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Saealective caﬁl coder
additional settings

Additional standards

u

-126 dB¢/Hz typ.

ROHDE&SCHWARZ .

MOBILE TESTERS SMFS2 AND SMFP2 !
NEW TECHNICAL FEATURES AND ADDITIONAL DATA

RPN

Phase noise improved by 6-10 dB to

(20 kHz from carrier).

i Vm et b s srmariB s

temperature—-controlled crystal oscillator
as standard equipment for improved accuracy
of RF signal generator frequency and
frequency neter.

<+5.10-8/month
<£1+10 ~7over nominal-temperature range :
after 15 min warm up. |

using additional internal RC generator
{1 kHz or 400 Hz) for simultaneous genera-
tion of test and pilot-tone modulation.

Independent setting of modulation sources:
400 Hz / 1 kHz as 2nd source

and

RC generator (SMFS2) or AF synthesizer
(SMFP2, optional for SMFS2) as lst source.
Sources may be interchanged.

setting range / resolution ;
0 to 100% / 0.1% ;
0 to 10 kxHz / 10 Hz :
0 to 1 rad / 0.001 rad ;

as for single-tone AM/FM/YM modulation +
resolution.

For the maximum
{tone 1 + tone 2)

permissible sum modulation
refer to data sheet.

in addition to automatic switchover, the
detector can now be locked to peak or rms
weighting.

(optional for SMFS2)

repeat tone as lst tone

alarm tone as lst or last tone
CCIR standard with 70 ms tone
lst tone length 450 ms or 750 ms

length

ERA, EIA, Ruro
Customer defined frequencies.

\\—-—-— TECHNISCHE INFORMATION/ TECHNICAL INFORMATION  mmrsvssssmmsersrssmnnoes”




S/N, SINAD meter integration of 150 measurements for steady .
display {

Memory facilities battery-supported non-~volatile

memory with additional capacity for 6
complete instrument settings.

Option Adjacent-Channel Power Meter SMFP~B61

Improved adjacent-channel power meter with increased measurement
range.

Measurement limit £ <519 MH=z better than -72 dB (typ. =76 to -80 dB)
f =519 MHz better than =68 4B (typ. =72 to =76 dB)

Refer to data sheet, option SMFP-R6, for further data.

Option Duplex Deviation Meter SMFP-B9L

Independent deviation meter for SMFS2 and SMFP2 for measurements on (
repeater stations and full~duplex radios. For integration in instru-
ments with Analog Display SMFS-B9.

Frequency range 10 to 1000 MH=z

Further data as in data sheet.

Option Duplex Deviation Meter SMFP~B41

Independent deviation meter as add-on for SMFS2 and SMFP2,
Data as option SMFP-91,

Summary of options available for SMFS2 and SMFPR2.

Option SMFP2  SMFS2  Orxder Mo,
1 GHz Frequency Extension SMFP-R2 X X 332.9706.50
60-W Power Meter SMFP2 B3 X X 357.8610.02 (
Control Interface SMFS~B5 0 bi¢ 332.9106.02
AF Synth./Selective-Call Coder SMFS$S2 B7 o) X 346.6810.02
Selective~call Decoder SMFS2 B6 X ' 346.7000.02
RF Millivoltmeter SMFS2 B8 X b 332.,9306.,02
Analog Display SMFS B9 X X 346.,5008.02
Adjacent-channel Power Meter SMFP B61 X 4 X ) 395,7217.02
Duplex Deviation Meter SMFP B4l X Xy 372.1412.02
Duplex Deviation Meter SMFP ROl x x> 372.0016.02
o = standard X = may be fitted as option

For further data, accessories, recommended extras and ordering in-
formation refer to data sheets 332 001l and 332 002,

This Technical Information applies only to siFS2 and SMFP2 with serial tlos, trom 872 508,/001

1) only together with S¥FS 07

2) addwon, ex-factory fitting only

1) only together with JMPS=B9; ex-faczery fitting only (

1 GAF~0140=8
Yo=pr 1089




Supplement
to
SMFP2 Manual
332.7790

Page 2.22 Add to section 2.3.3.3.1:

Wwith the setting

@ MOD

the modulation display is not changed. The OVERFLOW
LED lights.

For @ modulation the modulation must be switched off
(better S/N ratio}.
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Supplement

to
SMFP2 Manual

322.7790

Page 2.5

Page 2.6

Page 2.9

Page 2.17

i 'age 2,18

,

Page 2.23

Page 2.46

Page 3.13

Ref, 20 4th line:

delete "frequency and",

Ref. 28:
change "20A" to "10A".

Under fivetone modulation:

interchange "switch-on" and "switch-off".

Add to section 2.3.1:

At every new switch-on, the main function =

transmitter measurement — is set, The generator settings
selected before switch-off are maintained. Twotone

modulation is switched off.

The Basic state can be recalled with 99 REF; all

REF functions are thereby erased.

Section 2.3.3.,1.1:
change ''1040 MHz" to "1000 MHz".

Add to section 2.3.3.3.2:
For external modulation the pilot-tone modulation must be

switched off with 2000 REF.

Section 2.5.4
3rd line from below:

change "BR12" to "BR3".

Section 3.2.2.19.2 1st line:
change "700 mV" to "1500 mv"

change "10 nW = 10 dBm" to "50 mW 17 dBm".
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Page 5,10 Lowest case:
change "B6" to "B24";
change "B7, B8, B9" to '"B25, B26, B27";
change "B17" to '"B15".

Page 5.12 Lowest case:
change "T20" to "T4".

Page 5.59 Change para "Adjustment of A/D converter B6"

as follows:
Adjustment of A/D converter B24

-  Apply TTL H level to initiative conversion line.

-  Connmect BR3 to ground terminal.

- Adjust R50 so that pins 3 to 11 (B24) are at TTL L level,
and pin 12 (B24) just changes from TTL H to TTL L level
(do not turn any further),

- Apply 10,22 V to BR3,

-  Adjust R46 so that pins 3 to 11 (B24) are at TTL H level-
and pin 12 (B24) at TTL L level.

The modulation processing circuit does not require adjustment.
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2.1

Preparation for Use and Operating Instructions

Legend for Figs.2-3 and 2-4

The values given in the following sectiom are not guaranteed values.

Only the specifications given in the data sheet are binding.

Ref, Labelling Function
No.
1 HF -« RF 8-digit display of RF frequency set
FREQUENZ or measured, in MHz.
MHz
2 -AF  +AF Keys for varying the frequency of the
kHz Kz RF signal generator by defined amounts
and for setting the channel spacing of
the adjacent-channel power meter.
The numerical values are entered in kHz
via keyboard 23.
When entering standard channel step sizes
the following types of internal modulation
are automatically set.
12.5 kHz F¥M 1.5 kHz deviation
20 kHz FM 2.8 kHz deviation
25 kHz FM 3.0 kHz deviation
30 kHz FM 3.0 kHz deviatiom
3 SIGN. Transfer key.
GEN.

After pressing this key, the signal generator

is set to the frequency entered viy keyboard 25.

This frequency is immediately available at
RF level output 48 and is displayed in MHz on 1.

As soon as the frequency is displayed on ]

the transfer key lights up. -

If the key is pressed without having entered

a numerical value via keyboard 25, the RF fre-
quency meter is switched off and the previous

frequency setting is read out.
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Ref. . Labelling Function
No.

& +6 dB Pressing this key increases the RF level at
output 48 by +6 dB. The next time the key is
pressed the previous level is reset. When the
level is increased the kéy lights up.

5 HF » RF 3 1/2-digit display of output level or
PEGEL/LEVEL input power or voltage at RF millivoltmeter

pV, mv, dBm, or adjacent-channel power.
dBuV, W, uW, dB

é uv, mV, dEBm, : Transfer keys.

dBpv Pressing ome of these keys resets the RF level
at output 48 previously selected viy keyboard 23,
the physical unit corresponding to the labelling
of the key pressed.

1f ome of the other three keys is subsequently
pressed without entering other data via key-
board 25 the level is converted to the newly
selected physical unit and displayed oa 3.

Since the attenuator is set in 0.1-dB steps,

display 5 read out the dB values set and not
the values entered im mV or uV.

7 HF/RF Key for switching off the RF signal.
OFF . When the RF signal is switched off, the key
' lights up.
Display 5 reads out 000 without physical unit.

& MOD. INT. Key for transfer of modulation depth, frequency
~or phase deviation after being entered via
keyboard 25. Type of modulation must have
already been selected by means of 30.

Physical unit for entering data: FM in kHz
$M in rad

. AM in 7
The key 8 lights up when internal modulation
is switched om. :
The modulation is switched off if the key is
pressed again without entering other data via
keyboard 25.
If this key is pressed when the modulation is
switched off and without having entered other
data via keyboard 23, the previously entered
value is set again and the modulation measurement

is discontinued .
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Ref. Labelling Function
Neo.

9 HE + RF 3-digit display of the set or measured value

MODULATION of FM (kHz), aM (Z) or ¥PM (rad).
(kHz, rad, %, INT.)

10 MOD. EXT. Key for input of the modulation (%, Af or rad)
after entering uumerical value via keyboard 2J3.
The voltage at input socket 39 must be 1 Vpepg.

The type of modulation can be selected by means

of keys 11. Key 10 lights up when external
modulation is switched on.

1f this key is pressed when the modulation is
switched off and without having entered other
data via keyboard 25 the previously entered

value is set again and the modulation measure-
ment discontinued.

11 FM, ¥M, AM Key for selecting type of modulation in the
case of externmal modulation.

The key pressed lights up even if external
modulation 1s switched off.

The numerical values of the modulation

(%, Af or rad) are entered via keyboard 25
and transferred by pressing the key 10 MOD. EXT.

12 FEST - FIXED FREQ. | Key for selection of the fixed audio frequencies.
— — Each time the left-hand key is pressed, the next
higher value is selected.

Each time the right-hand key is pressed,
the next lower value is selected.

The selected frequency is displayed om 13.

13 NF - AUDIO 4-digit display of set or measured AF frequency.
FREQUENZ
kHz, Hz

14 MOD. GEN. Key for input of AF level after entering the
value in mV via keyboard 25.

The AF signal is then available at output 34.
435 soon as the oufput level is displayed om 16,
key 14 lights up.

If this key is pressed without having entered
a numerical value on keyboard 25, the previous
output voltage setting is read out and the

AF or DC measurement discontinued.
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Rei. Labelling Function
No.
15 EXT. NF/AC ¥ey for connecting the AF voltmeter to the
‘input socket 31. The key lights up when the
voltage applied to socket 31 is displayed om 16.
16 NF . AUDIO 4-digit display of the AF output level,
PEGEL /LEVEL the AF voltage inmput to socket 31 or the
w?, V, &, DG DC voltage or current inmput to sockets 28.
17 CCITIT Key for switching CCITT AF filter onm or off.
The key lights up when the filter is switched on.
18 KLIRRFAKTOR By pressing the ON key the filter and AF gene-
DISTORTION rator are set to 1 kHz.
of Cyclic switching key for test frequencies
]I £ 1 kHz, 300 Hz, 500 Hz of distortion meter.
The AF generator is automatically set tothe test
frequency. The setting is displayed om 13.
By pressing the ON key again the measurement is
discontinued.
19 SINAD Key for switching on the SINAD meter.

If no numerical value has been entered via
keyboard 25 the SINAD value at the particular
RF level setting is indicated.

The AF is set to 1 kHz. This value is displayed
on 13.

After the numerical value in dB has been entered
the RF level is automatically adjusted so as to
obtain the selected SINAD ratio. The RF level is
displayed on 5 and the SINAD ratio on 20.

During the SINAD ratio measurement simultaneous
quasi-analog display of the units digit is
provided on 20. By pressing the key again,

the SINAD mode is turned off.

Key 19 lights up when the SINAD meter iz switched

On.
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Ref.
No.

Labelling

Function

20

RESULT
%, dB

3-digit display of result of distortion,

SINAD -and S/N¥ measurements.

The circular quasi-analog display makes setups
casier. It can be assigned to the frequency and
level meters (RF and AF), the modulation—depth
meter as well as the DC ammeter and voltmeter by
meany of the two cursor keys 22.

The digit defined by the cursor location is used
to drive the circular quasi-analog display by
pressing key 1 on keyboard 25 and the REF. key 29.

21

S/N

Key for switching on the S/N meter.

The S/N ratio of the transmitter or the receiver
section can be measured by pressing key 49 or
key 51 respectively.

Measurement of S$/N ratio of tramsmitter section:

1f no data have been entered via keyboard 25
the S/N ratio of the demodulated transmitter
signal is measured and displayed on 20.

Measurement of $/N ratio of receiver section:

If no data have been entered via keyboard 25
the S/N ratio of the signal available at
socket 31 (NF . AC METER) 1s measured at the
given modulation and displayed on 20.

1f a numerical value has been entered in dB,

the RF level is automatically adjusted so as

to obtain the selected S/N ratio.

The RF level is displayed on 5 and the S/N ratio
on 20. During the $/N ratio measurement simul-
taneous quasi-analog display of the units digit
is provided on 20. By pressing the key again

the measurement 1s discontinued.

Key 21 lights up when the S/N meter is switched

[}
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Ref, Labelling Function
No.
22 + Variation and cursor keys.
<= The two keys <= and <> shift the cursor
- one digit further to the left or to the right.
The + and the - keys vary the output setting
digit marked by the cursor. If the key is
pressed momentarily, the value is varied in
individual steps. If the key is held down,
the value is varied continuously.
23 OVERFLOW LED for indication of an illegal entry or of
an illegal measured value.
24 REMOTE LED which lights up if the Tester is remote
contrelled via the IEC bus,
25 7 8 9 Keyboard for entry of numerical values.
4 5 6 C cancels the entry.
1 2 3 STO together with G, 1 or 2 stores the
0 - RF frequency setting in MHz;
¢ STO RCL STO together with 3, 4 or 3 stores variation
of this frequency in kHz.
RCL together with 0, 1, 2, 3, &4 or 5 recalls
the stored value, Example:
Entry: 123.45 SIGN. GEN. (key 3)
STO 0 (RF in MHz) 4800 ST0 3 (variation in kHz)
Recall: RCL 0 (RF in MHz)
RCL 3 (+variation in kHz) RCL-3 (-variation)
STO 90 to 95 stores full front-panel setup.
RCL 90 to 95 recalls the stored setups.
26 LOCAL Key which is pressed to return to manual
operation.
27 NETZ AC supply and battery switch.
POWER
28 Upc Inc Input sockets for DC voltage and current
<30V < 20 A measurements,
< 200 mA
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29 REF Priox to pressing this key the function is to be called by numerical

%)

i)

entry on keyboard 25.

Transmitter Keys
LED
Modulation sensitivity REF
(automatic setting of nominal
deviation of test item in
transmitter measurement mode)
Reset selective call decoder f] @ ‘REFI
Read, reset selective call decoder REF
Transfer of measured transmitter
frequency for receiver measurement
Simplex (0] REF 1
Duplex, receiver in lower band E' @ REF 1
Duplex, receilver in upper band m @ @ REF 1
Switching off [0] [0] [REF 0
(With duplex units the duplex band ) -
spacing in kHz must be stored with
ST0_ 3 .
Acknowledgement signal on @ IREFI @1REF| i
See 2.3.4.7 off (1] [0} (6] [REF 0
Adj.-channel power without channel limit |E EI REF @ REF || 1
See 2,3.4.9 with channel limit f—_1__| @ REF 0
RF measuring diode of f [0] [REF] [O][REF}| i
(prevents RF distorsions
at 30-dB output)
RF measuring diode on @ m 0
See 2.3.4,2
Modulation measurement peak only E [:ZI IEI @ 1
— M @ ) e o )
normal m @ |:§__] REF? 0
Selective call decoder base 1 (B10) 1] E)] _|—8__]
base 2 {B20) 1) 9] [3] [REF
LED keys: 0 = switching LED off (The LED is not sw{tched off until all
functions that have caused it to be on are off .)
1 = switching LED on.
%) See page 2.11
R 43412 - 2.7




*)

Receiver

Keys
LED

Indication of RF wvariation on

off
Indication of RF frequency variation

up to +99,9 kHz referred to current
RF frequency setting. Indication omn
AF frequency display.

(@ =

without centre-
freq. error

Bandwidth measurement

Indication on

AF frequency display with centre~

. . freq. error
Indication of centre-

fraquency error on
RF frequency display.

3] (]
[ =]

1/0

1/0

Quieting
Meagurement of RF sensitivity for

20 dB noise suppression., The RF level
is indicated on 5 PEGEL/LEVEL,

the noise suppression on 20 RESULT.

Note on bandwidth and quieting
measurements:

Prior to calling up the bandwidth test
routines, enter nominal RF frequency and,
if necessary, modulation frequency in
the kHz range.

Upon completion of the measurement the
device functions are disabled and, by
entering [:] via the keyboard and pressing
the keys SIGN.GEN, and the MOD.GEW.,
the. displays of centre-frequency error and
bandwidth must be erased after reading off
the. measured values.

Squelch sensitivity
See 2.3.4.10

=]
[}

[0] [rez]

400 Hz
1000 Hz

Changeover of AF generator 2

See 2.3.3.3.4

AF  source for doubletone AF Gen 2

modulation

See 2.3,3.3.4 AF Gen

o] ©|EE] =
N EIEImE

e
jeat
e}

2000+mod., wvalue
FM: 1000= 10.00 kHz
@M; 1000=1.000 rad
AM: 1000=100.0 7

[2] (2] [¢] [o [rer]

Setting the modulation
value of the AF of the
second modulation

Exemple:
2.4 kHz FM deviation

]

SEElimEreliel
1o @5 @ EE

o)

=]
El 3

LED keys: O

~

*)

It

switching LED off (The LED is not switched off until

all functions that have caused it to be on are off.)

1 switching LED on.
See page 2.11
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Other functions:

LEb

Switching off the__‘-functions E 0
identified with 0 _REF
Cursor [1:]
Reinitialization of complete set [:] [:] REF
Setting the BCD outputs via BU 401 II] @ E @
9 9| | REF
Second figure = 1st decade E D El I::I -
Third figure = 2nd decade
Fourth figure = 3rd decade
Transmitter and receiver
Average over 15 measurements REF
50 for SINAD, S/N E__I REF
150 bandwidth
Taking into account external attenuator REF
Example: Srun 5 REF 3.2 W/dBm for
3.2 dB attenuator
See 2.3.4.2
Fivetone modulation switch on \E 0
Fivetone modulation  switch off | REF ' 1
Selective call standard ZVEI1 écodgr/ Ezj |REF
ecoder
Selective call standard CCIR (coder/ [:] |REF
decoder
RF millivoltmeter 0-dB probe REF 0
20~dB probe REF | |[0] 1
40-dB probe ]9 0] [REF 1

Switching of relays via BU 402

relay number
0 =
1

First figure =

open relay
close relay

Second figure

il

0/1 ] [REF
[3] [o/1 ] reF |

ror ]

[REF_|

LED Keys: O = switching LED off

(The LED is not switched off until

all functions that have caused it to be on are off.)

—
il

switching LED on,

R 43412
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Keys
LED

:

-Switching of relays via BU 402 0/1

fcont.) [:] | 57
[ 0/1 | [REF]

B

(=]
—

2
E
E

o
e
=
<]
L)

g

Frequency response indication off

=
=
=

AF: Reference value: current measured value
AT: Reference value: AF level setting

Mod. : Reference value: current measured value

=]
=
=

Mod.: Reference value:Modulation level
setting

EISIEIElE

HEOEEE

HEECE
E

(=] [=] [l {=]
g

Indication of 111 to 114 on
result display in dB,

Rejection filter switch on El [zl @

for AF and

modulation measurement cwitch off @ 0

Frequency selectable with
300 Hz, 500 Hz, 1 kHz

';1:?/|
fea
=3

|

Selective call standard for coder #) ZVEL! [8] [0] [rer] 0
#) coder/decoder #yzver2 |[1] [8] [1] [REF 0
#) CCIR 8] [REF | 0

#) ccrzo|[1] [8] (3] 0

w1 5] (] [ :

|1 (] [ :

EURO [6] [REF 0

Special code (for entry see 300) 1] (8] [7] 0

[ReF |
Selective call coder normal ,E
First tone 700 ms E E] REF | 1
First tone 450 ms EI E—} 'a REF 1
LED keys: 0 = switching LED off (The LED is not switched off until

all functions that have caused it to be on are off.)
switching LED on.

.

