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AF Demodulation conoosocaoooeeoooeoeeeeneeoaeeoooooc.-sa-e 5.41
Attenvator Control (Y13) ecessccoccicscassennnossesascoee So42
Supply Voltages ..c-ooaooeo.eeeaessosseseeooeeaascoeoesoec 5,42

5,44
5.44
5.45
5,46
5.46
5.47
5.49.
5.51
5:.51
%.51

Power Supply ---eoconosocnncecemeo&eeeenoooancaoo-emo
Access to Circults naccn.snooaoeeaasamelaceseseao-oso
Adjustment of Reference Voltages coceccecivccscacanss

Notes on’ Troubleshoatlng ©esescecotvcossrsccrocansne

Checking the Recorder Gontrol Board viscececroncossss

Checklng the Demultlplexer tescesvcsesencccresa e on
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5.3.1.16.3
5.3.1.17
5.3.1.18
5.3.2

- 5.3.2.1
5.3.2.2
5.3.2.3
5.3.2.4
5.3.2.5

. 5.3.2.6

5.3.2.7
5.3.2.8

5.3.2.9
5.3.3
5.4
5.5
5.6

Checking the External Reference Switchover ....c.veveesses
Motherboard (YIB) c---ooo‘noo. --------- LIE I R B B B S I
RF Attenuator (¥16) ...ccvvivrrrrosonnccsnnsonencrsnsnnonns

OverallAdeStment tcn‘ooo-o_oo-o-----'-.-oov-o--n.o-no-no'n-.

-Checking the Supply Voltages ........ tetesscaesnaseannasss

Checking the Gain of Mixers 1 + 2 (YQ} and Mixer 3 (¥I1) .

‘Checking for EQual Gain with the Various Bandwidths ceeene

Adjusting Filters 15 and 16 (¥B) .ececcenvereceonoenn boaene
Checking the Reference FrequUenCy .ceecescescassossnssocans

Adjustment of Calibration ..oeecesvessccvonrotnsosenconncs

" Checking the CISPR 3 Weighfing Circuit .,;.5. .............

_ Pulse Calibration (CISPR 1) over Frequency Rangé :
> 150 KHZ <eveoocnnncocon Cerienretesneoaaens e even
Checking the_CISPR-i Weighting CIizeuil ccvecvervasvnsoneas
Final Check of the Receiver Performance Data ..... _..;.:...
Electrical Repair ...ceceveeverseionronosssoonaas f...;.;..
Mechanical Repair........ seacsssosansansan seesardsirassans
Spare Parts'....,....,.;....,.,.....a.;.3;..;.;..e ..... “ee
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3. Maintenance

3.1 Measuring Instruments and Auxiliary Equipment Require&

For the measuring instruments and auxiliary equipment required see Table 5-17

in the appendix.

3.2 Performance Check

The performance check must be made only after the functional check in
accordance with section 2.2.4 has been carried out, to avoid carrying out

S

a performance check on a faulty receiver.

3.2.1 Checking the Accuracy of the Level Measurement

The accuracy of the level measurement of the Test Receiver ESH 3 is
determined by

- the accuracy of the calibration generator,

- the accuracy of the internal attenuator, and

- the accuracy of the A/D converter path.

The permissible resulting total error (assuming that an adequate signal-to-

noise ratio is ensured) in avérage or peak value modes-is < 1 dB. For

checking, set the measuring times to the standard values {8.1 s; 1 s) by
means of the MEAS. TIME key 37.

3.2.1.1 Checking the Level Indication in the 20-dB Operating Range

a) Average value:
Settings on the ESH 3: Operating range 33: 20 dB
Indicating mode 35: ° AV.
IF attenuation 40, 41: 40 dB*
RF attenuation 40, 41: 50 dB

IF bandwidth 5: 500 Hz (model 52)
o . <1 kHz (model 56)

Calibrate receivef ié
Apply sinewave signal of 78 dBuV 0.1 dB in the frequency range
from 10 kHz to 29.9999 MHz. |

Nominal indieation ....... e e it 78.0 dBuv

*
The IF attenuation I = IF attenuation, R = RF attenuation and Ploﬁer =

lower level of operating range is derived from the formula I/dB = + 30-R

Plower
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- 4)

Feak value: _ _
Settings on the ESH 3:  Indicating mode 35:  PEAK
' "~ IF attenuation 40, 41: 40 dB
- RF attenuation 40, 41: 10 dB .
 IF bandwidth 5: - 10 kiz
. Calibrate receiver (15) '

Apply pulse signal‘éf_78 dBuV/MHz,.pulse repetition freqﬁenéy 100 Hz,
to the RF input of the ESH 3 (gd) ‘(corresponds to a setting of 48 4B
with the Schwarzbeck CISPR 2/4 standard pulse generator)

Nominal mdication With fin >1M{Z CUBTBIERSEEDO D 3830 ngJ.V

Permissible error of level indieation ceccoaean T2 3B

Pulsé speciral density:

Settings on the ESH 3:  Indicating mode 35: MIL,

(A1l other settings same as under éecticn 3,2.1.1b)

Nominal indiéation cascsarsciisecnnsasensosoee (0.0 dBuV/MHz

. . o . < o
Permissible reading @ITOT ...csoccscssssscssscs -2 4B

' Chécking the scale aeccuracy and the analog level indication:

Settings on the ESH 3: Same as under section 3.2.1.1a -

- Test setup:

]

ESH 3

Reduce the level by 20 dB by switching the external attenuator in steps

of 1 dB starting at full- scale analog indication.

Check_the light dot of the analog level 1ndication
from maximum to minimum (left-hand scale end).

Check the scale aceuracys

Permissible scale error of 13 _ _
in upper half of operatlng TANEE vecscocccace £ 0.2 dB
in lower half of operating TNZe covscnsssses S 0.3 dB
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3.2.1.2

a)

b)

c)

Average value:

Settings on the ESH 3: Indicating mode 353: AV
IF attenuation 40, 41: 40 4B
RF attenuation 40, 41: 30 dB or 10 dB

IF bandwidth 5: 500 Hz (model 52)
: 1 kHz (model 56)

. Calibrate receiver (jé)

Apply sinewave signal of 78 dBuV %0.1 dB in the frequency range
from 9 kHz to 29.9999 MHz. "

Nominal indication .....ueeveercoccccaoeoassccennnses 78.0 dBuv
Permissible error of level indication .........cecnn <1 dB
Peak wvalue:
Settings on the ESH 3: Indicating mode 35: PEAK
IF attenuation 40, 41: 40 4B
RF attenuation 40, 41: 10 dB
_IF bandwidth 5: 10 kHz

. Calibrate receiver (15)

Apply pulse signal of 90 dBuV/MHz, pulse repetition frequency 100 Hz,
from a standard pulse generator to the RF input 45 of the ESH 3
(corresponds to a setting of 60 dB with the Schwarzbeck-CISPR 2/4

standard pulse generator).

Nominal indication with fin = 1T MHz ......ccc00a000 50.0 dBuv

Permissible indicating error .....cciiiinneonsnrenss < 2 dB

Pulse spectral density:

Settings on the ESH 3: Indicating mode 35: MIL
(All other settings same as under 3.2.1.2b)

Nominal indicatiorn ..uiveeevrerrscnncnrrrarananasen 90.0 dBuV/MHz

Permissible reading error ....iiveeeisosisianenncans < 2 d8
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d) Checking the scale accuracy and analog level indication:

- Settings on the ESH 3 Same as under section 3.2.1.2a
Operating renge 33: 40 dB or 60 dB

Reduce le§e1_by 40 or 60 4B by switching the external attenuator
in 2-dB steps starting at full scale deflection of the analog
level indication. . ' -

Check the light dot of the énalog level indication from maximum
to minimum (left-hand scale end).

Checking the seale adcuracy:

Permissible scale error of 13 ...ooscocceccoceassces < 1 dB

3.2.1.3 Checking the Level Indication in the CISPR (Publication 3)

Mcde of Indication

Settings on the ESH 3; Receive frequency: < 150 kHz
| Indicating mode 35: CISFR
Attenuation 43, 42: AUTO, LOW NOISE

Pulse generator
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The pulse generator (pulse repetition frequency 25 Hz)} supplies the
standard pulse required in compliance with CISFR 3
(EMF 1.35uVs = 5.4 V- 250 ns; 2 = 50 §1}

out
Nominal indication =  eeeeccesoecocevesoase 40.0 dBuv
Permissible reading €rYrOr  c:csscccevescess *1dB

When varying the pulse repetition frequency as shown in Fig. 5=-9
the indication on the receiver must be within the tolerances specified,

3,2.1.4 Checking the Level Indication in the CISPR (Publication 1)
Mode of Indication '

Settings on the ESH 3: Receive frequency: > 150 kHz
Indicating mode 35: CISFR
Attenuation 43, 42: AUTQ, LOW NOISE

Ceonnect standard pulse' generator which supplies a standard pulse with
an EMF of 0.316 uVs (Zout = 50 Q) and 2 pulse repetition frequency
of 100 Hz to the RF input 45.

Nominal indication veeeereesensernnecansoss  60.0 dBuV
Pefmissible reAdINg ETTOT  covvesrcoravoncss tias

When using the Schwarzbeck pulse generator IGU the following should
he taken into consideration:

The IGU pulse generator supplies a pulse of 0.044 uVs (EMF) in compliance
with CISPR 2/4. The difference between this pulse and the CISPR 1 pulse
is =17.12 dB. The indication on the ESH 3 is, therefore, correspondingly less.

When varying the pulse repetition frequency as shown in Fig. 5-10
the indication on the receiver must be within the specified tolerances,
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F.2.1.5 Checking the Generator QOutput

Je2.le5el

Checking the Generator Qutput in the TWOPORT Mode

Settings on the ESH 3: Mode of operation 38:

TWOPCORT

Connect the RF Insertion Unit URV-Z2 of the URV 4 to socket 44 and

an RMC Termination to its output.

Nominal indiecation on the URV 4 .

Permissible deviation over entire receive frequency range

3.2.1.5.2

P26 BHREEOEB0EA

-27 dBm

ceDEOees

03 dB

Checking the Generator Output in the REM. FRFR. Mode

Settings on the ESH 3: Operating mode zéz_

Connect a counter with a sensitivity of < 10 mV to the'generator output &ﬁ.

Apply a signal of a known frequency,

e.,g. from & sound broadcasting station,

to the RF input ﬂg. The frequency read out on the counter must not vary

when tuning the receiver between the -3-dB points of the IF pass band.
Select the IF bandwidth to mateh the modulation and the channel spacing.

[ B Flamaled e
[~ . L

z
-

Settings on the ESH 3: Indicating mode 353
Operating range J33:
IF attenuation 40, 41:

IF bandwidth 5:

RF attenuation 40, 43%:
Measuring time §Z;

Same test setup as under section 3.2.1.1d)

AVB
20 dB
40 4B

500 Hz {model 52)
1 kHz (model 56)

5C dB
0.5 s

Tune the 31gna1 Penerator (1eve1 118 dBuV) to the receiwve freouencv of the

ESH 32, Set the attenuator to C dB. Set the level
such that the indication on the ESH 3 is
Increase the attenuation in steps of 10 dB and
reduce the ESH 3-RF attenuation setting stafting
from 90 dB and check deviations from the rated
indication.

Deviation

R 43568-3.6

oooooooo

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

on the signal generator

118.0 dBuv.

e 90




3.2.1.7 Checking the IF Level Switch

Same test setup as under section 3.2.1.1d)
Tune the signal generator to the exact receive frequency of the ESH 3

(level approx. 78 dBuV).

Settings on the ESH 3: IF attenuation 40, 41: 40 4B

RF attenuation 20, 41: 40 aB

IF bandwidth 53 200 Hz
Set the attenuator to 10 dB.
Set indication to .. ..vveeveeacsossovosssoascvane 68.0 dBuV

Reduce the IF attenuation of the ESH 3 in steps of 10 dB and increase the

attenuator setting accordingly. Check deviation from the original indiecation.

Permissible de‘iiation OOQQCQIGBUGQHCQ.U‘ICISI SOO;dB
3.2.2 Checking the Analog Readouts
Fe2.2.1 Checking the Analog Level Indication
Settings on the ESH 3: Indicating mode 35: AV,
Operating range 33: 20 dB
IF bandwidth B5: 10 kHz

IF attenuation 40, 41: 30 dB
RF attenuation 40, 41: 10 dB

Heceive frequency: 1 MHz
Same test setup as under section 3.2.1.1d)

Tune the signal generator to the receive frequency of the ESH 3 (level 40 dBuV)
and set the attenuator to 10 dB.
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Check the LED light dot  ..eccocssccsessoscsnsans

Increase the attenuation to 20 dB.
Check thel&EDlight dot ® 9 R DR O OCE D E 0L EREODD DO PG

Increase the attenuation to 30 dB.
chéck the LED 1ight dot e D e DO 0D PO 0T ORO 08 D0CDE OIS

Inerease the attenuation to 40 4B.
check the LED light dot e 008 oD OO RE VLD EDRE O SOCESE

Set the attenuator to O dB.
Cheek thelEDlight dot 08 &€ 6 8BS0 50 O0I0CR S ED SO0 S8

right-hand scale end

scale centre

left-hand scale end

MIN. LED lights

MAX. LED lights

3.2.2.2 Checking the Analog Frequency QOffset Indication

Settings on the ESH 3: Same as uﬁder section 3.2.2.1

Calibrate receiver (15)

Check the 1igh‘t dot DDDDD * A b s PP T e OCPRD D

Tune signal generator to a frequency 5 kHz below
the receive freguency. - :

MNla T Flma T OETY $ alnd AT e
A LR L Y] 28 MO0 D SO BLCHCEPEEEDORED

. T4
LIGGD WILS  LJiulLsf .J-.Lé-l'.l

Tune the signal generator to a frequency
5 kHz above the receive frequency.

Check the LED light dot ...ceacensvcovscocasccnce

323 Checking the Special Functions

scale centre,
CENTRE LED lights

right-hand scale end

3.2.3.1 Checking the Modulation Depth Measurements

Settings on the ESH 3:
Operating range 33:
IF bandwidth 5z
IF attenuation 10, 41:
RF attenuation 40, 41:
Calibrate receiver (15}
SPEC. FUNC. 11:

R43568 -3.8

20 dB
10 kHz
40 4B
40 aB

i‘i'.\[ O"




Apply signal to RF input _1_&_5 of the ESH 3 (fr_equency:ngH::,, level = 68,0 dBuv,
modulation depth 508, fj,q = 1 kHz).

a) Modulation depth m: SPEC. FUNC, 11: "21"
. Nominal indication o H O e b e d 8 E D OHCHASESEDEPOORSY AR e 50% m

Permissible deviation of the indication ...secscecee =5 digits

b) Positive modulation peak m+: SPEC., FUNC. 11: "20", "23"
Nominal indication lllllll e O FDD LD PSR S SR PE SRR e 50%“]-!-

Permissible deviation of the Indication .ceosecescccree = 5 digits

c) Negative modulation peak m-: SPEC. FUNC. 11: ™22", "25"
Nominal indiCation & D3 e s 8 d o Sp AR OO IR RSESEOEFOE PO CD R I 5O%m—

Permissible deviation of the indication ..cesceoecsce =5 digits

3.2.3.2 Checking the Frequengy Offset Measurement

Settings on the ESH 3:  Attenuation 43, 42: AUTO, LOW NOISE
Operating range 33: 60 dB

All other settings
same as under
section 3.2.3.1

Calibrate veceiver (15)
SPEC. FUNC. 11: "0", "31"

Apply unmodulated signal (frequency = fggy 3, level = 40 gBuv)

to the RF input (45) of the ESH 3.

Nominal indication ooo.o.-aneeotoolalo-oea/eaceaeeanoeeec ODOO kHz
Permissible reading €rror ...eesecesesssccccso cosssacn voe S 0.1 kKHz

Inerease frequency of input signal {o fE3H§+3kHz.

Nominal indication vessssseressscsosansascsnsnsosscscses 2s00 kKiz
Permissible reading €rror .....cecececas crscsecvesenans s S10%
Reduce frequency of input signal to fESHj' 3 kHz.

Neminal indication esessessorsscasvsssscnvenaceasresssen =300 KHZ

Permissible reading @rror .....ececoecscecscscassa sasvese S 10%
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3.2.3.2 Checking the Deviation Measurements

Settings on the ESH 3:  Attenuation 43, 42: AUTO, LOW NOISE
Operating range 33: 60 dB
IF bandwidth 5: 10 kHz
Calibrate receiver (15) |
SPEC. FUNC. 11: "0

Apply signal to RF input of the ESH 3 45 (frequeney = fESH 30 level = 40 dBuvV,
frequency deviation 3 kHz and fod = 400 Hz).

a) Frequency deviation: SPEC. FUNC. 11 "41"
Nominal indication ......ceoccssccecscconsaccaons sieaees. 3.00 kHz

Permissible deviation of the indication ......ccvcvevceenns < 107

b) Positive peak deviatiom: SPEC. FUNC. 11: "40", "43"

Nominal indicatlon ...cecescosennsocencnconmeneann cnesnssass 3.00 kHz

Permissible deviation of the indication .....cveivevscoce.s S 0.4 kHz

c) BNegative peak deviation: SPEC. FUNC. 17: "42", "45"

Nominal indication ......veeseoesecscescocansos sesceseneces 3.00 kHz

Permissible deviation of the indication ...ocoevecoona ... S 10%

d) Subsequently set SPEC. FUNC. to @@

3.2.4 Checking the Frequency Accuracy
Settings on the ESH 3:  Receiver frequency: .29.999% MHz
Operating mode 38: TWOPORT

' s -7 e s s
Connect frequency counter with an accuracy of 1 x 10 ° and a sensitivity

of < 10 mV to the generator output 44 of the ESH 3.

Permissible fregquency error ..... Gt et teeeneeceav e < 500 Hz
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3.2.5 Checking the IF Bandwidths

Settings on the ESH 3: Operating range 33: 20 dB
Indicating mode 35: AV.
IF attenuation 40, 41: 40 dB
. RF attenuation 40, 41: 10 dB
Operating mode 32: GEN, OFF

Adjust level of generator signal (frequency = fESHB) applied to the receiver
RF input 45 wuntil the level indication is exactly 40.0 dBpV (maximum analog
fevel indication). For each of the four bandwidths provided,.detune the
signal generator towards lower and then towaﬁds higher frequencies until

the level indication decreases by 3 and 6 dB. The -3 dB and -6 dB IF¥ band-
widths are given by the difference between the upper and the lower tuning
frequency at which these level drops occur.

Tolerances for the various bandwidths are contained in the specifications.

3.2.6 Checking the Noise Figure

Settings on the ESH 3: Operating range  33: 20 4B
Indicating mode 35: '_ AV.
IF bandwidth 5: 10 kiHz

RF attenuation 40, 41: 0 dB
. IF attenuation 40, 41: 10 4B

Connect noise generator to the RF input 45 of the ESH 3.

Read off level indication.

Increase level of the noise generator until the level indication increases

by 3 dB.

Due to the special calibration of the noise generator it now reads the

noise figure directly in dB. If f > 50 kHz, the noise figure is as follows:

At IF bandwidths 10 kHz/2.4 kHz/200 Hz ............... typ. < 14 dB,
at IF bandwidths 500 Hz (model 52) ......... Ceeeeeeaes typ. < 16 dB.
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If £4,4 > 50 kHz, the nolse indication on the ESH 3 is as follows:

Ave‘rage valus (B 200 HZ) 'ecc.o.eceoeoooonooano type "30 d&lv

Peak value (B = 200 HZ) sescoscessssrroseccs 'b'y‘p. -22 dB}lv
CISPRl (B"—91¢ ]:CHZ) Froc ¥V RBLCEBOERDRAD typo “6 dBl.Lv
CISPR} (BEEOO HZ) -eeeooooeoe_oesoaseae. typo “'28 dB!iv

Pulse spectral density (MIL) (B = 10 kHz) coe.. typ. 38 dBuV/Miz

If £, < 50 kiz (B = 200 Hz) (model 52), the noise indication increases as

shown in the diagranm below.

There is no noise increase

for model 56.

327 Checking the Input Reflection Coefficient

Test setup:

£SH 3
—& GEM,
> —ap = —o—| oA l—ap = -
i3 ' i
Termination : g_{l
RNA .
fhsertion adapier
Yector
Analyzer
rig
I
=
A B

The reflection—coefficien£ indicator, such as the ZPV, operates at

the frequency to which the receiver is tuned.
RF attenuation: O dB sevvccecsccsarnosssacees I < 33% (= VSWR < 2)

>0dB OB I PSRN OOOOE NS OOGEETED O I‘<10% (= VSWR< 1-2)
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3.2.8 Checking the Oscillator Reradiation at the RF Input

Settings on the ESH 3:  RF attenuation X0, 41: 0 aB

Connect a sensitive selective voltmeter (e.g. wave analyzer) to the

RF input &g of the ESH 3, The receive frequency of this meter must be
fESH} + 75.000 MHz.

LEVel indication o--‘e-o-aoIccao.oo.oetnnsoa-a-a'-wcnanw éo d&lv

3,2.9°  Checking the 75-Mdz IF Rejection

Settings on the ESH 3: Operating range 33 : 20 dB
IF bandwidth 53 200 Hz
Indicating mode 35: AV.

IF attenuation 40, 41: 0 d8
RF attenuation 40, 41: 0 dB

Apply signal (frequency = 75.000 MHz, level = +70 dBuV) to the RF input 45
of the ESH 3 and check all tuning frequencies of the ESH 3.

Permissible increase in the noise indication ...cosecee.ss = 3 dB.

3.2.10 Checking the Image Frequency Rejection

- Same settings on the ESH 3 as under section 3%.2.9.

Apply signal (frequency.= Trsy 3+ 150.000 MHz, level = +70 dBuV)
to the RF input 45 -of the ESH > and check all tuning frequencies of the ESH3.

Permissible increase in the noise indication ,....c.e... S 3 dB.
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3.2.11 2nd Order Harmonic Distortion (aygp) .

Apply signal of low harmonic content (frequency fi) to the RF input 15.
Due to the non-linearity of the inﬁut mixer, for example, a signal fo= 2. fl
is obtained. Measure the level of this signal and compare it with the wanted
signal level. There is a square-law relationship between the level of the
spurious product and the wanted signal level. This means that when the input
level is increased by n dB the spurious product inocreases by 2 - n dB and

the level difference between the two signals decreases by n dB.

The requirements'placed on the test assembly for measuring harmonic distortion
and intermodulation rejection are very exacting since the Receiver ESH 3

features excellent characteristics.

Test setup:

G = ¥ ESH 3

SMK Lp oPU
: DPSP .

Trie attenuation of the low-pass filter, LP, should be > 60 dB at the
2nd harmonic of the generator signal and the harmonic distortion of the
signal generator should be down > 35 dB.

Calculation of the harmonic distortion and the 2nd-order intercept point K2:
Input signal to the receiver: level 1i/dBuV
frequency £

Resulting unwanted signals level 1, /dBuV, frequency f,

Harmonie distortion agp/dB = down 13 =1, at a level of 1) /dBuv
Intercept point K2: K2 intercept/dBm = 11"+ agn  where

11+ = 1; econverted
into dBm, i.e.
11+ =

11/'dBuV - 107 dB
Measurement: '

Settings on the E3H 3: Indicating mode 35: AV
IF bandwidth 5: 200 Hz
RF attenuation 40, 41: 0 dB

For level and frequency see "Specifications".
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3.2.12 2nd and 3rd Order Intermodulation Rejection

Apply tweo signals of low harmonic content at frequencies fl and f2 to
the input of the receiver. Due to the non-linearity of the input mixer
signals of the

2nd order: f3 = fl + f2, f1+ = f2 - fl and

Srd order: fg =2fp- f;, fg =2f; - fp

are produced.

.Measure the level of the signals fll-’ f5 and f6. The averaged level difference
between fl’ f.‘2 and f}, f4 determines the 2nd order intermodulation rejection

(aDE) and that between £, f2 and f5,

f6 determines the 3rd order inter-
The minimum frequency spacing between the two

modulation rejection (a333) .

-signals £y f2 mist be > 40 kHz, Very exacting requirements are placed on

the test assembly for measuring the 2nd and %rd order intermodulation rejection

since the Receiver ESH 3 features excellent characteristics.

Calculation of the intermodulation rejection and the respective intercept
points:
Input signals: level 11/ dBuv, fréquency £,

ievel 12='11, frequency fe

Resulting 2nd order
IM products: level 13/ dBurV, frequency f3 =) + £,

level 14/ dBuYV, frequency f, = f2 -

2nd order intermodulation 1= + 1

4
rejection appy /dB = 1y - “‘2‘2-_ at a level of 1; /dBuV
Intercept point IR: D2 intercept/dBm = 1, /dBm + ap,

Resulting 3rd order
IM products: level 15/ dBuV, frequency f‘5 = 2f2 - fl

level 16/dBuV, frequency fg = 2f - £,

3rd order intermodulation 15 + 16

rejection apz/dB = l, - 7% ata level of 1, /dBuV
213

Intercept point D3: D3 intercept point/dBm = 11/ dBm + >
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Test setup:

6 o e
SMK DPSP
L.T. TT =0 ESH3
10dB
RBD

Gr)gr iy 7“

SMK DP3P

Both signal generators are set fo maximum output. The attenuation of the low-

pass filters must be > 60 dB at twice the wanted signal.

Measurement:

Settings of the ESH 3: Indicating mode 35: AV,
IF bandwidth 5: 200 Hz
RF attenuation 40, 41: 0 d8

~ For level and frequency see "Specifications".

3.2.13 Checking the Créssmodulation

For test setup, see 3.2.12. )
Connect a spectrum analyzer to the IF output (30 kHz) of the ESH 3.

A spurious signal of 36 dB at-a frequency spaced 1 kHz away corresponds to
a crossmodulation content of 3%. This signal must, however, be a discrete line
and should not be caused by the sideband noise of one of the oscillators

involved.

Measurement:

Setting on the ESH 3: RF attenuation 40, 41: 0 48

IF attenuation 40, 41: 30 dB
IF bandwidth 35 : _ 10 kHz
Operating range 33: 20 dB

Set transmitter 1 to receive frequency

Level ... iiiiiiinnnanan cassesossosescccnsesnoasoanas cesesss 20 dBpV
Set transmitter 2 (AM-modulated, m = 30%, f = 1 kHz)

to a frequency at a spacing > 100 kHz from fre
Level c.iiierirocensncrenannn Gt eceecetesreseccaseoanaans ceess 100 dBuV

The spurious meodulation on the receive frequency is ........ < 3%

(this corresponds to a 1-kHz spurious signal of ............ > 36 dB).
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3.2.14 Checking the RF lLeakage

Place the Test Receiver ESH 3 in a 10-turn toroidal coil {frequency range
< 150 kHz) or a single-turn coil (frequency range > 150 kHz).

Connect the toroidal coil to a signal generator, the level of which is
adjusted such that a field strength of 10 V/m is 6btaine.d (measured with

inductive probe).

Test setup:

Point at which cenfer
conductor is not shielded

673'14 1 ESH 3

Analyzer

Inductive Probe HFH 2-Z4

factor of the Probe  v.seeeceesvocsscsncoscsncecescs 1 mVE6 dB
corresponding to
~47 dBm +.6 4B

The toroidal coil {1 turn or 10 turms) is shielded.

There is a gap in the shield at one place,
to prevent a shorted turn. '

3.2.15 Checking the Qutputs LR

3.2.15,1 30-kHz IF Output

Apply signal corresponding to the upper end of the selected operating range
{full-scale analog level indication) and measure at the BNC socket "_+_§ via
a high impedance (>> 1 k).

Voltage s s s s san s s 4200060888880 G e o0 oD ELTARAPND 2V

Permissible error reseasnesassivossassasscsassess +2dB
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3.2.15.2 75-MHz IF Output

Settings on the ESH 3: RF attenuation 40, 4i: 0 4B

Fregquency : > 1 MHz

Change a_comnection on the Mixers 1 and 2 bhoard (Y9) to activate the amplifier.

