz +0.7 d8

5-5
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§5.1.2.4 IF level and freguency deviation measurement, including calibration

~ Carry out calibration as described in 3.6.7.

Check the IF level display:

- Set the IF level on the RMS-5 to -10 d8m ([81, f21)
- Select the IF counter function on the RME-5 [4]: the displayed level value must not 1ie out-
side the range -10 to + 0.5 dBm.

5.2 VYERSACON C:)S UNIVERSAL CONNECTOR SYSTEM

The coaxial signal inputs and outputs are fitted with the Versacan(:>9 Universal Connector
System by Wandel & Goltermann {figure 5-1}. This means any one of the connector types shown be-
Tow can be used without the need for soldering. The appropriate connector insert can be fitted
to the universal connector (fixed to fnstrument) with a special key (in accessory compartment at

back of instrument).

b

Versaccn®9 Lemo BNC 1.6/5.6 2.5/ 6 1.6/ 10 558 A 470C

Western Electric

Figure 5-1 The Versacon<:)9 connector with some of the available inserts

5.3 MAIKRYENANCE ETC.

The RM-5 does not need any special maintenance, as long as it is treated carefully. The closed
housing protects the circuits even when the RM-5 is in transit. In this case, 1t is a good idea
to use the SD-3 {&MS-8) and the SD-6 {RME-5) covers to protect the instrument.

If the RM-5 is to be shipped over Tong distances or under severe conditions the TPK-3 {RMS-5)
and the TPK-6 (RME-5} transportation cases should be used.
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MECHANICAL CONSTRUCTION

dfﬁ& Cautien: Disconnect from mains before opening the Tnstrument! The instrument must be
switched of f when fitting or removing subassemblies or other devices.

The dimensions of the housing comply with GIN 41 434 and the American standard ASA C 83,9, The
fnstrument can therefore be fitted in a 19" rack -{see 3.1.2.2). The cover, the floor and the
sides of the instrument are made from robust aluminium castings. Six Allen head screws are used
to hold these components together.

! The Allen key supplied with the instrument can be used to undo the screws. The key is in the
accessory compariment at the back of the instrument.

The subassemblies of the RMS-5 are arranged in three levels, the upper and lower subassemblies
are accessible when the top or bottom of the instrument are removed. The middie subassembly can
be removed from the back of the instrument when the covering plate is removed.

When the top of the RME-5 is removed, the complete chassis including the front panel and the
back wall can be 1lifted out.

It shoutd be noted that the chassis is connected by several cables to the power supply which is
fixed to the righthand side panel of the instrument.

As 211 important subassemblies im the analoy and digital sections (plug-in-boards} are arranged
verticaily as seen from the back panel {see figure 5-2), it is a good idea to leave the chassis
in the housing when replacing any boards and simply remove the back panel, It is then simple to
extract the board.

A detailed description can be found in the Service Manual.




STot for XY plotter interface

{fitted)
or IEC 625/1EEE 488 interface
Power supply IF section {options)
BB section Monitor

Data retention ¥ generator CPU board
patteries BB level meter
Frequency regulating . . Monitor control
circuit Device interface 11

Slot for the noise calculation
or INTELSAT tolerance mask
boards {options)

Figure 5-2  Arrangement of subassemblies in the RME-5 (back panel removed)

Device interface 1
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5% RETROFITIING QPTION BODARDS
The following option boards can be easily retrofitted from the back of the instrument:
RMS-5: <IE( 825> interface board, BN 958/Z1 } Position N, see figure 3-3b
RME-5: <]EC 625> interface board, BN 853/71 } Position P, see figure 3-4b
XY plotter interface, BN 917/00.01
Noise calculation board, BN 917/00.11 Position @
INTELSAT tolerance masks, BN 917/00.12 } see figure 3-4b
N.B.: In the case of the RME-5 only the IEC 825/IEEE 488 interface and the XY interface or the
noise caleulation board and the INTELSAT tolerance mask board may be inserted in the two avail-
able slots. if you want to it the noise caloulation and INTELSAT tolrance mask opticns to
series D iristruments the softwars must alsc be replaced.
To insert the option board first remove the dummy panzls, insert, and fix with fwo screws.
A somewhat different procedure has to be ussd fo fit the XY plotter interface or the
1EC B25/1EEE 438 interface. The board [917-AW1] is fixed to the dummy panel by means of a plate.
The hoard can be released by removing two screws, the board is then attached to the interface
board. Using the two wire attachments that are supplied with the instrument, a stable mechanical
connection can be made between the boards. Both boards can then be inserted into the instru-
ment .
56 RFETROFITTING THE RME-5 WITH A FAN

When the RME-5 is used in environments with a high ambient temperature {e.g. 19" racks) it is

advisable to fit the instrument with a fan. The retrofiiting procedure is very simple and can be

carried out by the user himself.

- Remove the plate from the RME-S5 {see 5.4).

- Remove the upper part of the back panel covering plate {5 screws).

- Remove the two dummy panels (marked BN 817-18.1).

- Fit a plate with screw threads above and below each of the fan openings that have been ex-
posed (4 plates each with & M3x8 screws}.

- Fix the tube behind the righthand fan opening with 4 M3x6 screws.

- Fix the fan (4 captive screws}.

- Replace plate,




5.7

Removal of NiCd batteries when scrapping the RME-5/RM3-5

Instructions are given below for removal of the NiCd batferies used in the RME-5 and RMS-5. Please heed the
safety precautions found in the section entitled "Opening the instrument" {p. 2-5).

RME-S

The batteries are located in a compartment on the back panel of the instrument {see figure 5-2, page 5-8}.
Remove both Phillips scraws and pull out the holder. Remove the batteries from the holder and dispose of
them as described in the section on envirormental protectien.

RM5-5

Set the instrument on its left side panel.

Loosen the screws between the right side panel and the cover or bottom.

Returr the instrument to its normal position and remove the cover completely.

Disconnect the cable between the power supply and housing module.

Lift out the housing module so that the right side panel with the power supply can be removed on the
side,

Remove the NiCds from the holder an board $18-BT of the power supply.

7. Dispose of the batteries as described in section on environmental protection.

U o BN e
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Help to protect our enviromment

The batteries contain heavy metals which may represent an environmental hazard when they are disposed of at
the end of their useful life or when the instrument is scrapped.

Dispose of the batteries by returning them to the appropriate collection point for used batteries, or to a
company specializing in the recycling of such items, or to the place where new batteries are purchased.
Batteries purchased from Wandel & Goltermann can be returned te your nearest W&G service center.