1
*) See page

[y~
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Keys

LED

Selective call coder | normal [9] 0
Repeat tone at first place |[1] [9] [REF] 1
Emergency tone at first place [9] [REF | 1
Emergency tone at last place [9] (6] [REF] 1
Use of AF frequency setting code 0 |[3] [0} [o] 0
Sreciar tone sequence code 1 | (3] [@ [0 [REE 0
code 2 | 3] [O] [REF | 0

Code 3 (0] 0

Code 4 (0] [REF | 0

Code 5 [0] [5] [reF 0

Code 6 0] (6] [reF] 0

Code 7 [0] RET 0

code 8 | 3] [O] [REF | 0

code 9 |[3] [0] [9] [REF 0

Repeat tome 3] [1] [o] [reF] 0
Emergency tone (1] 0
Tone length for 70 ms (0] [reF] 0
special tone sequence 100 ms | [3] [2] — 0
woe |32 @ | o

33 ms | [3] REF 0

LED keys: 0O = switching LED off

(The LED is not switchd off
until all fumctions that Mobile Tester
have caused it to be on are off.) '

{ = switching LED on. RF MOD.GEN,  NF-AC METER
*#) Prior to calling up these functioms make 48 34 31
sure that a radio set in perfect working
order is connected according to the
draw1ng, otherwise thg automatic Antenna Mike Loudspeaker
measuring procedure might never come connector input output
to an end and consequently no - |
(or a useless) result might appear + I 1
on the display. )
Transcelver

Test setup:
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Ref, Labelling Function
No.
30 Uu/I Key for DC voltage and current measurements,
e The test items are comnected to input sockets 28,
31 NF-AC METER Input socket for AF voltage and frequency measurements,
1imvV - 10 V Press key 15 to connect the AF voltmeter to input
socket 31 and key 33 to comnect the frequency counter
to input socket 31.
32 +20 dB Key for increasing the AF generator output level at
socket 34 by 20 dB.
If the level is increased, the key lights up.
If the key is pressed again, the original level is
set again,
33 EXT. NF/AC Key for comnnecting the AF frequency meter to input
socket 31 for external frequency measurement.
The measured AF frequency is displayed on 13.
34 MOD. GEN. Qutput socket of the AF generator,
35 BEAT FREQ. Key for measuring the beat frequency between the
RF frequency set and the RF signal applied to the
socket FREQ. METER 47. The result is displayed on 13.
The modulation is switched off.
36 DEMOD. FREQ. Key for measuring the audio frequency of a demodu-
lated RF signal applied to input socket 48.
37 DEMOD. SIGHN. Output socket for the demodulated signal
Ry = 30 Q
38 MOD. GEN. Key for setting the frequency of the AF generator
after entering the desired frequency via keyboard 25.
39 MOD, EXT. Input socket for external modulation signals.
1 Vrms For input voltages required see sections 2.3.3.3.2
Ri = 600 @ and 2.3.3.3.3.
40 _PK+PK + Keys for switching on the modulation meter.

2 The '"-" key measures the negative and the "+" key
the positive peak value. The PX*PK peagyres the
mean value of the modulation.

The key selected lights up.

40.1 HF-RF Socket for connection of RF probe or insertion unit

PROBE for Option SMFS2BS,

41 PROBE Key for switching on RF Millivoltmeter SMFS2B8, if
provided. The voltage is displayed in V or dBm on 5.
By pressing the key again, the display is changed
over from V to dBm, or vice versa.

42 Potentiometer for adjusting the volume for the head-

ON
OFF

BB

phones connected to socket 44 or the internal loud-
speaker; also on/off switch for the internal loud-

speaker.

R 43412 =~ 2,12
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Ref. Labelling Function
No..
43 NKL Key for switching on the adjacent-channel
dBuW power meter (if option SMFP~B6 is fitted).
The power is displayed om 3 in dB relative
to the input power (lower key) or in WW
(upper key).
&4 g(?g R; = 2 k@ Headphones socket
43 W/dBm Key for switching on the power meter.
The power is displayed in W or dBm on 3.
By pressing the key again, the display is
changed over from W to dBm, or vice versa.
46 FREQ. MET. Key for comnecting the frequency meter to
RF input socket 47
47 FREQ. METER Input socket for ‘the frequency meter
Ri =30 8Q
10a -1V
48 HF « RF Socket for connecting the radio-telephone set.
Ri =508 RF output from the signal generator and
RF input to the test facilities.
49 SEND. This key must be pressed for transmitter
TR. measurements.
50 M PM AM Keys for selecting the type of modulation.
51 EMPF. This key must be pressed for receiver
REC measurements.
52 - Alr filter.
33 IEC 625 BUS IEC-bus connector.
54 HF . RF 30 dB RF socket to which the signal applied to

socket 48 is brought out after attenuation
by 30 dB.
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|

| ReZ. Labelling Tunczion

| ¥a

i
=3 ADDRESS 10-way switch for setting the IEC-bus address.
36 ¢ . ArF 1 kE= Qurpuc sockat for a 1-k¥z AF signal wich a

1.7=V output level.
57 3U402 {S—way output socket waich can be contzolled
via the IEC bus,
38 REF.j!O MEzZ Input socket for an extermal {0~MHz reference
' signal.
3 BU4Q1T 15=way output socket which can be countrelled
via the IEC bus.

60 47 = 420 Hz AC supply comnector.

P &1 MiC Power fuse.

MI2E
B2 200 - 255 ¥ Voltage selector.
105 - 135 ¢
163 BATT. T164A Battery fuse.
| B4 + 11=33 7 = Battary terminals.
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2.2 Preparation for Use

The Mobile Tester SMFP2 canbe powered from the mains or from a battery.

AC supply operation is possible in two voltage ranges, from 105 to 135 v
and from 200 to 255 V. The Tester is factory-adjusted for operation over
the voltage range from 200 to 255 V. For adaptation to the voltage range
105 to 135 V, change over the voltage selector 62 (Fig. 2-4) and exchange

the power fuse.

Fuses required: 105 to 135 V. M2E DIN 41571
200 to 255V  MIC DIN 41571.

Spare fuses are supplied with the Tester.

A voltage between 11 V and 33 V is required for battery operation.
The battery is comnected to terminals 64. The battery input is protected
against wrong polarity and fused with a 16~A fuse DIN 41571. The fuse 1is

screwed into fuse holder 63. A'Spare fuse is supplied with the Tester.

The Mobile Tester SMFP2 hasthe basic width of a 19" unit. A rack adapter
(332.7978.02) is required for mounting it im a 19" rack. To do so, remove
the screws on either side, and take off the panels and the side strips as
‘well as the carrying handle. There are holes provided for screwing down

the rack adapter. The RF socket cannot be moved to the rear panel,
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2.3 Operating Instructions
The operator controls the SMFP2 by pressing keys, with the exception of the
volume control for which a potentiometer 1is used.

The digital displays and the keys are logically organized in horizontal

and vertical sectiomns (Fig. 2-1}.

- RP
Result
of
Frequency Level test
’ routines
i . Cursor
i control
Displays
Receiver
measurement
]} — Keyboard
Transmittert
measurement; -
Rovmnmirciones.. oo pe
Main
funetions
Fig. 2-1 Organization of the front panel

ALL data to be set must first be emtered via keyboard 25 (Fig. 2-3).
Then by pressing a key in the sectiom assigned to the desired function the

entered value is transferred and the physical unit defined at the same time,

Illegal settings are not accepted. If, for example, an RF frequency above or
below the frequency range of the Tester is entered, the LED 23 OVERFLOW lights.
The same is true for the other functions. The LED signals that the last entry
cannot be transferred or that the test value is not within the measurement range.
If; subsequently, an admissible value or instruction is entered, or if the

key € is pressed on keyboard 25 the LED goes off.
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2.3.1 Switch—~on State

The SMFP2 isswitched on by pressing key 27 (Fig. 2-3). At switch-on the

Tester assumes the following defined basic state:
Main function: transmitter measurement "FM",
Display 20 simultaneously reads out the program version, e.g. P 0.

The RF signal frequency is 100 MHz. The frequency deviation is 2.8 kHz

and the modulation frequency is 1 kHz.
The RF level is 1 uV,
The settings can be displayed by pressing key 31 EMPF. REC.

The AF output level is set to 1 mV.

2.3.2 Basic Setting

The keys 49 IMITTER and 31 RECEIVER (Fig. 2-3) allow selecting transmitter
or receiver measurement, respectivély. The type of modulation is selected

by means of the three keys 50 FM, ¥M and AM.

If an input power of > 0.5 W is applied to socket 48 RF the Tester switches

automatically over from receiver measurement to transmitter measurement.

t2.3.37 Receiver Measurement

-

If the key 51 RECEIVER (Fig. 2~3) is pressed the receiver measurement mode
is selected, with an RF signal being output to the test item via socket 48 RF.

In addition, the AF level meter 1s switched on.

2.3.3,1 Setting and Varying RF Frequency (Carrier)

Setting the RF frequency

To set the RF frequency, first enter the desired numerical value in MHz via
keyboard 25 (Fig. 2-3). Zeros behind the decimal point at the end of a
figure need not be filled in., For example, 423" can be entered for

423.000 MHz or '423.2" for 423.20.

After the RF value has been entered press key 3 SIGN. GEN.. This defines
that the value entered is an RF frequency in MHz and sets the signal generator

immediately to this frequency. The RF frequency is displayed om 1.
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Varying the RF frequency

A frequency encered via the keyboard 25 can be varied elther in decade steps

or in steps of any selected size:

For variation in decade steps set the cursor (marker on the display} to the
digit which is to be varied by means of the keys 22 <= <. The irequency

n_n
.

is varied by pressing either of the keys 22 "+" or

The frequency can be switched using any desired chammel spacing by entering
the numerical value of the desired step size in kHz via the keyboard 25 and
subsequently pressing one of the two keys 2 "~ AF" or "+ AF'". The step size
entered is stored and the frequency can be increased or decreased by the
stored value as often as desired by repeatedly preésing one of the keys 2.
Any frequency step can be entered, from 0.1 kHz to the maximum step size,

the entire frequency range. Just make sure that the entry is always im kHz.

' If the frequency range is exceeded by decade frequency variation or variation
in chammel steps, LED 23 OVERFLOW lights indicating that the last command
cannot be executed; e.g. it is not possible to increase 515 MHz by a step

of 10 MHz. If then, however, the frequency is varied by, say, +1 MHz, the
overflow indication goes off and the frequency is increased by 1 MHz.

The overflow indication can also be turmed off by prgsﬁing key "C" on key-

hoard_gg.

2.3.3.1.1 Setting and Varying the Frequency Using the

1=GHz~Frequency Extension SMFP-B2

Tf the Tester is fitted with the Option SMFP-BZ the frequency range is
extended to 1040 MHz, and the overflow indication 23 (Fig. 2-3) lights up

anly if this value is exceeded.
The frequency is set and varied in the same way as described in sectiom 2.3.3.1.

The resolution of the indication is 200 Hz over the frequemcy range 520 to
1040 MHz. If the frequency is entered via the keyboard, if it is varied in
decade steps or steps of any size the frequency setting is rounded to the

nearest ZOO_Hz.

R 43412 ~ 2.18



2.3.3.1.2 Refersnce Frequency

The signal generator contains an internal 10-MHz crystal reference oscillator
from which the output frequency is derived using a synthesizer circuit.

A TTIL output at the reference frequency is available at BNC socket 58 REF.

10 MHz (Fig. 2-4) for external control purposes. The signal generator can,
nowever, also be supplied with an external reference frequency of 10 MHz,

if, for example, it is to be driven from another unit or f£rom a central
standard frequency. To this end, it must be internally modified. After this
conversion the socket 58 REF. 10 Miz is used as an imput for the extermal
reference frequency..A sinewave signal of 10 MHz and 0.5 Vv wiil do;

a TTL level can also be applied.

The Tester is supplied with BNC socket 58 REF. (0 MHz wired as an output,
To convert the socket to serve as a reference frequency input, a link on
reference board 302.6215 wmust be changed. To do so, first remove the bottom
cover after loosening the serews on either side, and then lift off the lid
of the large shielding box. The location of the .circuit board 302.6215 is
shown on the 1id. After unplugging the circuit board the plug~in contacts
at the lower right-hand edge are accessible and the link can be changed as

required in accordance with Fig. 2-2.

G865 c6s
5 T 1860
- RE4R 62—~
a) Reference frequency cutput b) Reference frequency input

Fig. 2-2 Location of the plug—in link
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If the reference board is fitted with the option SMS-B1 (temperature-controlled
rafarence oscillator) the ovtion must be removed if an external reference

frequency 1s to be applied.

2,3.3.2 Setting and Varying the RF Qutput Level

Setring the RF ocutput level

To ser: the: RF output‘level first enter the desired value in either uVv, mVv,
dBuV. or dBm via keyboard 25 (Fig. 2-3). In the case of negative dBuV and
dBm values enter z minus sign ("'-=" key) before the numerical value.

Zeros behind the decimal point at the end of a figure need not be entered.

After entering the level value press key 6 uV, mV, dBuV or dBm corresponding
to the physical unit of the value entered previously. This defines firstly
that the value entered is for an output level or output voltage and imme-
diately sets the level or voltage at output 48 RF., The level or voltage is
displayed together with the physical unit om 5 LEVEL.

Since the attenuator is set in 0.1-dB steps, display 5 reads out the dB values

set and not the values entered in aV or pV.

Permissible level or voltage range:

TUnmodulated, FM and ¥ M AM
0,03 uv  to 1000 mV 0,03 uv to 500 mv
=30 dBuvV to +120 dBuvV =30 dBuV to +114 dBuvV
~137 dBm to +13 dBm ~137 dBm to +7 dEm

If anaother physical unit key 6 is pressed after the level has been set
without: 3 new numerical value being entered via keyboard 25, the level

setting is converted into the new physical unit and displayed on 3.

Varying the RF output level

Am. gutput level éntered via keyboard 25 can be varied in decade steps.

To do so, adjust the cursor to the digit onm display 5 that is to be varied
using the keys 22 <= —=. By pressing one of the two keys 22 N4 oop ="
momentarily, the level is increased or decreased by ome unit of the selected
decade. If the key is held down the level is varied comtinucusly, first slowly

and: after three steps in a f£ast sequence.

I the level is varied beyond the limits of the range of adjustment the

LED 23 OVERFLOW lights up.
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Continuous, electronically controlled fine variation of the level down to =10 dB
is possible by means of key 22 '"-'" if the cursor is adjusted to the extreme
right digit of the level displayed on 5. This does not intarrupt the signal

at output 48. The approximate value of the fine variation is indicated by a
vertical marker row on display 5. In addition, the numerical value displayed

on 5 1s always correct, changing with the fine variatiom.

If f£ine variation exceeds the -10-dB limit the attenuator switches over and
fine variation starts again with O dB and so does the marker indication om
display 3. The level at output 48 is cut off for the short period of time the
attenuator switches over. Starting from this setting fine variation 1is now
again possible continuously down to -10 dB and without the signal being inter-

rupted.

2.3.3.2.1 Physical Units of Level Indication

ALl the values entered via keyboard 25 (Fig. 2-3) and the output levels dis-
played on 5 are valid for voltage or power with a resistance termination of 50 Q.

Tn all cases the actual output voltage is indicated. The EMF is double the value.

The physical unit dBuV is a logarithmic measure of the output voltage relative
to 1 pV. With an output voltage Vout ()
Vout (V)

v (dBuvV) = 20 log —

Hence, an output voltage of exactly 1 uV corresponds to 0 dBuV. If the voltage
is greater than 1 uV a positive dBuV value is obtained and if the voltage 1is

smaller than 1| uV a negative dBuV value is obtained.

The unit dBm defines the output power that would be dissipated in a resistive

termination, as a logarithmic measure relative to | mW. With a power P (W)

P (W)
P (dBm) = 10 log
1 mW
or with a voltage V_ . (V)
. Yout? (V)
P (dBw) = 10 log T x 7 oW -

I¢ the test item or load is not 50 Q the effective power is reduced by
reflection. 7 "
Hence, depending oun the VSWR the outpuf power
o 4 x VSWR ;
P(10ad) = P(indication) (1 + VSWR) ? .
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2.3.3,

-2
Mo

Level with Amplitude Modulation

1Z the amplitude modulation is switched on the maximum output level is reduced
by & dB. The LED 23 OVERFLOW (Fig. 2-3) lights up as soon as 300 mV or 7 dBm or
114 dBuV are exceeded when entering or varying the ouﬁput level. Settings above
thisg level limit are not possible. If a higher level is set in unmodulated
operation and amplitude modulation is switched on ouly afterwards, 23 OVERFLOW

lights up and the amplitude modulation is not activated.

There is no level reduction for level settings below this limit. The level

entered and displayed wich amplitude modulation is the mean value of the carrier.

2.3.3.2.3 Output Cut-off

The RF signal at output 48 can be switched off by means of key 7 HF/RF OFF
(Fig. 2-3) without affecting the frequency, modulation or level setting.
Key 7 lights up when the signal is cut off. Display 5 reads out 000 without unit.

The RF signal reappears at output 48 if key 7 is pressed again.

2,3.3.3 Setting the Modulatiom

2.3.3.3.1 Internal Modulation

For internal modulation the built-in AF generator is used as a modulatiom
generator and the desired modulation frequency is entered according to

section 2.3.3.4,

First select the type of modulation by means of keys 50 FM, ¥M or AM (Fig. 2-3).
The key pressed lights up.

Next select the numerical value for the modulation depth in 7%, the frequency
deviation in kHz or the phase deviation in rad via keyboard 25. The zeros
behind the decimal point at the end of the numerical wvalue entered need not be

filled up.

The numerical value entered is transferred by pressing key 8 MOD. INT.,
immediately set, and read out on the 3-digit display 9. The key 8 is lit
during intermal meodulation. By pressing the key again the modulation is
switched off. The entries remain, however , stored and the same modulation

1g obtained as before when the key is pressed again.
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The resolution of the satting and display depends on the value entered:

for amplitude modulation

'}

with m O to 9.957 e 0.057%

13

10 to 99 7 i e 0.5 %;

o

for frequency modulation

with Af = 0 to 9.95 kHz b e e .05 kHz
Af = 10 to 99.5 kBz e eer e .. 0.5 kHz
Af = 100 to 125 kHz e ceeess 1 kBHz;

for phase modulation

with A f/f 44 =0 to 5 rad  ceieaseevaena veeo 0,05 rad.

If the values entered are in still smaller steps the SMFP2 rounds off

automatically to the next value.

2.3.3.3.2 External Modulation

An external modulatiom signal can be applied to socket 39 MOD. EXT.
" (Fig. 2-3).

First select the type of modulation by means of keys 11 ™, $Mor AM EXTERN.
The key pressed lights up.

1f the modulationm voltage at socket 39 is exactly 1 V the desired numerical
value entered via keyboard 23 for the modulation depth in Z, the frequency
deviation in kHz or the phase deviation in rad is correctly transferred,

set and displayed on 9 as soom as key 10 MOD. EXT. is pressed. Key 10 is lit

during external modulatiom.
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2.3.3.3.3 Double Modulation

Simultaneous internal and external modulation is possible with the following (
combinations:
- Internal External
M AM
M AM
AM FM or @M.

Set the modulation frequency as well as modulation depth, frequency or phase
deviation or the internal modulation generator in accordance with section
2.3.3.3.1 while setting the same values for the external modulation on the
modulation voltage source. The relationship between the voltage of the

modulation generator and the modulation quantities is as follows:

FM 1 Veps = 100 kHz

™M 1 Vyps = 5 rad

AM With double modulation the extermal modulation input is DC coupled for
external amplitude modulatiom. Thus it can be used for external level
control or as ALC input. The input voltage required is between 0 and +2.83V,
0 V corresponding to the full carrier level and 2.83 V to a carrier reduction
of about 40 dB,

For AM with sinewave modulation voltages and simultaneous superposition of
a DC voltage of +1.41 V the relationship between modulation voltage and

modulation depth is as follows:

1 Vemgs = 100%. The internal modulation setting is displayed on 9 MODULATION.

2.3.3.3.4 Doubletone Modulation

The SMFP2 has two internal AF signal sources for the internal modulation:
1. a synthesizer for the frequency range 10 Hz to 25 kiz; (
for frequency setting see 2.3.3.4.

2. .an AF generator 2 with the frequencies 400 Hz and 1 kHz.
400 Hz is set with 200 REF,
1 kHz is set with 20f REF.
Both signal sources are used for doubletone modulation. The modulation values
can be separately adjusted for the two signals. The first signal is set tﬁrough
the normal modulation entry, the second is set with xxzx REF according to the

relation =xxxx = 2000 + modulation value (1000 max.)
FM 1000 = 10.00 kH=z
oM 1000 1.000 rad
AM 1000 100.0 %
The AF synthesizer is chosen as the 1st signal source with 202 REF.

i

1§

The AF generator 2 is chosen as the 1st signal source with 203 REF.
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Example:

tst frequency 1.25 kHz from AF synthesizer with & kHz deviation

2nd frequency 400 Hz from AF generator 2 with 2 kHz deviation.

FM 50

1.25 MOD. GEN 38
200 REF 29
202 REF 29
4 MOD. INT 8
2200 REF 29

2.3.3.4 Setting and Varying the AF

(Audio frequency, modulation frequency)

Setting the AF frequency

To set the AF frequency, enter the desired numerical value in kHz via keyboard 25
(Fig. 2-3). Then press key 38 MOD. GEN. which defines the entered numerical value
as an AF frequency. You need not enter eithex leading zeros before the decimal

point, or trailing zeros after the decimal point; e.g. .01 kiz.
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Moreover, with keys 12 FIXED FREQ. , one of the seven fixed frequencies
0.3, 0.4, 1, 1.25, 2.7, 3 and 6 kHz
can be selected,

If key 12 on the left-hand side is pressed 0.3 kHz is selected first, by
pressing the nmext key 0.4 kHz is selected, etc. If key 12 on the right-hand

side is pressed, 6 kHz is selected first.

The frequency selected according to the one or the other method is available
at socket 34 MOD. GEN. Lt is displayed on 13 FREQUENZ NF/AUDIO. For setting
the AF level, see section 2,3.3.5.