Connect RF input }_ﬁ to generator output 44.

Selecf TWOPORT mode by'means of key _E and measure the output level at
BNC socket 49 . |

Ou‘tput lEVEl PO RO ISP AL ED S CE ORI OO I OO D EODSICORSD G REGEOR 30 mv

Permissible error tetoccceesccosssscersocconnosscocvossea T3 dB

3.2.15.3 AM Demodulator Qutput

Apply signal of 50% modulation depth {modulation sidebands are within
the IF passband) to RF input 45 and measure at BNC socket 50 via
a high impedance {(>> 10 k). '

S0 0 TO R eI S EEE AN B0 T OCEL0LRESREE DAL NEBOEBD0SGDBOS S0 S 055 V

Vv
op
Permissible error . scesecessccscocucccososssascscascsscas 3 dB

3.2.15.4 FM Demodulator Output

Apply signal of exactly known frequency to RF input j_}§ of the ESH 3,
Tune the test receiver to this frequency and measure at FM demodulator .
output 5l:

VOltage S F &P RSP GBS BD OO O0D0DDOREROSRPRDOCREORNDOOOOOERD R OV

Permissible error A 25 mv

When tuning the receiver to higher {requencies the voltage should increase
by 10 mV with every 1C0-Hz step. Conversely, when tuning the receiver to
lower frequencies the volitage should decrease by 10 mV with every 100-Hz step.

Detune the receiver by 5 kHz and measure voltage at BNC socket 51:

Voltage -o.o-.s..-a-o-l.-:c-nl-nroeoeeveceooo.aou-seanac- O.5V

Permissible error ...eceee vececacoesssensssccsanassonses T 50 mV
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3.2.15.5 Level Output AV./PEAK

Settings on the ESH'B: " Indicating mode 35: AV. or
' PEAK or

MIL

Apply signal corresponding to upper end of operating range _
(full-scale analog level indication) to RF input 45 of the ESH 3.
Measure output voltage at BNC socket 53 via a high impedance (>> i0 x0):

Vbltage . TR L OSSP SO RO BRI RS ELE LSOO SBS SO SR tOO ORI ARESN 5 v.

PEPmissible error QII;IOOO...OI..llclCll.loﬂﬂloiﬂ.il‘l.ol.l .i75 mv

With CISPR indicating mode:

Voltage >0 s 0820 oceolnle--.-oclon-;aaooooooocnﬂlonsolo-.-. 2 v

PermissSible €rPOT .cceescssssscsssoscscsossscsconcaccoscanss T (D MV

3%.2.15.6 Level Qutput CISPR

_Same as'undéf'3.2;15}5.

ja]

This output {BNC socket gg) ineludes a low-pass network for simulatio

of moving-coil-meter response according to CISPR Publ. 1 and 3.

%.2.15.7  Frequency Offset OQutput

Same as under 3.2.15.6, but voltage higher by a factor of 10 (BNC socket 54).

3.2.16 Check of Operation Using External Reference

Settings on the ESH 3:
Left-hand switeh 55 down: external reference

Right-hand switch 55 down/up: 5 MHz / 10 MHz

Apply external standard frequency of 5 or 10 MHz to BNC socket 55 on
the rear panel of the receiver. Carry out performance check in accordance

with section 2.2.3.
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3.2.17  Checking the Recorder Output

Setting on the ESH 3: Scan 25: ON
a) Call up MIN. LEVEL 27 for recorder calibration
and measure output voltage at pins 3 and 4 of socket §§:
ov

VOltage # 0RO RSB0 B0LDTEE DR OO COODSDI0OAELRP0EDSBOD0D DD

Permissible deviation ..csccccescsesscccssonceccoscocnoa +0.1V

b) Call up MAX. LEVEL 26 for recorder calibration
and measure ocutput voltage at pins 3 and 4 of soccket §§:

+10 V

VO].tage T 0P 0P RLP 0P OO EORDEBCBOREOODOBEEOUCEDEEIOOIAEGDND

Permj.SSible deViatiO'ﬂ ¢EBOOCEBLEOENIPENOTOEINEGCOOOIPROIO O G gs%

3.2.18 Checking the IEC-bus Qutput

- Comnect an IEC-bus controller, such as the PCA to the IEC-bus input 57.

Check all device functions using setting instructions in accordance
with section 2.3.21.
Check the indiecation of the Remote state, and function of LOCAL key 24.

- Select Talk Only mode by means of switeh 56 and comnnect printer
. in Listen Only mode to the IEC-bus socket 57.

Switch on all the test routines by means of the SPEC. FUNC. key 12
("21-"’ "31" . "81“)

Press TALK key 19 to initiate and check data output on printer.

A3 Electrical Maintenance

Owing to its design the ESH 3 requires very little electrical maintenance:

- Check frequency accuracy (see section 5.3.1.4.2) and readjust

reference oscillator once every year.

- Check the calibration level (see section 5.3.10.2) once every year.

- Check NiCd battery BAl on the computer board Y2 (voltage: 3.6 V)

every six months.
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3.4 Mechanical Maintenance

The ESH 3 uses a minimum of moving parts, It therefore requires only
very little mechanical maintenance, However, frequent use of the ESH 3
in vehicles will make mechanical maintenance necessary more often than

if the unit is used only in -the lab.

The féllowing maintenance work should be carried out:

- Clean front panel with a soft cloth dipped in alecochol.

- Check that all cable and p;ug-and-socket connections as well as screws

are tightened down properly.

3.5 Storage

The Test Receiver ESH 3 can be stored over an éxtended period of time at
temperatures between «25°C and +7©°C. At high temperatures and high relative
humidity, seal the receiver with plastic material or waxed paper to minimize

any 1ill effects.

After the receiver has been stored for some time at high relatifp'humidity

proceed as follows:
- Unscrew the external top and bottom covers.
- Unscrew the internal top and bottom covers.

- Allow the receiver to dry for a period of 4 to 6 hours at a temperature

of between +40 and 45°C.

- Carry out performance check in acecordance with section 2.2.3.
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4, | Circui%.DescriEtion

7'4 1 Electrical Function of the Individual anrds
(See block diagram 335. 8017 FS as well as overall cireult diagram 3Q3 8017 S

sheets 1 and 2)

The RF Tést‘Reeeiver ESH 3 is a trible heterodyne receiver‘covering the
receiving range from 9 kHz to 30 MHz with 16 subranges set by internally
switched filters arranged before the 15£ mixer stage. The 1st IF is 75 MHz,
the 2nd IF 9 MHz and the 3rd IF 30 kHz. The front parel and the Display (Y1)

+ Computer (Y2) boards form a mechanical unit. The Synthesizer 1 (¥5) and
Synthesizer 2 (Y#) boards produce the required mixer frequencies and determine
the receive frequency. From this receive frequency, which is read out on the
frout panel, the logic switching signals for the 16 different RF filters on
the Filter 1 (¥7) and Filter 2 (¥8) boards are produced by the Filter Control
(Y6) board. In the Mixers 1 and 2 (YQ) board, the filtered input signal is
converted to the lst aﬁd'the 2nd IF and passed through IF‘filters. Conversion
to the 3rd IF is accomplished on the Mixer 3 (Yll) board. The indicating range
of the receiver 1s adjusted to the level of the signal to be measured in steps |
of IF attenuation in Mixer 3 (Yil) and by means of the RF Attenuator. {Y16)

which is driven from the Attenuator Control (Y13) The Indication and AF Demo-

 'du1ation (Y12) board demodulates the 3rd IF signal and preduces a IC voltage
proportional to the signal level. Forﬂealibration‘of the receiver, the Cali-
bration Generatbr (¥10) is provided produeing a calibretion signal at the
receive frequeney from the 3rd IF and the verious oscillator signals.

The Motherboard is.used on the one hand to provide the eleetrical inter-
ccnnection between‘the_boards and on the other hand the mechanical support
for the boards. . |

The +5-V supply for_the eubessembliee Syntheeizer 1 and Synthesizer 2 is

derived from the +12-V line by means of a voltage regulator.

4,1.1  Display Unit (Y1)
(See circuit diagram 335.8400)

In addition to the keys for operation and setup of the receiver and the
associated LEDs for indication of the current device function, the following

faclillities are provided on the Display Unit:

- 13-diglt aiphanumeric indication for output of the measured data, entry
and output of setting data and output of error messages Q;z) '

- 6-digit display of current receiver frequency (20)
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- 3-digit T-segment displays for readout of the selected RF attenuation (8)
and indication of beginning, centre and end of the demodulator operating

range (1%)

- Analog level indication over selected operating range (14)

- Analog indiecation of frequency offset of input signal from the receiver

centre frequency

= Differential current sink for the suppression of supply voltage disturbances

due to heavy load fluctuations.

The alphanumeric indication for output of the measured data and entry and
output of setting data consists of 13 5x7 dot-matrix displays which are
driven in columns in multiplex operation. For this purpose, the single-chip
microprocessor B6T 1s used which is connected to the main processor via the
FIFO store interface B54-B55. The data transfer is interrupt controlled and
is accomplished by asynchronously entering and outputting ASCII character
strings into and from the first-in-first-out stack store.

The slave processor decodes the ASCII characters against a reference table
into the five information columns for the LED dot-matrix displays which are
successively loaded into the 13 8-bit latches (B25 to B37) by multiplex
clock control of the internal timer of the processor and displayed by
triggering the respective transistors TI to T5. A separate clock cycle
drives the decimal points via 16.

In addition to the alphanumeric indication, the microprocessor controls the
IEDs for the indication of the selected device funetions GL1 to GL37 via

the I/0 expander ICs B57 to BS59. The internal processor software also com=-
prises blinking routines for individual LEDs and for the complete alphamine-
ric display to identify operator errors and overload of the test receiver.

The 6-digit display of the current receiver frequency (in MHz with fixed
decimal point) is obtained by means of the LED ICs B18 to B23. They include
latches and decoders as well as integrated current sources for the LEDs.
The frequency information is transferred from the output ports of the Com-

puter board via ST1 to the Display Unit.

With the exception of S46 (Ioeal), all the keys are connected to the key-
board and display IC B61 via the demultiplexer B62, The keyboard IC is
directly comnected via the data and system bus and ST2 to the main processor
on the computer board. For certain keys (S8, S16, S19 to S21) automatic key
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repetition is provided by the ICs BYl to BAS permitting pulses for the key-
board IC to be obtained at time intervals of first 600 ms, then 300 ms and
finally every 150 ms if the key is held down.

The 3-digit 7-segment displays for readout of the selected RF attenuation
and indication of the beginning, centre and end of the demodulator operating
range (Bl, B2 to Bl4) are also driven and multiplexed by the keyboard and dis-
play IC via the demultipiexer B63 and the driver transistors T7 to Tl3,

The analog fregquency offset display consists of 16 LEDs whicé are driven
from the IC B66. The analog level indication consists of 31 LEDs which are
driven from B64 and B65. The analog voltage for both displays is taken from
the Analog board to the Display Unit via the Computer board (STl and ST2).
Going outside either end of the operating range and centre tuning are indica-
ted separately via the individual LEDs GI38, GL39 and G188. '

The differential current sink B71-B72 controls the shunt transistor T16 which
via R8T levels out load fluctuations caused by multiplexing and the changing
indications, thus suppressing interference on the 5-V supply line of the

test receiver.

4,1.2 Computer Board (Y2)

{See circuit diagram 335.8800 S)

The microprocessor B2 on the Computer board 1s the heart of the digital
control circult of the Test Receiver ESH 3. The data bus, the address bus
and the control lines of the processor are buffered via the driver ICs Bl,
B3 and B5. The Reset input is directly connected to the +5-V voltage monitor
of the analog power supply to ensure a defined start of the program run when

switching on the receiver.

Since the lower addresses are multiplexed with the data bus in the 8085 pro-
cessor, the octal latch E5 is used as an intermediate address memory. The
program memory consists of four 4-kbyte EPROMs and additional memory chips
on the Memory board which is connected to the Computer board via BUL and
S5T5. The entire lower 32-kbyte address area is reserved for the resident
program range. Address decoding takes place via B4 in 4-kbyte steps.

The upper 32-kbyte address space serves for controlling the peripherals, the
I/0 ports and the RAM, Address decoding takes place via Bf. For the I/0 ports
the decoders B23 to B25 are also used, in conjunction with the I-0/M control

line of the processor.
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The RAM capacity is provided b& a 512-byte CMOS memory (BO-Bl0-Bl2-Bl3) which -

is powered from the NiCd battery BAl while the receiver is switched off to
safeguard the data. Moreover, a 256-byte volatile working memory is provided
on the peripheral chip B30 which can be used for the stack area and for

intermediate and auxiliary variables.

The complex peripheral chip Bl7 connects the microprogessor data bus to the
IEC-625 interface located on the rear panel of the test receiver. Data trans-
fer in both directions is interrupt controlled and takes place via the

16 internal write and read registers of the IEC=bus IC. The eight data lines,
five control lines and three handshake lines are terminated in accordance
with the standard by the special drivers Bl8 to B2l which are connected via
BUS to the chart recorder control circuit and via the rear panel socket to
the IEC bus.

The IEC-bus address plus the code for the chart recorder, if used, is read
in via BU7 and input port B46 when switching on the receiver and acknowledges
through output port Bi5. A change in the input data is recognized by the
8-bit comparator B49 and converted into an intérrupt request which is sent
to the processor. The processor, in turn, reads in the new information, pro-
cesses 1t and returns 1t via the output port. The same principle is used to
processfthg test antenna/probeﬂeode and applicable conversion factor at the

antenna supply socket 47 via STIZ2 and recognize a change, if any (B47, B4S
. and B50).

The priority encoder B82 and the 8-bit regiéter B31 handle the interrupt
requests and the hardware side of generating the required start addresses
RST1 to RST7. Some interrupt lines are gated with the output port B8O via

a logic AND function so that these interrupts can be disabled during certain
software routines by using a sultable bit pattern.

On account of their high priority, overload indication from the mixers, the
monitoring circuits of the oscillator and synthesizer loops and the gquasi-
continuous tuning control signal are applied to the separate interrupt inputs
R3T5.5 to RST7.5 of the microprocessor. The signals from the monitoring
circuits can be read in at the input port BS54 and the signals from the-cpm—
parators for the power supply voltages in the analog power supply ST9 can be
read in at the input port B53.
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The line from the STOP key 28 is brouﬂht out separately as is that from the

LOCAL key 24 which is-mot’ connected .to:the. keyboard. unit of. the front panel;
they are debounced and taken via the flip-flop B35 to the input port B81..

Qua51 contlnuous tunlno of the” Test Receiver ESH 3 is effected via the
tuning sequencer 568. 7811 whose output 31gnals are routed via ST 11. The
pulses of the Ha11 sensors of the tunlno seouencer are condltloned by L64,
B66 prov1d1og the CLOCK and UP/DOWN 31gnals for the blnary coun;ers 357 and

-“511_.__-.. . . : . . Lo R T .

The current count can be polled by the microprocessor via the 1nput port BS6.
Every first count pulse arriving after a readout operation of the processor
triggers the monostable B7l, which produces an interrupt request via the
flip-flop B6S with a delay of about 50 ms. This prevents continual, unnecessa-
ry interrupting of the main program during fast tuning,.

The output ports B33 to B35 are used for outputting the current receiver fre-
quency to the front panel display and to the two synthesizers. The remaining
logic signals for éetting the RF circuitry are produced at the output ports
536 to B3S and B51 and. B52. - T |

In addition, two D/A converters, which furnish the analog output values for
driving a YT, XY or radiomonitoring receiver, are provided on the computer
board., The receive frequency is taken via output ports B43 and B44 to the
10-bit D/A converter BiO, whose analog output is buffered by the operational
amplifier B4l. The Y analog voltage for level indication is produced by the
8-bit D/A converter B39, which obtains its input information from output
port B42, It is also buffered via an operational amplifier. The logic signals
for recorder control (pen 1lift, format advance) from port Bi44, and the two
analog voltages, are taken via BU7 to the recorder contrel output on the
rear panel of the receiver. The ground of the D/A converters and the ground
of the A/D converter circult are run separately from the general digital

ground to aveid interference on these lines.

The A/D converter circuit consists of the sample/hold amplifier BY7, the A/D
converter proper 226 and the peripheral chip B30, whose port lines are used
for reading in the converted analog voltage and driving the converter ICs,
The +5-V reference voltage is obtained from the high-accuracy +10-V supply
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| via the op-amp B22 and Ti., The divider chain B27 and B28 produces the 250-kHz
clock frequency necessary for the 10-bit A/D converter. The flip-flops B29
ensure synchroni_zatipn of the start/stop signals with the elock frequency.

The data bus of the microprocessor and the control lines are taken to the
'front_panel via BU2, where they are connected to the slave processor for _
controlling the alphanumeric readout and to the keyboard and display IC for

scanning the keys.

4.1,3  Analog Circult (V3)

(See circuit diagram 336.0710 S)

4;192;1' General

The,Analdg cireuit is used to select the various demodulated voltages to
mateh the output levels and the level toc the A/D converter as well as for
evaluation qf'the'varipus signals (e.g. logarithmizatigﬁ, frequency devia- -
- tion and modulation depth measurement, control of analog level and offset
indication). _:_- |

Ail,circuit paths are éontrolled via CMOS switches. Except for a few gate '
circuits (which can be readily seen in the circult diagram), thg'QP system
‘of the ESH 3 handles.the'contrgl of the cireult via output ports; i.e.
gating'required for the various measurement routines is accompllished via

software.

¢ 10V

r
10k |
HP output pori - P\\ ! E .
: TTL g ) ) E |  Signal path
: i
_ R
74 LS 26 ! g
Shifter N DR
€D 4016 N
Switch

Fig. 4-1 = CMOS switch control
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4.1.3.2 Signal Path for Level Measurement

The demodulated signal is applied to the input via ST1/17a. Window comparator
Bi/I, B1/II delivers logic H to pin 21b when the input voltage has reached

2 V-ta mV at the end of the Cal. command, The analog memory Bl in the 3rd
mixer 1s used for this purpose with the control amplifier B1/IIT. In the
CISFR 1 and CISPR 3 modes the comparator B1/IV supplies a negative output
voltage to the gate of T10 which is thus cut off increasing the charging

time constant for the analog memory. :

With CISFR (= CISFR 1 A CISPR 3) the input signal is applied via the switech
B6/I or with CISPR via pin 17b, B6/II to the non-inverting amplifier E2/I,
which in conjunction with B2/IT, B6/III, B6/IV and B7/I forms a programmable
amplifier whose switchable gain +1 and +2 can be measured at test pin 18a
(for switch control see Fig. 4-1),

B17, T2, Bl8, B3/I form a logarithmic converter with an input or output
voltage range from O.4 to 4 V, The linear signal is applied via B7/11I, and
the logarithmized signal via B7/II to the amplifier B3/II which is used as

a low-pass filter. Output 7a is used for driving the IED array used for the
analog level indication. If V < 0.355 V, the comparator B3/III causes via T3
the min.-level LED to light and if V > 3.55 V, B3/IV causes via T4 the max,-
level LED to light. From the output of B2/I, the signal is applied via BS/III
to the sample & hold amplifier for measuring the minimum and maximum levels
for AM measurement or via B20/I and Bl4/III dlrectly to the sample & hold

amplifier for level measurement.

4.1.3.3  Signal Path for Frequency Offset Measurement

The offset voltage from -5 V to +5 V is applied via ST1/14b to the differential
amplifier which supplies an output voltage from 1 to 4 V. This output voltage
is available at 1lla via the amplifier B4/IV which is provided with a low-pass
filter. BA4/II is a calibration amplifier for B19 (analog memory )., It is
activated through Bl3/I and TS5 during frequency offset calibration process,
charging the storage capacitor in Bl9, the voltage on which controls B4/I1,

The calibrated frequency offset voltage of +5 V is cutput via 8b.

The window comparator B5/I to B5/II supplies a logic L signal to output 5b
when the ESH 3 is tuned to centre frequency, or controls the center-tuning
indicator via T9. The freduency offset voltage is applied via BS8/I and the
buffer amplifier Bl4/III to pin 3a (to sample & hold amplifier).
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When measuring frequency deviati@n, Eel and 214/i are activated for positive
peak deviation and EQ& and BQQ/II for negative peak deviation.

/1 and B9/1I serve for discharging the peakwvalue rectifier,

4,1.3, 4 AF Amplifier

The AF is applied to the Dc—voltagemcontrolled volume control B2S via i8b,
B23 is the integrated AF amplifier which is switehed in via T7 and T8,

In Table 4—1 the logic functions are listed that are required for switching
on the desired CMOS switch,(+10 V at the control input).

Table 4.1

B6/1 :- CISPR1 A CISPR 3

B6/II s CIS?R moving-coil meter simulator = CESPRIL V' CISPR 3

B6/III : CISER1 V CISPRZ V PEAK (38) V Log 40 V L0G 60

B/IV : AV A 20dB=CISPFR1 A CISPR3 A PEAK (3 s) A Log 40
. A Tog 60

B7/I .+ PEAK (3 s) V TLog 40 v Eog 60 v CISPR 1 v CISPR 3

CB7/II . : TS H0 A Tog B0 :

BI/III ': log 40 V Iog 60

B8/I :  Deviation

EB/II : W

B/III : m

B/I1 : Discharge

B /1 : Discharge

B2O/I :  Level

BO/II i m, f(+)

BRO/III m, £(-)

4,1.4 Synthesizer 2 (¥4) -

(See cireuit diagram 303.7850 S)
This subassembly consists of

- the 60-MHz reference oscillator,
- the interpolation osecillator for the synthesizer 1 and
- the second mixer oscillator (66 MHz).
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4.1,4,1 60-MHz Reference Oseillator

The 60—MHz reference cscillator is a high-precision erystal oscillator using
transistor T10, the temperature of the erystal being internally controlled by
means of a PIC resistor. This oseillator crystal reaches its final accuracy
within 30 seconds thanks to its low thermal capacity.

The buffer Tll

- converts the interpolation oscillator 5 0 to_5 0999 MHz up to 65 0 to
65.0999 MHz and

- drives the ECL divider B31 (functions as al/lO divider)

B33 ﬂ/io) 1is driven via EDE (UG) It supplies a reference frequency of
100 kHz which is taken to the Synthesizer 1 (Y5) via the motherboard. The

other reference frequencies,.l kHz for the interpolation oscillator and

500 Hz for:the ond oscillator, are produced via the divider chain B34, BA2
and Bil. A further 500-Hz reference output on the motherboard supplies the
' filter control board, the calibration generator, the 3rd oseclillator and the

Al demodulator.

The frequency of the.crystal'oscillator can be varied in the internal operat-
ing mode by-applying a DC.voltage'to the erystal fine-tuning_circuit.GLEO,
GL31 ‘and L70. For crjstal oscillator'adjustment procedures see section 5.3.1.4.
The uyp cal temperature stability of the oscillator is about +4 % 10° over
the temperature range from =10 to +45 C. The maximum tuning error at the
highest receive frequency (29.9999 MHz) is thus about +120 Hz. To fulfill
atill more stringent frequency aceuracy reqnirements; it is possible to
synchronize the ESH 3 via the ENC socket EXT. REF. 52 with an o
external standard frequency of either 5 or 10 MHZ. Depending on the external
reference frequency, the dlvision ratio of the switchable divider B89~ 338m
B4O is set to either 50 or 100 by means of the switeh 55 on the rear panel
of the receiver; The phase is compared in the phase. discriminator 336 Inte-
grator B35 produces the control voltage for the crystal finewtuning circuit,
which is applied via B37 (B37 acts as changeover switch between the variable

voltage from the Display Unit and the synchronization voltage).
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4.1.4.@ Interpolaﬁion-ﬁscgllator

The low-microphony interpolation oscillator TO delivers an adjustable fre-
quency of 50.000 to 50.999 MHz. Via the buffer stages T4-T7-18 an ECL

1/10 divider (Bel) is driven so that at the output of T9 a signal of

5. 0000 to 5 0999 MHz is available, with microphony and sideband noise im- _
proved by a factor of 10, for conversion in BM1, Another ECL divider (B19)
is driven in parallel with B21. Together with B20 and the necessary loglc con-
trol it forms a,Ldﬁctx‘1/101 dividerg which is driven via the 2=decade down
counter B2k and B25. The dxv1der is preset by the frequency~satt1ng

. of the receiver and the 1-kHz and 0.1-kHz values :
for frequency tuning. In addition, the up/down counter controls the division
rétio of B18 - adjustﬁble between SOO and 509 =, the first two decades of
this division ratio being hardwired. The output frequeney from BlB is com=-
pared with the reference frequency of 1 kHz in Bi6. The current pulses from
the phase comparator B16 are integrated in the control amplifier Bl5 and
control the varicaps in the oscillator ?3 via an appropriate filter network.
Bi7 produces a signal which gives an indicatien of synchronization of the

overall control loop. The functioning of this circuit is explained in scme
detail in section 4,1,10. The functioning of the_various synthesizer loops
is explained by a tuning example given in section 4.1.5.

4.1=4 3 Mixer Oscillator

The signal of 66 MHZ required for conversion from 75 MHz to 9 MHz is derived
"from a crystal oscillatorvﬁus frequency of which can be varied by t105 kHz
for 8SB reception.. '

The buffer T2, which is driven by the crystal_oscillator_Ti, supplles

7 tz dBm to the Qnd'mixer'on the board YO and at the same time controls
the ECL divider of the syﬁchrqnization cireult Bl. This control circuit
operates ahalogously to that 6f the interpblation oseillator, but the refe-
'rence freguency is only 500 Hz and the division ratie 132000 +§ (driven

via B9).
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4.1.5  Synthesizer 1 (¥5)
(See circuit diagram 303.7715 38)
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- términated_via a_high-pass filter and the differencé product pas#es via a

Fig. 4-2 Block diagram of the Synthesizer

The interpolation signal, of frequency 65.0 to 65,0999 MHz, supplied by the .

| synthesizef 2 (Eﬁ) is aﬁplied via ST2 to a selective amplifier with a band-

widthiéf about 1 MHz. When the signal has passed through the amplifier
T5-T16, it is largely free'ffom mixer products (60 MHz) and the 2nd sideband
(55.0 to 54.9001 MHz), and it is mixed with the signal of the lst BFO of the
ESH 3 (75 to 104.9999 MHz) in the mixer EMi. The resulting sum product is

low-pass filter to the amplifier T20 to T23 where it is boosted and converted
to ECL level. This signal (10.0 to 39.9 MHz) is divided down to about 1 %o

4 MHz in the IC dividers (SP 8695B) (1/10 or 1/11), and divided down to 100 kiz
in the programmable 1ow-power Schottky dividers with a division ratio adjust-
able from 100 to 399. BT acts as a pulse stretcher. E9 adds "1" to the most
significant digit of the applied receive frequency to equalize the receive
frequency and the division ratio. The phase of the divided-down signal is
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eompéred in BS with tha phase of the 100—kHz referenee frequency from synthe-
sizer 2. B5 produces a éignal which indicates synchronization of the control
loop (LW = not synchronized; HIGH = synchronized). The output stage of the
phasé'discriminétdr BS drives the control amplifier B3, which acts as an
'integrator, with current pulses depending on the phase relationship of the

two signals.

The st oscillator of the ESH 3 comprises three oscillators each of which
covers about 10 MHZa The cscillator requlired is selected by appropriate

'f_ gating eircuits fed from the most significant digit of the programmable

divider. The practically noisefree oseillators are coarsely pretuned (Bl2, Bll)
with the aid of a D/A-converted voltage ‘derived from the IOO-RHz and 1-MHz de-
cades. This same voltage is alsc applied to the Filter control board Y6

and is O V for 0 x 1 MHz and O x 100 kHz and +7.5 V for 9.2 MHz. Largely

freed from residual AC vqltage by an appropriate filter, the D/A voltage
controls the series-connected qﬁad diodes of the individual oscillators.
Synchroniﬁation is carried out by the voltage arriving from B5, which has
 been largely freed from residual AC voltage caused by the 100-kHz reference
f?&quencj and its'harmonics. The control bandwidth is approximately 500 Hz
which cuts out the greater part of the mierophony of the oscillators
brought about by mechanical vibrations. Sideband noise is about 138 dB/l Hz

. 10 kxHz away. The low-noise amplifier T10=T11=T12 boosts the oscillator sig-

- nal to about +2§ dBn in the frequency range 75 to 105 MHz, which 1s then
fed to the lst mixer (in ¥9) of the recelver.

Numerica; exgmple.

 The receiver is tuned to the freéﬁency 12.3456 MHz, The_123 digits arrive
‘at the synthesizer 1 (¥5). A further "1" is added to the "1" by means of B9
which makes a "2". This "2" switches on the oscillator by means of T8
(85 to 95 MHz) via Bl, B2, T2, TS5 and sets the presettable down counter B3,
The figure "2" of the frequency setting is taken to BLO and sets it as the
figure "3" sets the counter Bi3. (Bi2 converts the digital information *23"
Cto a proportional IC current which in turn is converted to a IC voltage by
Bll, which among other things coarsely tunes the 1st oscillatora) B1S
functions as a 1/10 or 1/11 divider which is kept in the 1/11 mode by BL3
until Bl3 has counted down to "0". It is changed over to the 1/10 mode via
Bl4 III, The preset couhtef chain’BlO. B8 is driven in parallel with BI3.
When it has counted down to "o", it sets Bl5 again to the 1/11 mode via
Bl4 IV and the process starts again.
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The effective division ratio for the above example:

division ratio 1 = 3 x 11 + (22 -3)x10=33 4+ '190 = 293,

The figure eombination "456" is delivered to the synthesizer 2 (Y4). The
divider B19/B20 functions as a 1/100 or 1/101 divider. The "6" sets the down
counter B2k, the st sets B25, the nyH snts B18, the next to most signifi-
cant digits of_whieh are fixed at 50... . Hence, the effective division

ratio is: _ _ _
“division rafié'a =56 x 101 + (504 - 56) x 100 = 5656 + 44800 = 50456.

The oscillator-TB is synchrOnized to the frequency 50,456 MHz. This frequency
is divided by 10 (B21) and after mixing it with 60 Miz 65.0456 MHz is obtained.

The lock-in frequency of the 1lst oséillator is given by

223 £, + 65, 0456 MHz = 87.3456 MHz.

ef 1
Since the 1st oseillator operates at a frequency that 1s higher than the

receive by the 1st IF;

= f - 87 3455 75 000 12 3456 MHz.

freceive 1st ose. lst_IF

receive frequency f_

Typical pulse shapes and durations at points of major interest for the above
setting of synthesizer 1 are showh in Fig. 4.3,
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4,1.6 RF Preselection

The RF preselection in the ESH 3 consists of three related boards:

_Filfer Control. (¥6)
CFilter 1 (¥7)
Filter 2 = (v8)

4.1.6.1 Filter Control (V6)
(See circuit diagram 303.7915 8)

The Filter Control performs the following three main tasks:

- Determination and selection of input filter required for the current

. tuning frequency.
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- Generation of a tuning voltage for the tracking filters in the frequency
range 10 to 29.99 MHz from the D/A-converted pretuning voltage fed to the

1st osecillator.
- De-energizing filter relays during setting procedure.

The total frequency range of the ESH 3 is subdivided into 16 filter ranges,
the ranges 1 to 14 being fixed tuned while ranges 15 and 16 are tracking.

Table 4-2

Range £, (MHz) £, (MHz)
1 0.01 - 0.1499
2 0.15 0.1999
3 0.2 0.2799
4 0.28 0.3899
5 0.39 0.5399
6 0.54 0.7499
7 0.75 1.0499
8 1.05 1.4499
9 1.45 1.9999
10 2.0 2.6999
11 2.7 | o | 3.6999
12 3.7 5.1999
13 5.2 . T.1999
14 T.2 9.9999
15 10.0 19.9999
16 20.0 29.9999

where fl is the lower cutoff frequency of a range and
f2 is the upper cutoff fregquency of a range.

The Filter Control board receives the tuning frequency read out on the
front panel via the Motherboard (Y18) in the form of 14 bits for the upper

four decades:

10-MHz decade (2 bits)
1-MHz decade (4 bits)
100~-kHz decade (4 pits)
10-kHz decade (4 bits).
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Two diode matrices on the Filter Control board store the 16 lower and the
16 upper cutoff frequencieso The ESH 3 determines which range must be

selected as follows: :

By ecmparing the magnitude of the tuning frequency fM with that of the lower
cutoff frequency f (in Bl to B4) and that of the upper cutoff frequency f
{in B5 to EB) of the particular range selected, the procedure is controlled
by the following simple mathematical functions:

g) Iy > f2: | |
The selected range is too low,
b) fM < flz

The selected rénge is too high;

e) £y > fi’ but < f2~

The selected range is correct.
The ranges are switched by applying a SOOmHz ¢lock pulse to a decade up/down
counter (B9) which controls a l-out-of-16 decoder (BIO). The decoder BLO
drives the diode matriees and the switching transistor for the selected range.
The direction of the BY, as well as its inhibition after the range determina-
tion has been aeeomplished, is controlled by Bli. The transistors Tl and T2
prevent the range relays from being successively cut in after the receiver

has been switched on for first-time adjustment.

For generation of the tuning voltage for the ranges 15 and 16, a DC voltage
between 0 'and +7.5 V, pfoduced in the Synthesizer 1 (¥5) from the 1-}MHz and
0.1-MHz decades by D/A conversion, is applied to the Filter Control board (¥6)
via the Motherboard (¥18). It is converted to a voltage between +3 and +25 V
by a network made'up of resistors and cpérational amplifiers Bl2 to Bi4, the
input/outputfrélationship of this hetwork being chosen so as to linearize the
yoltage/frequehcy characteristic_of the tracking filters.

4.1.6.2 Filter 1 (Y7)
(See circuit diagram 3Q3 7015 S)

Filter 1 (Y7) contains the filter ranges 1 to 8 (corresponding to the frequency
range 10 kHz to 1.45 MHz). The tasks of the filters 2 to 8 are identical with
those of the filters 9 to 16. Except for filter range 1 {10 kHz to 150 kHz),
which covers mofe than one decade, special circuitry has been added to im-
prove the harmdnic distortion of the input mixer.
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4.1.6.3 Filter 2 (¥8)
(See circuit diagram 303.7415 S)

The subassembly Filter 2 (Y8) contains the filter ranges 9 to 16 (cofresponding

to the frequency range 1.45 to 29.9999 MHz).
The tasks of the filters are as foilows:

~ Improve the harmonic distortion of the 1st mixer. £
This means the filter has to provide attenuation at frequency fK = 7%,

approximately 20 dB with the filters selected.

- Limit the pulse bandwidth (6-dB bandwidth) at the receiver input, above

all in the frequency range 10 to 30 MHz to relieve the 1st mixer.

If a range > 8 is selected, the individual filter ranges are switched on via

the reed relays RS17 to 34 and the filter 1 is cut off.

4.1.7 1st and 2nd Mixers (Y9)

See circuit diagram 303.6019 S (model 52)
839.9035 S (sheet 1 and 2) (model 56)

Note: The figures given in brackets refer to model 56 (e.g. T2 (V111) denotes
transistor T2 in model 52 and V111 in model 56).

This board. largely determines the dynamic characteristics of the ESH 3 (harmonic

performance with respect to image-frequency rejection, oscillator reradiation
and IF rejection. The input signal passes through a 9-section Chebishew low-
pass filter with a cutoff frequency of about 35 MHz which ensures a rejection
of the oscillator frequenéy from 75 to 104.9999 MHz and of the image frequency
from 150 to 179.999 Milz of better than 70 dB. From there, the signal passes
via a link to the first mixer which, for model 52, is a high-power mixer (B1)
receiving via ST3 an oscillator power (+23 dBm) from the synthesizer 1 (Y5).
The 1st mixer of the ESH 3 (model 56) is made up of an 8-diode IC V101 and the
balance~to~unbalance transformers T4 and T5. The oscillator power 1is provided
(+23 dBm) via T4. The V101 amplifier generates a 50 Q termination for the LO
gate for all oscillator frequencies. The RF signal is routed to the 8 diodes
and the IF signal is taken off via T5. An optimum symmetric design and a spe-
cially selected group of 8 diodes ensure an LO suppression of the mixer of

> 66 dB. The reduced oscillator power for the reconversion in the tracking

generator is available at ST4 (X&) via R94, R95 (R208, R209).
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The signals generated in the IF gate of the 1st mixer (above all st osc/

fsum = f1st osc * freceive’ fdifference = fﬁst osc freceive - fIF = 75 Miz)

are routed to the first IF amplifier T1 (V111) and the overload detection
cireuit T2 (V200) via ST9 (X9). This circuit simultaneously amplifies fsum and
£, and - after rectification - takes them to a fast comparator B4/I
difference

(N4 /A) whose rise time is low as against the maximum RF bandwidth of the
receiver. The output pulse from the comparator is taken via a pulse stretcher

(B8/1) to the Control Board (Y3) for further processing.

T14 (V140) and T15:(V150) amplify the 1st IF with a bandwidth of approx. 2 MHz.
The IF signal, e.g. for an IF panoramic monitor, is available at the output
§T13 (X14). The IF signal amplified by T1 (V111) passes through a diode limiter
(for protection of the crystal filrer B2), an attenuator and the following
Iowpass filter (for supﬁression of self=generatéd spurious) to the two-stage
low noise amplifier T3 (V300) and T4 (V500). The following lowpass filter

suppresses additional self-generated spurious.

The 75-MHz IF signal is converted to the 2nd IF of 9 MHz in the Znd mixer
with the aid of the 2nd oscillator whose frequency is 66.000 MHz, 66.0015 MH=z
or 65.9985 MHz depending on the type of demodulation. The oscillator power of

i

+7 dBm = 5 mW is applied via 5t3 (X5). A reduced oscillator power is available

E e e fwra
L1lDracion generaitor \il

at ST6 {X6) for reconversion in the ca

product £§ = 75 MHz + 66 MHz = 141 MHz obtained at the output of the mixer
is amplified in T6 (V60) and after rectification, comparison and pulse
stretching taken to the Control Board (¥3). The difference product 75 MHz ~
G6 MHz = 9 MHz separated by means of the series-resonant circuit €31, C32
and L17 is taken to the amplifier T11 to T13 (Vi10, V120, V130) via the low-
noise and high-level amplifier T7 to T10 (V700, V800, V90, Vi00) by means of
the diode switch for the IF bandwidths and subsequently via a lowpass filter
to the output St7 (X7). The maximum IF bandwidth is determined by B2 (6-dB

Bandwidth about 9.5 kHz) and the two next smaller bandwidths by B7 and B6.
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4.1.8 Calibration Generator (Y10)

(See circuit diagram 303.6319 S)
The .calibration generator performs the following tasks:

a) Produces temperature-independent input signal of constant level at the
tuning frequency of the receiver for calibration of receiver gain {output

.8T1: -67 dBm).

b) Supplies a second signal of the same frequency and at a level that

permits two-port measurements over as wide as possible a level range

{output ST2: =27 dBm).

¢} Supplies a filtered amplitude-limited output signal at the exact fre-
quency of the input signal (but displaced in phase due to internal time

delays) for remote frequency measurements (output ST2: =27 dBm).
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4.1.8.1 Sinewave Calibration with AV,, PEAK indication

The signal (4th oseillator with sinewave calibration or the limited last IF
with remote frequency measurement) applied to ST4 is mixed with the 3rd
oscillator:

—> 1

f3rd 7 * T304 ose. ond IF°

The signal obtained at the 2nd IF is so heavily attenuated at STS by the
well-balanced design of the mixer Bl, the return loss of T2 and the attenuator
R2-R3-R4 that it does not disturb the ESH 3's indicating circuitry.

fEnd " is boosted in Tl. Its spectrum can be improved to meet stringent
requirements wilth respect to suppression of non-harmonic spurious frequencies
for speeial aﬁplications, by retrofitting a filter. After further amplifica-
tion in 15, the 9.0-MHz signal is taken to B3 where it is mixed with the 2nd
oscillator which obtains its required level from the itwo-stage amplifier T3,
T4 with a high return loss.

The signals at £ = 66 MHz +9 MHz are amplified in T7 and taken to the filter
B4 which passes them on to T12 almost unattenuated on account of its selecti-
vity about the 75-MHz component (= £at IF)’ The boosted 75-MHz signal is
applied to T14 whose gain is adjustable by means of GI6. In B5 the 75-Miz
signalrié mixed with the 1lst oscillator signél, which is coupled out via the
non=interactive amplifier T13, T15.

As a result, a signal is obtained at the tuning frequency of the receiver:

freceive = flst osc. " flst F= 10 kHz to 30 MHz, It passes through a

7T-section Chebishev low-pass filter which heavily attenuates flst osc and
+ flst I’ and is then taken to the broadband amplifier'IEG-T17-

flst osc,
T19-T20. The boosted signal is rectified in GL10 and after temperature compen-
sation by means of GIOQ and B7 its voltage is compared with the variable voltage
at the input of BG/I. The resulting difference voltage is amplified in 26/T .
making for frequency-independent level control. Addition of a temperature-depen-
dent adjuétable current to the currents into the + or - input of B6/I provides

temperature compensation.
The output ‘signal from T19-T20 (-1 dBm) is split into two paths:

- Path 1 (ST2) is used for two-port and remote frequency measurements

- Path 2‘(ST1) 1s used for internal calibration of the receiver.

R110 {CAL.CORR.) permits the readout to be set to 80 dB(uV) when making two-

port measurements.,

™
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4,1.8.2 Pulse Calibration (CISPR 3: £ < 150 kHz; CISPR 1: ¢ > 150 kHz)

The 500-Hz TTL signal supplied by synthesizer 2 (Y#)‘;s divided by 20

(CISPR 3) or 5 (CISPR 1) in a pfogrammable 1/5 or 1/4 divider. Needle pulses
- with a pulse repetition rate_of_25 of 100 Hz'afe preduced, whose pulse
width {ig adjustable'witn RB9 (CISPR 3) or ROl (CISPR 1). Ri24 is used for
temperature compensation. The output pulse from Bl2 passes to the voltage
follower T21 and via R31 to the calibration output 8T1.

According to CISPR,j, a pulse of 13 5 uVs is required for calibration which
should give an indication of +60 dB(uv) = -1;7 dBm at an IF bandwidth of
200 Hz. o ' ' '

According to CISPR 13 a pulse of 0.316 uVs is'required for calibration which
should likewise give an indication of +60 dB(uV) = -47 dBn at an IF bandwidth
of 9 kHz.

Since the Receiver ESH 3 is intérnally calibréted with a sinewave level of
-67 dBm, the internal pulse generator must supply pulses that are smaller
than the specified CISPR pulses by 20 dB.. '

The frequency response of the pulse generator at the upper frequency range
limit can.be varied by means of Ca0 for a flatter indication.
5,30 3rd Mizer (¥11)

(See circuit diagram 3Q3°6219 3)

The 3rd mixer performs the following tasks:

- Corrects the_gain over entire signal path between the RF input and the
display . during level calibration (PIN-diode attenuator with store
IC Bl). ' '

- Converts 9. 0 MHz to 30 kHz using a built-in 8n97=MHz oscillator (phasew
locked lcop with 500«Hz reference). '

o Adjusts the IF attenuation in steps, 0 to +40'dB,'by means of Bl0, B15,

- Filters out the noise before the indication and AF demodulation to pre=
. serve the overall noise figure at 500-Hz and 2.4-kHz IF bandwidth.

- Switches over to 200 Hz IF bandwidth by means of the mechanical filter Bi8,
Indicates any overload of the stages preceding the 200-Hz filter.

= Switeches the IF gaiﬁ over before the IF output.
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, The 8 97-MHz oscillator consists of a crystal oscillato which is trimmed
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o

ing the feedback which sets the gain of two operational amplifiers. _ _
Tho_stagger-tuned active resonanx circuits {B16-B21) filter out the noise.

4,1,10 Indication and AP Demodulation (Y12)
" (See eircuit diagram 303. 6919 8)

The Indication and AF Demodulation board obtains the BowkHz IF signal from
the 3rd mixer, from which it produces signals for the level indica-
tlon) as well as AF voltages (e g. for the AF amplifier) by means of

_various demodulators.

‘Tn Fig. b5, a simplified block diagrém is shown. The signél path for the
indication demodulation is completely separate from the signal path for the

AF demcdulation.
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‘Fig. 4-5 Block diagram of indication and AF demodulation

The ind:i.cati’on seation demodulates the input signal a_;nd produces é, IC voltage
- for level _meaéurementg Moreover; signal weighting according to CISFR or
~ peak value indication is possible. '

To achieve a wider indicating range than 20 dB with linear demodulation, a _
.logaritmie converter for the instantaneous value can be c’ohn'ec:_ted before -

_the demodulator. In this way, the 40-dB and the 60-dB ranges are obtained.

" The AF demodulation section permiis receptlion of AM and FM as well as SSB
and telegraphy signalis. _ '

.The FM demodulator consists of a limiting amplifier which 1s followed by a
PLL. demodulator. It is sépara,te from the circuit for the other demodulation

modes,
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The latter contains an automatic.gain controlled IF amplifier. This control

eireuit keeps the AP voltage nearly constant even in the case of large level
differences and permits easy aural monitoring of the input signal. In AM
operation, the AF voltage 1s derived from the IF signal by means of an active

rectifier which supplies at the same time the input voltage for the control

: amplifier. )

With telegraphy and SSB demodulation, the amplified IF signal 1s taken to a
product detector. The mixer signal is supplied by the 4th oscillator which

is also ineluded on the board. The control circuit is switched over with tele-
graphy and SSB’ demodulation and the rise and fall times are adapted to the

demodulation mode selected.

Because_of 1imiting in the_FM_mode and level control in the other demodula-
tion modes, the input level camnnot be determined from the volume of the AF

signal._This is only possible by separate indication demodulation. The
detailed block diagram of this subassembly is shown in Fig. 4-6.
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4,1,10.1 IC Switches

For the numerous switching functions, IC analog switches are used. They afe
entered in the circuit diagram as normal switches with the designations Si,
82, ete. For the sake of clarity, the control eircult is drawn separately

from the switches.

Depending on the requirementsg two different types of IC switches are used:
CD 4016 and IH 5027 . An essential difference between the two types is that
the CD 4016 swiﬁches on with a positive (+10 V) and the IH 5027 with a nega=~
tive (-6 V) control voltage. Unlike the CD 4016, the IH 5027 does not require
a supply voltage. 1.i ' : '

Table 4—3 contains a summary of the control inputs tc the board. They are
driven with TIT signals. The particular function is switched on if the level

is at high.

" The compafators B2p-23-24-25 convert the TTL signals to the above meﬁtioned
levels of +10 V and =6 V required for driving the IC switches. The comparison
voltage is produced by means of R239, GL67 and 6158 and amounts to 1.4 V.

OR gates formed by diodes gate the control signals. For example, 89 is to

switch on with PEAK1 or PEAK? (SP1 v SP3). The signals are gated by means of
GL63-GL64-R264. The output of the OR gate is connected to the inverting input
of the comparator EQH/EI, Since it is an IH 5027 type switeh, 59 requires a .

nega.tlve output vo,i.tage II‘OlTl t,ne compar‘a'cor to switch on.

Table'4-§: Control inputs -

| For the indication demodulation:

CISFR ‘1 Signal weighting in. the indication path according to CISFR
: -] Publ, 1
CISFR 3 Signal weighting in the indication path according o CISPR
- | Publ. 3 ; ,
PEAK] Peak-value measurement with " With the ESH 3, only control
S 1 s hold time _ . input PEAKS is used for :
| PEAKS Peak-value measurement with : igégg:izgnon peak-value
L ' 3 s hold time *
I0G 40 | Logarithmic indication, 40-dB range, corresponding to 40=dB
operating range
LOG 60 Logarithmic indication, 60-dB range, corresponding to 60-dB
operating range
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For the AP demodulation

30 kHz ON 4th osecillator at 30.0 kHz

AM AM demodulation

FM M demodulation

AG Demodulation of telegraphy, for adjustment to zero beat
Al Demodulation of telegraphy

USB Demodulation of AM SSB signals, upper sideband

I3B Demodulation of AM SSB signals, lower sideband

Other:

REFM Remote frequency measurement

Table 4-% contains a summary of all the IC switches and their respective

control inputs.

Table 4-4 IC switches and switch control

Switch No. Type Triggered in mode Triggered by
S B31/1 IH 5027 10G 40 v 10G 60 (= LIN) | Bo5/II
S2 - B31/I1 | IH 5027 10G 40 . . Be5/1
83 B31/III | IH 5027 LOG 60 Bps/IIT
sS4 B27/1 CD 4016 LOG 40 v 1LOG 60 Be5/1I
85 BRQ/IV IH 5027 10G 4o Bos/I
56 B1/1v IH 5027 106 60 B25/I1I
s7 B29/III IH 5027 PEAKI v PEAKS (= AV) Bok /11T
38 B29/I1 IH 5027 Triggered in mode PEAK
. by B20
S9 B9/1 IH 5027 PEAK! v PEAK3 B24/1I
810 Be8/1 IH 5027 CISPR 1 B23/IV
511 B28/I1 TH 5027 CISFR 1 B23/IV
si2 Be8/I1I 1H 5027 CISPR 1 v CISPR 3 B23/I1
813 B28/IV IH 5027 CISPR 1 v CISER 3 B2%/III
S14 B30/II CD 4016 PEAKS Bo4 /I
815 B30/11X CD 4016 Al v USE v I9E =
{AM v FM v AO) B23/I

516 B30/1 CD 4016 CISPR 1 v CISPR 3 B23/1X
S17 BR7/I11 CD 4016 Al v USB v 1oB =

- (MM v FM v A0) B23/IT
S18 BB/IV | CD 4016 Al v USB v ISB Be5/TV
S19 B26/IIT CD 4016 Al B22/IT
S20 B26/II CD 4016 ™ Be2/III
S21 Bo6/I Ch 4016 AO v Al v USB v ISB Be2/1
S22 B27/11 CD 4016 AM Be2/IV
523 Be6/IV CD 4016 Al v USB v ISB Be5/IV
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4,1,10.2 Indication Section

In the indication section, the 30-kHz IF signal applied to ST2 is processed.

The following levels are permissiblé at ST2 for the various measurement

ranges:
ILIN : 2 to 20 mV (rms) corresponding to 20-dB operating range

: with the ESH 3
1OG 40 aB 2 to 200 mV corresponding to 40-GB operating range

10G 60 dB 2 to 2000 mV ~ corresponding to 60-dB operating range

4.1.10,2.1 Togarithmic Amplifier

A logarithmic amplifier consisting of B38 is connected before the indication
demodulation. It is triggered only in the LOG 40 or LOG 60 mode. In the LIN
mode, it 1s bypassed by Si.

The supply voltages +6 V and -6 V are produced and stabilized by Ti and T4,
S4 makes contact only in the LOG 40 or I0G 60 mode causing T2 and T35 to con-
duet which in turn conneet the supply voltages through to the logarithmic

ccnverter;'ln the LIN mode, T2 and T3 are cut off to save current.

The signal present at ST2 is either applied direetly to the inputs Al, AZ,

Bi, B2 ér:after attenuation by 30 dB or amplificaﬁion by 30 or 60 4B (see

Fig. 4-7). The 30-dB amplifier stages consist of the operational amplifiers
Bi0 and Bill.

5T2
E_- A1
-30d8 A2
BOdBl - B38
-
H30dB
B 1 B2

Fig. 4-7 Driving circuit of B38
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R128, R123, R126 permit exact setting of the attenuation and gain, respecti-
vely of the 30-dB attenuators or amplifiers. In this manner, the logarithmlc
characteristic can be adjusted. '

The diodes GL23 to 28 reduce the supply voltage of BlO and Bll to +4 V
thus limiting tbe voltage at the inputs Bl and B2 of 338

The differential amplifier B12 combines the currents at the outputs of B38.
The NTC resistors R145 and R146 serve for temperature compensation of the
complete logarithmic amplifier. The attenuators are connected to the output
of Bl2 according to the measurement range selected: Rl}8—Rl§9-R140 in the
LOG 40 mode and 3137-3141-3142 in the LOG 60 mode.

4,1.10.2,2 Tndication Demodulation

The signal path is the same in the operating modes 10G 40, LOG 60 and LIN
(eorresponding to HOQdB, 60-dB and 20-dB operating ranges) after the switches
Sl~-82, 83. Bl3 functions as an active demodulator consieting of the diodes
GI85 I and II. Then the signal is taken to the balanced active filter Bl4
whose cutoff frequency is 10 kHz. ' '

With an input signal of-2 mV : present at ST2 in switch pcsition LIN, the
output voltage at Bll is approximately 20 mv. .

Offset compensation control R164 is used for adjusting maximum gain linearity
of Bil so that the output voltage at 20 mV input voltage is exactly 10 times
that at 2 mV,

After_Bl#, the signal paths split up depending on whether CISFR or average-
value (AV) or peak-value (PEAK and MIL) indication has been selected.

4.1,10.2.2,1 CISPR Meter Amplifier ,

Bl15 and B1T7 are tne active components of the meter amplifier section which
1s used only with CISPR weighting. Bl5 is a peak rectifier. Offset compensa-
tion control RI74 permits it too to be adjusted for maximum gain linearity.

It drives the RC network R19O-R192QC82 whose charging time constant of 45 ms
and disoharging time constant of 500 ms comply with the provisions of the
CISPR Publication 3, G186 pbevents'the capacitor from discharging via Bi5.

The CISPR Publication l_specifies a charging time constant of 1 ms and a
discharging time constant of 160 ms. For this reason, the resistors R192
and R193 are added for CISPR 1.
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B17 amplifies the input voltage by a factox-gf 10, H195 permits exact zero
setting. R198 enables exact setting of the gain.

4,1, 10.2 2.2 Meter Amglifiar for Averagem and Peaknvalue Indication

Bl6 amplifies the input signal by a factor aflo Zero setting is acecmplished
with R177. Ri82 serves for gain adjustment. The voltages produced by means of
the adjustable dividers R179, Ri8S, Ri86 and Ri72, R187, RI88 are taken via
R181 to the inverting input of Bl6 in the cperating modes LOG 40 and 10G 60.
As a reéult,.the 6utput voltage of Bl6 is reduced in the IOG 40 and LOG 60
modes to ensure the same voltage range at the meter output in the LIN, 1OG

o0 and LOG 60 modes._.

The gain of the following opefational amplifier B3Q 1s'unity; GL81 prevents
Co7 from discharging via B39 in peak-value measurementsa When measuring the
peak value, 859 is closede_ - C97 is the storage capacitor for the peak value.
- In the PEAK_ls modeg C97 is discharged every second and in the PEAK 3 mode,

~every three seconds by means of S8.

When measuring the average value 59 disconnects C97 and in its place R}SQ
is'switched'on_by means of S7, which prevents charging of the non-inverting
input of 518, The average value is calculated in the microcomputerg'

_Switch 58 discharges the peak-value storage capacitor 097 This switch is
controlled via input SP50 directly by the allocated port on the Computer
Board, depending on the selected measuring time. A discharge takes place

' . whenever the measuring time ends. As a result, B20 has no funetion in the

ESH 3.

4.1.,10.2.3  Indication Outputs

401910,203;1 Meter Output (871 /a2) _ _

812 or 813 coﬁnects either:the CISPR meter amplifier or the meter amplifier

_ for averagem_and-peakavalue indication to the output 8T1/a2. When making
average-value and peak-value measurements, the voltage range is 0.2 t0o 2 V

with an input signal of

2 mV to 20 mV in the LIN mode (20-dB operating range )
2 mV to 200 mV in the LOG 40 mode (%0-dB operating range)

2 mV to 2 V in the LOG 60 mode (60-dB operating range)

at ST2.' o :
No logarithmic measurement is possible with CISPR wei_ghtinge
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4.1.10.2,}.2 Recorder Output (ST1/56)

B19/I produces the recorder output level -
0.5 V to 5 v in the AV or PEAK indicating mode
0.2 V to 2 V with CISFR weighting

from the signal at the output STl/he.
The output impedance_is 10 k{l.