Varying the AF frequency

The frequency entered via key 25 can be varied in decade steps. To do so,
set the cursor to the digit to be varied by means of the keys &= =,
By pressing one of the keys 22 "+" or "-" momentarily, the digit marked by
the cursor is increased or decreased by one unit of the selected decade.
If the key is held down the AF frequency is varied continuously, first slowly,
then after three steps at a faster rate. If the variation reaches the limit of
the frequency range, LED 23 OVERFLOW lights up, indicating that the last
command cannot be executed. The LED goes out if a new value which is within

the frequency range 1s entered or key 25 "C" is pressad.

2.3.3.4.1 Selective Call Encoder

The AF Synthesizer also delivers selective calling signals according to CCIR
or ZVEI, It is switched over to operate as a selective call encoder after

entering 7 via the keyboard 25 and pressing the REF. key 29.

Then a 1-to 8—digit'tone sequence can be called up by entering the tone codes
0 to 9 via the keyboard 25 and pressing the MOD. GEN. key 38. The enteraed
tone sequence is repeated if either the MOD. GEN. key 38 or RECEIVER key 351
or TRANSMITTER key 49 Ls pressed.

When two successive tones are identical the repeat tone is used for the

second tone.

ZVEL or CCIR tone code is selected by entering 8 or 9, respectively via the
keyboard 25 and pressing the REF. key 29. At switch-on of the SMFP2 tle ZVEI

code 1s selected.
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The salective call encoder is switched off by entering 6 via the keyboard 25

and pressing the REF. key 29.

NOTE: If the continuous tone present during normal operation is not desired
prior and after the tone sequence, enter 0 via the keyboard 25 and

press the MOD, GEN. key 38.

2.3.3.5 Setting and Varying the AF Level

Setting the AF level

The AF level at output socket 34 MOD. GEN. (Fig. 2-3) is selected by entering
the desired numerical value in mV via keyboard 25. The numerical value entered

MOD. GEN.. The level is

=~

is defined as the AF level by pressing the key 1

|

—_
£~

immediately set and displayed on 16 LEVEL. Key lights up. Trailing zeros

I

after the decimal point need not be filled in.

Varying the AF level

The AF level entered via keyboard 25 can be varied in decade steps. To do so,
set the cursor to the digit on display 16 which is to be varied, by means of
keys 22 &= =. By pressing keys 22 "+'" or '-" momentarily the level in-
creases or decreases by ome unit of the selected decade. If the key is held
down, the AF level is varied continucusly, first slowly, then after three steps

more rapidly.

1f key 32 +20 dB is pressed the AF level is increased by 20 dB. The new value
is then displayed on 16 and key 32 lights. If the key is pressed again the

level is reduced by 20 ¢B to its previous value and the LED in the key goes out.

8y pressing key 14 (MOD. GEN.) the increased level is transferred and the

indicator in key 32 +20 dB goes oif.

Tf the variation exceeds the limit of the range of adjustment LED 23 OVERFLOW

lights.
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2,3.3.6 Measurement of Level of External AF Signals

If key 15 EXT. NF/AC (Fig. 2-3) is pressed the AF level meter is switched on
which permits the level of the signal extermally applied to the socket NF-AC
METER to be measured and displayed on 16 in mV. If key 17 CCIIT is pressed a
CCITT filter (300Hz to 3 kHz) is switched into circuit and the level measured

over a. frequency range of 30 Hz to 20 kHz with CCITT weighting.

By entering 122 via the keyboard 25 and pressing the REF. key 29 a rejection
filter can be cut into circuit during modulation or AF level measurement if
no- other measurement is switched on. The rejection filter (1 kHz, 300 Hz or
50Q Hz) is selected by pressing the Ef key 18. The selected frequency is
displayed oum 13.

The refection filter can be switched off by entering 123 via the keyboard 25

and pressing the REF, key 29.

2.3.3.7 SINAD Ratio Measurement

For measuring the SINAD ratio, to determine the receiver semsitivity, two
measuring procedures are provided in the SMFP2. SINAD ratio measurement 1s only
possible at 1 kHz. With the simple measuring procedure the SINAD ratio of the
signal applied to socket 31 NF : AC METER is measured at the RF level and
modulation given. This measuring procedure is called up by pressing key 19
SINAD if no numerical values have been entered. The measured value is displayed

or:20. The circular quasi-analog display is assigned to the units digit.

With the automatic measuring procedure the SINAD .ratio is measured and the
RF- level variad - but not above -27 dBm = until the SINAD ratio entered via
keyboard 25 and by pressing key 19 SINAD is reached. The SINAD ratio is dis-

played as with the simple measuring procedure., The RF level is displayed on 1.
Wich the automatic measuring procedure the measuring limit is *2 d3B.
The: average noise level is determined from 15 measurements.,

By entering 4 via the keyboard 25 and pressing the REF. key 29 the measuring
limic is switched over to z! dB. The average noise level is then determined

£rom 50 measurements.

Reset to measuring limit 2 dB by entering 3 via the keyboard 25 and pressing
~ the REF. key 29.
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2.3.3.8 5/N Ratio Measurement

The S/N ratio can be measured in the transmitter measurement mode or in the
receiver measurement mode by pressing key 49 or key 51 vespectively.
The S/N ratio measurement is initiated by pressing key 21 and discontinued

by pressing key 21 again.

Measurement of S$/N ratio of transmitter section:
If no numerical values have been entered via keyboard 25, the S/N ratio of

the demodulated transmitter signal is measured and displayed on 20.

Measurement of S/N ratio of receiver section:
If no numerical values have been entered via keyboard 25, the S/N ratio of
the signal at socket 31 NF - AC METER is measured at the given modulation

and displayed on 20,

Tf a numerical value has been entered in dB the RF level is automatically
adjusted so as to obtain the selected S/N ratio — but not above ~27 dBm to

prevent the receiver from being damaged.

The RF level is read out on display 5 and the S/N itself on display 20,

Tn the S/N measurement mode simultaneous quasi-analog display of the units
digit is provided on 20.

With the automatic measuring procedure the measuring limit is *2 dB.

The average noise level is determined from 15 measurements.

By entering 4 via the keyboard 25 and pressing the REF. key 29 the measuring
limit is switched over to *1 dB. The average noise level is then determined

from 50 measurements.

Reset to measuring limit #2 dB by entering 3 via the keyboard 25 and pressing

the REF. key 29.

During the automatic S/N ratio measurement the computer can be inhibited by
pressing the RF OFF key 7. When this key is pressed again and the cable
discomected from the NF - AC METER socket 3t, the inhibition is cancelled.
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2.3.4 Transmitter Measurement

The transmitter measurement mode i1s selected by pressing key 49 TR. (Fig. 2-3)
or by applying an RF signal > 0.5 W to socket 48 RF. In this operating mode,
the SMFP2 measures the frequency, the power and the modulation of the signal
applied to socket 48 RF. The values are displayed on 1, 5 and 9.

The AF generator supplies a frequency of 1 kHz.

2.3.4,1 RF Frequency Measurement

In the transmitter measurement mode, the frequency of the signal applied to

socket 48 RF is measured. The result is displayed on 1.

If key 46 FREQ. MET. is pressed, the built-in frequency counter can be connected
to the more sensitive input 47 FREQ. METER. The test result is also displayed

on 1 in this case. The same is possible in the receiver measurement mode.

By entering 1 via keyboard 25 and pressing TRANSMITTER key 49 or FREQ. MET.
key 46, the resolution of the frequency counter can be switched over from
10 Hz to 1 Hz, Reset to 10 by entering 10 via the keyboard 25 and pressing

the key 49 or 46, respectively.

2.3.4.2 RF Level Measurement

In the transmitter measurement mode or by pressing key 45, the power at the
RF socket 48 is measured. The result is displayed on 5 in W or dBm. By pressing

key 45 again, the display is changed over from W to dBm, or vice versa.

In order to achieve the measurement accuracy guaranteed in the data sheet, it
may be necessary to fit the coaxial 50-Q resistor, which is supplied with the

instrument, to rear socket 54.

An attenuator from O to 30 dB connected to the RF socket 48 can be taken into
account when measuring power, To do so, the attenuation value must be entered.
This is accomplished by entering 5 via the keyboard 25 and pressing the REF. key
29. Then enter the attenuation value, e.g. 6.3 via the keyboard 25 and press the
W/dBm key 45. The entered attenuation value is also taken into account in the

RF level setting. Thus the maximum output level is reduced by this value.

The: RF level measurement cannot be performed when the measuring diode of the
power meter is switched off. To avoid RF distortion of the attenuated signal
at socket 54, the measuring diode of the power meter must be switched off.

To deo so, enter 120 via the keyboard 25 and press the REF. key 29. The measur-
ing diode can be switched on again by entering 121 via the keyboard 25 and

pressing the REF. key 29.
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2.3.4.3 Modulatien Measurement

In the transmitter measurement mode the modulation depth, irequency or phase
deviation of the signal applied to socket 48 (Fig. 2-3) is measured depending
on rhe modulation type selectad by means of kays M, wM or AM. Keys 11 are

disabled.

P « D B . . . f . ‘
Reys 40 =", PR + PR wiv permit indicationm of the negative or the positive

peak value or of the arithmetic mean to be selected. The selected value is

displayed on 9.

Frequency deviations of < 100 Hz are considered spurious deviations and are

indicated accordingly (rms weighting).

When ﬁeasuring frequency and phase modulation audio frequencies over the

range 5 Hz to 8 kHz are weighted. By pressing key 17 CCITT a filter is switched
into circuit which permits the measurements to be weighted in accordance with
CCITT (300 Hz to 3 kHz).

The AM measurement cammot be performed when the measuring diode of the power

meter is switched off (see 2.3.4.2).

For rejection filter see 2.3.3.6.

2.3.4.4 AF Frequency Measurement

In the receiver measurement mode as well as in the transmitter measurement
mode the frequency of a signal applied to socket 31 NF . AC METER (Fig. 2-3)
can be measured. To do so, press key 33 EXT. NF/AC. The result is displayed

on lg.

If key 36 DEMOD. FREQ. is pressed the frequency of the modulation signal is
measured in the transmitter measurement mode (key 49 pressed) and displayed

on lé:

1f key 35 BEAT FREQ. is pressed the beat frequency between the signal applied
to socket 47 FREQ. METER and the RF frequency from the signal entered via the
keyboard is measured in the transmitter measurement mode. The result is

displayed om 13.

The resolution of the RF counter can be switched over from 1 Hz to 0.1 Hz by
entering | via the keyboard 25 and pressing the ZIXT. NF/AC key 33 or DEMOD.

FREQ. key 36 or BEAT FREQ. key 35.

—t—

To reset it, enter 1 via the keyboard 25 and press 33 oT 6 or 35.
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2.3.4.5 DPC Measurement

If key 30 U/I DC (Fig. 2-3) is pressed, the DC voltage applied to sockets 28

is measured and displayed on 16,

If key 30 is pressed again, the SMFP measures the direct current which flows
via a resistance between the terminmals + and -20 A (precision resistor 10 mf)

or + and -200 mA (precision resistor 10 Q). The result is displayed on 16.

The Tester automatically switches over from the measurement range 20 A to 200mA,

and vice versa,

Watch for correct polarity when carrying out these measurements (see front panel).
No indication is obtained if the polarity is not correct. Off-earth voltage and

current sources may make 1t necessary to establish a reference earth.

2.3.4.6 Measurement on Transceivers with Acknowledgement Signal

-~ Initial settings
Set the transmitter frequemecy to be measured, in the receiver measurement mode,

and store with STO . Then set the receiver frequency and the appropriate

FM modulation (see section 2.1, function of the REF key 29).

— Measurement

Switching selective call coder on with 7 REF:

To call up acknowledgement signal measurement, enter the number 105 via
the keyboard 25 and press the REF key 29.

Send tone sequence with [EODE] NF GEN:

After the transmitter has been keyed off, the Mobile Tester switches auto-—

matically to FM modulation measurement. The deviation meter is ready to
measure within 70 ms {(about 65 ms).

The tone sequence received is indicated in display t.

~ Repeat measurecment
Select receiver measurement mode with EMPF él.

Send tone sequence with NF GEN,

— Switching off

To cancel the measurement, enter the numerical value 106 via the keyboard 25

and press the REF. key 29.
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2.3.4.7 High~speed Deviation Meter

The deviation meter can be preset which allows high-speed measurements, i.e.
immediately at switch-on of the transmitter the demodulated signal is available
at the demodulation output for further evaluation.

- Select transmitter measurement mode.
- Enter transmitter frequency minus 200 kHz (internal IF) via keyboard 25

and press SIGN. GEN. key.

Example: Transmitter frequency ......... 100 MHz
Enter via keyboard ............ 99.8 Miz
and press SIGN. GEN. key.

2.3.4.8 Adjacent-channel Power Measgurement
(Only in conjunction with Option SMFPB 61)

Press key 49 to select transmitter test. Enter channel spacing (10 kHz, 12.5 kHz,
20 or 25 kHz) of the transceiver to be tested via keyboard 25 and store with

one of the keys 2. The wanted-channel frequency in MHz of the transceiver under
test can be entered via the keyboard 25 and stored by means of the SIGN. GEN,

key 3.

The REF., 117 key 29 allows any channel spacing to be entered. Prior to such
entry, measure the adjacent-channel power to select the appropriate measuring
filters (bandwidth 4 kHz or 8 kHz at channel spacing 10/12.5 or 20/25 kHz,
respectively. Reset to adjacent-channel power measurement with REF, 118 key.

The power in the upper adjacent channel can be called up by means of the TI0N
key 43 and in the lower adjacent channel by means of pressing the "-'" key on

the keyboard 25 and then the "uW'" key 43. The measured value is read out on the
display 5. For display of the ratio of the adjacent-chamnel power to the wanted-
signal power, press the "NKL dB'" key 43 in place of the "gW' key.

2.3.4.9 Selective Call Decoding

All signals available at DEMOD. SIGN. output 37 are applied to the selective
call decoder. If key 15 is pressed, the AF signal applied to socket 3t is also
available at this output.

The decoder decodes and stores the frequencies listed in the following table;
each tone of the CCIR or ZVEI tone sequence is evaluated as a code number if
it is longer than 20 ms (also applies to continuous tome). The last seven codes
are either displayed directly or interpreted accordingly if it is a repeat tone,

The tone code 1s selected according to section 2.3.3.4.2.

The memory content can be read out on display 1 any time by entering 11 via
the keyboard 25 and pressing the REF. key 29.

After the content of the memory has been read out, the memory is cleared
automatically to get ready for a new read-in process.
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The memory of the selective call decoder can also be cleared manually by

entering 10 via the keyboard 25 and pressing the REF. key 29.

Table

No. CCIR(Hz) ZVEL (Hz) Readout Explanation

0 1981 2400 0

1 1124 1060 1

2 1197 1160 2

3 1275 1270 3

4 1358 1400 4 Code

3 1446 1530 5 number

6 1540 1670 6

7 1640 1830 7

g 1747 2000 8

g 1860 2200 9 )

A 2400 2800 L Group call

B 930 810 H Data prefix

c 2247 970 P

D 991 8836 A

E 2110 2600 like the preceding Repeat tone
tone (M-" if it is (invalid if it is
the first tone of the first tone of
the sequence) the sequence)

iy No tone No tone {blank) Pause > 25 ms or

no tone of standard
sequence

2,.3.4.10 Squelch Sensitivity

Call with 129 REF.

Function;:

Reduce RF level until squelch function starts.

Increase RF level until squelch function stops.

Display on RESULT 20: squelch hysteresis in dB.

Display on LEVEL 5: RF level at which squelch function stops.

2.3.5 IEC Bus

The Mobile Tester SMFPZ can also be remote controlled., The data on the settings
is transferred on a byte-serial bus using an interface that complies with the
IEC 625-1 (formerly IEC 66.22) and IEEE 488-1975 standards as well as the

DIN standard IEC 66.22, Connection is made at the rear of the Tester via the IEC
625 Bus socket ég_(Fig. 2-4). Fig. 2-5 shows the pin allocation.
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DI/0 -DI/0  GND GND GND LOGIC
[ 8 6 B8 10 GND

DI/ | DI/O | REN GND | GND GND

13 14 1% 16 17 18 19 20 21 22 23 24

9 10 N

DI/o DI/0 | EQT |NRFD IFC |, ATH

DI/0 DI/ DAV NOAC SRQ@ SHIELD
2 4 !

Fig. 2-5 Pin allocation

The interface connector specified by the American standard 488-1975 differs
from that required by the international TEC standard. The SMFP2 1s fitted
with the 24-way interface connector, in accordance with the American standard
£88-1975 which is more commonly used. Interconnection with instruments fitted
with a 25-way interface comnector in accordance with the IEC standard is
readily possible by means of an adapter. Control functions and data transfer

are identical in both cases.
The standard interface features three groups of bus lines:

1. Data bus - 8 lines DI/O to DI/O 8.
Data transfer is bit-parallel and byte-serial, the characters being
transferred in the ISO 7-bit or ASCII code. DL/O is the least signi-

ficant bit and DI/O 8 the most significant.
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2. Control bus - 5 lines.

This is used for the transfer of control functions:

ATN {(Attention)

REN (Remote Enable)

SRQ (Service Request)

IFC (Interface Clear)

EOI (End or Identify)

3. Handshake bus - 3 lines.

>

is active at low level during the transfer

of an address to the connected device.

is used for switching the device over to the
remote control mode.

By activating this line, a connected device

¢an request the intervention of the controller.
is activated to bring the connected device

into a defined initial condition.

This signal can be used to mark the end of

data transfer and is also used for polling after

a service request. EOI signals are not processed

in the SMFP2.

This is used for controlling the data transfer sequence!

NRFD (Not Ready for Data)

DAV {(Data Valid)

NDAC (Not Data Accepted)

An active—low NRFD line indicates to the con-
troller that one of the connected devices is
not ready for data transfer.

is activated by the controller shortly after a
new data byte has been épplied to the data bus.
is kept active-low by the connected device
until it has accepted the data present off the

data bus.

In the IEC-bus system, the Mobile Tester functions as a listener or talker, i.e.

it is capable of accepting data and executing setting commands from the con-

troller and cutputting the results of measurements.

2.3.5.1 Setting the Address

Before the Tester is connected to the IEC bus, set a suitable device address

on the Tester by means of address switches Al to A5. The address switch A6

must: always be in the OFF position.

The coding switch ADDRESS 55 (Fig, 2-6) is located on the rear panel (Fig. 2-4),
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EePREPERE

|
lIEC-BUSl

-0

Fig. 2-6  Coding switch.

The following table shows the settings required for the various possible
addresses. The SMFP2 is supﬁlied from the factory with device address

setting 30.

Table 2-1
ASCIT character Binary address Decimal
Listen Talk Address switch equivalent
address address AS A4 A3 A2 Al
(SPACE) @ 0 0 0 0 0 0
! A 0 0 0 0 1 1
" B 0 0 0 i 0 2
# C 0] 0 0 1 } 3
$ D 0 0 i 0 0 4
% E §] 0 1 0 1 5
& F 0 0 ] 1 0 6
! G 0 0 1 1 1 7
( H 0 1 0 0 0 8
) I 0 1 0 0 [ g
% J ¢ 1 0 1 G 10
+ K 0 1 0 i 1 11
,comma L 0 i 1 0 0 12
- M 0 1 i 0 1 13
. N 0 1 ] 1 0 14
/ 0 0 1 1 1 1 15
o P 1 o 0 0 0 16
1 Q 1 0 0 0 1 17
2 R i 0 8] 1 0 18
3 S 1 0 0 1 1 19
4 T 1 0 1 0 O 20
5 U 1 0 1 0 1 21
6 v 1 0 1 1 0 22
7 W 1 0 i 1 1 23
8 X 1 i 0 0 0 24
9 Y 1 i 0 0 1 25
: 7 1 1 0 i 0 26
3 1 1 0 1 1 27
< 1 1 1 0 0 28
= 1 1 1 0 1 29
> 1 1 1 1 0 30
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When entering data, the setting range limits must be observed. When the range
limits are exceeded, the LED OVERFLOW 23 lights. If the resolution of the
entries is higher than the setting resolution of the Tester, the entries will

be rounded to the nearest possible value.

2.3.5.2 Data Format

In accordance with the IEC draft standard the SMFP2 requires the following

format for data transfer (Table 2-2):

Each instruction to change a setting consists of at least an initial character
(header) and a final character (delimiter). When data on a setting is to be
transferred, enter the data between these two limiting characters. All

characters are transmitted in IS0 7-bit (ASCII) code.

After a measurement has been completed, the result of the measurement must
be called up before a new measurement is made, since otherwise the data of
the second measurement would be written over the data of the first measure-

mentk,

The delimiter for the output is defined in the Tester as CR. If a faulty

string is entered, a Service Request (SRQ) is sent via the IEC bus.

With the Mobile Tester, three decade BCD outputs and nine relays can be acti-
vated via the IEC bus. These outputs are brought out at the two 15-way

sockets BU4Ot and BU402 (57, 59) Fig. 2-4.

The control contacts and control instructicns are listed in Tables 2-2 to

2-4,

Manually-controlled functions that are not mentioned here cannot be remote

controlled.
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Table 2-2 SMFP2 keyboard control via IEC bus

CONTROL FUNCTIONS: CODE
REC. AR
XMTR (AT)
AM {INT) AA
FM (INT) AB
PHIM (INT) AC
M (EXT) BI
PHIM (EXT) BJ
AM (EXT) BK
RF OFF  (ON) D@
RF OFF  (OFF) E@
CCITT (oN) EC
CCITT (OFF) DC
STORE 90 DSy
STORE 95 DS§5
RECALL 90 DR@
RECALL 95 DRS
FUNCTIONS OF REF KEY B0 (value) (value = numerical value of function)
INPUT FUNCTIONS:
SIGN GEN . AG VALUE IN MHZ
MYV <with fine adj.> AT <XI> VALUE IN MYV
MIV <with fine adj.> AJ <XJ> VALUE IN MIV
DBM <with fine adj.> AR <XK> VALUE IN DBM
DMBYV ¢with fine adj.> AL <XL> VALUE IN DBMYV
-@.1DB RF LEVEL DK
+@. DB RF LEVEL EK
MOD INT (ON) AM VALUE IN %,KHZ OR RAD
MOD INT (OFF) EM
MOD EXT (ON) AZ VALUE IN %,KHZ OR RAD
MOD EXT (OFF) EZ
MOD GEN (FREQ) AO VALUE IN KHZ
MOD GEN (LEVEL) AQ VALUE IN MIV
~DELTA F AD VALUE IN KHZ
+DELTA F AE " VALUE IN KHZ
STORE @ B@, Z2¢
1 B@, 221
2 B@, 722
3 B@ (VALUE),7ZZ3 VALUE IN KHZ  ASCII CHARACTERS:
4 B@ (VALUE),ZZ4 VALUE IN KHZ DEZ. HEX.
5 B@ (VALUE),ZZ5 VALUE IN KHZ @64 40H
=95 5FH
RECALL ¢ A, 770
1 A, 271
2 A+, 272
3 A—, 223 BZW A+,ZZ-3
4 A, 774 BZW A+,2Z-4
5 A<y ZZ5 BZW A+,ZZ-5
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TEST FUNCTIONS:

CUTPUT:

FREQ MET AF AF........E-, MHZ
RF FREQ AT AF........E~, MHZ
POWER IN W AW AW....E-. WATT
POWER IN DBM BL BL....E—-, DBEM
NKL DB (LOWER CHANNEL) AN+ OR AN-  AN....E-. DB
NKL MYW (LOWER CHANNEL) BZ+ OR BZ- BZ....E-, MYW
+ BF BF.,...E-. %, KHZ, RAD
PK+PK/2 BG BG,...E-. %, KHZ, RAD
- BH BH....E-. %, KHZ, RAD
EXT AF(FREQ) AP AP, vs. Em, KHZ
DEMOD- FREQ AU AU.,.uvu. B, KHZ
BEAT FREQ AV AV....v...E-. KHZ
EXT.AF(LEVEL) AX AX....E-. VOLT
v/I EY EY....E-. VOLT
CURRENT DY DY....E-. AMPERE
DISTORTTON 1KHZ EE EE... E-. Z

3QPHZ ED ED...E~. yA

S@PHZ EG EG...E~. yA
SINAD. AS AS...E-, DB
SINAD (AUT.) AS(VALUE) AS...E-.DBM
REC. S/N BB BB...E-. DB
REC. S§/N (AUT.) BB(VALUL) BB...E-.DBM
¥MTR. §/N BB %B... E-, DB
PROBE IN V FL1 FL....E-.V VOLT
PROBE IN DBM FL@ FL....E-.D DBM
BANDWIDTH MEASUREMENT BO115 EH........E-. MHZ
BANDWIDTH MEASUREMENT BO116 El.eveseen B MHZ
'‘QUIETING BO119 QU....E~-, DB
SQUELCH SENSITIVITY BO129 sQ....E-.DBM,..E-, DB
AUT.NOM.DEVIATION ADJUSTMENT BO2 AQ....E-. MV
SELECTIVE CALL DECODER BO11 TDevvennnn FOR EXPLANATION OF

THE CHARACTERS SEE
TABLE 2-4

SRQ CALLS:

STATUS (READ IN BY SERIAL POLL)

68 ERROR IN IEC INSTRUCTION (INPUT ERROR)
70  OVERFLOW

71 MEASUREMENT TERMINATED

72 MEASUREMENT TERMINATED WITH OVERFLOW

EXAMPLE IN BASIC WITH PPC:
READCUT OF TEST RESULT AFTER SRQ CALL:

1@ IECTERM13:IECTIMES

120 TECSRQ THEN GOTO 10¢¢

13@ B$="AX":REM AF LEVEL MEASUREMENT
14@ TECOUT30,B$

15¢ X=@

16@ TECTERM13:IFX=¢ THEN GOTO16@

17¢ END

109 IECSPL3¢,VZ

1¢31¢ IFVZ=68 THEN PRINT "INPUT ERROR'"
1020 1IFVZ=70 THEN PRINT "OVERFLOW"
1039 IFVZ=71 THEN GOSUB2@®J

1040 IFVZ=72:PRINT "OVERFLOW":GOSUB2¢@@
1¢5@ IECRETSRQ

200@% IECIN3®,Y$:PRINT Y$

2010 X=t1

2(§3¢ RETURN
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Table 2-3 IEC OQUTPUTS BU401, BU402

Pin allocation:

r

1st decade T‘

-~

2nd decade <L

3rd decade

rglf‘ C

Relay I is switched on by means of key 49

MSB

LSB
MSB

LSE
MSBE

M~ bW

1

Bu401

|

,l.

|

- e
=2 T

—a——{
prbessmsinre——{ D
e K
',o———*-—{4
——{ 5
e G
(8
p—tr— 9
10
—e—( 11
rs7 {12
Iﬁ&_:‘s———-——{l3
~————g 14

rs9 g——e—

rs2

rs3

rs4

rsb

rsé

~( 15

key 51 REC,
Table 2-4 TEC instruction code
Decades: Ba XYZ
X 1+ numerical value 15t decade
Y : numerical value 2nd decade
Z ¢ rumerical wvalue 3rd decade
HEX  Dec X, ¥ or 2 as
ASCII character
0 0 0
1 1 1
2 2 2
3 3 3
4 4 4
5 5 5
6 6 6
7 7 T
B 3 8
9 9 9
A :
B ;
C <
D =
B >
7 7
Helays: BF XY
X ¢ relay number
T =0 : open relay
T =1 : close relay
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Table 2-5
Examples of IEC-bus instructiont
Instructions Tektronix hp hp Commodore R&S

4051,4052 9825 9835/9845 PET 2001/3001 PPC
Presettings —— —— —— Open 1,30 -—
Frequency FRINT@ 30:"AG123.5 " | wrt770,%AG123,5 » QUTPUTT30;"AG123.5 "|PRIUT# 1,"AG123.5 # IECOUT3G,“AG123,5.¢
123 .5 MHz
Frequency LET F=123.5 F=123.5 LET F=123.5 LET F=123.5 P=123.5 **)
as a variable PRINT@ 30:"AG";P'; | wrt730,"ACY,F - OUTPUTT30;"AG";F;  |PRINT# 1,"AG";STRE(F); IECOUT30, "AG"+STRE(F )+
Level PRIUTE) 30:"AK-24.8 " | urt730,"AE-24.0 " | OUTPUD730;"iK-24.8 " PRINT # 1,%AK-24.8 » IECOUT30, "AK-24,3 "
~24.8 dBm

Fine wvariation

=01 dBm
+0.1 dBn

PRIUTE 30:"DK ™
PRINT@ 30:“EK ¥

wrt730,"DK n
wrt?30,"BK

OUTPUTT30;"DK *
OUTPUTTIO;"EK "

FRINT# 1,"DK
PRIWCH 1,%EK

IBCOUT30,"DK ¥
IECOUT30,"FK

Hodulation
FiI internal
2.8 iz deviation

PRINT(@ 30:“AB."
PRIET@ 30:"AM2,5 "

wrtT30,"AB ¥
wrt730,"A12.8.0

QUTPULTI0;"AR ™
OUTPUTTIN;MAL2. & »

PRINT# 1,"AB ¥
PRINT# 1,%AM2.8 ¥

IFCQUT30,"AB
IECOUT30"AN2,8 *

Measurements +)

Freguency/MHz

FRINT@ 720:"AT @
INPUT@ 30,F#

wrtT30,"AF ¥
red730, Fj

QUTPUTT303"AF *
ENTRRT 30 ;78

PRINTH# 1,"AF. ¥
INPUT# 1,¥8

IECOUT30, "AF *
IECIN30,Fy %)

Level/wW

PRINCE 30:vAY ®
INPUT(@ 30.F#

wrtT30,"AY
red730,F#

OQUTPUTTI0; "AW
ENTERT30; P4

FRINT# 1,"AW
INPYT# 1,F§

IECOUT 50, "AY. » ‘
IECIN3Q,FE #)

/P
Pos.modulation
depth

PRINT@ 30:"Ap *
TRINTG) 350:uRF ®
INPUT® 20,Ff

wrt730,"AR "
wrl730,"BF ¥
red730,F§

QUTPUTT30;"AA M
OUSPUIT30;"EF
ELEERT30,FE

| PRINTH# 1,%BF

PRINT# 1,"A0. "

IpPoTH 1,Fg

IECOUT30,"AA- "
IRCOUT 30, "BF . *
IECIN3O0,F# %)

The test result of
Preparation of PPC

these examples is

for reading in:

For string processing make sure that
essential with the commands for relay control and the BCD outputs.

IECOUT30, "EA" + MIDZ (STRE(F), 2)+","

Example with PPC:

stored under the variable F§ (cf. Table SMFP keys IEC bus).
IECTIMES0 gwaiting time)

IECTERM13

{CR> as delimiter)

no unwanted characters a

re included. This is absolutely

Table 2-6
Tektronix hyp hn Commodore h&s
4051/4052 - 9825 9835/9845 PET 2001/3%001 PPC
Go to Local WBYTE®@ 62,1: 3el730 LOCALT30 or. No capability IECLAD30
LOCAL7 ' IECGTL
IECUNL
Local lockout WBYTE@ 62,17: 1lo7 LOCAL LOCKOUT7 " " IECLLO
or (for all devices) (for all devices)
WBYTE@ 17:

Remote WBITE@® 62: rem730 REHMOTE7 30 Only in connection| LECREN
or or with an output and
rem7 REMOTET IECLAD30,"

Selected device WBYITE @ 62,4: clr73o RESETT30 Ho capability IECLAD30

clear IECSDC

JECUNL




Table 2-6 lists examples of the output of particular instructions. The decimal
address of the SMFP2 is assumed to be 30. This decimal address corresponds

to the full decimal equivalent 62,

2.5 Retrofitting Options

Before fitting an option, pull out power plug. Never change circuit boaxrds

unless the SMFP2 is switched off.

2.5.1 Fitting the Reference Oscillator Option SMS-BI

Remove bottom of case and open bottom of cassette. Pull out reference circuit
hoard Y6 (302.6215; yellow/red colour coding). Unplug the two links BR1 and
BR2 on the circuit board. Imsert the SMS-B1 and screw in place by means of
the three screws supplied with it. Replace circuit board Y6 in the cassette

and put cover of cassette back on. Replace bottom of case.

2.5.2 Fitting the 1-GHz Frequency Extension Option SMFP—B2

Space for accommodation of this option is reserved in the rear left-hand

corner of the SMFP2,
Preparations:

- Remove bottom and top sections of the cabinet.
- Remove strip from the left side panel.

— Remove RF cable K2 between ST15 of the cassette and the attenuator.
Mounting the option:

Insert the option in the rear left-hand corner of the SMFPZ with the RF
connectors pointing upwards and loosely fix to the side panel with four
serews M 2.5 x 8. After fixing it to the rear panel with two screws M 2.5 x 8,

tighten down the four screws on the side panel.
Routing of the cables supplied with the option: *
— Runm the RF cable K2 between ST15 of the cassette and ST442 of the option.

Run the RF cable K441 between ST441 of the option and the RF terminal

(BU1) of the attenuator.

- Connect the flat cable K45 to ST45 of the Motherboard III {(for location

of ST45 and pin numbers, see Components Location Plan 332.3114, sheet 3).

* Note: Use a torque wrench for fitting the SMA sockets of the attenuator.

Torque range: 80 to 120 N/cm.
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Retrofitting the option reduces the RF output level of the SMFP2 by about
0.8 dB.

It is therefore necessary to readjust the Modulation Control board Y10

(302.7011) accordingly.

a) Level correctiomn:
Settings on the SMFP2Z: UNMOD, 3 dBm
Adjust the RF output power to 3 dBm by means of potentiometer R76
on Y10. |

Determine frequency response between 400 kHz and 320 MHz.

'b) Modulation depth correction: _

Settings on the SMFP2: 130 MHz, 807 AM INT., | kHz, 3 dBm

Adjust the modulation depth of the RF outpuﬁ signal to 80Z by means of
the potentiocmeter R79 on Y10. '

Determine the frequency response between 400 kHz and 520 MHz.

The IC supplied extends the count range of the RF counter.

To fit

- loosen subminax cable on beard 332.2118

-~ remove board

- loosen shielding cover

- insert IC (B23 in circuit diagram or components location plan 332.2118)

~ ¢lose cover. Then insert and connect the beard.

Change the frequency range plate on the front panel to show the extended

frequency range, i.e. 0.4 to 1000,

Replace bottom and top of case.

2.5.3 Fitting the Adjacent-channel Power Meter Option SMFPB6!

- Remove cable K3 (2nd RF generator output - mixer).

~ Insert board in the space provided for this purpose (black/green colour
coding). _

- Connect cables supplied with the option:
RF generator - Adjacent-channel Power Meter board and Adjacent-channel

Power Meter board - mixer.
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2.5.4 Fitting the 60-W Option SMFP2B3

- Remove upper and lower cover panels.
- ﬁemove carrying handle.

- Remove left trim strip (four screws).
— Remove left side wall (nine screws).
~ Remove cable Kf.

In the place of cable K1 fit the 60-W Option with the two cables supplied with
it.
Reassemble the SMFP2. Screw the heat sink of the Option to the inside of the

left side wall by means of the four screws supplied.

Connect the link BR12 on the computer board Y21 to l (identification signal

changed over).

Close the unit again.

2.5.5 Fitting the RF Millivoltmeter Option SMFS2B8

Remove upper and lower cover panels.

Remove the plastic cover from the front panel and mount in its place the 3-way

connector and cable supplied with the option,

Insert the RF Millivoltmeter Option board instead of the adapter board (colour

code white-white, at the front, on the left-hand side}.
Wire as follows:
- Comnect cable from the front panel to connector 2.

- Conmect the RF Millivoltmeter Option to connector 122 on the front mother-

board. Prior to do so, remove the plugs from the motherboard.

- If the Analog Display Option SMF$-B9 is fitted, connect it to the RF Milli-
voltmeter via the 2-core cable of B9 (B8, ST4 - B9, ST91).

Close the unit again.
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2.5.6 Fitting the Selective Call Decoder Option SMFS2B6

The SMFS2RB6 is mounted on top of the digital section (colour code white-yellow).

Remove the upper cover panel,

Pull out the digital PC board towards the top.

Connect the option to the base plate via the 16-way connector §T243 and tighten
down with three screws. Replace the PC board, connect it and close the SMFP2

again,
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Maintanance

3.1

Mechanical Maintenance

Mechanical maintenance is restricted to cleaning the air-filter mesh screen.

If the air filter is not cleaned properly, the set may be
damaged due to overheating.

The blower motor is a brushless type and does not require any malntenance.

3.2 Electrical Maintenance
3.2.1 Measuring Instruments Required
Iable 3-1
§gf' Instrument Performance ratings R&S type See section
1 RF counter Range 0.4 to 520 MHz 3.2,2.2
Resolution 10 Hz 3.2.2.19
2 Power meter Range 0.4 to 520 MHz NRS 0 3.2.2.3
: 3 to 20 mW 100.2433.92 | 3.2.2.4
Z =50 Q 3,2.2.15
Error < 0.1 dB 3.2.2.19
3,2.2.20
3 Standérd Range. 0.4 to 520 MHz DPVP 3.2,2.5
attenuator 0 to 120 dB, Z = 50 Q 214.8017.52
b4 Test receiver Range 25 to 520 MHz ESU 2 3.2.2.5
Inherent noise 252.,0010.52
¢ =10 dB/uv
Frequency EZK
controller 255.0010..,
5 RF wave analyzer | Range 0.4 to 1100 MHz 3.2,2.6
Dynamic range > 70 dB 3.2.2.7
6 AF generator Range 50 Hz to 20 kHz SPN 3.2.2.8
Qutput voltage > 1 V 336.3019.02 | 3.2.2.9
Zout = 600 Q 3.2.2.10
Distortion < 0.27% 3.2.2.11
3.2.2.12
3.2.2.13
3.2.2.18
3.2.2,21
3.2.,2,22
3,2.2.26
3,2.2.28
3.2.2.29
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Instrument Performance ratings R&S type See

section

Tast demodulator RF range FaM 3.2.2,8
0.4 to 520 MHz 334,2015.53 | 3.2.2.9
AF range ' 3.2.2.10
50 Hz to 20 kHz 3.2.2. 11
AM: 0 to 907 3.2.2.13
FM: O to 125 kHz 3.2.2.21

deviation 3.2.2.22
Distortion < 0.27 3.2.2.23

Distortion meter Range 50 Hz to 20 kiHz 3,2.2.10
Measurement range 3.2,2.12
0.1 to 107 3.2.2.18

3.2.2.28
3.2.2.29

AT counter Range 0.1 to .25 kHz 3.2.2.18
Resolution 1 Hz

DC power supply vV 0.01 to 30V NGRS~ 3.2.2.15
I0to10A 100.5090.02 | 3.2.2.17

3.2.2.24
3.2,2.25

Deviation meter Range 0.4 to 520 MHz FAM + FAM-B6] 3.2.2.14
Inherent spurious 334.2015.53 '
deviation < 1.5 Hz 334.5614.02

. (CCTIIT)

Phsophometer Min. input voltage UPGR 3.2.2.14
0.1 v with CCITT 248,1915... | 3.2.2.18
welghting filter and 3.2.2.21
rms value detector 3.2.2.22

Precision trans- Z =50 Q SWCB-Z 3.2.2.16

mission line 100.3598.50

RF millivoltmeter Range 1 to 520 Miz URV 3.2,2.16

~ with insertion Sensitivity 100 aV 216.3612...

unit
Interface to IEEE 488

Controller and TEC 625 1 3.2.2.30

Power signal Frequency range SMLU 3.2,2.17

generator 25 te 1000 MHz 200.1009..,. 3.2.2.20
Power 2 2 W 3.2.2.21
Z=252¢ 3.2.2.22

RF power amplifier | 3.2,2.20

Digital multimeter ‘ UpL & R.2.2.24

: 346,7800.02 3,2.2.25

R 43412 - 3.2




—

3.2.2 Performance Check

3.2.2.1 Checking the Functioning of Display and Keyboard

Check switch-on state: After switching on, the following must be displayed:
Frequency Level Modulation Frequency Level Result
TA30 refers to the IEC-bus address set on the rear.

Tf no transceiver (transmitter) is connected, the following readouts are obtained

after three seconds:

Frequency Level Modulation Frequency Level Result
000.,0000 000 .000 kHz 1.000 kHz 1,2 mV 000
and the following keys light: '
M (50) (D
Mod. Gen. (38) Mod. Gen. (14)
TR. (49) PK + (40)

To check keyboard, make entries according to section 2.3 and observe display.

3.2.2.2 Checking the Frequency Setting and Accuracy

Settings: UNMOD., level approximately 100 mV.
Test setup: Commect frequency meter to RF output 48.
Test: Set following frequencies and check with frequency counter:
100 320.0024 445.75
150 340.0048 445,775
280 340,0049 445.8
281 340.0050 445,85
285 340,0052 445,95
293 340.0056 446.55
297.9901 340,00064 447 .35
309 340.0080 448.95
318.0001 340.0112 452,165
318.0152 340.0176 458,686
340,0304 445,725
399.8727

Permissible relative frequency error:

1 ¢ 1076/month + 1 x 10-6/ °C (standard reference oscillator)

5 x 10-8/month + 1 x 10~/ in the range 0 to 50°C
(reference oscillator option)

After warmup, the relative frequency arror must be the same at

all freaquencies.

R 43412 - 3.3



Checking the Error and Frequency Respounse of the Cutput Level

Settings:

Test setup:

Test:

3.2.2.4

a) UNMOD.,,. level 13 dBm
b) aM, m = O, level 5.! dBm.

Connect power meter to RF output 48.

Measurs output lLevel between 0.4 and 520 MHz.

Permissible frequency response (difference between maximum
and minimum level) is

1.8 dB (0.4 to 8§ MHz)

<
< 0.8 dB (8 to 520 MHz).

The permissible error of the Sutput level
(deviation from level set) is

¢ £1.8 dB (0.4 to 8 MHz)

€ £1,3 dB (8 to 520 MHz).

™

Checking the Fine Level Adjustment

Settings:

Test. setup:

Test:.

UNMOD., level 11.1 dBm, frequency 130 MHz.
Connect power meter to RF output 48.