4.1.10.3  AF Demodulation = . -
The AF demodulation section supplies the signéls for the AF amplifier and the

various demodulator outputs. It contains an AM and an FM demodulator as well

a5 a demodulator for S5B and telegraphy signals.

4.1.10.3.1 FM Demodulation

"~ Bl and B2 boost a weak input signal by'about 80 dB. Stronger signals are
limited by means of GL3, GL4 as well as by GL1, GL2. The input 14 of B3 is

_ thus driven with squarewave pulses.

- A-PLL circuit_based-on B demodulates the FM signals. The‘voltege&con;

" trolled oscillator'(VCO) contained in B5 is'synehronized in phase with the
input 515naL Dy means of the pnase comparator tnat is aiso in H>. The demo-
dulated AF signal is the control voltage of the oseillator if a frequency-
modulated signal is fed in. Fig. 4-8 shows the block diagram.

:) ——;ﬂ<:NF

s "////7' |
o] S LW Y Y /
. B2 ﬁbomparator,gx&d / ,//j; B3

B1 -
V77771 55
o777 777

Fig. 4-8 Block diagram of the FM demodulation
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cT and.the resistors at pins 11 and I2 of B3 determine the oscillator
frequency. The oscillator is adjusted to the centre frequency of 30 kHz by
means of R19. R17 serves for temperature compensation,

After amplification and limiting in Bl and BQ, the input signal is available at

input 14 of £he phase comparator. The signal from pin 4 of fhe internal

oscillator is available at input 3. The output voltage of the phase comparator

at pin 2 passes through a 1owwpass filter to the tuning input of the oscilla-

toru

This is also where the AF voltage is derived which is boosted by B4/II so
that the voltage at 1ts output corresponds exactly to 1 v per kHz offset
from 30 kHz, It is available at the frequeney offset outputs

- The demodulated signal is also available at the FM output ST5. On account
of the voltage divider RBO R49, the voitage is here 0.1 V per kHz offset,
and the source impedance 10 ki,

The AF vcltage passes then via the voltage divider R28, R29 and the switch
820 to the AF fllter comprising B21/IV. The cutoff frequency of the filter
~ is 8 kHz. Its gain is unity. It supplies about 200 mV g to the AF output
_ (STE/%E) at 5 kHz deviation.r

4,1.10.3.2 _ AM, SSB and Telegravhy Demodulation |
The same AGC-controlled IF amplifier BS (TCA 440) is used for AM, AD, Al, USB
and LSB. A simplified block diagram of BS is shown in Fig. 4- 9,

Connection of,
external filter

o Preagyp ’ 1j LZ I¥ amplifier . .
1 > LA S5 oo

P

Contrel

Control Oseillater

I8!

L 5 6

Fig. 4-9  Simplified block diagram of the BS (TCA 440)
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| The internal oscillator is disabled by the connections to pins &4, 5, 6. The
preamp and the IF stages operate ‘at 30 kHz. The gain is controlled by the
voltage at pins 3 and 9 A positive control voltage decreases the gain. The
automatie gain control keeps the output signal at pin 7 at about 20 mV

(see sections 4 1. 10 3. 2;1 and 4.1.10.3.2. 2)

4-.;’.10;3.2.1 AM Demodl._tla_t‘ion o | |

B8 is followed'by:aﬁ.aotive demoduletor:using EQ for AM demodulation. Then

the signal is taken to-theidifferential amplifier-Eﬁ/Il with a gain of 27
” and an upper cutoff frequency of 10 kHz. The voltage follower ES/IVIdrives

'the AM output ST4, . 1 Vb at the AM output corresponds to a modulation depth
of 100%. The souroe impedanoe is 10 k. Fig. 4-10 shows the voltage at the

"~ AM output at varlous modulation depths.

oo m — _' — nunu f\ /1 [\

o 0% _]m%_; _ 100 %

"Modulation depth.

Fig. '4-10 AM output

- Control with AM

Zhe demodulated signal is further processed to obtain the control voltage.,

" The switches S17 end,SlS_after the voltage_follower'Bé/I are closed in AM
demodulationf The low-pass filter R614364=022 filters out the AF superimposed
- on the-Dc voltage and sets the AM control time constant of 0.5 s.

The voltage divider comprising G120 and Rﬁ? produces the nominal control
-value at the 1nverting input of B?. BY compares the nominal value

with the actual value at the non-inverting input. B6/II boosts its output
voltage for the control of B8. The voltage dividers match the levels to the
two control inputs B8/§ and E8/9

R 38528 - 4,31







Control with AM

To generate the AM control voltage the demodulated signal is buffered by B6/IV
and then transferred to the RC lowpass R61-R64-C22 via S17, This lowpass
suppresses the alternmating voltage component of the AF signal (time constant
0.5 s). To render interfering pulses more audible GL%94 and R78 are connected
in parallel to the charging resistor R61 via the switch B40. The quasi-peak
value of the AF signal is used for control, so that the volume of noise is
reduced. Furthermore, instead of the AF lowpass B2t the diode GL98 is cut inte
the AF path via the switch B41. Thus weak pulses are accentuated to such an
extent that they can easily be distinguished from the noise. However, sinewave
signals are distorted. If necessary, the position of link ST7 can be changed
in such a way (connect 2 and 3) that the quasi-peak value is no longer the
basis of control.

The control voltage is generated at the subsequent amplifier B7 by comparison
of the AF centre frequency to the nominal value (voltage at GL 20).

B6/I1I amplifies the comtrol voltage, and the subsequent voltage dividers

mateh it to the control inputs of the AM component BS.
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4 i, 10.3 2 2 Demodulation of AO, Al, USB, ISB

) For the demodulation of telegraphy and SSB transmissions, a carrier produced
" by the 4th oscillator must be added to the IF signal (see 4,1.10.4). The out-
~ put signal of ‘the IF amplifier B is- applied to the ring modulator Bs

- (pin 1) where it is mixed with the signal of the 4th oscillator which is

available at pin 10. '

© The balanced output signal available at pins 6 and 12 is applied to the

‘active low-pass filter BM/I (fc uboff =3 kHz) The filtered AF voltage is

- taken to EQl/IV via 821 (see 4,1.10.3. 1)

: Control with A—i‘ _USB, LSB -

Enother difference between the demodulation of Al, USB and ISB signals and
the AM demodulation is in the control .of ES. With telegraphy and SSB trans-
:missions, the signal level fluctuates heavily since the carrier is not con-
7 stantly present._Heace, it is desirable that the ccntrolrof the IF amplifier -
-._reacts very fast in the case'of'a signal'increase.:The_fall time of the
control should be longer'to prevent the noise during voice transmission and

'keying”intervals from being amplified.

The control circuitry for Al, USB'and LSB has been designed with this in-

mind. With A0, .the I® amn l-fier ig gcontrolled as with SM,

518 and"S&}Jclose'when Al, USB or LSB is switched on. The RC section R62-C23
determines the rise time of the control and the fall time is determined by
the network E#/III—B#/IV—TG. B4/IIL boosts the AF signal and adds a positive

. IC voltage. GLB clips the negative half-waves. In the case of slow signal

changes, c23 discharges via als . and 354 during the negative half-wave.'

The rectified AP signal is smoothed by c2l. BA/IV boosts the IC voltage

~ obtained and cuts off T6. If the signal. changes suddenly by more than 20 43,
-for example, during a keying interval with Al, the AF is no longer present
‘_at B#/III and c23 cannot discharge via GI6. The control voltage remains un-
changed. -

Only after RS6 has discharged the storage capacitor €21 to below the threshold
© fixed by R58 and RT3 does % conduct discharging C23. With Al, 519 switches
R57 into eirecuit shortening the release time constant.

To avoid short pulses affecting the control voltage, a second RC section
 R63-R66-C23 with a short rise and fall time has been provided.
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.Fig.'h-ll shows the IF control with a morse code character ("n"). When the
carrier is keyed, the control voltage rapidly reaches the fequired valua,
-During the keyihg interval between dash and dot, the control voltage remains
unchanged, After the dot, it “waits" for further signals to follow and will
“then again drop very fast.

Signal at 872

.Control voltage from ES

. —-MNVM—M"

MScharge of C2% via GL 6 m

via ™ _ ' . BB

Fig, 4-11 Time function of the control voltage
with a morse code character

b1, 1.10.4  dth Oscillator

The 4th oscillator produces the heterodyne frequency for the product detector
with A0, Al, USB and LSB (see 4.1.10.3.2.2) and with 30 kHz ON, it supplies a
signal to the 30-kHz output (see 4.1.10.4.5).

The frequencies'bf the 4th oscillator are as follows:

With = 30 kHz ON 30,0 kHz
A - 30.0 kHz
o 31,0 kiiz
USB o 31.5 kHz
IsB . : 28.5 kHaz.

These frequencies are produced by a PLL referenced to a crystal.
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300-kHz N S ' :
. M ; ) 9
oseillator | . d” 10 - g Oré.tput
.1; | o _ | ¥
Al
- Pha.ser‘ o . N :
QOMPETALOL . Lt 560 Hz
qD , reference
freguency

Fig. 4-12 = Block diagram of the th oscil’laﬁor |

The voltage-controlled oscillator oscillates at approximately 300 kHz., The

oscillator output signal is first divided by 10 and then by n, wh;eh depends

on the desired output frequencyg A phase comparatcr compares the divided -
51gna1 with the 500-Hz reference frequency and tunes the oscillator to the
frequency 10'n°500 Hz. -

L, 1,10, 1#1 | 'Oscill'a'tor'

T7 is connected up as a 500=kHz Clapp oscillator, It is automatically tuned
with 6190, B33 divides by 10 and its output 2 feeds the product detector.
Qutput 14 is taken to-the 30nkHz amplifier using T8 (see 4.1.10.4.5) and to
the input of the divider 5_36

: "4 .1.10, 4 2 Ad,justa‘ble Divider

B3 and 337 form a- programmable divide-by-n eireuit. n is programmed via the
 inputs A, B, C D. Accordlng to the formula given above, the division ratios

required are 57, 60, 62 and 63. The diodes GI4L to 48 decode the control

- signals AO, Al, USB; ISB, 30 kHz ON. The logic levels ('ITI‘.} ‘at the programm-

“ing inputs are given in the following tables
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Inputs to programmable divider:

-Frequency n B36 B37

KHz -~ |A B ¢ D A BCOD
A0, 30 kHz ON | 30.0 60 |L L L L (=0)| L H H L (=6)
Al 31.0 62| HL L (=1L HHIL (=6)
USB 31.5 63 |H H L L (=3)| L HH L (=6)
LSB 28.5 37 |B H HL (=7)|HL HZL (=5)

Fig. 4-13 shows an example of the timing diagram for an adjustable divider,

assuming n = 62.

B36 is BCD-encoded for 2 and B37 is preset to 6. Fig. 4-13 shows the signals
at the BCD outpuks of the counters. At first they have the preset values.With
each positive-ging edge of the clock pulse at pin 6 B36 counts down 1. On
reaching 0, the "O" output of B3¢ (pin 12)- remains LOW since it is cut off
via the CF input (pin 13} which is connected to the "O" output of B37. B36
conf.inues to count down from 0. The positive-going edge at Q4 of B36

switches B%7 down by L.

Wheén B37 finally reaches 0, the "O" output of B37 goes HIGH and the "O" _
output of B36' is no longer cut off. After B36 has also counted to O, the
"O" output goes HIGH and resets the counter to 62 as it is connected to
the Preset Enable inputs (pin 3). The process repeats itself.

To produce a pulse edge at the Preset Enable inputs exactly 62 edges are
required at the elock pulse input of B36; i.e. the divider divides by 62

as desired.
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- B36

. B36

B36 |

- B37

':_337 Q2 é- .,__,:__—i _ SR § . ' 'r‘_
o ew a3 __ . [
B37 Qb 1 __
836 clock 6 1L LI .

m36 om 2

B37 "0

Fig; 413 *”Pdlee eharacteristie'with adjustable divider -

' 4-1 10 4.} ' Phase Comparator and_Sj;chronizationﬂindicatien

The phase comparator 334 (MC 14046) compares the divided signal with the
SOO-Hz reference frequencya The phase comparator 2 used in B34 responds

“_- only to pulse edges. Tts funetien is independent of the duty eyecle. It syn=
: chronizee the oscillator via the active PI (proportional-integral) controller Belo

The phase cemparatcr usad produces a phase difference ef o° at the inputs i
3 and 14, From the output of the phase comparator 1 (pin 2) and the phase
: pulse output (pin 1), a signal Pfor synchronization indication is obtained
:by means of B35/II0
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Signal from the divide-by-n 14

Output of phése comparator 2 13
Possible characteristic '

o | Pin -
500-Hz reference frequency 3 _J Bl J L L
—T 1

Output of phase comparator 1 2

Phase pulse outpuf 1 “MU : ui

Output B35/IT

The short peaks at the output of B35/II are smoothed by Cl2l. B35/ functions
as an inverter so that, when synchronized, the output of B35/I and, as a
result, the Synchronization indication output go HIGH.

4,1,10.4.4 Supply Voltage Switch of the 4th Oscillator

The diodes GI35 to 40 decode the operating modes A0, Al, USB, LSB and
' 30 kHz ON. If one of them is selected, T6 and T4 connect a supply voltage-
of +10 V to the 4th oscillator which at all other times is switched off

to save power.

4,1,10.4.5 30-kHz Qutput (8T5)

The 30-kHz output is activated by the controls signals RFM {remote frequency,

measurement) and 30 kHz ON. The two control signals can never occur at the

same time.

If the RFM input is HIGH, the comparator B2l/II causes GL89 to conduct and
cuts off GL88. The oscillator signal of the FM demodulator, which is in
phase synchronization with the input signal at ST2, is then available at
the 30-kHz output (See 4.1.10.3.1).

If RFM is switched to LOW and 30 kxHz ON to HIGH, GI88 conducts and GL89
is cut off._The amplifier compfising T8 takes then the 30.0-kHz signal of
the 4th oscillator to ST5 (see 4.1.10.4). The level at ST5 is 80 mvrms'
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$,1.11 Attenuator Control {¥i3)
(See circuit diagram 303.6460 8)

The Attenuator Conirel design combines high switching speed with minimum

power consumption.

< +12Y

Each one of the nine bridge circuits (made up of ¥ transistors each) drives
one of the solencids of the RF level switch.

Nine level shifters Bl4 to B22 matech the logic level of the preceding 5-V
logic circuit to the 12-V bridge supply. ’ S

The logic using the modules B1 to B4 links the attenuation information
applied to ST1 in binary code generating the ﬁecesséfy control signals
for the level shifters B14 to B21. The monoflops B5 and B6 éeﬁérate an
18-ms enable signal for the level shifter rendering a switchover of the

relays.

The logle levek at the test pins B, C, D, E, F, H, I, K represent the
respective nominal Switching state of the attenuators. The 4-dB attenua-

tor B2 is normally switched off. Table 5=13 in section 5.3.1.1%4 shows the
relationship between the input levels at 5T1.a2, STl.a2 to 16 and the levels
at the test pins. The monostable B5 I {15C ms) which is triggered via
differential networks at the control inputs triggers in turn the switching
pulse {B6 I = test point G) for switching over the attenuators. Only upen
completion of this switeching pulse is the new switching state stored in the
latches with the clock pulse (B5 II, A).

In automatic operation, the delay is reduced to approximately 1 ms. Mono-
stable B5/II is operative and BS/I is cut off; control line STl.a3 = HIGH.

Monoflop B7/I ensures that the correct attenuation is connected into cir-

cuit a2t switch-on.

R 43568 - 4,38




NOTE: When testing the ESH3 with it switched on, the contacts of the Control
board must not touch any other potentials since this would immedia;ely over-

load the unprotected bridge-conneeted transistors of the Attenuator Control,

4,1.12 Power Supply
- (See C1rcu1t Dlagram 354. 9215 S and F1g. 4—14)

4.1.12.1 Functional Deeofiption

The power'suppiy contains the three subassemblies rectifier board, switching

power supply and analog power supply, as indicated on the block dlagram

Fig. 5-1. -

'TheIPOWEr supply'can'be operated either with AC line power or with battery power

of +24 V with fespect-to ground. In operation with AC input, a +24~V raw volta-

- ge is generated from which the switching and, in part, the analog units produce

the requlred supply voltages for the instrument. An addltlonal supply voltage

and two reference voltages are produced for use thhln the power supply.

4.1.12.2 Rectlfler Board

(See C1rcu1t D1agram 355 o011 S)

The power transformer_and assoolated rectifier are mounted directly on .the

““““““ ‘the instrument. The 24~V DC output is applied over a short line
to charglngreapaoitor C5 on the rectifier board. If the voltage on C5 rises
above 40 V, thyristor-V1O fires and the AC line is opened. Short noise pulses

are limited by V7. The battery voltage is applxed via X3, overvoltage being

.11m1ted by V8 and V9.

. The DC output of the power fec;ifier is passed on for further processing ﬁhfough _

relay contact k1 when the relay is not energized. The switchover to battery

- operation occurs only if the AC line voltage is insufficient, a battery voltage

of the correct polarity is present, and the 1nstrument is switched on (X4 open).

In case of overvoltage on the +{2-V and +5-V supplies;_thyristoré V3 and V4

shortcircuit these outputs.:

The lines into the switching power supply are provided with filters.
Furthermore, the analog power supply is connected through 26-pole connector
X18 eﬁd the loads tﬁrough two 20-pole connectors X8 and Xi5. The circuit dia—
graﬁ_shows the pin assignment for these connectors from the component side.

The board also oontaihs the common neutral X5 of the analog ground lines.
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4.1.12.3 Switching Power Supply

(See Circuit Diagram 354.9515 §) .

The switoﬁing-power supply board is oontainéd in a closed houéing to provide
RFI shielding. The board generates in three sepafate switching regulators
the output voltages +5 V, +i2 énd ~{1 V and +33 V. The regulators operate

- at a frequency of 200 kHz and are synchronized w1th each other to prevent

beat frequenczes.

4.1.12.3.1 Repulators +5 V and +12 v

The +5-V and +12-V circuits are practically the same, so that only the

+5-V circuit will be briefly described. It is basically a fegolator without
transformer. | :

Tranéistor_v112 is perio&ically oot in for a fixéd.time. During this time

the cu:feot in choke L1071 increases slowly from a given initialrvalue.

When the transistor is switohed off, a slowly decreasing choke current is
furnished by the free—runnlng diode Vi13, so that the voltage across V113

is approxlmately a rectangular voltage with the amplltude of the input voltage.
The duty factor corresponds approx1mate1y to the ratio of the output voltage
to the input voltage, 1gnor1ng losses. A DC current with superlmposed ripple

sate et Mmoot it A
- ek kbl i

nd
its AC component is taken up by C118. The output voltage on C118 thus
contains only a small ripple. Because of the on—of £ owitching oporation,
the power loss in the transistor is small. For small duty factors, the loss
in the Schottky diode V113 is decisive. | '

The VMOS transistor V112 requires a positive gate voltage of about 6 V.

(A VMOS is used in this pusition because of the highoswitchiog frequency.)
The gate voltage_is generated by bootstrap circoit Ci110. When the.parallelw : =
connected output transistors of N101 block, V104 conducts and V102 and V112
5lock The Vifz'souroe voltage is thus slightly negative becouse of the -
current voltage of Vii13, and capaCLtor c110 is charged via V100 and v101.

The maximum voltage 15 limited by means of V115 In the switch—in phase,
transistor Vi04 1s blocked v1a N101, so that Vi02 receives base current via
R104 and very quickly 1oaos up the V112 gate. When V112 opens, the source

potential rises and with it, via C110, the V102 collector voltage.
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The pulse width is so regulated by the error amplifier in N101, that the output
voltage remains constant. This voltage is furthermore smoothed with an
additional LC filter (L102, C120). To assure the stability of the regulation,
the varying component of the_ouéput voltage is picked off ahead of L102 by Ci21,
wheréés_the'DG component is regulatéd at the output via R122. The output (pin 9)
of the érror.amplifier is terminated with R109 and C107 for phése compensation.
If the potentiai on this ccnﬁection drops, the power supply is switched off.
“This chéracteristié is used for the switch-on to obtain a soft start-up-capa-
citor Ct14 connected via V110 charges up slowly through 2112, s0 that the duty

factor increases slowly

'_The voltage drop ‘across ‘1102 is used for current limiting. If the drop exceeds
the difference input voltage of comparator N100 (set by R114 and R117},

€113 discharges and functions similarly to C114 in the start-up circuit.

" 4.1.12.3.2 Reverse (Converter

. The third switching regulator functions as a reverse converter im triangle
operation and genera:eé the output voltages —~11 V and +33 V when power
‘transistor V172 is activated via the push~pull driver V175, V176. The current
in the:primary wigdiag riééé iiﬁearly;:éiﬁée.né secandéfy”cuf?ént.ié fic#inga
When V172 is switche& off, the sééon&ary voltages of ffansformer V170 are
reﬁerSed in polafity, so that diodes Vi73 and Vi74 become conducting and
the output cépacitors are charged. During this phase the ﬁrimary voltage on
thée V172 drain rises to a valug about twice that of the operating voltage.
The overshoots, which then occur more freguently, are attenuated by the

RCD network on the drain.

Voltage regulation is obtained similarly as for the +5 V and +12 V regulators
by means of Ci85. and R185 The +33-V output is stabilized by the magnetic
coupllng._ : ' '

The secondary-curient limiting is taken from Li71 and functions as in the
case of the regulators. A current-limiting action is also produced in the

primary circuit by means of sensor resistor Ri77.

R 43548 - 4.47




£.1.12.4 Analog Power Supply

(See Circuit.Diagrem 354.9815 S).

The analog power supply furnlshes the stabilized +10-V, —104V, +20/25—V and
+30-V supplles as well as the 1nternally used 15*V supply and two 8~V reference

voltages. A monltorlng crreult generates error 31gnals and the RESET SLgnal for

the mlcroprocessor

bo1.12. 4 1 +154V Supply

- This unit contalnlng the 1ntegrated regulator N5 generates from the raw -

24-Y 1nput the 15 V for the circuits of the power supply. The 15-V Supply is

" confined to the power supply and thus is not subject to any external influences.

ca

4;1912.4n27 +8-V Reference Voltage Sources

Two independent 8-V reference voltages are generated from the +15-V supply
with N8 and N9 and temperature-stabilized 6.2-V diodes V30 and V31.

The voltage-levels can be adjusted with potentiometers R89 end 395.

- Regulator referenoe VREF1 determines the output levels of all analog and
sw1tch1ng power supply llnes, VREF2 is used in monltorlng “these ‘voltages.

Z-diode V45 prevents any rise in the output voltages in case of a dlsturbance.

1.12.4. 3 +10—V/0 S—A Supply

The +10-V’supply is obtalned from the +12=Y output of the sthchlng power supply.
Series regulat10n‘w1th collector output permits a sllght difference between the
input and.output voltages. Voltage control is prov;ded by N1II1 via driver
transistor V2. This permlts the generatlon of output voltages higher than the

-1nternal supply voltage to the ampllf:.ere

Current llmltlng with current cutback is provided Wlth sen31ng resistors R8
and R9 and NlIV which blocks driver V2 in case of overcurrent. The power

supply can also be switched off by an external LOW signal.

To permit use of the +10-V supply as an external voltage reference, the pos;tlve
sensing lead is separately taken out via X18.16 and is conneeted to the output
lead at the load itself. Resistor R12 prevents an overvoltage in the output in

case of a broken sensing line.
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£.1.12.4.4 =10-V/0.8-A Supply

This circuit is similar to that of the +10-V supply except for the polarity
reversals. The -11-V output of the switching power supply is used as input
voltage and forrthe éomparison.amplifier. The output'of the +10-V supply
serves as reference ﬁoltage,'so.that the two voltages are symmetrical.

In this case élso'the sensing lead is taken out se?arately, via Xi8.10,

to the load. This supply is switched off indirectly via the +10=V supply.

4.1.12.4.5 ézoévio;g—A (25-v/0.04=A) Supply
-; This supply is of the same design as the +10-V supply, but, because of the
higher outpﬁt voltage; requires voltage dividérs at the input of the current-
rlimiting amplifier N1I. To make this supply usable in other devices, the output
:ﬁ01Cage and current limiting have been made switch-selectable., In the
+20~V setting the supply is driven directly by the raw 24-V voltage, whereas
‘for the +25-V output the +33-V supply of the switching poﬁer supply is also

- used.

£.1.12.4.6 +30-V/0.06-A Supply

In this circuit transistors V16 and V17 form a difference amplifier, V14 is
a series transistor and Vi3 serves for current-limiting. This circuit is

supplied from the +33-V output of the switching power supply.

4.1.12.5 Vol;ége Monitering
' The voltage-monitoring circuit iéalocate& on the analog power-—supply board.
All important supply voltages are constantly monitored in order to inform the
user and the microprocessor of any disturﬁances in operation. Nine LEDs and
‘eight message 1iﬁés to the microprocessor are provided for this purpose.

A green LED is lit to indicate normal status. It is visible from above through
the instrument panelling. In case of a failure, the green LED goes out and

one or more red LEDs light; If the microprocessor is still functioning,

it outputs an error message to the display. Table 5-1 lists the functions of

‘the LEDs (from left to right) and the error codes.
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Table 4~4 LED Functions -

LED Desigﬁatioh  condi;ion signalized Error code displayed
H2 +24 V Input.undervoltage -
-'-H1_ - +15 V- Internal undervoltage' =
“H3 +30 V Voltage out31de tolerance ' ERROR 14
o limits
H4 +20/25 V " ERROR 13
HS | 412V " _ ERROR 12
H6 +10 v " ~ ERROR 10
H7 =10 V " ERROR 11
H8 +5 vV " -
H9 0.K. -
4.1.12.5.1 Input Undervoltage

_ When the raw 24—V _supply drops below +21 V N6II generates a LOW signal,

' so that red LED H2 llghts. A TRAP sxgnal is sent to the mlcroprocessor,

~wia monostable D41, and initiates a rescue foutine. In order te have’ the

+5-V and +12-V Supplles available for this routine as‘long as possible,

the —11-V/+33-V switching supply is switched off via output S3 (X18.25)

and all analog supplies are switched off via transistor NTIIi.

Input overvoltages are preveﬁted by circuits on the rectifier board.

4.1.12.5.2 Internal Undervoltage

The 1nterna1 supply voltage is adequate 50 long as the input voltage is

over 15 V. If the 1nput sinks below this value red LED Hi lights, and the

switching power_supplles are switched off via 51,

S2, 53 and the analog

supplies via N7III before their regulators become inoperative.

No message appears on the display, since the required +5-V supply is already

switched off.
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4.1.12.5.3 Window Comparaﬁors

The regulated output voltages, +30 V, +20/25 VvV, +12 V, +10 ¥V, «10 V, and +5 V,
are'monitored for over-— énd undervoltage by means of window cémparatars

: (310; Nt1, N12). In case of a failure, the green LED H9 goes out and the

| appropriate red LED.HS-HS lights.:The miciOprbéessor receives an ERR INT signal
and comparator signal, and generates the corresponding ERROR message for the
&isplay. If the 5=V compéréto; is.involved -~ and only in this case -~ a RESET

is initiated. ALl supply voltages except the +5-V are shut off in this case.

4.1.12.5.4 Startup and RESE’E‘ '

_After the instrument is switched on, RESET is held at LOW via R36 as soon as

a very small input voltage is ekceeded. All comparators and reference voltages
fﬁﬁction with the same promptness, With an inpﬁt voltage over +15 V, the in-
ternal supply level is ovar +13 ¥, so that 8f goes 1L.OW and the +5-V supply is

started up.

_ As the voltage rises toward its full value the RESET fllp-flop D3 1s set via

3137 so that RESET remains LOW even when the 5=V cnmparator switches to HIGH.
- In this case however NIV conducts9 so that red LED HS goes out, S2 goes LOW,
', and the +12*V switching ‘supply makes a soft startup. '

When the input voltage has risen to over +22 V, the output of N6II goes high;
releasing the third switching supply via §3 and the analog supplies via N7III.
' Aé'ébéﬁbés'all“ﬁolfégéé"lie‘withiﬁ'theif tolerance limits, the D3 output goes
LOW an& the gfeen LED HY lights. Monostable D4II is triggered via D3I, and
" afrer it fesetss the RESET flip-flop is extinguishéd via C24. The microprocessor
"~ is thus activated after a certain delay period during which the voltage for all
_ instrument circuits reach the correct value. Lowpass filtef_ﬁiZ?, €23 and
- Schmitt trigger D3II1 prevent incorrect switching in the transition range of

the comparators,

. When the S—V comparator respon&s, the RESET f11p=f10p is set via R137 and

- X14.20 goes low. The power supply thus is restored to its initial state.
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b.1,13 Recorder Control
(See eircuit diagram 335.9913 8)

This board is used as an interface between the Computar board and the
external I/0 peripherals.-

4.1,13.1 IEC.625 Pus

The IEC-bus socket 1 is connected to the Computer board via ST8. Pin wiring
is shown in Fig. &-14. '

GH6 DIJ0 GND  GHD  GMD LOGIC
4 L} ] L} © GND

'm;n ni?u DAV MDAC $RO SHIELD

Fig. 4-15 in wirins diagram

. The IEC-625-bus address can be selected bw means of Sl on the rear panel
as follows {1-32): '

© Switeh Value | | - ..
sl 2% e 1 ' - o
a2 P R LR R ELEE
a3 2 - o, E} [} [} {} E}[} |
. I ° OFF| = opeN—
a5 - 24' = 16 | |

The ESH 3 is factory-adjusied-to address 17,
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4,1,13,2 Recorder Outputs

. The reeordef outputs can be derived via the 2b4-way female connestor BU2 on

the rear péneln '

~ [Z control 5
Z control &
4Z control 3
Z control 2
 Z confrol 1

- for ZSG3

¥

GND J_J

3 =

' ! "- — X output 5]
- —- T T X output &
e — X oulput 3 »for ZSG 3
i - ~~ -—~~~- output 1 |
SR o T SN o TOGRI R S . ;
K= o s T en M |
-- - ol ] il - DIN ~ AL formot advance 7
n _, -‘ ﬂ'e N :-_? :—:,A,J___. i — _...___. Y Oufpuf
frey 1 Lo 8 . .
== = !.-‘"“"‘““‘““‘* aufput
V,-V 7,,,,,_._,“__, I P — ,.,_ } cading inpufs

Fig. 4-16 Pin allocation of BU2 .

The coding lines BU2/pins 1 and 2 supply the information to the uP in the

ESH 3 as to whether a recorder and if so, which type of 'reciofder is connected.
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Table 4-5 B2

Pin 1 Pin 2

N/C N/C No recorder connected

To ground N/C YT recorder (ZKT)

N/C To ground XY recorder (ZSK 2, ZSKT)

To ground To ground Radiomonitoring Recorder ZSG 3

The analog X signal is demultiplexed for the Radiomonitoring Recorder ZSG 3
by Bl (which converts from BCD to l-out-of-5), which controls via level
shifter B2, the CMOS switches B3/B4 (+12 V = on). The outputs are converted
to low impgdance via EB/Bé (Iimax < 1 mA). BY controls the pen 1lift for each
channel (HIGH ="Pen up)s:

52 permits switching over between internal and external reference (5 MHgz

or 10 MHz).

The recorder control circuit is powered via ST3.

4.1.14 Attenuator (¥16)
(See circuit diagram 302.2813 8)

- The Attenuator consists of a base plate on which the attenuator pads are
mounted, the drive system comprising'the switéhing caniacts and a control
board. Ten transmission line sections, eight attenuator pads and an input
for the calibration voltage of the ESH 3 are soldered onto the base plate
which is made of copper for improved heat dissipation. The transmission
lines and attenuator pads are of thin-film design, using a ceramic substrate.
The 1- and 4-dB steps are arranged ina T; a T -arrangement is used for the
10- and 20~-dB sﬁeps and a dual 7 -arrangement for the 40-dB steps. The con-
tacts of the attenuator pads and transmission lines are gold-plated for
enhanced switching reliability and life expectancy. The drive system for
switching over the contacts contains 9 rocker switches which are switched
over by means of solenolds and kept in the final position by means of perma-
nent magneis. Each of these rocker switches controls three switching con-
tacts, of which one alternately interconnects the transmission lines and the
other two switch the assoclated attenuator pad into circuit. High contact

force (0.2 N) ensures reliable contacts.
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4,1.15 Motherboard

The ﬁotherboard is ﬁsed for electrically commecting all the boards plugged
in directly or indirectly. The circuit diagram of thils board is on
335.8017 S, sheet 1,

4e2 Mechanical Construction

The ESH 3 comes as a 19" unit, 4 dimensional units in height.

=

To open the receiver, loosen the four Phillips type screws on the two side
panels. Remove the top and bottom pahels thus gaining access to screening

panels which can be unscrewed.

After these panels have been removed, all the boards are freely accessible.
The overall AF wiring-of the plug-in boards is accomplished via the Mother-
board. On account of the stringent RF shielding requirements, RF wiring is

aacomplished via coaxial Subminax screw-in connectors.

The front panel and the Display Unit (Y1) + Computer board (Y2) form a
mechanical unit which can be removed by undoing 4 screws. After unplugging
the cables, the front panél unit can be completely dismantled. The RF-
shielded boards can be removed in two simple steps: -

- Indo the co&xial connections on the underside of the’boarde .
-~ Press board from below to unplug.

The Attenuator IY16)_is'séféwed down on the frame and can be removed only

after undoing these screws.

Use of plug-in boards throughout and aveildance of solder connections between
the individual boards makes for optimum serviceablility as all the boards can
be dismantled and repaired quickly with a minimum of tools.

4.3 Arrangement of the Boards
(See Fig, 4-16 (top view of receiver) and maintenance instructions on the

inside of the shielding of the ESH 3)
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Legend for Fig. 4-16

Board

Y1
Y2
Y5
i

Y5
Y6
Y7
¥8
¥9

Y10
Y1l
Yi2
Y13
Y16
Y20
Y21

Designation

Display Unit
Computer Board
Analog Circuit
Synthesizer 2
Synthesizger 1
Filter Control
Filter 1
Filter 2
Mixers 1 and 2

Calibration Generator

Mixer 3

Indication and AF Demodulation

Attenuator Control
Attenuator

Power Supply
Memory Board
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Ident. No.

335.8400 8
33%5.8800 8
336.0710 8
303.7850 S
303.7715 8
205.7915 3
303.7015 8
303, 7415 S
303.6019 8
303.6319 S
303.6219 §
30%.6919 S
303.6460 S
303.2813 S
303.3210 8
336.0778 S




Location of Trimming Components

4.4

-

Board Reference No. Funetion
Yl Rl Zero adjustment éf analog frequency offset
indication
R47 Intensity of upper LED array, analog level
indication
RA1 Zero adjustment of analog level indication
Y2 R5 A/D converter adjustment: full-scale
defiection
R6 A/D converter: reference voltage
R12 Sample/hold amplifier offset
Y3 R33 Frequency offset (gain)
R57 Offset logarithmic converter for
RUO Cain 20=d8 analog indication
RO8 Offset mod. depth and Af (-)
R99 Offset mod. depth and Af (+)
Rill Frequency correction
Y4 4 Frequency of 2nd oscillator
121, Ciz Characteristic of 100-Hz loop-
168 Freguency of reference oscillator
Y5 L12, C3 Characteristic of 75-to-85-MHz osc.
113, Cl3 Characteristic of 85-to0-95-MHz osc.
Li4, c23 Characteristic of 95-t0-105-MHz osc.
Y6 Rs8, R70, R79, Tuning voltage of RP filters 15 and 16
R92, RIO6
Y7 -
¥8 L79, L78 Adjustment of tracking of RF filter 16
Cl62, Ci64
Y9 R63, C53, C56 Gain and ripple, 500 Hz
R69, C64, C6T Gain and ripple, 2.4 kHz
R76 Gain and ripple, 10 kHz
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Board Reference No. Funcetion
Y10 R84 Level of sinewave generator
R110 Calibration correction
Ca0 Frequency response
Rol Adjustment of pulse width for £ > 150 kHz
(CISER 1)
R8g Adjustment of pulse width for f < 150 kHz
(CISFR 3)
RT7 TC correction for sinewave generator
(do not change setting)
Yii Ch4 Frequency 3rd oscillator
R2O Gain 30 kHz
R102 Gain 200-Hz bandwidth
Yiz2 R139 Gain of log amplifier with I0G 40 4B
R142 Gain of log amplifier with LOG 60 dB
R164 Adjustment of linearity of Bii
RiT4 Adjustment of linearity of Bl5
R177 Zeroing of B16
R182 Adjustment of gain of Bi16 .
R186 Compensation IC voltage with LOG 40 dB
R188 Compensation IC voltage with LOG 60 dB
R195 ‘Zercing of B17
R198 Adjustment of gain of Bl7
R19 Adjustment of centre frequency of
PLL demodulator
¥20 R26 Adjustment of 10.00-V reference voltage
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5. Repair

5.1 Measuring Instruments and Auxiliary Eguipment Reguired

The measuring instruments and auxiliary equipment required are listed in
Table 5«17,

5.2 Failure Location

In the following test, instructions are given for locating typical possible
trouble sources. See also section 2.3.20 which describes the error messages
that can be produced by the software of the Test Receiver ESH 3 when it

identifies'certain trouble sources.

Section 5.3 contains adjustment procedures and instructions for checking the
various boards. For checking the performance specifications of the receiver

refer to section 3.

Be2,.1 No Response at Switch-on or

Readout Makes no Sense

a) Failure symptoms:
At switch-on, the 13-digit display, frequency indication, RF attenuation
and demodulator operating range indication, the analog indication and.
the individual LEDs associated with the device functions do not light
up, the readouts obtained make no .sense or there are combinations that

make no sense, or there is no response to the push of a key.
b) Locating the fault:

- Check the ILEDs which monitor the supply voltages of the Analog Power
Supply.
- Check the folldwing plug-and=-socket connections:
ST9 (Computer board/Analog Power Supply),
BU3 (Computer board/Display Unit).and
8715 (Motherboard/Analog Power Supply)
BU4/ST3 (Computer board/Memory board).

- Check the voltage on the Computer board:
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SI9  3a,b/Ha,b/5b 5 V +5%
ST9 6a,b +12,0 V
ST9 7a +10.0 V
ST9 7b -10.0 V

- Check the voltage on the Display Unit:

ST5 9 to 13 +5 V
ST5 14 -10 V
ST3 15 to 16 +12 V

- Check the links Bl to BS on the Computer board and the shorting link
ST1 on the Display Unit.

- Check the microprocessor on the Computer board:

RESET input ST16/3 and B2/56  HIGH potential

CLOCK output - B2/37 3-MHz TTL level

1 RD and WR outputs | B2/32 and R2/31 Pulses, depending
on program

and carry out signature anaiysis testing as described in 5.3.1.2.

- Check the microprocessor on the Display Unit:

RESET input 8T2/7 and B6T/4 HIGH potential

PROG. input BOT /25 _ Pulses depending
: On program

and carry out signature analysis testing as described in 5.3.1.1.

5.2.,2 Recelver Falls to Self-calibrate

a) Failure symptom:
After the CAL. button 15 has been pressed, the calibration process is

interrupted by an error message (time exceeded).
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b)

Iocating the fault:

AV,
20 48

Settings on the ESH 3: Indicating mode 35
Operating range 335

The supply voltages and 500-Hz and 100-kHz reference frequencies mist be
checked.

- Check the level and the frequency in the TWOPORT mode 38.
Ie‘vel into 50‘Q.‘..0‘..'9‘..'....‘.IFU'-...D.C...G.’... _27dmt1 dB

- Check the level and the frequencies at the four inputs
of the calibration generator Y10 as follows:

Inputs:
31.5 kHz
ST4: 31.0 kHz (depending on demod. mode) ... -15 dBm (+1 dB)
30.0 kHz
28.5 kHz
ST5: 8097 M{Z E4B LENRFOOCEDEBOCIRNE NP RO RE NS "13 dBT] ('}:l dB)
66.0015 MHz
3'16: 660‘0000 NHZ B E O OSSO RS SPE DR OO RCDORD PR -15 dBrl (tl d.B)
ST5: Receiver frequency +75 MHZ .eceveacvscsees =15 dBm (tl dB)
Outputs:
ST2: Receiver frequency ceeseecesecccecsaceses =27 dBm (i0.3 dB)
STi: Receiver frequency ...;o.........,....... 67 dBm (10.3 dB)

- Connect RF socket 45 to GEN. socket 44 with a BNC cable. Set RF
attenuation 40, 41 to 10 dB:

Attenllator (Y16) BU2 oL BBV SC DS TOROEOBECRTE OIS _37 d&] (tl dB)
Filtere (YS) S‘IB 5B 0APCIEROSSNSECRBNSRIGEEOESS “38633 ('i'l dB)
Mixers 1/2 (Y9) . STT D& 8sO00R0FPEDESDEATDEL RS E '-2 dBﬂ (t} dB)

- Set RF attenuation and IF attenuation 40, 41 to 50 dB and 40 dB,

respectively.
RF leve}. at STS Of Mixerj (Yll) LR LI BN L A I N N N -22 dE'ﬂ (t} dB)

- Voltage on pin ST1/a2 of the Indication and AF
Demodulation hoard- (Yle) LI IR B BE BN BN BE BN B R N B N B B R B NE R B R RN RN N Y +1 to +2V
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The analog level indication 14 must give about full-scale
deflection (right-hand scale end).

If not, the fault is in the AGC amplifier of the Analog
Circuit (¥3) or in the Mixer 3 (Y11},

5.2.3 Receiver Self-calibrates but Indication Incorrect in AV. Mode .

Settings on the ESH 3: Operating mode 38 : TWOPORT.
" All other settings same as under 5.2.2.

ILevel at BU2 of the Attenuator Yié 296C000606080EB0C000680c000 wGT dB<tO.5 dB

The fault is in the feedback amplifier on the Analog Cireuit
board (¥3) (reference).

- B.2.4 Receiver Seif-calibrates but Indication Incorrect in CISPFR Mode

Apply 2 mV EMF at receive frequency.
I’evel indication}i QECIODOGGBGQGEBE9500EOGBD!BOOOIOOOQIOOGGQQ 60 d-&-x-v
If the indication is inéorrect, check the following functions:

- Demodulation and welghting of the indicated signal on the Indication
and AF Demod. board (¥12), ‘

- IF bandwidths of Mixer 3 (Y11) and Mixers 1 and 2 (¥9).
- Calibration pulses produced by the Calibration Generator (Y10},

If the indication is correct, check the IF bandwidths of Mixer 3 (Y11) and
Mixers 1 and 2 (¥9),
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5.2.5  Error Messages of ESH3 and Possible Causes

ERROR 01

The frequency entered is too high (> 30 MHz).
—» Operating error

ERROR 02

The frequency entered is too low (< 0.009 MHz).
-+ Operating error

ERROR 03

The error 03 may occur during the brief calibration if the overall gain of the receiver deviates by more
than 0.5 dB from the value determined in the course of the fast total calibration. By this error message
the user is requested to carry out a total calibration. The message does not implicate a device error.

ERROR 05

Level calibration at 1 MHz during the brief or totai calibration cannot be terminated within the
internally fixed time (deviation from nominal value: >6 dB).

Possible causes:

— Error of calibration generator. Check as described in sections 5.3. 1.10and 5.2.2.
— Errorin signai path. Check as described in 5.2.2.

ERROR 07

This error may occur during total calibration. The error message informs the user of a correction value
exceeding the specified tolerance. If level calibration at 1 MMz is not possible, the ERROR 05 message

appears.

During calibraticn in the Talk-only mode, all correction values can be output to a printer via the IEC
bus (printer address: Listenn Only). All correction factors up to the last valid value are printed out
before the calibration is aborted, thus enabling the user to find the cause of error.

Separated by a blank line, the correction values are printed out in the following sequence:
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® Correction values for gain at the different bandwidths and correction values for CISPR 1 {f >
150 kHz} and CISPR 3 (f < 150 kHz; aliogether 4 values):
24kHz,
500 Hz {1 kHz for model 56),
200 Hz,
CISPR 1
CiSPR 2

® Linearity correction values for 20-dB operating range
(3 values; abort of calibration if deviation > 6 dB, flashing of level indication if deviation > 3 dB).

& |inearity correction values for 40-dB operating range
(5 values; abort of calibration if deviation > 6 dB, flashing of level indication if deviation > 3 dB).

® Linearity correction values for 60-dB operating range
(7 values; abort of calibration if deviation > 6 dB, flashing of level indication if deviation > 3 dB).

& MiL correction value for 10-kHz IF bandwidth
{1 value; abort of calibration if deviation > 6 dB, flashing of level indication if deviation > 4 dB).

®& Frequency-response correction values (for frequency and level)

With a deviation of > & dB from the nominal value {= 0 dB), the calibration is aborted: if the
deviation is > 4 dB, the indication flashes.

It case of aborted calibration, proceed as follows to find the cause:

if am appropriate printer is not available, the source of error can be found by observing the
calitiration process.

I ERROR 07 occurs at the beginning of the calibration {receiver. at T MHz), carry out the following
tesis:
» Check the calibration generator:

Settings onthe ESH 3:  Frequency 1: MHz
Generator: ON

Connect a power meter 1o the generator output.
—» Level at generator output: -27 dBm 0.3 dB

Ifan error has been found, check the calibration generator as described in section 5.3.1.10.2,

p Check the gain at ali IF bandwidths:

Settingsonthe ESH 3:  Frequency: 1 MHz
Generator: ON

Connect the generator output to the RF input using a short BNC cable.

=» Select the IF bandwidths successively. The level indication is 0 6 dB at every IF bandwidth
{aborti criterion; ideai value < +2 dB).

R38528-5.4.2




tn case of an error, check the 15t + 2nd mixer PCB (5.3.1.9.5 to 5.3.1.9.8) and the 3rd mixer PCB
{5.3.1.11.8). .

» Check the CISPR indication:

Settingsonthe ESH3:  Frequency: t MHz
Generator: QFF
Indiéation mode: CISPR
RF attenuation: 40 dB
13 at:cenuation: 30dB

Apply a sinewave signal {1 MHz, 60 dBuV) to the RF input.

— The receiver indicates 60 dBuV + 6 dB (abort criterion; ideal value < %2 dB).
Appiy the CISPR-1 standard pulse (100-Hz pulse frequency) to the RF input (see 3.2.1.4).
— The receiver indicates 60 dBuV % 6 dB (abort criterion; ideal value < 2 dB).

Set the frequency to 100 kHz and the RF attenuation to 20 dB.
Apply a sinewave signal (100 kHz, 40 dBpV) to the RF input.
—» The receiver indicates 40 dBuV * 6 dB (abort criterion; ideal value < +2 dB).

Apply the CISPR-3 standard pulse {25-Hz puise frequency) to the RF input (see 3.2.1.3).
-» The receiverindicates 40 dBpuV %6 dB {abort criterion; ideal value < % 2 dB).

» <Checkihe indicationiinearit'y': o

Settingson the ESH 3:  Frequency: T MHz
IF attenuation: 40 dB
RF attenuation: 50 dB
IF bandwidth: 200 Hz
Indication range: 20 d8

Increase RF attenuation in steps up to 70 dB.
-» The indication deviates from the starting value by 6 dB max.
(abort criterion; ideal value < 1dB).

Select 30-dB RF attenuation and 40-dB indication range.

Increase RF attenuation in steps up to 70 dB.

— Theindication deviates from the starting value by 6 dB max.
{abort criterion; ideal value < 3 dB).

Select 10-dB RF attenuation and 60-dB indication range.

inrease RF attenuation in steps up 1o 70 dB.

— Theindication deviates from the starting value by 6 dB max.
(abort criterion; ideal value < 3 dB).

In case of an error, check the indication section on the indication and AF demodulation PCB as
described in 5.3.1.12.2.
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When the calibration is aborted while the frequency response is measured, check the preselection
filter on the filter 1 or filter 2 PCB, depending on which filter is in circuit when the abort occurs. The
cut-off frequencies of the filters are specified in Tables 5-2 (section 5.3.1.7} and 5-3 (section 5.3.1.8).
Check according 10 5.3.1.7 and 5.3.1.8.

If no error is found in the input filters, check the oscillator fevel at input $T3 (X3) of the st + 2nd
mixer PCB (nominal value: +23 dBm + 2dB).

ERROR 08:

" The memory register called up with RCL is not occupied.
-» Operating error

Valtage supply errors:

ERROR 10:

Error in + 10-V supply. The voltage is either not available or not within tolerance. The + 10-V LED on

the power supply lights.

-» Remove power connector from motherboard. if the + 10-V LED goes out, one of the PCBs is
faulty, if it remains lit, trace the error in the power supply.

— In case of a PCB error, remove the PCBs one after the other until the error has disappeared.

ERROR 11:

Error in -10-V supply. The voltage is either not available or not within toierance The i0-V LED on the

pawer supply lights.
=-> Trouble-shooting analogous to that of ERRCR 10.

- ERROR 12:

Errarin + 12-V supply. The voltage is either not available or not within tolerance. The + 12-V LED on

the power supply lights.
—-» Trouble-shooting analogous to that of ERROR 10,

ERROR 13:

Errorin +25-V supply. The voltage is either not available or not within tolerance.
~> Bower consumption too htgh or short circuit on one of the PCBs
synthesizer 1,
synthesizer 2,
mixers1 + Zor
analog circuit.
-» Error in power supply.
Remove the PCBs one afier the other until the error has disappeared.
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ERROR 14:

Errorin +30-V supply. The voltage is either not available or not within tolerance.
— Power consumption too high or short circuit of filter control PCB.
- Errorin power supply.

ERROR 20 to ERROR 41:
These errors are operating errors. They are defined in Table 2-6 of the ESH 3 Operating Manual.

Synthesizer errors:

ERROR 51: .
The st oscillator {75 to 105 MHz) on the synthesizer 1 PCB does not lock.

Trouble-shooting:
3 Check 65-t0-65.1-MHz,-16 * 2-dBm signal at 5T2.

3 Check 100-kHz reference at 5T1.b18 (TTL ievel).

¥ Check 65-MHz amplifier on synthesizer 1 PCB according to section 5.3.1.5.4.

p Check 10-to-40-MHz amplifier on synthesizer 1 PCB according to section 5.3.1.5.5.
» Check the oscillators according to section 5.3.1.5.

ERROR 52:

Tl_'ne 50-te-51-MHz interpolation osciliator on the 'sy_nthesizer 2PCBdoes notiock.”

Traﬁb?e-shooting:

» Checksetting of int./ext. reference switch on rear panel of receiver.
» Check reference osciliator of synthesizer 2 according to section 5.3.1.4.2.
» Check 50-to-51-MHz oscillator according to section 5.3.1.4.3.

ERROR 53:
The 2nd oscillator (66 MHz) on the synthesizer 2 PCB does not tock.

Trouble-shooting:

» Checkint/ext. reference switch on rear panel.
» Check reference oscillator of synthesizer 2 according to section 5.3.1.4.2.
» Check 66-MHz oscillator of synthesizer 2 according to section 5.3.1.4.4.
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ERROR 54:
The 3rd oscillater (8.97 MHz) on the mixer 3 PCB does not lock.

Trouble-shooting:

B Check 500-Hz reference at $T1.b1 of 3rd mixer. In case of error, check synthesizer 2.
» Check 8.97-MHz oscillator of 3rd mixer according to section 5.3.1.11.2.

ERROR 55:
The: 30-kHz oscillator on indication and AF demodulation PCB does not lock,

Trouble-shooting:

p Check 500-Hz reference at 5T1.ab1 of indication and AF demodulation PCB. in case of error, check
synthesizer 2.
» Check 30-kHz oscillator on indication and AF demodulation PCB according to section 5.3.1.12.2 h.

Several errors atatime:

If several error messages appear at the same time, they generally have a common source. The
following table lists the secondary errors occurring as a result of synthesizer errors.

l‘ Source Secondary efror
Reference oscillator not available ERROR 51,52,53,54,55 -
ERROR 51 -

ERROR 52 ERRCR 51,53

ERROR 53 -

ERROR 54 -

ERROR 55 _ -
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Table 2-6 Error code list

01 Frequency entered above limit
02 Frequency entered below limit
03 CAL:CHECK Comparison frequency response correction/
current value = 0.5 d8, occurs after an
aborted total calibration, for example.
04 No listener onJECbus
{fauit in {EC-bus controller)
05 Level or offset calibration is not accomplished within fixed time
{hardware error}
07 Corraction value at CAL. TOTAL > 6 dB; total calibration aborted.
03 Memoaory register not occupied on RCL
10 +10V g
1 -0V
12 +i2v
13 +25V
13 +30V
Failure of a supply voltage
(the failure of the +5-V supply voltage is not indicated)
20 Current register
21 Register 1
22 Register 2
23 Register 3
24 Register 4
25 Register 5
At start of automatic frequency scan, one or more values are not
defined.
30 START frequency > STOPfrequency . .
31 START frequency = STOP frequency and XY recorderor 25G 3
. . connected -
32 MAX.PEGEL = MIN.PEGEL
33 SPEC.FUNC. 61 X axis logarithmic and fstop : fstart < 1.4
40 Z5G 3 error: .
Error message if SPECFUNC. 61 is selected for SCAN RUN with
25G3
31 Synthesizer 1: 1st oscillator has not locked
52 Synthesizer 2: 50-to-51-MHz oscillator has not locked
53 Synthesizer 2: 2nd oscillator has not locked
54 Mixer 3: 3rd oscillator has not locked
55 Indication and AF demodulation: 30-kHz oscillator has not locked
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Check of the ESH 3

5s35a1 Adjustment of the Various Boards

To facilltate measurements on and adjustment of the boards normally plugged
directly into the motherboard of the ESH 3, Rohde & Schwarz supply the

Service Unit ESH2-Z7 (IN 338.4112) which permits operation of these boards
" outside of the receiver.

odel.1 Display Unit
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Ded.1.1.1 Supply Voltages

Pin Voltage Current

ST} ) 1 tO L) ? GI’O'Llnd -

ST5.9 to .13 +5 V max. 2 A
8T3.15 to .16 | +i2 V approx. 50 mh
ST3.14 -10 V approx. -10 mA

5:3.1.1.2 Frequency Indication

-~ Enter BCD-coded frequency information at STl.l to ST1.25,.

- Check the resulting frequency indication (Bl8-B23).

D.3,1.1.3 Analog Level Indication

- Apply analog voltage GND to ST3.8 and 0.355 V to 3.65 V to 8T2.12,

- Adjust B51
for the first (left-hand) LED (GI40) to light up at 0.355 V and
the last (right-hand) LED (GL43) to light up at 3.55 V.

- Adjust RAT ' ,
until the intensity of the right-hand LED array (GI42, GL43) is the same
as that of the left-hand LED array (GLI40, GL41). ‘

- Apply a logic L to ST1.4 and ST2.8 and check the MIN., LED (GI38) and the
MAX., LED (GL39) respectively,

5.3.1.1.4 Analog Offset Indication

- Apply analog voltage GND to ST3.8 and 1.0 V to 4.0 V to ST1.24.

_ Adjust Rl
for the two centre IEDs (GL44, GL4S) to light up at 2.5 V.

- Apply a logic L to ST1.16 and check the FREQUENCY OFFSET LED (a188).