Reduce lavel to t.1 dBm by means of 0.1-dB key and
check level steps on the power meter.
Permissible deviation is #0.5 dB at 1.1 dBm.

If level has dropped below {.1 dBm during fine adjustment, re-enter level

af 11.1 dBm and subsequently reduce it by means of the 0.1-dB key.
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3.2.2.5 Checking the RF Attenuator Error

Settings: UNMOD.,, level 13 dBm, frequency 131 MHz.

Test sefup:

Frequency
controller

[

Mobile Test
Attenuator ,
Tastetr recelver

Test: Set attenuator to 112 dB.

Set test receiver to a frequency of 131 MHz and select 3-mV range

and 15-kHz bandwidth, Then check level at following settings:

Table 3-2

Level Attenuation
Mobile Tester Attenuator
13 dBm 112 dB
11 dBm 110 dB

9 dBm 108 dB
5 dBm 104 dB
3 dBm 102 dB
- 7 dBm 32 dB
-27 dBm 72 dB
~567 dBm 32 dB
-87 dBm 12 dB

Permissible level ervor referred to 13 dBm level setting is < £0.2 dB.

The control signals for the RF attenuator can be checked against Table 4-3.
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3.2.2.6

Checking the Level of Non-harmonic Spurious Signals

Sectings:

Test secup:

)

UNMOD., level 3 4dBm, freduancy 0.4 te 520 MHz.

Connect RF wave analyzer to RF output 48.

Level of non~harmonic spuricus signals in the range 0.4 to 520 MHz

+

Frequency of non-harmonic
spurious signals

380 +fMobile Tester
380 -

251

380 -2 fMobile Tester
380 -3 fMobile Tester
40, 340

80, 300

80, 460

40, 420

Minimum level of non~harmonic spurious waves: ‘down 2 60 dB.

Test setup:

Test:

Test:
is to be checked at the following frequenciles:
Table 3-3
Frequency setting
on the Mobile Tester
Range 0.4 to 129.9999 MHz
129
Range 110 to 129.999% MHz
Range 75 to 129.9999 MHz
319
320
439
440
3.2.2.7 Checking the Level of Harmonics
Setrings: UNMOD., level 3 dBm, frequency 0.4 to 520 MHz.
Test setup: Comnect RF wave analyzer to RF output 48.
Test: Minimum level of harmonics in the range 0.4 to 520 MHz:
3.2.2.8 Checking the Modulation Attepuator
Settings:

FM EXT., deviation 100 kHz, level 3 dBm, frequency 460 MHz.

See sectiom 3.2.2.10.

Modulation signal 1 kHz. Vary voltage until deviation of 100 kHz

is measured.

Set following deviatioms and check with modulation meter:
9, 16, 16.5, 17, 18, 20, 24, 32, 64 kHz.

Permissible deviation: 12%.

NOTE: Select marrow enough AF bandwidth (e.g. 3 kHz) on the
demodulator to ensure that no additional error due to

noise is obcained when measuring small deviaticums.
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3.2.2.9 Checking the FM Error

Settings: ™, deviation 100 kHz, level 3 dBm,
150, 250, 460, 500, 920%), 1000*) Mz

Test setup: See sectiom 3.2.2.10.
Modulation voltage 1 V %1Z.

Test: Permissible error of frequency deviatiom at modulation
frequencies of 0.4 to 20 kHz: § £57.

3.2.2.10 Checking the FM Distortiom

Settings: M, level 3 dBm.

Test setup:

AF Mobile Test Distortion
generator Tester demodulat, meter
? [ ] '] ; p
Modulation Demodulated
voltage RF signal signal

Lol Lt

< -

1V 217
Test: Check modulation distortion at following settings:
Table 3-4
Frequency of the , L Permissible
Mobile Tester (MHz) Modulation frequency Deviation distortion
1503 520 400 Hz to 2 kHz 75 kHz < 17
90; 400; 500; 510;
520 20 kHz 20 to 75 kHz < 57
%)

If fitted with Option SMFP B-2.
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3.2.2.11 Checking the AM Error
Settings: AM 1 to 90Z, lewel 5.1 dBm
- a) 0.4 MHz, 5 MHz
b) 350 MHz
Test setup: See section 3.2.2.10.
Test: Check error of modulation depth at following frequencies:
Table 3-3
Frequency Modulation frequency
a) 0.4/5 MHz 0.4/5 kHz
b) 350 MHz 0.4/20 kHz
Permissible error: a) < *87
b) < 457
3.2.2.12 Checking the Eavelope Distortion
Settings: AM 807, level 5.1 dBm
a) 0.4/5 MHz
b} 350 MHz
Test setup: See section 3.2.2.10.
Test: Measure envelope distortiom at following frequencies:
Table 3-6
Frequency Modulation frequency Permissible distortion
a) 0.4/5 MHz 1 kHz £ 1.57
5 kiz 4
b) 350 MHz I kHz < 1.57
20 kHz < 5%
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3.2.2,13

Checking the Phase Modulation

Settings:

Test setup:

Test:

3.2.2.14

MCD. EXT

See section 3.2.2.

. P

10.

Apply AC voltage of 1,00 V z1Z to socket 39 MOD. EXT.

This must produce a phase modulation

This correspouds to a deviation of 5

frequency of 1.00 kHz,

Checking the Spurious Deviation

Settings:

Jest setup:

Test:

UNMOD., level 3 dBm, frequencies 129

.Mobile

Tester
L

Deviation

meter
[ ]

RF signal

of 5 rad (i37),

tHz at a modulation

Hz, 520 MHz,

Psopho~
meter

Demodulatad

signal

Measure spurious deviation by means of CCITT weighting filter

(0.3 to 3 kHz) and rms—value rectifier. (The inherent spurious

deviatipn of the deviation meter used must be < 1.5 Hz.)

Permissible spurious deviation: < 4 Hz.

R 43412 - 3.9



3.2.2.16

Checking the VSWR

Settings:

Test setup:

AM 07, level -3 dBm, frequency 100 to 520 iHz.

Mobile Trans-— RFY milli-
Tester mission voltmeter
line
y * [ L J

[ linsertion unit

Vary test frequency until a voltage maximum is measured.

Test:
) Subsequently vary frequency (Af= 7.5 MHz with a cable length
of 10 m) until adjacent voltage minimum is measured.
Vmax -
VSWR =

Vmnin
3.2.2.17 Checking the Response Threshold of the Overload Protection
Settings: REC. 51, FM 50, level 0 dBm, frequency 130 MHz.

Tast setup t:

Test:

Test setup 2:

Test:

Feed DC voltage (any polarity) to RF input/output 48.

Increase from 0 V to & V.

Between 2 V and 5 V, the overload protection must respond
(audible). The LED of the REC, key 51 goes out and the LED
of the TR. key 49 lights up.

Apply RF power from power signal generator

(25 to 1000 MHz) to same input. Increase from O W to 2 W.

At P = 0.1 to 1 W, the overload protection must respond.
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3.2.2,18 Checking the Modulation Generator (AF synthesizer)

3.2.2.18.1 Checking the Frequency Setting and Accuracy

Settings: Level mod. gen. approx. 1000 mV.

Test gsetup: Connect frequency meter to output 34 MOD. GEN. (after warm-up of

SMFP2) .

Set following frequencies on SMFP2 and check by means of frequency counter:

19 Hz 1211 Hz 9440 Hz 9300 Hz
38.1 Hz 2403 Hz 9412 Hz : 9272 Hz
76.1 Hz 9469 Hz 9384 Hz 9245 Hz
152.2 Hz 18380 Hz 9356 Hz 9218 Hz
607.9 Hz 9328 Hz

The relative frequency error < 1 x 10“6 for £ < 15 kHz and < 1 x 10_5 for

> 15 kHz must be added to the relative frequency errvor of the reference frequency.

Checking the fixed frequencies: Settings and test setup as above,
Call up all seven fixed frequencies once by means
of respective keys and check using frequency

counter,

3.2.2.18.2 Checking the Distortion

Settings: Level mod. gen.: 5000 mV and 100 mV,

frequency mod. gen: 50 Hz; 301 Hz; 4.001 kHz

Test setup: Connect distortion meter to output 34 MOD. GEN. and measure
distortion with a load of 50 Q and with a load of > 100 k& at
above level and frequency settings.

Distortion should be ¢ 1%,
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3.2.2.18.3 Checking the Accuracy of the Output Voltage

Settings: Frequency mod. gen. 1000 Hz.

Taest setup: Connect AF voltmeter (10 Hz < frequency range > 25 kHz),
input impedance > 100 k&) to output MOD. GEN.

Set following levels on modulation generator and check using AF voltmeter:

5000.0 mV 6.4 mV
2560,0 mV 3.2 mV
512.0 mv 1.6 mV
51.2 mV 0.8 mV
25,6 mV 0.2 mV
12,8 mV 0.1 mV
0.0 mV

Checking the frequency response:

Settings: Level mod. gen. 1000 mV.

Same test setup as above.

Set several frequencies between 10 Hz and 25 kHz on SMFP2 and check using

AF voltmeter.

Total error (absolute value, frequency response, setting accuracy) must not

excaed 27 +0.1 mV.
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3.2.2.19 Checking the RF Frequency Meter

3.2.2.19.1 Checking the Input Level Range at the ﬁnput FREQ. METER

Apply RF signal with a 10~mV level (into 30 Q) to socket 47 FREQ. METER on
front panel. Press key 46 FREQ. METER and check read out on frequency meter
at 1, 10, 100, 200, 300, 400 and 520 MHz (if the SMFP-B2 1-GHz Frequency—~range
Extension Option is fitted, check also at 600, 700, 800, 900 and 1000 MHz).

Repeat at an input level of 1000 wV (into 50 Q).

The internal RF synthesizer can be used for this check.

NOTE : I1f the frequency drops below the lower limit value or exceeds

the upper limit value by even a slight account, the frequency

meter will cease to give a readout.

3.2.2.19.2 Checking the Input Power Range at the RF Input/Output Socket

Apply 700-mV RF signal corresponding to an input power of 10 wW = t0 dBm to
RF input/output'socket 48 om front pamel. Press key 49 TR. and check readout
on frequency meter at 1, 10, 100, 200, 300, 400, 520 MHz (if the SMFP-B2
1-GHz Frequency-range Extension is fitted, check also at 600, 700, 800, 900,
1000 MHz). Checking at the maximum .input power of 30 W is not necessary since
the same signal paths are.used for the counter control as for the FREQ. METER
input. They merely differ in semsitivity.
NOTE: If the frequency drops below the lower limit value or exceeds
the upper limit value by even a slight amount, the frequency

meter will cease to give a readout.

3.2.2.19.3 Checking the Counter Accuracy

Apply to socket 47 FREQ. METER om front panel an RF signal_with £ > 500 MHz
and a given frequency accuracy (check by means of external counter with an
"accuracy of 1| part in 109) and a level of 10 mV < V < 1 V. Press key 46

FREQ. METER. The frequency readout must be within the accuracy of the master
crystal.

Adjustment: See sectionm 5.4.2 a) or, if the SMS-B1 Option is fitrted, 5.4.2 b).
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3.2,2.20

Checking the Power Meter

Settings:

In order to achieve the measurement accuracy guaranteed in the data sheet, it

may be necessary to fit the coaxial 50-Q resistor, which is supplied with the

Press keys 49 TR, and 50 FM,

instrument, to rear socket 24,

Test setup:

Signal

RF power

generator

Feed

(and 1 GHz). Compare readout on display 5 of Mobile Tester with that on power

meter.

The maximum permissible error is 57 +1 digit and at £ > 500 MHz *10%Z +1 digit.

The power meter measures the unmodulated carrier power even if AM is present,

3.2.2.21

———

amplifier

i

L

Power
metar

Checking the Frequency Deviation Meter

Test setup:

I Modulation

I meter

|
]

Qutput RF-30 dB on rear
panel of Mobile Tester

T

Mobile
Tester

4

RF input/output

Signal
generator

ext.
*—

i
input _ ) AF |
voltmeter
L 2

e i —— —— —

AF
generator
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Checking the reading accuracy ,

Press keys 43 TR. and 30 ™ on front panel and apply to RF input/output socket 48
signal derived frow signal generator operating in power range 100 mW to 30 W and
supplying a frequency of about 18 MHz. Feed to FM EXT. socket of signal gemerator
an AF signal of 1 kHz and 1V level and adjust modulation om signal generator
such that modulation display 9 reads out a deviation of 20.0 kHz. Connect modu-
{ation meter to RF output socket om rear panel of Mobile Tester (RF 30 dB) and
check reading accuracy. Subsequently reduce modulation of signal generator by
reducing modulation voltage of AF generator and determine interdependency between

deviation read out on Mobile Tester and modulation voltage.

Error of frequency deviatiom indication must not exceed * (37 +1 digit) down

to 1 kHz.

3,2.2.22 Checking the Phase Deviation Meter

Test setup: Same as for checking frequency deviation meter (see sectiom 3.2.2,21) .

Settings:  Press keys 49 TR. and 50 WM.

Apply to RF input/output 48 signal derived from signal generator operating in
power range 100 mV to 30 W aﬁd su@plying a frequency of_ébout 18 MHz,

Feed AF signal of exactly 1 kHz and 1 V level to external socket of gignal
generator and adjust modulation on signal generator such that Mobile Tester
reads out a phase deviation of 5.00 rad. Comnect modulation meter to RF output
socket on rear panel (RF 30 dB) and check reading accuracy. Make same test at

300 Hz and 3 kBz.

AF frequency response error occurring in addition to error of the frequency

deviation meter should not be > *27.
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3.2.2.23 Checking the Modulation Meter

Settings: Prass keys 49 TR. and 50 AM.

Tast setup:

Modulation
meter

S.igl'lal L

generator .,aJ

10' o 1000 MH=z S

up to 45 W
Mobile
Tester

Measure at test points listed in following table:

m = 0.8 AF
Carrier powers 300 dz 1 kHz 10 kHz

100 mW, 30 W

20 MH=z 52 +1dg+7 57+ 1dg+F 152 +1dg+F
RF 100 MH=z 57 + 1dg +F 52+ 1dg+F 52+ 1dg +F
1000 MHz *10%+1 dg + F 2107+1dg+F +10%+1dg + F

1dg+F: 1 digit + RF frequency response

RF frequency response: *47

Permissible errors are given in the table.

3.2.2.24 Checking the DC Voltmeter

Settings: Press keys 51 REC. and 30 U/I DC once.

Feed a DC voltage, monitored by a digital voltmeter, with negative connected

to chassis into banana socket 28 provided for this purpose.

Measure at +10 mV, +3 V and +30 V.

The: permissible error is. * (2% + 2 digits).
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3.2.2.25 Checking the DC Ammeter

Settings: Same as for checking the

Test setup:

Power

supply _

1 Mobile Tester
@ .

Power

supply

Mobile Tester

DC voltmeter. Press key 30 U/Ipg twice.

Current range 1

Current range 11

Measure on current range I at 10 A and 200 wA. On current range II measure

at 200 mA and 10 mA,

The measurement error must not be greater than +{3% +3digics).

3,2.2.26 Checking the AF Level Meter

3.2,2,26.1 Checking the Frequency Response

Feed AF signal with a level of about 900 mV (permits measurement with highest

possible resolution) to AF meter socket 31 on front panel, Press key 15 for

AF level measurement and determine frequency response of AF level meter over

frequency range from 50 Hz to 20 kiz.

3.2.2.26.2 Checking the Reading Accuracy as a Function of the Input Level

Feed 1-kHz AF signal to AT meter socket 31 on front panel. Press key 15 for

AF level measurement and deteymine reading accuracy of AF level meter over

input level range from 1 mV to 10 V.

The additive error must not exceed *37 +1 digit. If, at certain input levels,

the reading error is the same at all frequencies, adjust by means of R52 and

R53 in DC amplifier. Frequency responge error cannot be corrected.
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3.2.,2.27 Checking the AF Frequency Meter

Feed AF signal within frequency range 20 Hz to 1 MHz, preferably at 20 Hz,
100 Hz, 1 kHz, 10 kHz, 100 kHz and 999,% kHz, to AF meter socket 31.

Prass key 33 EXT. NF/AC and determine sensitivity of AF counter. It should be
< 10 mV. Subsequently check counter readout at an input Level of 10 ¥ and

frequencies 20 Hz, 20 kHz and 999.9 kHz.
The counter sensitivity can be adjusted using R3 in the AF amplifier.

NOTE » If the upper cut—-off frequency is exceeded even by a small amount,

no readout will be obtained on the frequency meter.

3.2.2.28 Chécking the Distortion Meter

Test setup: T

AF | Mobile
generator Input | Tester
AC meter

Decoupl. resistors

————— -
| AF - ,: Distortioni
generator 7 | meter |
e e

Combine output signals of two AF generators via decoupling resistors and feed

to AF meter socket 31. Adjust frequency of one AF generator exactly (x1%Z) to

test frequency (1 kHz, 500 Hz, 300 Hz) and frequency of second AF generator to
frequency of 2nd or third harmonic. Different output voltages of the two AF gene-
rators permit any desired distortion factors to be produced at the input of the
Mobile Tester. If output attenuators of AF generators are not of adequate pre-
cision and inherent distortion is > 0.1%, distortion of test signal must be

measured with an external distortion meter.

Press keys lé_EKT. NF/AC and l§ DISTORTION at 1 kHz, 300 Hz, 300 Hz.
Set distortion factors from 50% to 0.3%, preferably 50%Z, 10%Z, 3%, 1Z and 0.37%,
as described above, at various input levels within the measurement range.

Reading accuracy of distortion meter must be within £5%Z +1 digit.

Finally, to check lower reading limit, apply a low-distortiom ( 0.17Z) 1~kBHz,
500-Hz or 300-Hz signal with a 100 mV level and determine lower reading limit of
distortion meter. It should be < 0.3%.

Adjustment: Adjust distortion meter by means of R17, R18, R30, R3, R67, R6E,
R72, R73, R96, R97, R116 and R117 on filter board
(see section 5.5.6.2).
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3.2.2,29 Checking the SINAD Meter

Test setup and measurement as for checking distortion meter. Press key O on
keyboard 25 and key 13 for SINAD ratio measurement. Check reading accuracy
of SINAD meter. Deviation from the nominal value must not be greater than

*1 dB.

NOTE: TFrequency of the wanted signal should be 1 kHz. 300 Hz, as used for

distortion measurements, is not permissible.

3.2.2.30 Checking the Interface Functions

Connect a controller to SMFP2. Program all setting instructions listed in
section 2.3.5 and check proper execution of instructions by SMFP2 on front

panel displays.

3.2.2.31 Checking the Adjacent-channel Power Meter Option SMEFPB6I

Test setup:

Connect signal generator to socket 48 and apply 20 mW in the frequency range
between 10 and 520 Miz (amplitude-modulated signal, 2% modulation depth,
modulation frequency 10 kHz, 12.5 kHz, 20 kHz or 25 kHz) .

Settings on the Mobile Tester:
Enter modulation frequency of the signal generator in kHz via the keyboard

25 and store with one of the keys 2.

Enter the RF frequency of the signal generator in MHz via the keyboard 25

and store with key 3.

Call up adjacent-channel power measurement by means of NKL dB key 43.
The result (sideband of 2% amplitude-modulated signal = dowm 40 dB) is read

out on the display 5. The permissible error is =3 dB.

If the adjacent-channel power measurement is called up by means of the pW
key 43, the result read out on display 5 is 2 uW. The permissible error is

+3 dB plus the error of the power meter.

R 43412 - 3.19



3.2.2,32 Measuring Accuracy of the RF Millivoltmeter Option SMFS2BS8

NOTE: - The option reaches the guaranteed performance specifications after

a warm—up period of 10 minutes.

Since the test signal is processed in the measuring head, the measuring
accuracy depends to some degree on the measuring head used. An appreciable
indicating error may be caused by a fault in the option itself or in the

measuring head. At any rate, a correctly operating measuring head must be used

for checking the measuring accuracy.

Prior to measuring, calibrate the power meter with DC voltage. To this end,

the power meter must be DC coupled.

Test setup:

Distortion Precision SMFS2/P
<0.3% attenuator | socket 40.1
Signal Low-pass i
generator filter _ URV probe with
ca. 10 MHz y BNC adapter, 50-&
: — 350 Q or URV insertioun | "Jterminatiom
50 @ 50 @ —t—v unit
Adjustable
divider 0 dB,
20 dB 20 &
Precision Microwave
attenuator power meter
pad
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At a signal generator frequency of about 10 MHz chose the amplitude of the

signal generator such that the power meter indicates exactly 20 mW at the

precision attenuator and attenuator pad gsettings given in the table below

(calibration).

After switching over the signal path determine the deviation of the reading omn

rhe RF Millivoltmeter from the nominal value.

Determination of

Calibration ‘measuring accuracy
Signal Attenuator | Precision Reading on | Nominal reading | Max deviatiom
general | setting attenuator | power meter | on RF Milli- from nominal
voltage pad setting voltmeter Option | reading
10 v 0 dB 20 dB 20 mW 10V (4% +6 digits)
10V 20 dB 0 dB 20 mW 1V +(4% +6 digits)
10V 40 dB Q0 dB 20 mW 100 mV +(4% +6 digits)
10V 60 4B 0 dB 20 mW 10 oV +(4% +6 digits)
3.2.2.32.1 Measurement of Frequency Response of Probe
NOTE: Particular care should be taken when measuring the frequency

response on account of the bandwidth and semsitivity of the

RF Millivoltmeter Option. Short, matched counections are very

important.

Since the frequency response of the URV measuring heads i3 exclusively determined

by the built-in measuring diodes and the mechanical comnstruction of the measuring

head, the frequency respouse need only be checked after the measuring head has

been repaired.

Test setup:

Signal Low-pass

generator £ilter
50 Q@ 50 2

Microwava
power meter

URV probe

50 Q

Socket 40.1
SMEP2/SHMFS2
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Setup:

~ The ambient temperature must be between 20 and 25°C.

- Commect the probe to socket 40.1 and imsert it into the BNC adapter.
- Calibrate the power meter with DC voltage.

- Apply am AC voltage to the BNC adapter with a frequency variable

from 100 kidz to 1000 Miz and .a distortiom factor < 0.3Z.

Performance check

Adjust the amplitude of the AC voltage so that it gives the same deflection
on the power meter as a DC voltage of 1.000 V and keep it constant.
Successively set the frequencies given in the following table and read off
the value indicated on the display 5. The deviation from 1.000 V must not

sxceed the limits specified in the table.

Frequency/MHz Max. permissible deviation from 1.000 V
0.1 £( 47 + 6 digits)
1 #( 47 + 6 digits)
100 © #( 57 +6 digits)
200 , +( 8% +6 digits)
500 +(10% + 6 digits)
1000 +(18% + 6 digits) -
3.2.2.32.2 Measurement of Frequency Response of Insertion Units

The frequency response of the insertion units is best measured with the same

test getup as under 3.2.2.32.1, but without precision attenuator and attenuater
pad..

Setup

~ The ambient temperature must be between 20 and 25°C.

~ Connect the cable of the insertion unit to be checked to socket 40.1 and
terminate the insertiom unit at one end with the 50~Q probe of a power meter.

— Calibrate the power meter with DC voltage.

— apply an AC voltage to the insertion unit with a frequency variable from

1 kHz to 2000 MHz and a distortion factor < 0.3%.
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Performance checlk

( Adjust the amplitude of the aC voltage so that it gives the same deflection
' on the power meter as a DC voltage of 1.000 V and keep it constant.
Successively set the frequencies given in the following table and read off

the value indicated on the display 5. The deviation must not exceed the limits

specified in the table.

Frequency/MHz Max. permissible deviation from
1V " 100 @y
10-V insertion unit 100~V insertion unit
10 kHz +( 4% +6 digits) -

1 MHz £( 4% +6 digits) +( 47+ 6 digits)
( 10 MMz ©( 4% +6 digits) +( 47 +6 digits)
100 MHz t( 4% +6 digits) £( 4% +6 digits)
200 MHz t( 57 +6 digits) t( 5% +6 digits)
500 MHz +( 8% +6 digits) +( 8% +6 digits)
1000 MHz +(10% + 6 digits) +(10% + 6 digits)
1600 MHz +(18% + 6 digits) +(187 + 6 digits)
2000 Mz £(187 + 6 digits) £(187 + 6 digits)

*)  only with 50-Q versiom. .
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4. Circult Description

4,1 | RF Generator Secticn

(See Fig. 4-25 in the appendix)

The output frequency of the SMFP2 is derived by frequency synthesis from a
10-MHz crystal reference source, The principal frequency-processing unit is
the phase—locked loop of the two local oscillators 260 to 380 MHz and 380 to
520 MHz (PC boards Y3 and Y4);-A reference frequency obtained by frequency
addition in the functional group 'mixer oscillator' (Y7) from the signals of
the two interpolation oscillators (Y7, Y8) is fed to the phase detector of the
functional group "local oscillators'. One of the four fixed frequencies 300,
340, 420 ot 460 MHz is fed to the mixer in the feedback path of the phase-
locked loop of the local oscillators (¥3). The fixed frequencies are obtained
by mixing the signals of the two auxiliary oscillators, 80 MHz (or 40 MHz)
(Y6) and 380 MHz (Y53).

The frequency of the signal in the feedback path of the phase-locked loops
of the local oscillators at the phase detector inmput is given by

1
£=  |(fq - fosc) v

where fy is one of the four fixed frequencies and M is the division factor of
the frequency divider. At synchronization, the frequencies of the two signals

at the phase detector inputs are equal, i.e.
1
fref = Uy - fosc)"ﬁ .

Hence,

fogc = fy TMires s

where f.p¢ is the frequency derived from the interpolation oscillators.
The oscillator frequency fugc s constantly adjusted by the phase~locked loop
so that this relation is fulfilled.

By addition of the two interpolation frequencies in the funetional group

"mixer osciliator” (Y7), the signal fpef with a frequency of 2,0 to 2.2 MHz
is obtained at the output of board Y7/. This signal can be varied by varying
the P divider in 100-Hz/M steps and the N divider in 50-kHz/M or 25-kHz /M steps.

The 50-kHz/M step size applies if M > 19 and the 25-kHz/M step size if M < 19,
The different step sizes are obtained because the 2:1 frequency divider
connected in cascade with the M divider on Y6 1is switched into circuit only
for division factors M € 19. The dependency of the step sizes on the division
factor M is due to a frequency divider with the same division factor M as in
the phase-locked loop of the local oscillators being connected ahead of the
interpolation oscillators on board ¥6. This ensures constant 100-Hz and

50-kHz step sizes of the oscillators independent of the division factor M.
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Variation of the P and the N dividers of the interpolation oscillators permits
the frequency of the local oscillators to be varied in 10C-Hz steps over a

range of 2 MHz.

The frequency division factor M is adjustable between 10 and 30. With each
variation of M by one step, the frequency of the local oscillator is varied

by a constant step size of 2 MHz over a range of 40 MHz

The local oscillators are tunable in the frequency ranges fy (20 to 60) MHz
(fg = one of the four fixed frequencies 300, 340, 420, 460 MHz) by setting

the P, N and M frequency dividers accordingly.

Fig. 4.1 shows the relation between the four fixed frequencies, the division

factor M and the frequency of the local oscillators.

Fixed
frequency
fn
(MHz)

300 | 340 | 300 | 340 | 420 | 460 ’ 420 ‘ 460 \

Division
factor
M

30

20

10

Oscillator
frequency

260

Fig. 4-1

] l H | 1 o=
‘ (MHzZ)
400 300

AR —

300 -

Osc. 1 Csec.

Relation between the four fixed frequencies,
the division factor M and the frequency of
the local oscillators
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From 260 to 520 MHz, the output frequency of the SMFP2 is the frequency of
the local oscillators. The range 130 to 260 MHz is produced on board 2 by
halving the frequency. The output frequencies from 0.4 to 130 MHz are obtained

by mixing with the 380-MHz signal on board Y1.

The functional group "fixed 80-MHz oscillator" (Y¥6) represents a phase-
synchronized frequency modulator. With this type of modulator, the hold-in
frequency of the phase-locked loop is far below the lowest modulation frequency.
Thus synchronization is maintained even when the oscillator signal is modulated.
The reference value for the modulation is produced on the board Y10 "modulation
control'. The modulation of the fixed 80-MHz oscillator is superimposed on the

phase~locked loop of the local oscillators by means of the mixer.

Level control and amplitude modulation are combined in ome control loop on
the boards Y1 and Y2, the modulation signal being superimposed on the reference
value of the level control. The reference value of the level control and the

AM modulation signal are produced on the board Y10 "modulation control'.

The output attenuator can be mechanically set in steps of 2 dB up to a
maximum attenuation of 138 dB., The 0.1-dB steps are electronically set via

the level control. The level control permits a total reduction of the RF level

by 10 dB in steps of 0.1 dB, starting from a maximum level of +13 dBm.

All settings of the RF generator section are controlled by the microprocessor

on board Y11. These settings include e.g. the setting of the M, N and P frequency
dividers, the setting of the modulation and level attenuators on board Y10 for
producing the reference values for modulation and level comntrol, the setting

of the output attenuator and switching of the local oscillators from 260 to

380 MHz and 380 to 520 MHz.

The microprocessor on Y11 is controlled by the computer board Y21.
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4,.1.1 Oscillator Y3

(See circuilt diagfam 302,5619 S)

— G D> os 81 850 T51,752
~ RF output
Osc.1 . T3 — jGLG D > R - D 20 to 60 MHz
JS”——'[:> e TS50 1

[

Tuning voltage RE output | RF input
260 to 520 MH=z 300, 340,
420, 460 MH=z

Fig. 4-2 Block diagram of the oscillator Y3

The oscillator unit Y3 contains two varicap—-tuned RF oscillators. When one
of the two is switched on, the other one is switched off. The frequency range
of oscillator 1 is 260 to 380 MHz and that of oscillator 2 380 to 520 MHz,
The two oscillator outputs are taken to the common output 'RF output 260 to

520 MHz'" via switching diodes.

The signal derived from the oscillator signal by comversion and available at
the output "RF output 20 to 60 MHz" is taken to a phase detector for phase
controel of the oscillators., The phase detector and the associated phase control
circuit are mounted on the phase control board. The functioning of the phase

cantrol is described in section 4.1.2,

Both oscillators, which operate on the negative impedance principle, use a FET
as the active device. A varicap—tumed (GL!, GL2) inductance (L5, L6} is
comnected in parallel with the gate terminal. The oscillation characteristics
are dependent on the drain current. The optimum operating point 1s set by
means of the potentiometers R1, R2. The oscillator signal is fed out via the

colls L7, LS.
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The

level is boosted by 6 dB im the subsequent amplifier stages (T3, T4y,

which are also used for decoupling. The following lowpass filters enhance

the

Ths

suppression of harmonics of the oscillator signal to 40 dB.

oscillacors and amplifier stages are switched on and off via the

transistors TS5, T7, which connect the oscillators to the +20-V supply voltage.

The
the
the
and
the

and
The

The

and

The
”RF

transistors TS, T7, in turm, are switched by means of a TTL signal at
oscillator switchover input 2b. If the input 2b is at "low" level,
oscillator 1 is switched on, T7 and switching diode GL6 are conducting,

T5 and switching diode GLS are cut off. ILf the input 2b is at '"nigh' level,
oscillator 2 is switched om, TS and switching diode GL5 are conducting,

T7 and GL6 are cut off.
tuning voltage for both oscillators is applied via a common line.

signal level at output 4a, b "RF output 260 to 520 MHz" is between -2 dBm

+4 dBm. The suppression of harmonics is approximately 40 dB.

integrated broadband amplifier B1 is high-impedance coupled to the

output 260 to 520 MHz". The amplifier output signal boosted to & dBm is

available at the local oscillator input of the mixer B50. One of the fixed

frequencies (300, 340, 420 or 460 MHz) is present at the RF input of the mixer.

'The

signal level at the "RF input 300, 340, 420, 460 MHz" is about =20 dBm.

It is boosted by 6 dB in the amplifier stage T50.

Utilizing both conversion sidebands, a signal between 20 and 60 MHz is obtained

at the mixer output. A lowpass filter with a cutoff frequency of 70 MHz

removes wnwanted mixer products. The level of the signal at the "RF output

20 to 60 MHz" is about 0 dBm.
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4.f.2 Phase Control Board Y4

(See circuit diagram 302.5890 S)

o — e — ——— ey —
. —"} {_ Osc. 1 _1|
I Z
Nnab) 86 B7 B10 B 11 | ] I“/y |
N % - = M - __Sb | |
g | N f -— ‘%' > ] Osc.2 |
™~
. | l L_~ ;?’ __J |
o™
g | |
3| 82,3,4, 51 B1 : | 850 {
g | " t . 19a,bl - :
% | M f Q I | = I
3 |
: @ |
S NN e | e
20 to 60 MH=z
Fig. 4-3 Block diagram of the phase control loop

The phase control board together with the oscillator board forms a phase-locked
loop holding local oscillators 1 and 2 in phase synchronization with the refe-—

rence frequency derived from the two interpolation oscillators.

The oscillator signal is converted down to between 20 and 60 MHz in the mixer B
in the feedback path of the control loop. Frequency division by the factor M

is accomplished in the M divider which is also in the feedback path. M is adjust-
able to between 10 and 30. At synchronization, both input signals at the phase
detector B7 are of equal frequency. The pulse-shaped output signals of the phase
detector are appiiled to the integrator B10 which produces the control voltage.
The tuning voltage for the two local oscillators is formed from the control

voltage and a fixed DC voltage in the summing amplifier B11.

For the frequency ranges 260 to 320 MHz and 380 to 440 MHz, the frequency
available at the output of the M divider is (fg - £,5.): M and for the frequency

ranges 320 to 380 MHz and 440 to 520 MHz it is (fosc -y M
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Hence when changing the oscillator frequency, in one case the change in
frequency at the divider outpht is in the same direction and in the other case
in the opposite direction. In order to obtain the correct direction for the
lock-in of the control loop in both cases, the inputs of the phase detector B7

are raversed by the gate B6.

When the control inputs 10, 12 of B6 are at low/high levels, the input 9 is
connected through to the output 15 and input 4 to output 2. When the control
inputs 10, 12 are at high/low levels, the input 9 is connected through to the

output 2 and the imput 4 to the output 15,

The M divider consists of the two programmable counters B2 and B3, the gate B5T
for decoding the counter outputs, and the latch flipflop B4, The counters
operate as down-counters, i.e. they count from the preset figure M corresponding
to the bit pattern present at the data inputs Dy to Dy down to zero.

The division factor is present at the data inputs in binary code, the least
significant bits (LSB) being allocated to B2 and the most gsignificant bit (MSB),
which is 24, to B3, Every positive-going edgé of the clock signal decrements

the counter. When the counter B2 has reached the count 0000, the carry output

C OUT goes "low" for ome clock period. The carry is carried over to the following
counter B3 via the input C IN, the counter B3 being decremented by 1 with each
carry. The condition for presetting the counter is decoded from the bit pattern
present at the counter outputs Qg to Q3 of 82 and B3 two clock pulses prior to
reaching the count 0000. The pulse trains thus obtained with the divider preset

for a division factor of 12 are shown in Fig. 4-4.

The control inputs S$1 are "high' during the count phase. When the count 2 is
reached, the D input of flipflop B4 goes '"high". With the next clock pulse,
the "high" signal is transferred to the flipflop and, as a result, the control
inputs S1 and the D input go "ow". The next clock pulse sets the counter and
applies a "low'" signal to the flipflop, so that the control imputs $1 again go

"high" and the count cycle is restarted.
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B4 < Q ] | -

Fig. 4-4 Pulse train of the counter outputs Qg to Q3

Line amplifier B! comnected ahead of the frequency divider amplifies and

converts the 20-to-60-MHz input signal to ECL level.

The digital phase detector B7 is an edge-triggered £lipflop. Triggering 1is
accomplished by the positive—going edges of the signals at the inputs & and 9.
The outputs 3 and 12 supply pulses, the duty cycle of which depends on the
phase or frequency difference of the two input signals. If the frequency of

the two input signals differs, the integrator voltage across C43 is corrected

by means of the output pulses of the phase detector until the frequencies of

the two input sigmals at the phase detector input are equal. When the frequencies
are equal, the integrator is only pulsed sufficiently to ensure a constant inte—

gratar voltage,

The Schmitt trigge;”circuits B121/II prevent the control loop from being blocked

at the operating limits of the integrator B10 during the lock~-in process.

The dymamic range of B10 is 6 V. The switch-on thresholds of the Schmitt
trigger circuits C12I/IT are =12 V and +i12 V respectively. The switch-off
threshold of both Schmitt trigger circuits is 0 V. As soon as the output voltage
of B1Q reaches +12 ¥ or -12 V, the Schmitt trigger B13/II or Bi2/I causes the
dicde GL4 or CL3 to conduct. The current through these diodes discharges the

integrator to 0 V.
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The resistive dividers R109/R111 to Ri13 and R109/R114 to R117 permit four
fixed voltages per oscillator to be set. B19 and B20 each contain four

FET switches. The switching information for the FET switches is obtained from
the decoder B18 by the control signals A, B, C. The oscillator tuning voltage
is produced in B11 by adding the fixed voltage and the control voltage from

the integrator B10.

In order to keep the loop gain of the control circuit comstant, the control
voltage gainris altered. By switching over the resistors R143, 144, 145 =
depending on the setting of the M divider - the gain variation due to the
frequency divider in the feedback path of the control loop is compensated for.
By switching over the resistors R94 to R98 - depending on the control signals
A, B, C -~ the variation of the tuning sensitivity of the oscillators is com-

pensated for,

The T-section resonant circuits comnnected in series with the amplifier Bif
reject the 2-MHz and 4-MHz components of the tuning voltage origimating from
the 2-MHz frequency at the phase-detector input.

4,1.3 100-Hz Interpolation Oscillator Y8

(See circuit diagram 302.6615 $)

25 to 33.7
B6 BS 81 MHz T2,T3 B2,B3 84
Input = Output
- 2 Llo -___r"-}'l BI D > 25 1 —-—E
STaa,bll] ~~ STS t1a,b
1
1
1 -
p

P divider

1000 to 3498
Fig. &4=5 Block diagram of the interpolation oscillator
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The 100-Hz interpolation oscillator unit comprises a phase-~locked loop with
the programmable frequency divider P in its feedback path. The frequency at
the output can be varied between 100 and 135 kHz with a frequency step width
of.1/M‘kHz by variation of the division factor P. M equals the division factor
of the frequency divider in the phase control loop Y4. The digital phase
detector B3 is an edge—triggered flipflop with tri-state output. Triggering is
accomplished by the positive~going edges of the signals at the signal input 14
and at the reference input 3. Output 13 supplies pulses with a voltage level
"low" or "high" and duty cycle dependent on the phase and frequency difference
between the input signals, If the frequencies of the two input signals différ,
the integrator voltage across Cl Ls corrected by means of the output pulses of
the phase detector until both signals at the phase detector have the same fre;
quency. As soon as this i1s the case, C1 is charged only to the extent necessary
to keep the integrator voltage constant. The oscillator is tunable through the

range from 25 MHz to 33.7 MHz by the triple varicap GL3.

The P divider consists of three programmable counter ICs B7, B8, B9 and the
latch f£flipflops B10. B7, B8 and B9, which are comnected in cascade, operate as
an asynchronous down—counter. The division factdr is present in binary code

at the 12 data inputs, the LSB being present at B9 and the MSB at B7. The borrow
outputs of the counters B7 and B8 supply a negative pulse with a pulse duration
corresponding to the input pulse at the count-down inputs as soon as the coun-

ters have reached the count.OOOO.

The borrow outputs of B7, BS and the counter output Qp of B9 are combined via

an. OR circuit, In this way, the condition for presetﬁing the counters is decoded.
As soom as the borrow outputs of B7, B8 and the Qp output of B9 go 'low",

the flipflop B10 is enabled via the preset input. At the count 3, the counter
output Qp of B9 goes 'low', With the next clock pulse, the "low" signal is trans-

ferred to the flipflop B10I.

At the count 1, the Q and Q outputs of B10/II go "low' and "high" respectively.
& "low" signal is supplied to the load inputs of the counters, thus resetting
the counters. The 'high" signal present at the Q output of B10/II, resets B10/1
via the preset input. After the load inputs have again gone '"high", the new

count cycle starts.
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The data inputs to the counter ICs are set by the 1/0 expander B11.

The setting data are read in at the input port P2, transferred to the
output ports P4 to P7 and stored. The control signals E, F, G and H,

the functions of which are listed in the Tables 4-1 and 4-2, are present

at the output port P4.

Table 4-—1
Control signal HIGH LOW
E Lowpass filter 260 MHz | Lowpass filter 190 MHz Y2
F Mixer on Mixer off Y1
G Doubler on Doubler off
H AM slow Y1
Table 4-2
0.4 to 5 to 130 to 190 to 260 to 520 to
5 MHz 130 Miz 190 MHz 260 MH=z 520 MHz 1040 MHz
E L L L H L L
F H B L L L L
G L L L L L H
H H L L L L L
bo1.4 '~ 50-kHz Interpolation Oscillator Y7

(See circuit diagram 302.6415 $)

The output signal of the 100-Hz interpolation oscillator board Y8 is applied

to the input ST7.11a, b. The frequency 500/M (kHz) for M > 19 or 250/M (kHz)

for M £ 19 is applied to the input ST7.4a, b, M being the division factor of

the frequency divider of Y4, The programmable divider N is connected in the
feedback path of the phase-locked loop of the 50-kHz interpolation oscillator.
The division factor N permits the frequency of the 50-kHz interpolation oscilla-

tor to be varied in steps of 500/M (kHz) or 250/M (kHz).

The frequencies of the 100-Hz interpolation oscillater (Y8) and of the
50-kHz interpolation oscillator (Y7) are added in the phase-locked loop of
the mixer oscillator. The sum frequency equals the frequency of the mixer

oscillator.
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Fig. 4-6 " Block diagram of the 50-kHz interpolation oscillator Y7

The digital phase detectors B2 and B8 are edge~triggered flipflops with
tri-state outputs. Triggering is accomplished by means of the positive-going
edges of the signals at the signal input 14 and at the reference input 3.
Qutput 13 supplies pulses with a voltage level (low or high) and duty cycle
dependent on the phase or frequency difference of the input signals.