5.3.1.1.5 Signature Analvsis

The microcomputer B67 contains a signature analysis program which can be
activated by changing the connection of the link ST4, and which permits
checking the digital driving circuit for the 5 x 7 dot matrices and all
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the LEDs which indicate the device settlngs, First check visually that all
the LEDs and dot matrices light up.

To do so:

- Change tne connection of link ST4. _
- Reset the processor BA7 by momentarily cannecting ST7.1 to grcundo
= Check the clock pulses at STT«} '

n

Clm——1,845 —o

- Connect the Signature analyzer to ST5 and set as foilows:

"

START: " Tt
o STOP: . 4n 1 f
CLOCK: " T i
f_Subséquén;ly check the board against the above diagram and signature
~ analysis table. ' ' ' L

=z 1
pIPLES

"~ The kéyboard and'display chip 361"which is a salfmcontained nnit, is driven
'dlrectly from the main processor on the Computer board and 15 covered by the
- test and signature analysis of the latter. The test is therefore carried out
“in conjunction with the Computer board and the relevant signature analyS1s
table (sectlon 5¢3.1.2.2.1)0 '

5, 3 1.1.7 leference Current Sink

= Switeh on signature analysis in aecordance with 5 3 1. l .5 (all the LEDs
and dot matrices light up)

- Connectroscilloscope to S5T3.1 to 7 (GND) and ST3.9 to 13 (+5 V) and watch

screen display.
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5,3,1,2 Computer Board

5e3ele2el Supply Voltages

Pin -Voltage Current

519 1a/1b/2a/2b Ground - -

STO 3a/3b/4a/4b/5a +5 Vv approx. 2 A
519 6a,/6b +12 V approx. 50 mA
ST9 Ta +10 VvV approx. 100 mA
ST9 T =10V approx. 100 mA

5:3.1.2.2 Signature Analysis

Free-running and software-driven signature analysis is used in fault location
when testing the Computer board, which constitutes a complex digital system,
With free-running signature analysis, ‘the processor must eyclically scan its
entire address range, and the start/stop signal for the signature analyzer
originates directly from the address bus.

With software-driven signature analysis, a eyeclic control program for all
the peripheral chips is stored in the EPROMs, making for more thorough
individual testing. '

533.1.2.2.1 Free-runnilig Signature Analysis

An initial but effective test of the Computer board can be carried out using
free-running signature analysis. In this signature analysis mode, the feedback
between the processor and the EPRCOMs memory is interrupted (bus driver E6),
and driver B83 is activated, which produces a NOP instruetion in every read
cycle of the processor. The signatures are used for checking the processor

and the EPROMs as well as the driver chips and the address decoder chips.

Settings and checks:

- To select theﬁfreeurunning mode, change over the connection of the links

BR2 and BR5 to the position shown: BR2 ; BRS .

- Reset the processor by: momentarily applying a logic L to ST16.2 (normally

at H level); or switching the unit off.

-« Check the CLOCK output B2.37 of the processor:
3-MHz c¢lock signal at TTL level.
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= Check the.signatures of the address bus.
- Connéct the sigﬁature analyéer to STi4,
Settiﬁgs én ﬁhe 50044 ¢ S . B _
START ”“iﬂm : ', STOP '_ 1 .' CLOCK - ¥
Signatures B2.21 to B2.28 (2 A8 to A15) and E5.4,
B5.6 to B5.21 (& AO to AT):

a0 ww o A8 . H®9

Al 5555 A9 - 2H70
A2 cccc . AlD - HPFO
A3 FTF A1l - 1293
Ak 5H21 A12 HAPT
A5 OAFA Al3 . 3096
A6  UPFH ALY 3827

AT - 5258 . Ai15 755U -
Check these signatures on the chips Bl, BY, B7 as well as on the EPROMs
B3, Bll; Bl4, Bl5 and the sccket BU4 on the Memory board.

- Check the signatures of the data bus.
Connect 51gnature analyzer to STL3 (contents of EPROMs)

Settings ot the 5004Ao B ' o _ -.. : : _
rsmmr" b . s TV, cmox  _f
" All the signatures are listed in the table given in the Appendix,

~ After the test has been‘accomplishéd, reconnect the 1inks BR2 and BR5 in
the original positions.

5.3.1. 2 2.2 Software;driven Signaturé Analysis

 The next step in testing the Computer board is a specaal test program provi-

-~ ded in the EPROMs:

- Change the connection of 1link ERI.

Reset the processor by momentarily applying a logic L to ST16.3,

- Check the-signatures of the peripheral chips against the table given in
Segtion 5-3e1¢292310 . .

1

Check the staircase signals (0 V to +10 V).at the two D/A converter outputs

via B, on the oscilloscope.

After the test has been accomplished, reconnect the link BRI in the original

position.
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5.3%.1.2,3 A/D Converter

All the voltages to be measured or applied are with respect to ST9.10b.

A special test routine of the processor softwére can be used for adjustment
of the A/D converter B26, B27. For this purpose, EPROMs B3, Bll, Bl4, BI1S
must be_fitted, and the Memory beard must be connected to BUY, just as for
the signature analysis.

By changing the connection of the link BR6 and resetiing the processor {logice
L at ST16,3), the A/D converter continually receives start-of-conversion

pulses, and its ocutput is continuously read out.
- Adjust the reference voltage at MF> to +5.000 V (+1 mV) by means of R6.

- Adjust the sample/hold amplifier B7T: - _
Connect the sample/hold input ST5.22 to ST9.10b. Adjust the voliage at MPS
to OV (tl mV) by means of R12.

- Adjust the A/D converter B26:

Applj a voltage of +5.000 V (+1 mV) to input ST5.22. Adjust the gain of
the A/D converter by means of R5 such that the logic level at B30.1 is
Just at the switching point between H and L (= A/D converter value 1023).

The value of the A/D converter is output direetly to the 13-digit display-
of the Display Unit. After the édjustment has been accomplished, reconnect

——_r

link BRO in the original position.

B.3:1.3 Analog Circuit Board

5eBeleF.1 Supply Voltages

Pin Voltage Current
ST1 22a +10 V approx. 50 mA
22b =10V approx. =10 mA
23b +5 V approx. 25 mA
24b - GND
23a +12 Vv 0/7.5 mA with AF off/AF on
2ba ¥25 7 <1 mh
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5.3:1.3.2 _ General

All analog switching functions are performed by means of CMOS switches,
a logic H = +10 V at the control input of the CMOS switch corresponding to ON
and a logle L = < 1 V corresponding to OFF,

For driving the required inputs (Table 4=1), TTL levels must be applied which

are converted to 0 or 10 V by means of level shifters.

If switches off, the resistance of the CMOS switches is > 10 M@, and if
switched on approx. 300 Q.

NOTE: Analog DC voltage values given assume a supply voltage of +10 Vstl%.

D:3:1:3.3 Analogz Level Path

5:.3,1.3.%.1 Level Calibration

- After the supply voltage has been applied apply a variable voltage (0.2 to
2 V) to ST1/17a.

- Measure the voltage at Bl/III pin 3 by means of a digital voltmeter.
vﬁenter = 2 V with a tolerance of +0 02 V. While the input voltage being
measured is at‘v enter teo mV, a +5-V signal (H level) must appear at
8T1/21b signifying calibration complete.

- If Vin < Vﬁ, the output of the comparator B1/III pin 1 should be approx.

+9 V and irf Vin > Vﬁ it should be approx. -5 V.

- If the logic signal CISPR 1 v CISPR 3 is applied, the output Bl/IV pin 9
should be -9 V, and if the logic signal CISPR 1 A CISFER 5 is applied; it
should be +9 V, '

2022103.3.2 Programmable plifiers B2/I, B/II

- Switeh on BS6/I and B6/IV (AV., 20 4B).

- Apply 2 V to 8T1/17a. The voltage measured at the analog level output Ta
via B6/I, B2/I, B7/III, B3/1T should be - 3.55 V +2% and the voltage measured
at B2/II pin 15 should be 4 V +2%.

- Apply a logic L to the input (STI pin 2b).

« Measure voltage at the output to the sample/hold amplifier (STl pin 3a).
It should be 2 V +2%.
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- When B6/III-1is turned on (log 40 dB or log 60 dB or etc.; see Table 5o1),
the voltage at BE/IIVpin 15 should rise t0 8 V tE%e

5e3e1 3.3 3 Adjusting the Logarithmic Converter

- Apply a variable DC voltage to pin 17a and switch on B6/I by means of BT/I. :

- Sw1tch on LIN (B?/II)

Adjust w1th a digital voltmeter at pin 182 and measure at pin 7a.

)

By'altefnately adjusting RjTIand R3O, the following requirements must be
met: _ ' o '
‘Pin 18a - 0.4 V—= pin 7a 10,355 V +1%

"Vinput) - 4.0 vo—*- (vbutput) 3.55 _V’il%.

Répeaf these adjustments alternateiy until these values are reached,

§.§;1.§.2.4 ‘Max Level and Min. Level

. For test. setup see 5.3 1 3 Bede ‘

’__If the input voltage is less than 0 4 v, the MIN, LEVEL 1ED must: light up
(comparator output B}/III pin 9 approx. +9 V).

Ir Vi >4 V the MAX. LEVEL IED must light up (comparator output ED/III
pin & approx. +9 V). _ ' : :

If these IEDs do not light up as required, check T, T# and the signal path
up to ‘the LEDs of the Display Unit.

It must be p0531b1e to scan the entire analog level indicatlon LED array
with the‘V settlng range O.4 to &4 V. Eeyond these range llmlts, the IEVEL
MAX, and LEVEL MIN. LFDs must light up. '

5.3.1.3:4 ' Ffequenqy‘Offset Signal Path

5.2.1.2.4 1 Offset Calibration

- After applying the supply voltage to the board, eonnect a voltage source

with a control range °f,ﬁ5 V EMF (zsourcé = 10 kQ) to ST1/14b. Set Vin
to O V‘. .

- Apply +5 V to ST1/5a (CAL. button).
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- After this voltage has dropped (Stl/5a = < 0.8 V), measure with a digital
© voltmeter at ST1/11a (2. 5V +1%).

'_.- Press CAL. button _ﬁ and then measure.
- Repeat this process until w1th v, (STi/l#b) +5 V, 4 V + 1% is obtained.

- Final testing. Set to the limit values and measure (after offset calibra-
tion)

Vin_"'  : ) out (2%) out <2%) out (TTL) LED
' 8Ti/iia 5T1/8b - ST1/5b | offset centre
] 0 V+0.025 Vv 2.5V . 0V . +5 v ON
-5V 1 v S5V | <087V OFF
+5 4.0 V 45V | <08V, OFF

; 5 3,154, 2 Peak—value Rectificatlon

- Connect STl/l#b to ground and switch in BS/II STl/4a - High (m).
:'— Connect digital voltmeter to Bl&/I pin 15 and set 2.5 V by means of R99.
- Connect digital voltmeter to Bl#/II pin 1 and set 2. 5 V. by means of" R98

When a logic (TTL) H is epplied to 10a {peak value 50 ms), the output
voltage must drop to a maximum of V /2 (storage capacitor)

« When 1ogic H is applled to select m, Af( ) at ST1/1a and m, Af(+) at
STl/ib no voltage difference must oceur (< 25 my).

The calibrated frequency offset signal (see 5.3.4. 1) can be directly
. connected through to the output STl/Ba.

The level can be taken to the peak«value rectifier via B8/3

- (AM measurement)

) 5,3,1.3.4,3  Frequency Correction Voltage

NOTE: Vary Rlll only if the frequency of the mother oscillator is to be
 calibrated {pulled) for the synthesizers of the ESH 3 (the frequency
responds only very slowly). If the frequency cannot be pulled, the setting
range of R1ll at ST1/20a, which should be +1 V to +9 V., can be checked
ﬁsing a digital voltmeter at 8T1/20a. |
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Calibrate frequency:

- Select TWOPCRT mode on the ESH 3 and conneet a high-precision frequency

countter to the generator output.

- Adjust by means of R11l the counter frequency to that set on the ESH De

5:3.1.3.4.4 AF Amplifier

- Apply supply voliage.
- Apply AF signal (Vin = 50 mV/1 kHz) to ST1/18b.

- Conneet an oscilloscope to ST1/19a. V,ue Should be approximately 12 pr
if ST1/21a (volume control 50 k) is connected to ground and no loudspeaker

is. connected.

- Apply a logic H to ST1/13a (+5 V) to switch off the AF amplifier (T7 is
cut off).

- Measure gain Voltage gain = approx. 33;: Pout = approx. 0.3% W into 16 Q.

5e5.1.4 Synthesizer 2 (¥Y4)

5.3.1.4.1  Supply Voltages

Pin Voltage Current
ST1,b24 Cround -

8T1,b23 +5.25 V +0.1 V approx. 110 mA
8T ,a22 +10V iO.l v approx. 25 mA
ST1,a2% +12 V +0.5 V approx. 60 mA
ST1,a24 +25 V+0.2 V approx. 6 mA
ST1,b22 -10 V40,1V | approx. 3 mA
ST1,abl9 +1 to 40 V approx. <1 mA

5,3,1.4,2 Reference

- Remove S8T5. Connect spectrum analyzer to 8T3. f = 60 MHz, level:
approx. -20 dBm.

- Adjust 168 so that the oscillator starts oscillating and the frequency is
60 MHz if +5 V is present at ST1.ablO.

~ Set maximum level by means of C160.
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- Very voltage at STl.ale between +1 and 9 v at the same time checking the
_ speetral purity of the signal, ' :

- Check the TTL reference signals atr_

ST1.bi8 s - f = 100 Kz

STl.abl & £ = 500 Hz

BY1,1 : £ =500 Hz
| BHL,3,13 : f 1 KHz

- Apply external reference signal to ST4 (f = 5/10 MHz) from 1—V 50 Q source.
'_Frequency error better than 2 x 107

- Apply +5 v correspondlng to external reference to
§T1.a2 and b2,

- Measure frequency at ST}, the aecuracy of which must be equal o that of
the external reference. ' '
' This frequency must not change when the voltage at STl.abl9 is varied

_between +1 and +9 Ve

- Connect the spectrum analyzer to BUl pin 8 and ground, ‘which pennits
' detailed display of the speetral purity of the reference .oscillator. .

.i - Unwanted oee*llat*ene of TT and T} mush be avolded bf ahort eireuitiﬁg the.
coils Lk and 121, reSpeetlvelye '
Diserete non—harmonlc spurlous signals sheuld be. down > 80 dBe_

' Sideband noise 10 kHz. away should be down > 140 dB/Hz._

5.3.1.4.3  50-to-51-MHz Oscillator

Conﬁect spectfum analyzer to ST R116/ground.

- Remove shorteireult across L21

_ Adjust frequency to 50 05 MHz, cennecting STl.a} to a14 as follows:
. H=a3, a5 |
L = ald, 36 to a14

- See 042 to mid-position. . _ _
Check level at STS5: cecueecooncsasccsassscosooanae =LO dBm +2 4B at 5. 005 Mz
(Adjustment by means of RllT) e
Check at STl.bl3:
H = oscillator is synchronized
L = oseillator is not synchronized.
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If oscillator not synchronized, then use a scope to check the logic levels
or osclllograna at the po:.nts given, by reference to the circuit dz.agra,m-

Bl9, pin 11

" B20, pin 8 -

B22, pin 6 :

B24, pins 1, 3, 10, 13, 4 12
- B25, pin 12
B18, pin 23 © . g -
éggi gig.lg 1 kHz if synchronized
"B16, pins 13, 12 :
B17, pins 11, 8, 9, 2

Check‘voltages at Bl15:
Pin 3: +2.,5 V+0.2 V
Pin 7: +25 V’+1 v

© (Adjust by means of 024 }
Pin 63 +6.5 V +0.3 V. .
Appiy required logic levels to vary the frequency beiween 50.000 and
, 50.999 MHz and watch at the same time the synchronization indication (bl3).

Cheek the spectral purlty

_ Eﬂscrete non—harmonic spurious $ignals ssseveccscscss. down > 80 dB
:  Sideband noise 10 KHZ GWAY veceevecercnnnsseranassnses > 140 dB/Hz
- Level at ST3: f = 65.0000 to 65.0099 MHZ +eveevesens -16 dBm +2 dB

R 38528 - 5.15




.

*} hn .r “l
IHAH !ﬁ‘-i'ﬂ! i B
i Normal operauing rangeﬁ?g-
B 5-.r=i ik EIHET

ll -cIil

gig, 5-1 -Typica;;tuning characteristic of the 50-to-51-MHz oscillator

B0l 4 66-MHz Oscillator
Connect spectrﬁm analyzer to ST2, .

Remove short-eircuit across L4.

‘Rotate core of L4 inwafds wntil the osecillator starts to operate,

Adjust C1l3 for maximum. _ _
I-;evel at ST2 into.sogﬂ_ﬁl.ﬂ..‘OOIDQQQCGIHGOQGOQQ;E998950093 .§B7 daﬂ 12 dB

Frequency: corresponds to frequency of Ql.

Check synchronization indication ST1.bik:

H = pseillator synchronized
L = oscillator not synchronized.
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If oseillator not'synchronized, then use a scope to check the logic levels
or oscillograms at the points giveh, by reference te the circuit diagram:
Bl, pin 11
B2, pin 8
B3, pin 6 o S
BiO, pins 1, 3, 10, 13,_ i2 _ A o e .
B5, pin 23 . ' o '
B, pins 14 3, 1, 2: 13
B8, pins 10, 5, 6
- Check voltages at B6: DIN 3! veevvvrenrnneenssnes 42,5 V40,2 V.
7 ‘ . pin 7: ﬂlll...l....l..illo'l.‘!-+’25thV

pin 6: lo.‘-oaan"o"teo.-ro.ci..o see illustratiﬂn ’
- Apply a logic H to STi. b3° The frequency is increased by 1.5 kHz.
- Apply a logic H to STl.b4: The frequency is decreased by 1.5 KHz. -

- Check the spectral purity.

Discrete non-harmonic spurious signals seecesceans down > 80 as

'_Sideband noise 10 XkHz away sicscavescrasresccacans down > 140 dB/Hz
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Fig. 5-2  Typical tuning characteristic of the 2nd oseillator (66 MHz)
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5.3.1.5 Synthesizer 1 {(¥5)

DedeleBel Supply Voltages

Pin Voltage Current Frequency
ST1, b2y Ground - -
STl, b23 +5.25 iool v approx. 105 mhA 0
STl, a22 +10 toel v approx. 55 mA
ST1, az23 +12 40,2 V max. TS5 mA 0
ST1, a24 +25 +0.1 V approx. 4 mA 0
ST1, b22 | -10 +0.1 V approx. 6.5 mA | O
Stl, bl8 | TIL ' < 1mA | 100 kHz
ST1, a7 TTL - < 1 mA -
jois] 100-kHz decade ' -
a9 o
[+21¢] -
all L < 1 md -
al2 -
bl3 1-MHz decade -
all
alé TTL < 1mh -
‘ alh 10-MHz decade , =
ST2 -17 dBm +1 dB - 65.0 to 65.1 Miz
5.3.1.5.2  Adjustment of 75/85/95/105-MHz Oseillators

- Connect frequency counter (50 ) tc ST3.

- Remove B% and connect R15 to +10 V.
The oscillators are controlled by the TTL levels at the input lines of
the decades depending on the receive frequency, and pretuned by a D/A-
converted voltage.

= Check the pretuning voltage at ST1, al7 and Rif:

-8T1 ,a17 R16

All decade inputs at logic L 0 +5 mV 3.8 V +20 mV

All inputs of the 100-kHz ,
and 1-Miz decades at logic H 7,4rV7t032 \ 17.8 V’tO»S v

- The tuning range is adjusted by means of the variable capacltor, and the
initial frequency is adjusted by means of the variable inductance (see

Fig. 5-7 in the appeudix)}.
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‘Oscillator Decade driving signal { Adjust with

75 to 85 MHz 0.000 to 9.9 MHz c3, Li2
85 to 95 MHz 10.0 to 19.9 MHz Cl3, Li3

95 to 104.0 MHz 20.0 to 29.9 MHz Co3, L1s

5e3s1:5.3 Adjustment of Output Level

~ Connect spectrum analyzer (50 ) to ST3.
- Switch the decades in i1-MHz steps.

= Adjust the output level by means of C38 over
the frequency range from 75 to 105 MHZ 0 ecoeeecsencoes +23 dBm +2 dB

5:3:1:5.4 - Adjustment of 65-MHz Amplifier

Connect sweep generator (50 Q) to ST2 and apply _
level of ....-Hl.l.........-.'.'..D....‘...C...'."-..-“... -17 dBn

Frequency range --n-auoe-o.-u-----ooooeoeno-coeooeoo--o-eo 60 to 70 MHz

Connect display section of the sweep generator to ST7,_Make coarse adjust-
ment of 131, I32, L33 for maximum at 65.5 MHz. Connect Sweep generatoﬁ to

| ST7 {via capacitor). Level and frequency same as above. Connect display

section to ST6, Make coarse adjustment of 136, L37, L33 for maximum at
65.5 MHz. Connect sweep generator to ST2. Make final adjustments to reach

selectivity curve shown below.

et T ——

MHz { [ MHZ)

(=]

65.0 .651 &
MHz
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5:361.5.5 Adjustment of 10-to-40-MHz Amplifier

Apply signal between 65 and 65.1 MHz with a level of 16 +1 dBm to ST2.

Check level at ST5 with the aid of a spectrum analyzer while varying the
osclllator fregquency between 75 and 105 MHz
Required 1evel Q'OCGQGGQQBGGDBDOGQIDGBOOOOBQI‘.BOGGBE —21 dBn+2dB

Frequency P OO0 OO LR PLECRAIIDRNEOEBOROODBEROEBEIDOAD S 10 't-O J'E'O MHZ

Check level at ST# with the aid of a spectrum analyzer by
varying the oscillator frequency between 75 and 105 MHz
Required level .00530.."QGU?U.U.O‘U".ho.i?,‘ﬂ's.lﬁﬁ +2d311:3dB

5.3+1.5.6 Checking the Synchronization Indication

Synchronization Indication secevocsscacossossssnsess Logic L
(B3 removed) '

5:.5.1:.5.7 Checking the Synchronization

Insert 03, }
Apply 100-kHz reference (crystal-controlled, with low sideband noise).

Synehronization indication QO EOOEQCOROSDSOLOROEDOLHOD losic H
Voltage at R15 (depending on f) ..cescescecscccccces > 43 to < +19 V

=

5.3.1.5.8 Checking the Sideband Noise

The signal at ST2 should have minimal sideband noise.
1 kl'iz away #0000 SCARCEEODHDRDELOEOEEEOIEOOOATEORCODD dom typﬂ 90 dB/E{Z
lo kHZ away B OSSO LB IEE LR OCOIEADLEODOOD 08RO DR down typ‘ 135 dB/HZ

The 100-kHz reference must be crystal-controlled with low sideband noise.
The typical sideband noise characteristic is shown in Fig. 5-3.
Excessive variations at A can be corrected by varying the gain of B3 (R95).

If there are considerable, abrupt frequency changes or warm-up transients,

then that points to problems with the oscillators.

Required rejection of discrete signals over the range 0 to 50 kHz from the
carrier (measured at an analyzer IF bandwidth of
10 HZ) DO d A b b s LRl P D Y D P A DR RO CSd eSS typl >lOOdB

Time required for synchronization after any change

in frequency LRI O NN I A A B N N N RN R RN RN NN < 100 ns
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H ¥ 1

-10k Hz 'SmHZ . fOSCJ

Fig, 5-3 Characteristic of typical s’ideband neise

5.3.1.6  Filter Control (¥6)

5.3.1.6.1 Supply Voltages

Pin Voltage ' Current Freq';lency
ST1.b24 Ground - | | -
ST1.b23 | +5.25 7V  +0.1V | approx. 3mi | O
ST1.a22 | +10V +0.1 V| approx. 1.5 mA | ©
STi.a2k | +30 V +0.5 V| approx. 0.7 mA | O
STi.b22 -10 V +0.1 V approx. 3.5 mi o
STL.b17 | 0 to 7.5V < 1mh |O

ST1.abl TTL - 500 Hz
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5,%,1.6.2 Checking the Digital Section

Connect STL.b20 via 470 @ to ground.
Apply logic levels to pins ST1, 3 to 16.

Truth table

£(MHz )} Range High level Stl, a... | ST1, a2
0 to 0.14 - I 21 L
0,15 to 0.19 2 19 I,
0.2 to 0.27 3 17 T
0.28 toc 0.38 L 15 L
0.32 to 0.53% - 5 15 L
0.54 to 0.74 6 |u L
0.75 to 1.04 - T ] L
1.05 to 1.44 8 7 L
194‘5 to 1-99 g 6 H
2.0 to 2.69 10 8 H
2.7 to 3.69 - il 10 H
3.7 to 5.19 12 12 H
5.2 to 7.19 13 14 H
T2 to 9.99 iy 16 H
10 . to 19.99 i5 18 B
20 to 29.99 16 20 - H

While the range is being seleeted, S£1.520 is at low level.

Maximum time required for range selectign osvscssbso < 38 ms.

S 3 1, 6 3 Checking the Analog Section (Pre=adjustment)

Increase the input voltage at ST1.bl7 in steps of 75 mV from 0 V to +7.4 V.
The resulting output voliage at STi, al and the trimmers used are shown in

Table 5-1.
able §w
Input voltage (V) | O 40,75 | +3.75 +6.75 | 7.4
Adjusting element RT79 RSS R70 R39 R103
Output voltage (V) | +3+0.1 | +6+0.1 | +13.75t0.1 | 23+0.1 | 26+0.1

Make final adjustment togethef with Filter 2 (YB) for minimum

reflection coefficient in range 15.
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5,3.1.7  Filter 1 (¥7)

Supply voltages-z _

Pin Voltage Current
ST1.b24 |.Growna =~ = | - |
| smobes | +5.25 V 40,1 V | approx. 30 mA

Swi'tch in the des:.red filter by applying a loglie H to pins ST1.a7 to a2:i.e
Adjust f‘ilter's 1 to 8 for a reflection coefficient charactemstic in

aceordance w:.th ,Fig. 5-4 using a sweep-frequency network a.nalyzer.

il roey

204

131
1072

Fig. 5-4 Reflection coefficient characteristic of the fixed-tuned filters

Reflection coefficient within the filter range cecesecess < 104
Reflection coefficient at the cut-off frequencies cseeces < 13%

Insertion IOSS .ll.ln-l-slotoe-enonnloolﬁn-.cs.oc...cu.-. < 0 5 d.B
Attenuation atf/g -eeleooeaeooaeoseoaoes-sanosoooa-enoo>lSd.B

: .‘I‘est setup: '

Gen.

Sweeper

e.g. Videoscope

1T

Marker

f

Iaput
'

.Marker fl,
e.q9. SMS

f 3

Marker fy,
e.g.

SMS

Directional _
couEler e.q.

POC-15-6

- §8T2
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Table 5-2

Filter | Cut-off frequencies Adjust with Logic H to 8Tlestcs.
. fl fu
1 10%uz | 150 iz 12, 13, 14 21
2 150 kHz 200 kHz 15, 16, L7 19
3 200 kHz 280 kHz L10, L1i, Ii2 17
4 280 kHz | 390 kHz | L15, Li6, Ii7 15
5 390 kHz 540 xHz 120, L21, ILo2 i3
6 540 kHz 750 kHz 125, 126, 127 i1
7 750 kHz 1,05 MHz L30, I31, L32 9
' 8 1,05 MHz | 1.45 MHz | L35, 136, 137 7

%
£, = 20 Hz for model 56 (subassembly model 53)
Pilter 2 {¥8)

1
5»33108

5.3,1.8.1 Supply Voltages

_'Pin Voltage Currentr

_§T6; b24 - G’romd .

- STG.b23 +5.25 V 40,1 V approx. 30/60 mA
' 8T6.a2 Logic H ' < 0.5 mh .