If the frequencies of the two input signals differ the integrator voltage

at C7 or C11 is corrected by means of the output pulses of the phase detector
until the two signals at the phase detector have the same frequency. As soon

as this is the case, the integrator capacitors are recharged only to the extent
necessary to keep the integrator voltage constant. The integratér voltage

serves as the oscillator tuning voltage.

The Schmitt trigger circuit B10 prevents the control loop from being blocked
at the lower operating limit of the integrator B9 during the lock-in process.
As soon as the tuning voltage drops below the response threshold of the
Schmitt trigger circuit (4 V), the integrator is recharged to the maximum

tuning voltage (25 V) via the diode GL10.
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The divider N consists of three programmable counters B4, B5 and B6 connected
in cascade and the latch fiipflop B3. The counters operate as down-counters.
The division factor is present in binary code at the 12 data inputs, the LSB
being present at B6 and the MSB at B4. At the count 0000, the borrow outputs
of B4 and BS supply a negative pulse which has the same pulse width as the

input pulses at the count-down inputs.

The borrow outputs of B4, B5 and the counter outputs Qa, Q¢ and Qp of B6 are
gated via an OR circuit. In this way, the condition for presetting the counters

1s decoded.

As soon as B4 and B5 have reached their final count and B6 the count of 2,

the D input of the flipflop B3 goes "low'. With the next positive-going clock
edge, the '"low'" signal is transferred to the flipflop. While a "low" signal is
present at the load inputs, the counters are reset. With the next positive-going
clock edge, the "nigh' signal of the Q output fed back to the D input 1s trans-
ferred to the flipflop. The next positive-going clock edge starts the countdown

from the new counter state.

The data inputs of the counters are set by the I/0 expander Bi13. The setting
data are read in at the input port P2, transferred to the outputs ports P4,

P7 and stored.

The control signals A, B, C, D (A, B: range identification, C: oscillator

switching, D: divider switching) are present at the output port Pé4.

Table 4-3
A B C Frequency range (MHz) Oscillator ¥3
L L L 260 to 280 260 to 380 MHz
H L L 280 to 320 260 to 380 MHz
L H L 320 to 360 260 to 380 MH=z
H H L 360 to 380 260 to 380 MHz
L L H 380 to 400 380 to 520 MHz
H L H 400 to 440 380 to 520 MHz
L H H 440 to 480 380 to 520 MHz
K H H 480 te .520 380 teo 520 MH=z
| 0.4 to 130 MHz 130 to 260 MHz | 260 to 1040 MHz
D i L B g L
Divider on Y2
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4,1.5 Converter Y5

(See circuit diagram 302.6015 §)

4 380—MHz signal (STS.19ab) and a conversion frequency 300, 340, 420 or 460 MHz
(BU14) are produced on the converter board Y5. The 380-MHz signal is used on

the circuit board Y1 as mixer signal for comversion of the range 38C.4 to 510 MHz
to the output frequency range 0.4 to 130 MHz. From the conversion frequency,

the IF for the phase control is obtained on the PC board Y4 by mixing it with

the signal of the main oscillator.

The 380-MHz signal is produced by an oscillator, the output signal of which is
divided to 1 MHz by 380:1 frequency division and which is synchronized by means
of a phase comparison circuit with the 1-MHz reference frequency available at
ST5.15a. Using the upper or the lower sideband, the four conversion frequencieﬁ
are obtained by mixing the 380-MHz signal with the reference frequency of 40

or 80 MHz applied to ST5.11a,b.

The 380-MHz oscillator is based on the FET T1. The elements of the tuned circuit
are L3, C3, C4, C7 to C10 and the tuning diode GL1. The pscillator voltage is
output via L3 and boosted by about 10 dB in a two-stage amplifier (T2 to T3).

A resistive branching network (R13 to R16) is connected between the first and
the second amplifier stages, via which the 380-MHz signal is output (ST5.19a,b).
Likewise a branching network (R23 to R31) is conmnected to the output of the
second amplifier stage, via which the signal passes to a 10:1 ECL divider (B1).
The 38-MHz output signal of this divider” is converted to TTL level in a level
converter (T5-T6)., Subsequently, the frequency is again divided, first in a

2:1 divider (B2/III) and then in a programmable divider circuit (B3 to B4) with
fixed division ratio 19:1. The output signal of the divider - after division
from 380 MHz to t MHz ~ is taken to a phase discriminator (B5), at whose refe-
rence input the 1-MHz signal from ST5.15a is present. The pulses delivered by
this phase discriminator are integrated after phase comparison by means of a
differential integrator (Bé) to give a DC voltage which, after removal of the
reference frequency by means of a lowpass filter (R46-R47-C49), is supplied to -.
the varicap GL1 as tuning voltage. Tuning voltage control ensures that the two
1-MBz signals at the phase discriminator are always in phase. The operating

point of the tuning voltage can be adjusted by means of the trimmer C9.
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The conversion frequency is obtained by taking the 380-MHz gsignal from the
second output of the branching network RZZ to R26, boosting it in an integrated
RF amplifier (B10) to about 5 dBm and applying it to the mixer B11 as mixer
signal, where it is mixed with the 40— or 80-Miz reference signal present at
ST5.11a,b. As a result, the frequencies 340 MHz and 420 MMz or 300 MHz and

460 MHz are obtained. Since the conversion frequency must be of high spectral
purity (level of non-harmonic spurious signals > 70 dB down), it is always
necessary to suppress omne of the sideband frequencies developed during mixing.
This is accomplished by means of four two—circuit-bandpass filters tuned to

300 Mz (L26-L27), 340 MHz (L20-121), 420 MHz (L24-L25) and 460 MHz (122 to L23) .
By means of switching diodes (GL10 to GL27) connected to the inputs and outputs
of the filters, one filter is switched on while the remaining three remain cut
off. The switching states are controlled by the signals present at ST5.13b and

15b via the switching stage comprising B12, and T8 to T11.

4.1.6 Reference Board Y6

(See circuit diagram 302.6215 §)

The frequency synthesis reference signals required for the interpolation
ogcillators on the circuit boards Y7 and Y8 and for the fixed 80-MHz and
180~-MHz oscillators on the circuit boards Y5 and Y6 are produced om the

reference board ¥6.

All signals are derived from a 10-Miz oscillator. The 1-MHz signal is obtained
by 10:1 frequency division. The 80-Miz signal is produced by an oscillator

whose frequency is divided from 80 MHz to 10 kHz and synchronized with the
crystal frequency which is also divided to 10 kHz. Changeover to 40 MHz 1is
accomplished by 2:1 frequency division. The reference signals for the circuit
boards Y7 and Y8 are obtained by frequency division of the 1-MHz signal by means

of a divider programmable to between 10:1 and 30:1.

The 10-MHz crystal oscillator comprises transistor T10 with the crystal Q1

" as selective feedback element between collector and emitter. C62 permits the

oscillator frequency to be slightly varied. The output is fed out via a capaci-
tive divider (C60-C61). By inserting BR1 to BR3 as appropriate, a temperature-
compensated crystal oscillator (option) can be connected to pin 1, and at pin
4ab the internal reference can be brought out or an external reference frequency

fed in.
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-The crystal oscillator 1s followed by a buffer amplifier (T6 to T8) and a

10:1 divider (B11). The i1-MHz signal from this divider is brought out at
ST6.19ab and at the same time applied to a 100:1 divider (B10/I and II) via

a buffer stage (T5). The 10-kHz output signal of the 100:1 divider is the
reference frequency for the phase discriminator (B12) of the phase-locked loop

of the 80-MHz oscillator.

The 80-MHz oscillator includes the FET T1 and the tuning elements GL1-GLZ
{varicaps). The tuning voltage of the phase-locked loop is applied to GLI

which synchronizes the oscillator with 80 Miz. Frequency modulation is
accomplished via GL2. The oscillator voltage is fed out via €9 and boosted

to. TTL level via the amplifier T2, T3. The signal then passes through a
frequency divider chain (BSI 2:1, BSIIL 2:1, B6 10:1, B7 2:1, B8 {00:1) in
which it is divided from 80 MHz to 10 kHz and applied to the phase discrimi-
nator B3 for comparison. By integrating the pulses from the discriminator in
integrator Bi3, a tuning voltage (MP1) is produced which maintains the compari-
son signal and the reference signal at the phase discriminator in the phase-

locked condition.

Either 40 MHz or 80 MHz are required as reference at the output ST1/11ab
depending on the frequency of the output signal of the equipment. The reference
signal is derived either from the transist;r T3 (80 MHz) or from the first
frequency divider stage BS51 (40 MHz). Switchover is effected by means of the
gates B3/II and B4/IV and the switching diodes GL5 and GL6. In a lowpass filter
for 40 MHz (L10 to L13-C22 to €24) and a lowpass filter for 80 MHz (L5 to

L8-C18 to C20), the TTL signals are shaped into sinewave signals.

The frequency modulation is produced in the 80-MHz oscillator by means of the
varicap diode GL2. To prevent the modulation from being eliminated by the phase
control, the phase-locked loop has been slowed down by means of an RC section
{R24~C12). The modulation voltage passes from ST6.13b via a switchable resistive
divider to the varicap diode GL2. The frequency deviation df the oscillator is
doubled by this resistive divider if the refereﬁce frequency is 40 MHz, since
this passes through a 2:1 divider which halves the frequency deviatiom.

The deviation semsitivity is set by means of RS9 (for 80 MHz) or R12 (for 40 MHz).

The operating point of the osc¢illator 1is set by R7.
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The deviation switch and the 40/80-MHz switch are controlled by gating of the

switching signals at ST6.66 and .68 with the gates B1 and the amplifiexr B2.

The reference signal for the circuit board ¥8 (ST6.66) is obtained by frequency
division of the 1-MHz signal by means of a 2:1 divider (B14/I) and the

M divider connected in cascade. This divider consists of the ICs B14 to B16.
The input signal is derived from the collector of T5. The division ratio is
adjustable with a binary control signal to between 10 and 30 via the inputs
ST6,.13a, .15ab, .17ab. The output frequency thus obtained lies between 16.66
and 50 kHz.

From the reference signal for the circuit board Y8, the reference signal for

the circuit board Y7 is produced (ST6.8a). It remains unchanged if the M divider
setting > 19. If the M divider setting lies between t0 and 19, 2:1 frequency
division will take place. For this purpose, a 2:1 frequency divider is provided
(B17), which is switched on or off depending om the binary control signal of

the M divider via a logic circuit (B18).

4,1.7 Divider Y2

(See circuit diagram 302.5419 §)

The divider board Y2 1is connected into the RF signal path between the local
oscillator (¥3) and the output stage (Y1). It comprises an RF switch,

a 2:1 frequency divider and the amplitude modulator.

For output frequencies from 260 to 520 MHz, the signal from the local
oscillator passes via the RF switch directly to the amplitude moddlator and
on to the output stage Y1. For output frequencies 130 to 260 MHz, the local
oscillator still operates in the range 260 to 520 MHz, but its output signal
is in this case taken to the modulator via the 2:1 frequency divider and then

on to the output stage Y1.

Either the switching diodes GL1, GL3, GL6 and GL55 (without divider) or the
switching diodes GL10, GL2, GL4 and GL56 (with divider) in the RF switch conducty
the other group is cut off. The RF switch is controlled via B3/I and the
switching stage T70-T71. Together with the RF switch, the divider B! is also
controlled. Its supply voltage is switched on by T72 only when the frequency

is to be divided.

The input signal to the divider is applied via GL1C and RIT. The attenuator

pad R10 to R12 match-terminates the local oscillator since input i of the
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divider exhibits a high impedance. R13 influences the response threshold and
consequently (to a minor degree) the input sensitivity. The divided output
signal (comntact 6 B1) is boosted by aboﬁt.15 dB by means of an integrated

RF amplifier (B2). Since this signal is almost rectangular, optimum suppression
aof harmonics 1s effected by means of the two cascaded iowpass filters.

The upper lowpass filter in the circuit diagram is effective in the range 130
to 190 MHz and the lower one in the range from 190 to 260 MHz. The lowpass
filters are switched in or out by means of the switching diodes GL20-GL21 and

GL40 to GL42, respectively. The switching diodes are driven from B3/III.

The RF signal ﬁasses then to the amplitude modulator, which constitutes the
control element for level control and amplitude modulation. The two integrated
circuits B4 and BS each contain three PIN diodes in w=—connection. .The required
attenuation is set by the control voltage produced in the output stage, which
passes. via ST2.17b to the divider. The inherent attenuation of the modulator iz
about & dB. Before being fed to the output stage Y1 via ST2.19ab, the RF signal
is. boosted by about 15 dB in the broadband amplifier B6.

4.1.8 Qutput Stage Y1

(See circuit diagram 302.5219 S}

On the output stage board, the RF signal from the divider Y2 is boosted to

13 dBm, the maximum level available at the output of the set.

The signal passes via an RF switch directly to the final amplifier in the
frequency range 130 to 520 MHz. The output frequency range 0.4 to 130 MHz
is obtained by mixing the range 380.4 to 510 MHz with a signal of 380 MHz .

The RF detector for level measurement is located at the ocutput of the final
amplifier, The detected voltage is compared with a reference level in the
control amplifier, the voltage thus obtained is the control voltage required

for control of the amplitude modulator.

The. RF switch consists of the switching diodes GL2 to GL6 for the direct path

and GL1, GL8 and GL9 for signal flow via the mixer.

The input signal is applied to the mixer (B1) via a lowpass filter (C2 to C7,

L1 and L2) and an attenuator pad (R1 to R3) connected in Eandem. The balanced
mixer is of printed circuit design. The frequency separation of the input signal
and the output signal which are present at the same contact (3) is accomplished
by means of a filter (C8 to Cl4; L3 and L3). The mixer signal:(380 MHz) is

applied via BU12 and is boosted to about 14 dBm in a tuned amplifier.
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The trimmer C91 can be used to minimize non-harmonic spurious signals in the
conversion range. The output signal of the mixer is taken to a two-stage
amplifier (T1-T2) where it is boosted to about O dBm. The following lowpass
£ilter with a cutoff frequency of 140 MHz is used for suppression of the mixer

signal and of the non-harmonic spurious signals with frequencies above 140 MHz.

The RF switch and the 130-MHz amplifier are controlled from the switching stage
B2/I-T5-T6. The amplifier is only connected to the supply voltage during the

mixing process.

The RF signal passes next to the two-stage final amplifier where it is further
boosted by about 17 dB. On account of the required minimum level of harmonics
(down > 30 dB), the power dissipation in both stages is so high that additional
cooling must be provided., This is mainly effected by the upper PC board cover.
For this reason, the stage must not be operated without the cover over an
extended period of time. R36 and R31 permit the collector currents to be adjusted

so as to ensure minimum level of harmonics.

The detector diode GL12 connected before resistor R71, which acts as signal
generator output impedance, is used for measuring the output level. The result-
ing detected voltage is applied to the non-inverting input of the control
amplifier B5. By comparison with the reference level applied to the inverting
input via R96, a control voltage is obtained.(ST1.13b) which adjusts the -
attenuation of the amplitude modulator so that the detected voltage and the
reference level are equal, i.e..the 1ével before the network R71-R73-C72 acting
as output impedance is kept constant. The signal gemerator thus functions as a

voltage source with 50 Q internal impedance.

Moreover, the detector circuitry provides frequency response compensation for
the effects of RF attenuator and the comnecting cables between the ocutput of
the final amplifier and the output of the set. L22, R60 and R61 are effective
between 0.4 and 20 MHz and R73 with C72 between 20 and 150 MHz. The compen-—
sation in the range 200 to 500 MHz is adjustable by means of Cé4.

The value of filter capacitor C66 permits the detected voltage to follow an
amplitude modulation up to about 25 kHz. For carrier frequencies below 5 MHz
the capacitance of the filter capacitor is increased by connecting C67 in
parallel with the switching diode GL13. In this range, AM is therefore only
possible up to 5 kHz. A switchable RC section for suppression of the carrier
(R70-R72-C69-C70) is connectad between the detector amd the control amplifier.
It prevents the residual carrier which exists after peak detection from being

fed back to the modulator, which would give rise to distortionm of the RF signal.
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The control amplifier feedback through a switchable RC section (R92-R93-

C74=C76) determines the loop gain and ensures stability of the control loop.

The filter capacitor, carrier suppression and the loop gain are together
switched over and controlled via the line "AM low’ (8T1.6b). The control
voltage passes from the output of the control amplifier BS wia T8 and ST1.13b

to the modulator on board Y2.

The. reference level for the control of the output level is fed in at ST1.2b
via the amplifier B6. The diode GL18 compensates for the temperature
characteristics of the detector diode. Potentiometer R101 permits adjustment
of an offset which linearizes the slightly non-linear characteristic curve

af the detector dicde at low RF levels.

4.1.9 Modulation Contrel Y10

(See circult diagram 302.7011 S)

4.1.9.1 Signal Flow

The signals for frequency modulation to drive the varicap diode (ST10.4b)
and the reference level for the level control (ST10.11a) are produced on

the modulation control board Y10.

The modulation signal is either produced in the internal modulation gene-
rator Y23, Y24 or is externally fed in to input 39 MOD. EXT. and passes to
the modulation attenuator where it is attenuated by means of an attenuator
with: binary stepping so as to obtain the desired modulation depth or fre-
quency deviation. The output signal of the modulation attenuator is available
simultaneously at the level attenuator and deviation switch whose input
switches are selected depending on the type of modulation (B80/IV for AM and
B14/II for FM).

If AM is programmed as second medulation, external level control (ALC) or dual
modulation 1s possible through socket 39 MOD. EXT. The two outputs of the

ALC amplifier drive the level attenuator and the deviation switch. In FM or
¥M operation with AM as second modulation, the switch B8O/III is switched omn
connecting the ALC amplifier to the level attenuator. The RF level can be
varied by about 40 dB by means of a DC voltage of between 0 and 2.8 V applied
to socket 3% MOD, EXT., In AM with FM or ¥ M as second modulation, operation
switch B14/III is in the "on'" position and the ALC amplifier comnected to the
deviation switch. In this mode of operation,¥ X or FM is possible as second

modulation in addition to AM through socket MOD, EXT,
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4,1.9.2 Circuit Description of the Individual Subassemblies

The circuit section referred to as modulation generator in the circuit diagram
is a Wien-Robinson-bridge oscillator (C1, C2, Ri to R6). The oscillator
frequency can be switched over from 400 to 1000 Hz by means of the switching
transistors T2-T3, which are driven from T1. In the SMFPZ only 1000 Hz is
avallable. Frequency fine adjustment is effected by means of RI (1000 Hz) and

R2 (400 Hz). Gain control takes place in the feedback path of the oscillator
amplifier B1/I by means of a FET (T4) which acts as a variable resistor whose
resistance depends on the DC control voltage present at the gate. The DC control
voltage is produced in a control amplifier (B1/II) by rectification {(GL3~GL4)

of the oscillator signal. The control voltage is adjusted such that the resctified
oscillator signal is equal to the reference level present at the non-inverting
input of the level amplifier. The diode GLZ compensates for the temperature
characteristics of the rectifier diode GL3. The oscillator level is adjustable
by means of R15., To minimize the distortion of the oscillatof signal, feedback
is applied to FET T4 via C3 and R21. Moreover, the oscillator drive can be set

with R11 so that continuous oscillation is just maintained.

The output of this oscillator is taken via 19a to the socket 56 on the rear
panel. _

19b is used as input of the modulation attenuator. The binary-stepped attenuator
consists of two parallel branches which are brought together in a summing
amplifier (B7/II). In the one branch, the modulation values 0.5, 1, 2, 4 and 8%
and kHz deviation, respectively, can be set and in the other branch, the values
16, 32 and 64. The summing amplifier is followed by a level attenuator

(R8/T to II-B7/II) with switch-selected division ratios of 1:1 and 10:1.

1f the modulation values are > 10, the division ratio 10:1 is selected and

the 10-fold modulation value is set on the binary-stepped attenuator.

This permits setting of modulation values from O to 9.95 in steps of 0.03.

The level attenuator produces the reference level for the RF level control

and the amplitude modulation. The DC voltage corre5ponding to the RF level 1is
‘applied to the non-inverting input of the amplifier B9/I. Level switching

hetween CW and AM is accomplished by means of the switches.BSO/I and B8O/II.

The AC voltage corresponding to the modulation is applied to the negative input

of B9/I via the switch B80/IV. AlC is possible via the switch B8Q/III.

As a result, a DC voltage, on which an AC voltage is superimposed in AM operation,
develops at the output of the amplifier BY9/I. This signal passes through a

network of seven binary-stepped attenuator pads. Electronic switching permits
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settings between 0 4B and 0.1, 0.2, 0.4, 0.8, 1.6, 3.2 or 6.4 dB.

By appropriate combimation, the RF output level can be attenuated by between

0 and 12.7 dB in steps of 0.1 @B. The actual transfer constant of each
attenuator pad is 0.5% /dB less than its nominal value. This partly compensates
the slight bead in the detector diode characteristic curve occuring at low
levels. The RF output level is set by means of R76 (in CW operation) and R71

(in FM operation). For setting the modulation depth, R79 is used.