' ST6. alk +3 to +28 V < 0.1 mA

Switch in desired filter by applying a logic H to pins ST6.a6, 8 to 20.
Adjust filters 9 to 14 similarly to 5.3.1.7 in compliance with the following

table:
Table 5-3
:Filter Cut-off frequencies Adjust with Logie H to ST.2.c..
' f1 fu.
9 1.45 MHz | 2.0 MHz | 140, 141, 142 6
10 2.0 MHz 2.7 Mz LA5, 1A6, 47 8
11 2.7 MHz | 3.7 MHz |I50, 151, 152 |10
12 - 3.7 MHz | 5.2 Mz 155, 156, 157 12
- 13 5.2 MHz T.2 MHz 160, 141, 162 14
14 7.2 MHz 110.0 MHz 165, 146, 167 16

Peed in test signal to ST7 (terminate with 50 Q at ST8).
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5.3.1.8.2 Adjustment of Filter 15

Adjust L72, L73, C156 as follows:

f = 11 MHz, V into ST6.al = +6 V +0,2 V
= 15 MHz, V into ST6.ak = +13.75 V+0.3 V r < 10%
£ = 19 MHz, V into ST6.ak = +26 V +0.3 V

6-dB bandwidth of filters 15 and 16 B EEACOREIEROERETIEORDE 0D 6 MHz
Attenuation at fu/e B9 % o0 2 F Qe er SR SR D0AEARIARLODEHEAIeBSEBRAE > 18 dB

5.%.1.8,3 Adjustment of Filter 16

Adjust L78, L79, Clé62, Cl64 for minimum reflectlion coefficieht of the ESH 3
over the frequency range 20 MHz to 29.9999 MHz after having adJjusted
filter 15 using Y6.

Clé4: maximum effect at fl
C162: maximum effect at £

After adjustment, fix the cores of L72, L73, L78 and L79 with the cable tie
provided for this purpose and secure the coils using any type of varnish
or glue that is suitable for RF applicaticns.

5:3.1.9 Mixers 1 and 2 (¥9)

Note: The pin designations in brackets (e.g. (X7))or the component designations

in brackets (e.g. (V111)) refer to model 56 of the ESH 3. Unless other-

wize Rtﬂtﬂﬂi the gdjnef’mnni‘ nraocadiira ie identical,

WisalE staLell e e wANS e pavhwTuea T am suTiib o

50301 0911 Su;_)g;y VoltaP;es

Pin Voltage Current

ST1 obgl} Ground -

STl.a22 +10 iOel v . approx. 10 mA
8T1.a23% +12 +0.3 V approx. 60 mA
STi.a24 +25 +0.1 V approx. 25 mh
STl.b22 =10 io.l A approx. 5 mA

5.3.1.9.2 Adjustment of Input Low-pass Filter

-~ Connect network analyzer to ST2.

- Remove BUL.

- Connect 50-Q termination between ST8 pins 1 and 4 (r < 2%).
Tune 11, L2, L3, 14, L5 for reflection coefficient eessssess < 10%
(over frequency range O to 30 MHz).
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5.3.1.9.3 Adjustment of 75-MHz Amplifier

~ Using R1 set operating point of T1 (V111) £0 iuevevrvorcnne 22 mA +2 mA

Feed frequency of 75 MHz into ST9/2,3 (X9/1,2) using a

Sweep generator.

Connect sweep display unit to ST10/1,4 (X10/A1,2) :

|

Adjust C14 for maximum at f = 75 MHz.
Required g2in ....ccnccraconcncenconssssnnsonnnasasssosnncoe 22.dB 2 dB

Connect sweep display unit to ST14 (X14).

Adjust amplifier T2, T14 and T15 (V200, V140 andV150).

Adjust €117 for maximum at f = 75 MH=z.

Required gain ...viecovocvoooracascassonoansesssssonranovsns 95 dB =3 4B

1

(The ESH 3 is supplied with the 75-MHz amplifier
permanently switched on (ST10 (X13) plugged on).

5.3.1.9.4 Adjustment of Diplexexr of 2nd Mixer

Connect sweep generator to:ST11.2 (X11/B) and ST12.2 (X12) (50-Q system)

-and adjust L18 for maximum attenuation at ¢ MHz.

P

Connect sweep generator to ST11.2 (X11/B) and ST7 (X7) (50-Q system)

and adjust C31 for maximum gain at 9 MHz.

5.3.1.9.5 Adjustment of 9-MHz Amplifier

Connect a sweep generator to ST11 (2,3) (X11/B) and ST7 (X7) (50-Q system)

for the adjustment.

5.3.1.9.6 500-Hz Bandwidth

- Connect $T1.a3 (X1.A3) to ground.

Adjust R63I for maximum gain.

Adjust €53 for minimum ripple.

- Note gain.

5.3.1.9.7 2.4-kHz Bandwidth

Conmect ST1.a5 (X1.A5) to ground.

Set R69 to mid-position.
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- Adjust C64, C67 for minimum ripple.

1

Adjust R69 for same gain as with 500-Hz bandwidth.

5.3.1.9.8 10-kHz Bandwidth

- Adjust R76 for same gain as with 500-Hz and with 2.4-kHz bandwidth.
Gain of 9-MHzZ amplifier ....vveevecenronensssencrossonsanonses 27 +1 4B

5.3.1.9.9 Adjustment of Overload Detection

- Insert BU3 and BU4. (Connect X10A to X10B and X11A to X11B)
The 2nd oscillator (f = 66.00 MHz, level = +7 dBm %1 dB) is connected
to ST5 (X5). '

5.3.1.9.9.1 Overload Detection 2

Feed 75.00-MHz signal to ST9 pins 2 and 3 (X9/B).

At a level of -22 dBm #2 dB, the logic signal at ST1.a7 (X1.A7) should change
from H to L. Adjust with R35 (increasing R35 raises the response threshold).

'5.3.1.9.9.2 ‘Overload Detection T

Feed a signal of frequency 75 to 135 MHz into ST9‘pins 2 and 3 (X9/B).

At a level of *3 dBm *71 dB, the logic H at ST1.a9 (X1.A9) should change to

logic L. Adjust with R18 (increasing R18 raises the response threshold).

5.3.1.9.9.3 Checking the Level at ST4 (X4)

Feed +23 dBm #1 dB (frequency range 75 to 105 MHz) into ST3.

Output level réquired at ST4 (X&) ..vriiiiinnrinnnrnencannconns -15 dBm *2 dB
(Adjust with R94 (R208)).

5.3.1.9.9.4 Adjustment of the 1st Mixer
(to be carried out on model 56 of ESH 3 only).

- Connect X8.A1 to X8.B2 and X9.A1 to X9.B2.
Terminate X2 with 50 Q.

- Feed 1st oscillator (level to +23 2 dBm, frequency 75 to 105 MHz) at X3.
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- Connect spectrum analyzer to X14.

- Level measured at X14 at 75-MHz oscillator frequency should be <-32 dBm

{(Note effect of cover on soldered side).

~ An adjustment is'possible by bending the terminal wires 3 and 6 of

transformers T4 and Té6.

- Following the adjustment, pins of T4 must be affixed using yellow UHU

adhesige.

- Recheck level at X14.

5.3.1.9.9.5 Checking the Level at 8T6

Feed +7 dBm %1 dB (frequency 66 MHz) into ST5.

Output level required at ST6 ...vicvveirevseisonnannanannnsnn ~-15 dBm %2 dB
(Adjust with R96).

Check the following performance specifications of Y9 using

test setups as in sectiom 3.2:
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Input reflection coefficient 10 kHz t0 30 MHZ .vevvee. < 20%

Noise figure 100 KHz to 30 MHZ cevcesse < 13 dB
Oscillator reradiation 75 MHz to 105 MHZ eeevese < 20 dBuV
Image frequency rejection 150 MHz to 180 MHZ +eee... > 90 dB
IF rejection 75 MHZ cieee.. > 100 4B

IM rejeection a ., - 3rd order intercept point coceeescs > +20 dBm

a3
(see specifications)
IF bandwidths 10 kHz, 2.4 kHz, 500 Hz
(see specifications)

Gain ‘.‘...........0.69..G..l...ﬁﬂloﬂ.ot..OQOCC.CVOCQOOO 35 tl dB

5,3.1,10 _ Calibration Generator (Y10)

5s3.1.10.1 Supply Voltages

Pin Voltage/Level Current Frequency
ST1.b24 | Ground - -

ST1.b23 +5.25 +0.1 ¥ approx. 0/65 mA 0

STl .a22 +10 +0.1 V "approx. 65/6 mA | O

ST1l.b22 =10 tO.lIV approx. 5 mA 0

STl.al -[7TTL | o * 500 Hz

STH -15 dBa - | | 30 kHz

ST5 -13 dBm - 8.97 MHz

ST -15 dBm |- 66 MHz (+1.5 kHz)
ST3 -15 dBn - 75 MHz to 105 MHz

5e3.1,10.,2 Adjustment of Sinewave Generator
- Conneet +5 V to STl.a4.

- Connect spectrum analyzer to ST2,

Connect” voltmeter to STi.alh.

Adjust for maximum level on the spectrum alalyzer and minimum voltage
on the voltmeter at: _ '

9 MHz by means of €9 (Cl0, C20)

75 MHz by means of C45, €52, Cb1l, C66.

The adjustment of C61, C66 is interactive.
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Level at ST2 in the frequency range 10 kHz to 30 MHz .... 80 dBuV +3 dB

(Variable with R84; measured with a power meter.) = -27 dBm 0.5 4B

Spectral purity of the output signal at ST2:
Non-harmonic spurious SIighalS sescesesasscescsascscnsance > 40 dB down

Check the control voltage at STl.al5:
When tuning through the range from 10 kHz to 30 MHz, the
voltage must not change abruptly and there must be no AC

voltage superimposed on it.

Check by means of 0scllloscope; tyDPICAllY eeeeecvcecscess 0.8 V to & V

De3,1.10.3 Adjustment of Temperature Compenéation of Sinewave Generstor

The temperature compensation can be adjusted in several cold/warm cycles.,
For the relationship betwéen change in level and required sense of rotation
of R77 see Table 5-4,

Table 5-4
Increase in temperature causes level increase. Turn B77
Decrease in temperature causes level drop. . counterclockwise..
Increase'in tempéfature causes level -drop, | Turn R77
Decrease in temperature causes level increase. clockwise,

Permissible total change in level due to change in
frequency and temperature over the range from
-10 to +45oc 0‘.....5..9....Oll.l.‘l.l...ﬂﬂﬁ.‘.‘..'..l.l" <005dB

Required level atlsm 9‘......’...‘0‘-‘...ﬂ.'oﬂ..ﬂ.ﬁ.'.... 80 dH-LV to.j dB
= -27 dBm +0.3 dB

over the total temperature and frequency range.

Table 5-5

Input level (measured with spectrum analyzer)

Pin Level Frequency

4 -15 dBm +1 dB | 30 kHz

5 =13 dBm +1 dB | 8.97 MHz

6 -15 dBm +1 dB | 66 MHz

3 -15 dBm +1 dB | 75 MHz to 105 MHz




Table 5«5

Mixer level
(measured by means of RF probe at pin 8)

Mixer | Level Frequency

Bl 0 dBm+2 B | 8.97 MHz

B3 0 dBm +2 dB | 66 MHz

B O dBm +2 dB | 75 MHz to 105 MHz |

Level required at C70 (f = 10 kHz to 30 MHz, with AGC,

measured by means of high-impedance probe) ceseeecocoasss 5 mV +3 dB
Level at ST7 sessccceasesscooansscncncessasnnssnoscocacss =07 dBN +0.3 dB
Tevel variation by RIIO cccescocncenssacosancoecccovsnosns +0.7 dB

5.%.1.10.4 Checking the CISFR 3 or CISPR 1 Pulse Generator

- Discomnect STl.alt from +5 V, and instead connect either STl.ab
(CISER 3) or a5 (CISPR 1) to +5 V.

- Check pulse at ST7, terminated with 50 Q, by means of a 1-GHz oscilloseopes

Table 5-7

Logic H| PRF Pulse enérgy Adjust
to STL. uVs (EMF) with
51;10%
CISPR 3| ab 25 Hz { 1.35 R8g
CISPR 1| a5 100 Hz | 0.0316 RO1
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Rise time t, = 3 ns
a) with CISFR 1 pulse

ot 1]
’ml-
n
[(]
or
e
H
1]
+
1
&=

e
a

o'

) with CISPR 3 pulse

Fig, 5-56 Pulse ecalibration

For a rough measurement, the pulse energy can be graphically integrated or
caleulated according to the following simplification:

quse area = V » t50%
Accordingly, with CISPR 1 pulse (Fig. 5-5a),

the pulse area = 2,8 (V) « 5.6 {ns) = 0.01568 uvs

corresponding to an EMF pulse energy of 0.03136 uVs.

This callbration pulse of the ESH % is 20 dB below the CISPR 1 standard pulse.
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Fig. 5-5b: CISFR 3 pulse
Ve S0k = 3(V) © 210(ns) = 0.63 uVs
Vs t50% = 1,26 uVs (EMF pulse area)

Hence,_this'calibration pulse is 20 dB below the CISFR 3
standard pulse (13.5 uVs),

Dadel.11 Mixer 3 (Y11)

Fl

Dedelellol Supply Voltages

Pin Voltage Current : Frequency

ST1.b24 | Ground - -
STl.baf' ~5.25 +0.1 V approx. 12 mA 0
ST1.a22 +10 V40,1 V approx. 48 mA o]
STi.b22 | =10V +0.1 V approx. 18 mA 0
STL.bl TTL - 500 Hz

5.3,1,11,2 Adjustment of 8. QTHMHz Oscillator

- Apply eaact SOO-Hz refercnce to STi.bl (TTL level squarewave;

for repair purposes, use ESH 3 reference3
- Measure control voltage Véontrol at R40/RH1

Adjust 043 Sothat chntrol CRSOCELPONOOEOERIEIECE R PG EROD R 5 V‘tlv

(If adjustment is not possible, vary ILil slightly)
- Measure Qutput 1evel on SE @OV EBBOLNBLIEOERNODCERCAREGD S “"13 dBi’l '3:2 d.B

= Measure oscillator frequency at STD voecocecccoscscecco 8.97 MHz
(The accuracy of the measured value depends on the

accuracy of the reference used.)

- Check synchronization indication at ST1.b2: logic H
{loop is synchronized).

5:5.1.,11.,3 Adjustment of Basic Gain between ST2 and STS

a) Initial settings:

- Settings on the ESH 3:
IF bandwidth 5: 500 Hz to 10 kHz (ST1.all = L)
IF attenuation 40, 41: 40 4B
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- Connect ST1.b12 to +10 V.

- Apply'external DC voltage of -5 to +10 V to STl.al2.,

"= Set external c voltage to >4V (— maximum gain)
EMF at ST2 with f = 9. OOO MHz =20 mv. : o

o Measure at ST5 via a h;gh impedance usihg'a'miilivoltmeter.

| Test setup: -

90.MHz

SMUV Lo 3rd mixer & ' UvM
; ' Vouf '

'_b) Adjustment |
Set output voltage Vo BY means of R20.

t O.ﬂ00_00040.00.nn.t_on_nfn.--.qlfileoooolooooooesiwc. 200 mv

Vv
ou

o 5:3.1.11.4 Checking the Noise Filter Bandwidth

-Measure between ST2 and STS with any IF bandwidth other than 0.2 kHz
(ST1.211 = L), Vary the signal-generator frequenc;'tc determine the upper

and lower 1-dB and 3-dB cut-off frequencies of the noise filter.

Table 5-8

feutuoff lower/kHz fcut_off upper/kH
1-dB cut-off ffequencies 25 +1 35 +1 .
| 3-dB cut~off frequencies 2% +1 37 +1

~ The pass-band characteristic should bhe approx1mately flat and must not
' exhibit a dip.

5.%.1.11.5 Checking the Calibration Gain Control Range

- Apply +10 V to ST1.b12 (calibration = ON).

- Feed DC voltage vcontrol into STleale.

- Vary the voltage at the base of Tl from O to +5 V.
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- The gain between ST2 and STS should be variable between about =15 4B and
0 dB referred to maximum gain‘Gmax.

Wﬁen the #cltage at the base of T1 is 2 V, the gain is typically & dB
below Gmax' '

5.3,1.11,6 Checking the IF Attenuation Steps

Test setup:

0.000 MHz Aftenuator

ST2 | 875 '
- SMuY 7) 5 3rd mixer & UVM

Use as accurate an attenuator as possible, such as the DFVP,

- Set V  ntrol CAL

Set the attenuator to 50 dB.

at the base of Tl again to about 2.0 V.

Set.-the IF attenuation of the Jrd mizer to O dB (= maximum gain).

- = Adjust signal genefatdr level such that the millivoltmeter gives a
deflection approximately 2 dB < 100 mV (near the 0-dB marker).

- Increase the IF attenuation of the Jrd mixer in steps of 10 dB and reduce
the attenuator setting in steps of 10 48.

= Observe deflection on millivoltmeter: The difference (= attenuation error)
should be less than 0.1 dB. The sum of the attenuation errors should be
approximately O dB, '

the IF Qubput Amplifier

S.2.1.11.7 Checking

Use the same test setup as in section 5.3.1.11.5 but measure at ST,
- All inputs ST1.b7 to bl0O = logic L.

- AdJust signal generator level so that the pointer of the millivoltmeter is
on 2.0V,

- Apply logic H to 8Ti.b8 and reduce the attenuator setting by 20 dB.
Difference in polnter deflection cvecceorssscnccssscooa < 1 dB
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Apply logic H to ST1.b7 and reduce the attenuator setting by further 20 dB.

- Difference in pointer deflection sessressssscecsocscacaes g 1 dB

s5.1.11.,8 Checking the 200-Hz Bandwidth and Adjustment of Gain

A

- STl.all = logic H {200-Hz filter ON).

- Vary the signal generator frequency between the lower and the

upper 6~dB cut-off frequency.

+20 Hz
B6dBO.'ﬁ.l.'I.C.‘..'..I.......-GIIC."OOOOOQO...0.0.. 200 HZ -30 HZ

= Tune to the maximum in the pass-band curve.

- Switeh over to noise filter:

Note readout on millivoltmeter.

- Switch back to 200-Hz filter:
Adjust for same readout on millivoltmeter by means of R102.

5,3.1.11.9 Checking the Overload Detection

Settings on the ESH 3:
IF bandwidth 5: 500 Hz to 10 kHz (8T1.,al1 = logic L)
IF atﬁenuation'gg,rﬁlz 0-dB, '

STi.bll = lggic I if EM®P at 8172 sseivisonnamsarnscscooose oL MV

5.3.1.12 _ Indication and AF Demodulation Board (Y12)

5.3.1.12.1 Supply Voltages

Pin Veltage Current Frequency
ST1.b24 | Ground - - L
ST1.b23 | +5.,25 V +0.1 V| approx. 1 mA -

STl.a22 | +10 V tO.l ) approx. 100 mA -
871 .b22 -10 V tO.l v approx. b5 mi -
STl.abl L - 500 Hz
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© 5,3,1.12.2 Adjustment of Indication Section

Test setup:

Connect 30-kHz signal generator via attenuator to ST2. As ST is a higha=
impedance input, use a 50-0 termination 4in parallel.

5T2

a) Linearity of Bll:

Settings on the ESH 3: Operating range 23t 20 @B

- DVM check point: pin 6 of Bi4,

- Input voltage 20 mV: note reading (e.g. 210 mV),

- Input voltage 2 mV; vary RI64 until 1/10 of the above measured value
is obﬁained"(eaga 21 my ":Oa5 mv), :

- Repeat adjustment to ensure optimum voltage setting.

B) Linearity of Bl5:

Settings on the ESH 3: Operating range 33: 20 dB

- VM check point: pin 2 of BlS,

Input voltage 20 mV; note reading (e.g. 210 mV).

Input voltage 2 mV; vary Ri7T4# until 1/10 of the above measured value
is obtained (e.g. 21 mV +0.5 mV}.

Repeat adjustment to ensure optimun voltage setting.

L

e) Average-value indication:

Settings on the ESH 3: Operating range 33: 20 dB
35: AV,
- VM check point ST1.a2,.

Input voltage 20 mV; vary R182 until the DVM reads ceeeee 2 V +5 mV
Input voltage 2 mV; vary RIT77 until the DVM reads ceeceee. 0.2 V +5 mV
Repeat adjustment to ensure optimum voltage setting.
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a)

o

)

« WM check point 8T1.a2. 7 : .
Input voltage 200 mV; vary R139 until the DVM reads cvees 2 V +5 mV
Input volta.ge 2 mV; vary R186 until the DVM reads cesecee 0.2 V +5 mV
Repeat adJustment to ensure optimum voltage setting.

CISPR indication s -

Settings on the ESH 3: 25_ CISFR

Frequency between 10 kHz a.nd 149 9 kHz (CISPFR 3) -

VM check point: ST1.a2.

] ] 1

T

LOGlio-

Settings on the ESH W Operating range 2:
"55¢

106G _602 )

Settinge ori the_ESH '5: Operating range 33:
- DVM check point. STlea.Ee : '

. g) Peak-readig time constants. _

Input voltage 20 mV; vary R198 until the DVM rea.ds ceeens 2V 5TV
Input voltage 2 mV, vary Rl95 until the TWVM reads cevscoe 0.2 V +5 mv
Repeat ad,]ustment to ensure optimwn voltage setting.

P

%0 aB
AV

60 dB-
AV

. Input voltage 2 V; vary Ril2 until the DVM reads osvesses 2 v +5 v
Input voltage 2 mV; vary R188 until the DVM reads 0.2 V +5 mV
Repeat ad.justment to ensure optimum voltage setting. .

(With the ESH 3, ‘determined by PEAK and the measuring t:.me)

7 Settings on the ESH 3: Operating mode 28: GEN. OFF '
'Oscilloscope check point: B20 pin 10 -

,e6V'f _ }
21" is or ‘—~——~——--
. (3256/1”
_6v___, : - + °a
-

5ms
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h) 4th oseillator:

 Feed TTL-~level reference frequency of 500 Hz into STlaabl Connect frequen=
cy counter to 333/2.

Table 5 9
Switeh position - Nominal frequency
A0 - | GEN.OFF 30,0 kHz (+10 Hz)
Al | GEN,OFF 31.0 kHz - | (+10 Hz)
USB GEN,OFF 31.5 kHz (+10 Hz)
LsB GEN,OFF - 28.5 KHz (+10 Hz)
ANY | GEN.ON | 30,0 kHz = | (+10 Hz)

Same as above, but connect oseilloscope to STS instead of frequency

counter.

Settings on the ESH 3: Operating mode 38: GEN.ON
Nominal level 40 mV = 110 nV 15 dBm +1 4B into 50 @
B rms pp T = :

1) Remote frequency measurement (RFM):

= Connect a signal generator variable between 25 and 35 kHz, approx.
20 mv, to ST2. . |

éelect REMo FHEQ, mode.

Ceunte:_connected ﬁc ST5 should read out signal generator freduencyo

1

Measure nominal level at STS by means ef'escilloscope:
40 mwo I;Q.wvﬁp_g 15 dBn_(tl.dB) into 50 Q.

5.5.1,12,3 AF Demodulation

a) FM demodulation:-

Oscilla.t.or adjustment= 7

- Connect signal generator to 3T2: 30 kHz, appI"OXe 20 mV
- DVM check point: STl.al

- Vary Ri9 until the DVM reads O V (+20 mV)

Checking the M demodulation

=~ Comneet signal generator and IVM as for oscillator adjustment.
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Table 5-10

Signal generator frequency Nominal volﬁage reading on DVM
Bz | 5v+03V |
27 kiz o} savsosv
29Kz | -1 V+0.37
S1xHz . | 1V+0.3V
33Kz 3V 3V
'35wz‘ | svssv

b) AM demodulation. '

Settlngs on the ESH 3: AR demodulation 4: 83

Operating mode 2_ GEN.OFF _

Connect signal generator to ST2 (frequency 30 kH=z, level approx. 100 mv,
100% modulation depth)

.Oscilloscope check point STh:

WV —
:0,1v -

UV'_f; V

. Vary the input voltage between 2 mV and 2 V. The voltage change at ST4

.' should be < '3 dB.

SSB*demodulation-'

Settlngs on the ESH 3: AF demodulation

4:
Operating mode 33: GEN.OFF
. 35: AV

Connect signal generator to ST2 (frequenoy 30 kHz, level approx0 20 mv,

unmodulated)

Oscilloscope'check point 3T1.a3:

Nominal signal 1 kHz AF, approx. 130 mV;ms = 360 mV peak-to—peak (+50%).

d)

SSB-AGC-'

Settings on the ESH 3 as for SSB demodulation, but the level at 372 is

. about 100 mv,
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Switech of f the signal generatcrc It should take approxlmately 1 5 until

the AGC voltage at B8 pin ] drops.

"5;3.1.15 |

Performance Check of the_Indication and AF Demodulation Board Y12

© 5.3.1.13,1 Indication Demodulation

“a) Avergge»va lue indieation=

Feed unmodulated BOwkHz signal v to STE. The resulting voltages at ST& a2

'; are as follows:

Table 5» .
.V’io 572 . : :Operating.range
| {2048 4 aB 60 dB
2 mV | 200410 @V | 200 20 mV | 200 +20 mv
6.3mV | 630420 mV | €50 +40 m¥ | 500 -+40 mV
20 mV | 2000 +10 mV | 1100 +40 mV | 800 +40 mV
6 mv | | 1550 +40 mv . | 1200 +40 my
200 mv 2000 +20 mV | 1400 +40 mV
632 mv 1700 40 ¥
2000wV 2000 +20 my’

Amplltude-modulated signals cannot be directly measured in the 40-dB
and 60=dB operating ranges, Use correction curve (Figo 2 8).

b) Peakwvalue indicatibn:

. If an unmodulatéd input Sigﬁal is applied, the same voltage is obtained
-at STl.a2 as with averageevalue'indication° A 100% amplitude-modulated
signal increases the indicated value by & dB as against averagenvalue

indiea‘tion°

¢) CISPR indication:

In the frequqncy'range from 10 kHz to 150 kHz, the signal is welighted in
accordance with CISPER 3 énd from 150 kHz‘té 30 MHz in accordance with
CISPR 1. If unmodﬁlated'signals are applied to 8T2, the following volta-
ges are obtained at STl.a2: : |
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Table 512

CISFR 1 CISPR 3
2 v - 217 +10 mV 200 +10 mV

10 mv 680 +20 mV 630 +20 mV
20 mv 2170 +10 mV 2000 +10 mV
Pulse weighting time coﬁstants:

CISFR 1 CISPR 3
-Charging time constant 1l ms 45 ms
Discharging time N
constant 160 ms 500 ms

5e5e1:13.2 AF Demodulation

a) - Demodulation outputs:

- AF ocutput STl,a3

Apply 100% amplitude-modulated, or frequency-modulated

(frequenecy deviation 5 kHz), input signal,
AF output signal serereerssiateaiiiiiiens 200 mV'rms +SQ jults (Zout =5 FQ)

AM cutput STY _
This output is used for measuring the modulation depth by means
of an oscilloscope: 100% modulation depth corresponds to

1V, +3dB (2, =1 k).

- FM output 3T3

At this output, the ffequency offset of the 30-kHz input
signal can be measured: '
5 kHz deviation corresponds to +0.5 V (tolerance 0.03 V)

(Z4 = 10 Q).

Frequency offset output STl.ak

Here too, the frequency offset of the 30-kHz input signal can be
measured: +5 kHz offset corresponds to +5 V {tolerance 0.3 V)

(2. =10 k).

out
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b) IF amplifier AGC
AM AGC time constant 0.5 s

AD AGC time constant 0.5 s
Al hang AGC with fast decay
USB hang AGC

ISB hang AGC

e) 4th oseillator

Demodulation mode -Slgnal Frequency of
: generator | 4th oscillator
AM OFF -~ switched off
L OFp switched off
AQ OFF | 30,0 kiHz
Al : OFF .35 31.0 kHz
USB , OFF 31.5 kHz
ISB OFF 28.5 kHz
any ' ON 30.0 kiz

d) 30-kHz output ST5

With 30 kHz ON (GEN,ON), the frequency of the output signal is 30.0 kHz.,
In the REM. FREQ. (remote frequency measurement) mode, the output signal
is synchronized with the input signal at ST2. ‘

,,,,,,,,,,,,,,,, 22 22T TSI ETEESSFLEDEOFTISOVRBET G W

" Level in Doth CASES .cveecccccosscscscssssccosviseene 4O m¥ +1 4B inte 50 Q

5,3,1.,14 Attenuator Control (V¥13)

3:3:1.1%.1 Supply Voltages
Pin _ Voltage - ' Current
ST%.ab2 Ground -

ST%.abl +12 V +0.1 V approx. 2 A

The Attenuator Control (Y13) is preferably checked together with the
RF Attenuator (Y16),

For production testing, it is advisable to use a control arrangement that
permits the control levels at STi.a2 to 16 to be switched on as desired. For
checking the gating with Bl to B4 at the test points B to K, refer to

Table 5=13.
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(The attenuation values a are obtained by summing the attenuation values

defined by the logic H signals at the control inputs of ST1,)

Table 5-13

Test point " | B c | E F |H I K

Attenunator/dB 10 |20 (40 |40 {10 |20 |cAL |1

Attenuation a/dB
o
10
20
30
40 -
50
60
70
80
90
100
110
120
130
140
CAL

bt o n:r?u:w‘m g
Mﬂmmm‘mmbrﬂmm‘hr«mmr«’ﬁ
e O R
MEEREE R RS N RO e
;bdaﬂiﬁ rﬂﬁ:rﬁr'r*r*r*b*rfr;gﬂr*r*f*
;N%#tﬂ:ﬂ?ﬁr‘r*r‘wtﬁfﬂr*rﬂr'fGE.ﬂ.
r_*r-'r*rfrer-;:-ﬂr*r«,r*_r*.__
'az>€r?rﬂr«r?r*ririrdr'rﬂrié*r-r'r;

]
!

B R el ol W

It is possible to set attenuation values up to 140 dB in the ESH 3. If,

when the ESH 3 is being repaired, there is any doubt as to the proper

. functioning of the Attenuator Control, it is recommended that the R¥

Attenuator be removed from the ESH 3, the base plate unscrewed and the

- functioning of the control be checked by observ1ng the switching state

of the contacts (for location of the attenuators, see circuit diagram

303.2813 S). An ervor can be tracked down with the aid of section 4.1.11.

R 43548 - 5.43




5.3.1.15 Power Supply

5.3.1.15.1 Access toc Circuits

For Eroubleshooting, the instrument may be operated with the power supply
swung out. For this the instrument panelling is first removed. After then
remo#ing six screws on the frame, the power supply can be withdrawn hori-
zontally. After the actuating'rod of the power switch is pulled off, the

power supply can be placed toward the back on the cooling body.

Note! In dismounting the power supply, only the six outermost screws
may be removed, since otherwise other parts of the power supply

will be loosened.

In remounting the power supply in the instrument, the flat cable must be
correctly folded and the actuating rod of the power switch replaced before

the power supply is moved into place and screwed to the frame.

The individual subassemblies of the power supply are best tested while

connected into the instrument ciredit, since all supply and control lines
nen tham abkasnkad Tha awhacsemhllos man hae sofealled smees so nesmdE sosses
L S wiiGil CLLOGIIGW ERY A=) W ARG W e kL A E ) A GALE MG OW.a ¥ Sk s T QP“LB T tF y;l-llld.b L= RS LY RN )

to the components. So long as the power supply is operated for only short

periods or is only partially loaded, the large heat sinks can be removed.

After the heat sinks of the analog power supply have been unscrewed, all com-
ponents and test points are accessible. The solder side of the subassembly'
is accessible after the latter has been unscrewed. The removed subassembly
must be supported in a suitable fixture to assure that no shortcircuits

are possible.

For measurements on the solder side of the switching power supply board,

the cover on the side of the analog power supply must be unscrewed.

The analog board remains attached to the cover. For replacement of components
in the switching power supply, the board is not removed, instead the entire
frame is unscrewed from the rear panel. For this the two large screws on the
rear side in the cooling fins and then the six small screws in the frame

be removed. The frame can then be swivelled away without having to remove

the leads to the rear panel. The rectifier plate must remain in place for

operation of the system.
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: Before reassembly, the correct seatlng of the socket Strlp on X3O and the lines

on the lead-through leters must be checked, The heat sink on the swrtchxng
- power supply must be prov1ded with heat-conductlng paste. Then the frame screws

. and screws in the coollng fins are loosely screwed in. After 11n1ng up the unit

the frame is flrst trghtened and then the 1nternal heat sink.

Note!  If the internal heat Slnk is not tlghtly screwed down, the sw1tch1ng

power supply will overheat in operatlon.

5.3.1. 15 2 Ad;ustment of Reference Voltages,

The only ad;ustment pornts of the power supply are potentlometers R89 and RY5
on the analog power supply board with which the monltorlng and regulator

reference voltages can be set.,

fNote} ' Thls adgustment should only be undertaken if really necessary,

since other circuits w111 then also have to be adjusted.

Reference point for all accurate voltage measurements is the ground neutral
point X5 on the rectifier board. The adjustment is made by measuring the

_+10-V supply voltage at a point'of the sensing line (motherboard X201A4) and

_'accurately settlng it with R95 if the aecessorles are avallable, the

. e+30 -V supply can. also be edjusfed by measuring tbls volt ge on th- gensin )
llne at polnts X18 16 or X36.1 of the analog power supply board After this-
ad;ustment ‘the regulator reference voltage, measurable on test connector X9.1,
Vmust have the value +8 V +20 mV. The monitoring reference voltage at X9 3 must

be set to exactly the same value by means of R89=

The other output voltages are determlned by fixed resistors and cannot be
separately adjusted. The —10-V supply at sensing point X201B4 on the mother-

- board tracks the +10~Vlsupply with a_maxinum error of 10 nV._All_other voltages
must lie within a tolerance'limit of *2% at the power supply. It must be noted

that because of voltage drops in the. lines, the output of the +5-V supply is

5.5V at its output terminals. The output voltage of the +30 V_ supply lies _
between 31 Vand 40 V dependlng on the loading of the -11-V supply. When the
=11~V supply is not loaded, the output of the +30-V supply can drop so low

that the H3 LED lights. This is of no significance in normal operation.
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5.3.1.15.3 Test Points of Analog Power Supply

1

_ The analog power supply has a varlety of connectors, some of whlch are bridged

w1th shortlng links.

X31 to X38_ L1122 connected-(compafator-inputs)
X8 .2=.3 connected (short-circuit link right)
X9,X10_" o open '

X2,X4,X8,X12 .1-.2 connected for setting 20 V
| : (short—tircuit tcp,'ESVP)
2— 3 connected for setting 25 V

(short—cxrcu1t bottom, ESHB)

5.3. 1 15.4 Check of Qutput Currents

In table 5 -2 are llsted the max1mum output currents of the power supply =
these may, however, not be drawn in operation. The measured current values

. must.lie_within_the tolerance range of -10% to +25%..

‘Table 5-14a Qutput Currents

titagé | Maximum current Sﬁortcircuit current
{nominal) . ceold ] warn : '

+5 v 74 |64 | 6 A
M2V 4a |3 . 3a
-1V 1.4 124 | 1.24A
+33 V 0.5 A | Can bnly be overloaded for

' _ short perioed. _

+10 V- 0.7 A - | 0.15 A
-10 v b o13a] o 0.33A
+20 v (BSVB) | 044 | - | . 0.08 A .
+25 v (EsH3) | o0.05a] . | 0.01a
+30 v b c.0eal | 0.06 A

The check on analog supplies with foldback currxent limiting can only be made
with resistors of corresponding power rating. The switching supplies can also

be checked with electronlc current sinks.

The sensing ‘leads for the +10- V and -10-V supplies must be connected to the
proper outputs If these leads are not connected, the supply voltages will be

‘about 0.3 V too high, although the voltages on the comparators are correct.
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5.3.1.15.5 Cheek of Monitoring Circuit

When the shorting 1inké are removed from X31 to X38, the corresponding LEDs
H1 to H8 11ght By applylng a var1ab1e voltage to the pins .2, the llmlt values
" of the monltorlng windows can be determined. The actual supply voltages can be

measured at the same time on plns .

Note! - The test with X31 may only be made if the intéfnal.supply is
operatlng properly, since otherwise the other supplles can be .

sw1tched into prohlblted states

Bécausé'cf_the 1nterlock1ng of some of ther?ower supplies, only one external
voltage at a time'must:be applied and the corresponding LED observed. In case
of dutomatic measurement the error messages are monitored at the outputs of

these messages and on 51, 52, 83.

Table 5-14b quitorihg Window Data

Connéctor 'LED Nominal Lower" Upper Max. shift
7 ' voltage limit | 1limit “of window
X31 - H1 15V 12.8V | 18 ¥ 300 mv

S ' . .t No mess. o
X32 | BZ | 24V° [}20.8V | 40V | 400 my
' R #21.3V | No mess.| -
X33 | H3 | 30V . [28.8V | 31.4v | 600mv
X34 H4 | 25V (ESH3) | 23.9V | 26,1V | 500 mv
X34 - | H4 | 20v (Esve) [ 19.1V | 20.9V | 400 mv

x35 | ms | 12v |11.av | 1259V | 200 mv
X3 w6 | 10V 9.9 v | 10.1v 20 mv
X37 B7 =10 V -9.9Vv | -10.i V .20 mV

%38 | ms 5v | 5.1v ]| s56v | 50av
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Table 5~ l4c Méssage_OutputlLevels

Coonector |Nominal | LED | Output on = Pin Level | Other responses

‘ voliage ' ' 0.K.|Error | in case of error

X31 sy H | st X18.23 - | 0 v [>0.8 V| ALl the others

X32 24V |m2 |83 X18.25 |0V [>0.8 V| ALl except 51,52,1
Tx33 30V H3 | 30 comp. X14.15 | high| low | -

X34 20/25 V| B4 | 20 comp. X14.18 | high| low -

x3s" | 1z2v | u5 | 12 comp. X14.17 | high! low -

X36 10V  |{H6 | 10 comp. X14.9  |high| low -

X37 ~10V | BT |-10 comp. X14.16 | high| low T

X38 s5v  |u | s2 (X18.26 |0V [>0.8 V| All except S

The ERROR INT, TRAP and RESET outputs can be monitored simultanéduslyn
- If all voltages are in order, ERROR INT and TRAP are low and RESET is high.

ERROR INT goes hlgh at every error.

TRAP is hlgh durlng the on-tlme of DAI (about 100 ms) Lf 53 responds.

RESET goes 1ow when 52 resgonds or after TRAP has gone back to low.

RESETL then goes hlgn agaln only after monostable Dall hav1ng been trlggered

by the nggatlve edge of ERR INT, returns to lts_offﬂstate.

The cutput of the 5¥V_comparator_and of monostable D4II can be monitored on X10.
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5.3.1.15.6 Notes on Troubleshooting

If the green tED'in'the'p0wer.supp1y does not' light, the microprocessor is
blocked (by an ERROR message or RESET). The fault can be localized with help

of the description for the monitoring circuit in Section 5.1.4. In any case,

_ before .any repair is attempted, it should be determined whether the error is

the result of external influence (undervoltage overload)

No LED is: Ilt .
1f after 1nstrument sw1tch—on no LED in the power supply 11ghts, the cause

quite 11ke1y is that there is no 1nput to the analog power supply. After check

“of the AC supply or battery voltage ‘and the fuses accessrble on the rear panel,

the voltage on capacitor C5 of the rectifier board should be checked with the

AC power supply on. Flat connectors X1 and X2 are acce551b1e from the underside

of the 1nstrument after the panelllng is removed. If a voltage 1s present

.the power supply should be removed from the instrument and the connectlon to

the analog power supply checked, The input voltage should also be present on

: regulator N5.1 of the analog power supply.

- One or more red LEDs lit _

" The rank order of the error messages as shown in Flg. 5 2 must be observed
i e. the hlgher ranking 31gna1 must be checked first. If the green LED llghts
-when the load on the power supply is reduced or completely removed, the output

- currents should be checked agalnst the values in Section 5. 2.4.

- Before attemptlng any repairs, the voltages in questlon and the reference

voltages should ‘be checked to eliminate the p0551b111ty of a fault ln the
monltorlng c1rcu1t._Before openlng the swrtchlng power supply, the turn—off
signals St1, S2, 83 {accessible on connector X17 of the rectifier board) should
be checked..lf_a voltage.> 0.8 V is present; the corresponding switching_supply

is turned off.

'After unscrewrng the cover of the power supply, the voltages on connector X30

should be checked, ln order to eliminate the p0551b111ty of a break 1n the

. connection between the sw1tch1ng power supply and the rectifier board.

In thls condltlon the signals on all components of the swrtchlng power supply

can be checked.
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5.3,1.16 _ Checking the Recorder Control Board
(See eircuit diagram 335.9913 S) S

5.1.1 16,1 IEC-bus Section

'I‘h.e IEC bus is simply connected via a flat cable (ST8) from the Computer
board (BU8) to the recorder control board. For' checld.ng, unplug ST8 and

- use a continuity tester.

: HO’IE If the recorder control board ha.s to0 be removed, protect the pin.s of

plugs 7 a,_nd 8 a,g,ainst damage by_ sticking them in pieoe_s of foam plostic.
Pull out ST7 from BUT. S - |
Comect. lagic tester probe (or voltmeter) to 897 pin 1.

Switch on receiver a.nd o.pply +5 V‘. Check funotion of the address line (ai)
Ch.a.nge connections and check a2 to a5 a.nd ton simila.rly..

Connect logio tester probe or volbneter to STt pin ‘T. |

If Bl pin 1 is sb,ortcircuited to sromd, S'IT pin 7 ahould be at 1ogic L
(< 0. 8 v).

Check STT pin 8 with BUE pin 2 to ground, as a.bove.

Check Ahe remaining pins of STT, by means of a continuity tester, a.gninst

_tne circuit diagram.

?

5.2.1 16 2 _Checking the Demultiglexer'

Unplus ST?’. :

Switoh on t.he ESH 3. i

Apply a stable voltage V=0 to 10V (eege 5 V) o % pin 5.
Deliver logic L to ST7 pin 13 {penlift signal)

Check 1n accordance with Ta.ble 5-15

Table 5-15'

Recorder | 5T7 pin | BRpin  |mepat |
{12 1 1|8 ¢ 10 1 12 |10 a2 2 P 2
3 #E & tiv,x x x.x|r ¥ H R BH|
2 L B L X VX X X E L ®K H H
3 BH.OR L|{X X Vv, X X B 0H L ‘H W
5 T L E|{X X X V,X|®E B H L &
s H L H|X X X X Vlw s =n 8
0.6 %0 8 ::?:::::g *) only for penlift
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5.3.1.16.3 Checking the External Reference Switchover: -

- = Check the following levels using 2 voltmeter or logic tester probe:

Synthesizer 2/pin | Int. ref. | Ext. 5 MHz | Ext. 10 MRz

STl1/a2 . = A A S
STi/b2 L L ' H

= Check the pulling range of the synthesizer in accordance with 5.3.1.3.4.3.

'5.3.1.17  Motherboard (¥I8)

_'Check the Motherboard in accérdancerwith circuit diagram 303.2020 S.

5,3.1.13' RF Attenuator (Yi6)

It is recommended that the RF attenuator Ylé be checked together w1th the

attenuator control YI3

Note: Torque range for SMA socket. 80 to 120 Ncm

= Serew down the 51x adjustment screws of the base plate all the way.
a) Ch;ék-fhe residual acrenuat1en with DC voltage.

.
= Set the level switch to 0 d4B.

"~ Measure the resistante between the inner conductor of the znput and the
inner conductor of the output by means of an ohmmeter with a resolution

of {00 mi2,

.- rhe'ﬁesistanCe consists of the contact'resis:ances of the 18 switching
contaéts and.the series resistances'of the ;hinmfilm conductors. The
resistance of the test setup must be taken intoe account. The resistance

_-RT should be < 800 ma. The resulting residual attenuatlon 3 is piven
: by the farmula
= 20 log 10300 and is < 0.07 dB.

0 RTA2

- Then measure the resistance between. the inner conductor of the cali-

_0

bration input and the inner conductor of the_output,'To do so, apply
a short switching pulse across the coil of solenoid 7 which initiaces
calibration of the RF attenuvator without switching the 10-dB attenuator

pad into circuit. The resistance should be < 500 mfl
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b)'Checking'the attenuator pads with a DC voltage

-‘Test setup:

| Digital
voltmeter

attenuator

W

50-Q termination

- Connect a constant DC voltage source V<5V wath an internal

re51stance of 5051 to the 1nput of the RF attenuator.

- Measure the output voltage of the thrOugh~connected (0 dB) attenuator
by means of a d1g1tal voltmeter The attenuator 15 terminated with

50‘2

-?-Success1ve1y set the attenuatlon values a =.I, 4, ]0 20 and &0 dB

7 The attenuator control cannot be used for this purpose, instead,
'short 12-V sw1tch1ng pulses must be applled dlrectly to the termlnals
Iacce551ble on the control board Dpen the connectlon to the attenua-

tor control

The attenuation actually prov1ded can be calculated from the voltage

ratlos _ _
- L vV _(0 dB)
o aT W lesgrgy .
: The maxlmum perm1531b1e attenuatlon error can be read off the below
table':
ettenoator oad/ds 8 in/dB ActUaI/QF 2 hax/dB
e 0.98 | o 102
A 3.98 E 4.02
1o (1) 9.96 o 10.04
1@ 9.96 ) 1.0s
20 (1) ] 19.94 | 20.06 -
200 99 | 20.06
40 (1) 39.92 B | 40.08
40 (2) | 39.92 | 40.08
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The location of the 1nd1v1dua1 attenuator pads is shown in ecircuit diagram

303.2813 S.

 Since the RF attenuator is used only up to 30 MHz in the ESH2 even though
it is de51gned for- frequenCLes up to 2.7 GHz, there is no need for an RF

check (VSWR < 1.2 at input and output in the range 0 to 1000 MHz).

5.3.2 Overall Adjustmént
Prerequlsltes for the adjustment
- All assembl;es mist be operatlonal and adJusted as requlred

- Remove Fllter 2 (Y8), open it and connect it to the receiver via the'

Service Adapter

5.3.2.1 Checklng the Supply Voltages

Motherboard b23 creasavos esascensccascscs sosossons +3.4 V +250 mV
Motherboard 22 +.evivesveeren... eceoseaniacissss +10.000 V £200 mV
.Motherﬁoard”aZB R i, +12 v +500 mV
Motherboard a2t eeraias '......=..;;....;.._ ........ +25 V ilSO‘mVV
Filter Control ¥6, a2 ..eeecereensrnernnsainnee, 430 V +1.35 7

Motherboard 522. ...... erteeeennaan erieSeeveeeean ~10 V +400 m¥

5.3, 2 2 Checklng the Galn of Mlxers 1 + 2 {¥3) and'Mixef,3 (YII).

Sett;ngs on the ESH 3: l L ;, . 39: LIN.
Indicating mode | 35: av.

" IF bandwidth ' 6: 500 Hz

IF attenuation 40, 41: 40 dB

RF attenuvation 40, 41: 50 dB

' Conneet 51gna1 generator (f < 10 MHz, 1evel 80 dBuV +0.1 dB 5051) to the
RF input 45 of the ESH 3. Ad;ust the gain by means of R20 on YI1 so that
at a medium gain setting (+2 V +0.2 V) at the base of T! (Y11) full-scale

deflection is obtalned
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563:243 Checking for Egqual Gain with the Various Bandwidths

Settings on the ESH 3: See section 5.3.2.L

Permissible difference in the indicated voltage when

Se}.ecting a neW ba.ndWidth [ E N R R NEERERENENERENEENEE R EENEREREEERENENRN] +1 dB

Reference: 500-Hz bandwidth

Adjust the gain with

200-Hz bandwidth: on Y11 using R102
2.4-kHz bandwidth: on Y9 using R69
10-kHz bandwidth: on Y9 using R76. _

BeB,2e 4 Adjusting Filters 15 and 16 (¥8)

Connect the input of the receiver to a VIWR meter which can be driven
from the GEN. output of the ESH 3.

a)

b)

Adjusting filter 15 for minimum reflection coefficient

Table 5-16

£ by means of R... on ¥6
10.0 MHz 79
11.0 MHz 55
15,0 MHz 70
19.0 MHz 89
19.9 MHz : 103

Repeat this adjustment at least once, since the settings interact.

Adjusting filter 16 for minimum reflection coefficient

Adjust L78, L79, Cl162 and Cl64 in the frequency range from 20.0 MHz
to 28,9 MHz,

After the-adjustment fasten the coils and secure the windings with a
suitable varnish or glue. The board can now have the cover fitted and
be inserted in the unit.

Checking the input impedance:

PMlters 1 to 14: at least three readings per filter range

Filters 15 and 16: at least every 2 MHz.

VSWR with O dB RF attenuation sscecevvescrscsessscsass <2
with RF attenuation > 0 dB saveeccscsasnnssensees £ 1.2

< 33%
< 10%

N
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Ds3:2:5 Checking the Reference Frequency

Tune the receiver to 29.0000 Mz, Switch on the generator and cornnect to a
frequency counter with a frequency accuracy of better than 1 x 10-8, After
a warm-up pericd of > 5 min, adjust the counter display to 2G.0000 MHz by

means of R22 on Y1.

5:3.2,6  Adjustment of Calibration

a) Sinewave calibration

Settings on the ESH 3: Indicating mode 25: AV,
Operating range 23 20 dB
IF bandwidth 6: 10 kHz
RF attenuation = 40, 41: 50 dB
IF attenuation 40, 41: 40 dB
Frequency 20: 1 M=
Operating mode 8:  TWOPORT
Meas. time 2L 201

Connect suitable precision level meter (50 Q), such as specially calibrated -
URV 4 with 50-0 insertion unit, to the GEN. output 4k.

A 1 QA 57 TF .~
WQUITCSG LCVEL swovscsscccscoccscosnsavronsccoonse G Qouy +y.
-

= 27 dBm +0.1 dB

i

dB

- Press CAL. button 15 momentarily (calibration check).

- Conneet the GEN. output 44 to the RF input 45.
Required indication $P SO R ELOCOROCOSDROCEREBBOSLCED O OdB Qﬂl dB

b) Pulse calibration (CISPR 3)
over frequency range 10 kHz to 149,9 kHz

Settings on the ESH 3: Indicating mode 35: CISPR
RF attenuation 40, 41: 30 4B

IF attenuation 40, 41: 40 dB
Frequency 20: 0.1 MHz

- Press CAL. button 15 and hold down (total calibration).

- Feed sinewave signal (0.1 MHz, 60 dBuV +0.1 dB, 50 Q) into the ESH 3.

Nominal indication after fine tuning to
maximm indication S ECO0CIDECEOPOCR GRS B ROOCREDPEE S 60 dB'-LV tl dB




Correct, if necessary, by means of R89 on Y10:
Indicated value too high == turn RB9 counterclockwise —> galibrate

—3> measure
Indicated value too low —> +turn R89 clockwise —> calibrate —> measure.

5.3.2.7 Checking the CISPR 3 Welghting Cireuit

Test item:

DvU 3

Fulse generg-o- o ESH2

tor:. | L-‘—LO:ms —"l
o Sl

- 250
ns

Y
SOJL

Connect a pulse generator with an adjustable repetition frequency in

compliance with CISPR 3 requirements to the input of the ESH 3. PFeed a
pulse with a repetition frequency of 25 Hz, a period of 250 ns and an
amplitude of 2.7 V correspondi_ng to the GiSf‘R 3 ‘s;tandard pulse

1“',1’ ' |

L o o mriresmas 1 RE L IFa fTWMEY
¥ 0 T QUPLORs Lol RYD &0 )

into the input of the ESH 3.
Reqllired indication BB ECOO PO COEOROOODRPEIIIOEBOEDESOR ug dﬂ‘lv .:1 dB

When varying the repetition frequency in compliance with the CISFR 3 re-
qulrements, the indication on the receiver must be within the CISPR 3
tolerance limits (Fig. 5-5).

F

5.3:2.8 Pulse Calibration (CISPR 1) over Frequency Range > 150 kHz

Settings on the ESH 3: Indicating mode 35 : CISPR
RF attenuation 40, 41 : 30 4B
IF attenuation 40, 41 : 40 aB
Frequency 20 : 1 MHz

- Press CAL, button 15 and hold down (total calibration).

- Feed sinewave signal (1 MHz, 60 dBuV +0.1 dB, 50 ) into the ESH 3,

R 38528 - 5.55




Nominal indication .l.-G-C.CD.‘VGOO..500@00@80@!060080 60 d&‘va*"l dB

Correct, if necessary, by means of ROl on Y10:
Indicated value too high —> turn R91 counterclockwise —> calibrate —

measure
Indicated value too low =—> turn ROl clockwise —> calibrate —> measure.

5:342.9 Cheeking the CISPR 1 Welghting Circuit

Same test setup as for CISFR 3.
Standard pulse: V » t = 0,316 uVs (EMF).

This standard pulse with a repetition frequency of 100 Hz should
giveanindication Of 060'3000'DOQBG.G&QQ‘OQGUOOI.OQOQCOGGQIDOG 60 dB‘J.V'tl d.B

The calibration pulse generator from Schwarszbeck, Type IGU 2912
supplies a CISPR 2, 4 pulse

Ve t = 0,044 uVs (EMF).

This corresponds to a difference of -17.,12 dB from the CISPFR 1 pulse.

The required indication on the ESH 3 must therefore be ceecoss 43 dRuv il dB
with the output attenuator of the IGU 2912 set to 60 dB.

When varying the repetition frequency in compliance with the CISPR 1 require-
ments, the indication on the receiver must be within the CISPR 1 tolerance

limits (Fig. 5<6).

Dedel Final Check of the Receiver Performance Data

Check the logic functions in aceordance with section 2.,2.4 {operating
manual)} and the performance specifications in accordance with section 3.2

(service manual).,
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5.4¢?~ Electrical Repair

The eésy-to-service ESH 3 is designed to minimize the time required to
repair it. However, defective components must be replaced only with the parts
designated in the relevant paris lists. Certain restrictions must be ob-
served with the following components:

- The detector diodes GIS and GL1O on Y10 affect the measurement accuracy
and the temperature dependence of the recelver. When a repair becomes

necessary, the temperature compensation must be readjusted.

= The atfenuator Y16 is a thin-film unit whose components can only be re-
.placed by the manufacturers. No attempt should, therefore, ever be made
to repair it. The complete defective attenuator must be replaced.

If a great number of ESH 3s are used at one and the same location, it is
recommended that a set of receiver modules be kept as replacement to mini-
mize the down-time of the receiver concerned. The replacement of a receiver
module is uneritical as the interfaces within the receiver are precisely

defined. (Exception: Filter Control and Filter 2 must be replaced together.)

5.5 Mechanica;;ﬁepair

Since the receiver contains practically no mechanical parts that are subiec+'
to mechanical wear and tear - with the exception of the tuning knob and the
carrying handle - little mechanical repair will be required.

A normal serviee tool kit will do for any mechanical repair work that may

become necessary.

5.6 Spare Parts

The partis 1ists of the various receiver modules in the appendix contain the
manufacturer's identification numbers (= order numbers) of all the electrical
components used. When replacing ICs, make sure to use an IC from the same

manufacturer, if possible, since the differences are considerable in spite

of the same designation,

To achieve optimum reliability, the boards and modules used in the receiver
undergo rigid quality contrel prior to final assembly.

Components from other makers, such as resistors, capacitors, dicdes,
transistors, ICs and displays are required to comply with R&S specifications
ensuring optimum reliability. It is therefore recommended that defective
components should only be replaced by original components that have been

passed by R&S.
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