The deviation switch also contains an electronic switch at the input
(B14/T and.B14/1I) which permits selection of the internal or extermal
modulation source. YM or FM can be selected by conmecting the link BRI

(plug=in type) accordingly. In the SMFP2, the link is always in the FM positionm.

In certain ffequency ranges, the frequency-modulated RF signal passes through

a 2:1 frequency divider and in other ranges (if fitted with the Option Frequency
Range Extension) thorugh a doubler. In this way, the frequency deviation is
either halved or doubled. To ensure, however, that the deviation of the output
signal of the set is not affected by these internal operatiomal states, the

gain is switched over by the deviation switch. The gain of the stage B16/I is
unity when the signal frequency is halved, 0.25 when it is doubled, and is
otherwise 0.5. Furthermore, the RF signal passes through a mixer, the upper or
the lower sideband beifig utilized depending on the frequency range. To make sure
that the instantaneous frequency rises with the rising modulation voltage,

the phase of the modulation voltage 1is shifted by 0° or 180° depending on the
sideband. This takes place in the preamplifier B16/II which operates in the
non-inverting mode (B15/I closed) or in the inverting mode (B15/I1I and B15/IV

closed),

The control signals from the microprocessor are gated by means of a logic
circuit such that the electronic switches are switched on or off depending

on the selected operating modes. In CW operation, the switches at the input

of the modulation attenuator {(B3/I and 33/II) and of the level attenuator
(B8G/III and B8O/IV) and at the output of the deviation switch (B15/II and
B15/III) are open to give the minimum possible crosstalk between any modulation

signal present and the AM and FM output.

The-switches for the attenuator pads in the level and modulation attenuators
are driven from a port expander (B25). The control signals from the micro-
processor are sequentially received at the inputs 8 to 11 of this device and
distributed to its outputs 1 to 5 anB‘TS to 23 where they are stored until

new data arrive from the microprocessor.
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4.1.10 Microprocessor Y11

(See circuit diagram 302.7111 8)

The circuit board Y11 carries the microprocessor which consists of integrated
circuits of the MCS-48 family. Bt is a single chip microprocessor 8049 with

2K ROM program storage, B2 (8353) is a 2K ROM with two 8 bit I/0 ports.

More ICg of the MCS-48 family are on other boards. There is one I/0 expander
8243 on each of the boards Y7, Y8 and Y10. The keyboard/display interface 8279

is on the keyboard/display unit.

The clock frequeﬁcy for the 8049 is generated by an internal oscillator.

The crystal Q1 is used as reference. Addressing of and data tramsfer to/from
the ROM B2, the keyboard/display interface 8279 and the IEC bus is effected
via the 8-bit bus DBO to DB7.

To address the 2K program storage locations in B2, the bits 8 to 11 of the

address are output by means of the port outputs P20 to P24.

For data output at the expander ports 8243 of the boards 8, 7, 10, addresses
and data are output via the four port outputs P20 to P23 of the micropro-
cessor 8049, The data transfer to/from the L/0 expanders 8243 is controlled
by the signals TS 8243 8, 7, 10 (ST!t 19a, 18a, 17a) and by the PROG. output
of the uP 8049. ‘

The signals I, J, K, L, M, N at the port outputs P10 to P15 of the uP 8049

have the following meaning:

Table 44
High Low
I AM - On Off
J FM On Qff
K Medulation Internal External
L Modulation 1000 Hz 400 Hz
M Deviation, mod. depth | < 10 kHz, (%) 2 10 kHz, (%)
N RF off RF on
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The binary-coded setting of the M divider is output at the port PA of B2,

At port PB the BCD-coded setting of the attenuator is output.

By an INTERRUPT command, the pP 8049 is instructed to read in data via the bus.
With remote control via the IEC bus, the INTERRUPT command is issued by the
IEC-bus interface B17 on the microprocessor board. The INTERRUPT commands are

combined at the input INT of the 9049 by the NAND gates B10 and B9/ITI-IV.

4.1.11 Attenuator Y45

(See circuit diagram 332.4010 S)

The attenuator is connected between the output stage and the output of the set,
It permits the signal from the output stage to be attenuated by 140 dB in steps
of 2 dB. Smaller level steps - as small as 0.1 dB - can be electronically

achieved using the level control.

The attenuator comprises nine attenuator pads of t dB, 2 dB, 2 x 4 dB, 10 dB,

2 x 20 dB and 2 x 40 dB (Rt to R9) as well as ten through-line sections.

The attenuator pads and through-line sections are of thin-film design. They are
mounted on a total of 19 ceramic chips which in turn are soldered onto a base
plate. Nine contact groups each with three switching contacts protrude between
them through the base plate permitting switchover between attenuation and

direct connection.

Fach of these nine contact groups is operated by a rocker driven by a magnetic

coil and held in its final position by means of a permanent magnet.

Transmission of the force from the rocker to the contact occurs by means of
springs, which provide a uniform contact force of 20 gf. All contact surfaces

are gold-plated.

The magnetic coils for attenuation switchover are drivem from power gates

(B1 to BS5) which are linked via OR gates (B6) or via the control limes

(drawn dashed) on the motherboard 2 such that BCD control is possible.

The 1-dB attenuator pad is used for switching off the output of the SMFP2
(after pressing the RF OFF key or upon triggering of the overload protection).
For this purpose, the last contact is omitted in the 1-dB attenuator pad.

In this way, the signal path is interrupted when switching on this attenuator

pad.
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The, attenuator control values are shown in table 4-5.

Table 4-5
Attenuation Attenuator pads Control lines om plug ST21
switched on at "high" level
2 R7 2
4 R6 3
8 R1, R6 4, 11
10 R3 5
20 R4 6
40 RS 7
80 R2, RS 8, 15, 16
100 R2, R5, R8 8, 9, 13, 15, 16
b,1,12 1-GHz Frequency Extension SMFP-B2

Use of the 1-GHz Frequency Extension Option SMFP-B2 in conjunction with
the SMFP? «tends the frequency range to 1000 MHz. The SMFP-BZ contains a
doubler which produces the range 520 to 1000 MHz by doubling the frequency

range 260 to 520 MHz.

The overall function is shown in the block diagram (Fig. 4-7). The signal
derived from the output stage Y1 of the basic unit passes from the input of

the SMFP-B2 either via the RF relay directly to the output (range up to 520 MHz )
or via a diode switch to the doubler. On this PC board, there is an attenuator
pad at the input for level adjustment. It is followed by the input filter

which matches the impedance to the input resistance of the frequency doubler

(approximately 25 Q).
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The frequency doubler comsists of the four diodes GL 1IL/IL and GL 2I/II which
operate as a full-wave rectifier. The two diode arms are driven in push-pull
from the coaxial-line transformer TR1. To increase the doubler efficiency,

the diodes are supplied with a quiescent DC current via the resistors R4 to R 7
which can be balanced by means of R6 to minimize non-harmonic spurious

frequencies.

The level attenuation introduced by impedance matching circuitry and the doubler
is compensated for by the following amplifier B1 and the thin-film output
amplifier. The doubled signal passes from the output amplifier via the
detector and the diode switch at the output end to the RF output,

The detector forms part of the level control circuit., The rectified voltage
obtained with the aid of the RF detector diode GL5 is applied to the non—imVverting
input of the control amplifier B2 where it is compared with the reference value
supplied by the PC board Y10 and applied to the inverting input of the control
amplifier via B3. The resulting control voltage adjusts the attenuation of the
amplitude modulator on the PC board Y2 and consequently the RF level present at
the input of the doubler such that the rectified voltage and the reference value
are equal. Hence, this control cirecuit is designed such that a frequency- and
load-independent EMF is obtained through the resistor R1 which acts as output

impedance.
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Fig. 4-7 Block diagram of 1-GHz Frequency Extension SMFP-B2

The RF output level is adjusted to the same value as produced by the

reference value in the basic unit by means of the potentiometer R14.

The line from ST22.4 on the motherboard leads to the microprocessor on
circuit board Y11 where its logic state is interrogated when the input
frequency > 520 MHz. It is "high" if the SMFP-B2 is fitted. The computer
will then accept imput frequencies up to 1040 MHz. If the SMFP-B2 is

not fitted, the line level is "low" and only input frequencies up to

520 MHz are accepted.

The microprocessor switches the RF signal path over via pin BU1.1 as a
function of the frequency entered. This is accomplished by means of the
relay RS1 and the diode switches B4 and B5, which are driven by the

final stage T1~T2 and the switching amplifier B1. At frequencies above

520 MHz, the switching signal at BU1.1 is at "high" level.
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4,.1.13 Overload Protection Y46

The overload protection circuit protects the RF attenuator Y45 and the output
stage Y1 against RF or DC voltages inadvertently applied to the RF output.

To this end, the voltage present at the RF Output‘is measured. ILf @ thresheld
value i3 exceeded, a contact at the output of the RF attenuator switches
connecting the 20-dB high-power attenuator pad of the RF distributor before

the attenuator.

The RF voltage is fed out from the thin-film circuit B3 by means of a capacitive
divider and after detection by a diode is taken from contact 2 via R2 to the
comparator B}/II. An externally applied DC voltage is brought out at comtact 1/B3.
Positive voltages pass via R1 and GL1 directly to the comparator. Negative volt-—
“ages are inverted in B1/I. The response level is set by means of R7. The switch-
ing signal for switching off the RF output passes from the comparator output

via R11, GL3 and contact 4 to the RF attenuator. This signal is at "high"” level

if the overload protection is triggered. The integrated circuit B2 provides

delayed resetting.

4,.1.14 Reference Oscillator SMS=B1

The SMS~B1 is a plug-in unit. It is electrically connected to the reference
board Y6 via four plug-in contacts A, B, C, D. For retrofitting the SMS-Bf

remove the links BR1 and BRZ on the reference board Y6.

The crystal oscillator of the SMS-B1 consists of the crystal Q1, the oscillator
transistor T16 and the resomant circuit TR1, C56, C57 and C58. C57 provides

for temperature compénsation of the transformer TR1 in the resomant circuilt.
C53 permits exact frequency setting. The: transistor T13 acts as an emitter

follower.

To keep the oscillator transistor and the crystal at a constant temperature,
they are housed in an oven. The thermistor R60 is used as a temperature Ssensor
and the transistor T15 as a heating element. The nominal temperature 1s
determined by the factory-adjusted value of R52. The differential amplifier T10,
T11 in conjunction with T12 forms the control amplifier. Current limiting of

the heating transistor is éccomplished via R58, GL10 and T1Z.
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4,2 AF Synthesizer

The output frequencies of the AF Synthesizer are derived from the crystal-
controlled reference frequency of the RF generator. In the digital sectiom
squarewave frequency is‘produced by programmed frequency division of a
100-Miz oscillator. This squarewave frequency is applied to the sinewave’

shaper where the sinusoidal shape and the correct output signal level are

produced,

4.2.1 Digital Section Y24

(See circuit diagram 356.5717 §)

A 100-MHz signal synchromized with the crystal-controlled reference frequency

of the RF synthesizer is produced in B30, B32, B37, B10 using a PLL.

This is followed by a programmable divider which operates at the same time
according to the fractiomal division method and the pulse.swallow method.
B12, a high-speed ECL prescaler with a division ratio of 10:1 and 11:1 is
controlled from the auxiliary divider B60, B&1. The signal of about 10 Miz
available at the output of B12 is applied to a monoflop where it is expanded

and subsequently split up between the following two paths:

1) to the programmable syuchronous divider B20 to B23 at whose output the

AF clock pulse for the sinewave shaper is avallable;

2) . to the auxiliary divider B60, B61.

The auxiliary divider which is a shift register outputs the data applied
in parallel to its input in serial to the prescaler at a rate of 10 MHz once

during each AF clock pulse thus determining the division ratio 10:1 or 11:1.

The process described above is the well-known pulse swallow frequency

division method.
B62, B63 and B64 are used for the fractilonal division method.

B62 to B64 is an up-counter with programmable step size which produces an
overflow signal at the figure 256. The counting rate is the output signal of
the synchronous divider B20 to B23. The step size is supplied from the store
modules B72, B73 to an input of the adder B63, B64, If an overflow occurs
(pin 9, B64) an additional ™" i{g input into the shift register which acts

as an auxiliary divider, causing the 1:10 division cycle at B12 to be replaced
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by a 1:11 cycle at longer intervals. The additional 100-MHz period thus used
up increases the division ratio N by an amount < 1 (fractional division).

Example: N = 200.1 is produced by 9 times dividing by 200 and once by 201.

The data are transferred in the following manner: The eight shift registers
(serial in - parallel out) in B50 to 53 which are used as buffers for storage
of the four 8-bit data words output these data as a 32-bit data word to the
store modules for the synchronous divider, auxiliary divider and fractional
divider B40 to B43 and B70 to B73., Transfer to the latter store modules is
accomplished with a single transfer clock pulse ensuring immediate setting

of the new frequency.
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4,2.2 Sinewave Shaper Y23

(See circuit diagram 356.5517 §)

The AF clock pulse supplied from the digital section to the sinewave shaper

is converted into a sinewave voltage as follows. First, a vacant 64=-bir CMOS
shift register (serial in - parallel out) is loaded with ones via the serial
data input at the AF clock pulse rate. A resistor is comnected to each parallel
output. The other end of these resistors is connected to the summing junction
of a summing amplifier., The resistance values are chosen such that when loading
the shift register a sinusoidal staircase voltage is obtained at the output of
the summing amplifier (half-wave from the trough. to the peak). After loading
the shift register with omes, it is loaded with zeros. As a result, the falling
half-wave of the sinusoidal stalrcase voltage is obtained at the output of the

summing amplifier.

The 64-bit shift register B4 to Bi11 is used for the frequencies 10 Hz to 300 EHz.
The logic level present at the serial data input of the shift register 1s ob-

tained by frequency division (1:28) of the AF clock pulse in B3,

A 32-bit shift register must be used for the frequencies 300 Hz to 4 kHz and
a 16-bit shift register for the frequencies 4 kHz to 25 kHz. The parallel
outputs of the same shift registers are used as for the lower frequency range
but only part of the 64 outputs. Frequency division of the AF clock pulse for
producing the correct data at the serial data input of the shift register

takes place in B3, but other outputs are used.

A 6th order low-pass filter is comnected into the signal path for each frequency

range (B12 for 300 Hz, B13 for & kHz, B11 for 25 kHz).

The CMOS gates B1 and B2 for selection of the data clock and the analog switches
B16 and B17 for selection of a frequency range are controlled from the common

lines al12 and ail3.

The second task of the sinewave shaper is to produce the output level.

B19, B23 act as a programmable 10-bit voltage divider. The voltages 0 to 2.5575 W
can be programmed at MP5 in steps of 2.5 mV. Subsequently, the voltage 1s boosted
by a factor of 2 or 0.4. The relays connect the output signal either directly or

via a fixed voltage divider to the output.

R 43412 - 4,32



The programmable voltage divider, the switch-selected gain and the fixed

voltage divider permit the following output voltages to be obtained:

0 to 100 mV 1in steps of 100 uV
100 mV to 1V in steps of 1 mV and
1 to 5V in steps of 5 mV.

The output impedance is < 2 Q. The minimum output current load required is

50 Q. The output is shorteircuit-proof.

The CMOS store modules B20 to B22 act as the data input expander to transmit

the 10 data bits from the 8~bit data bus in parallel to the programmable
voltage divider and at the same time drive the relay and the switchable

voltage amplifier,
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4.3 Measuring Section

4.3.1 RF Distributor Y47

(See circuit diagram 332.0015 S page 4)

Al £
b, el
8dB
A2 1048
e 12dB
D1
A3 _"
02
L |
Fig. 4-9 Functionmal diagram of RF distributor Y47

Terminal E of RF distributor Y47 is coumected to the RF input/output

socket 48 on the front panel via a switch.

Terminal A1 is connected to the other switchable attenuator pads of the

RF attenuator via a switch, If the RF signal supplied by the RF generator

section passes from A1 to E (receiver measurement mode), the RF distributor

serves merely as a 20-dB attenuator pad (equivalent to the other switchable

attenuator pads of-the RF attenuator),

If an RF signal is applied to E (transmitter measurement mode), 1t 1s attenuated

by 30 dB and taken to A2 from where it is fed to socket 34 on the rear panei.

At the same time it is taken to A3 after it has been attenuated by 20 dB.

From A3 it is taken to the input of the RF amplifier.
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On a third path it is taken - again after attenuation by 20 dB - to a peak-
value rectifier, the output signal of which is applied to the DC amplifier

board for measurement of power and for AM measurement. The fourth possible

path from E to Al is meaningless in the transmitter measurement mode,

The 8-dB attenuator pad is a high-—power attemuatox pad since transmitter

powers up to 30 W are permitted at terminal E.

4.3.2 RF Amplifier Y31

(See circuit diagram 332.1570 S)

The RF signal applied to the RF power input and attenuated by 30 dB in the

RF distributor, or that applied to the SMFP2 frequency meter input, is amplified
by an RF amplifier with automatic gain control. The output signal passes
directly to the mixexr board Y32 and via an additional amplifier to the

counter Y33.

The inputs ST312 (frequency meter input) and ST311 (RF distributor) are switched
by means of the diode switches GL24, B3 and B1, B2. The additional diode GL 23
in conjunction with R98 provides matched termination of the RF distributor when
using the frequency meter input. Switching is accomplished via b7 and the
voltage comparators B6I to B6IV., From the diode switch, the RF signal is taken
via the PIN diode attenuator GL6 to GL10 to the actual RF amplifier T8 to T11,
the output level of which is measured by means of GL12I, compared with a refe-
rence value adjustable by means of R57, and controlled via the integrator B41
and the PIN diode attenuator. Hence, the comparator B4II gives an indication

to the computing controller Y21 via aé if the control range is exceeded 1in the
case of insufficient input voltages (TTL "high"). The time constant of the
integrator B4l is fixed by means of C32 such that an amplitude modulation of
the RF signal is partly levelled out providing gsufficient voltage for the
frequency counter even for dips in the modulation envelope. Lf the output signal
of the RF amplifier is taken to the adjacent-channel power meter via the mixer,
the control circuit incorporating T13 is interrupted and the control voltage
(from the adjacent-channel power meter) is taken from b4 via Ti12 to the PIN
diode attenuator. Switching af the control circuit is effected via b10 and

the voltage comparators BSLII and B3IV.
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The output signal of the RF amplifier is taken via ST313 directly to the
mixer board Y32, on the one hand, and via the 6~dB thin-film amplifier B8

‘and S$T314 to the counter Y33, on the other.

In addition, the output voltage of the RF amplifier is taken via a high-pass
filter and a low-pass filter to the diodes GL20II and GL20I where its level

is determined. The cut=—off frequency and rate of cut—off of the two filters

are dimensioned such that the test voltages of GL20I and GL20II are about

equal (fine adjustment by means of R87) at a frequency of approximately 530 MHz.
The voltage comparator B7 connected in series converts the RF level differences
between the two test points for frequencies < or > 530 MHz to TTL level and
indicates to the computing controller Y21 when the frequency of the RF amplifier
input signal is above or below 530 MHz. The computing comtroller, in turn,

switches in a 4:1 RF prescaler in the counter Lif the frequency is > 530 Miz.
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4.3.3

Mixer Y32

{See circuit diagram 332.1611 S)

The output signal of the RF amplifier (signal to be measured applied to the

RF power or frequency meter inmput) is mixed with the signal of the internal

RF generator to produce the intermediate frequencies for the FM and the

¥M demodulator (200 kHz) and the optional adjacent-channel power meter

(455 kHz *n - channel spacing). In addition, the difference frequency between

the frequency of the input signal (front panel) and a frequency of the intermal

RF generator selected via the keyboard of the SMFP2 is obtained in the mixer for

beat—frequency measurements.

The flow diagram below gives a general picture of the control and the

coordination of the frequency counter Y33, amixer Y32 and RF generator modules.
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The test signal arriving from the RF amplifier Y31 via S$T322 is taken via
amplifier T1 and attenuator R9-R1%1 to the mixer Bl. The local oscillator
signal is taken from the RF generator of the SMFP2via ST321 to the amplifier
T2 and T3 where it is boosted and subsequently applied directly via K1 if

£¢ 520 MHz or, if £ > 520 MHz, via thé doubler TRY, GL32-35 and the cascaded
amplifier B30 to the mixer B!. The two paths for the local oscillator signal
are gwitched under computer control via ab, comparator B40 and the diode
switches GL30/31 and GL36/37. The RF signal is then together with the local
oscillator signal comverted into the required IF (FM and ¥M: 200 kHz;
adjacent-channel power measurement: 455 kHz % n + channel spacing; beat-frequency
measurement: difference frequency between RF signal and RF-generator frequency

entered via the keyboard).

The output signal of the mixer Bf (IF) is taken via an IF filter (local oscilla-
tor signal and RF filtered out, 50 Q matching at all frequencies) to the various

signal paths:

Measurement Signal path  Output Module connected
Adjécent—channel . B8O ad Adjacent-channel
power measurement Power Meter SMFP-E6
Beat~frequency B2 af3 AF amplifier ¥35
measurement

(frequency measurement)

Beat-frequency B2 a8 Regulator Y38
measurement
(Headphones, loudspeaker)

FM measurement B4, B5, T9/10, ©bé AF amplifier Y35
B6, B8 '
¥'M measurement B4, B5, T9/10, b7 ' AF amplifier Y35

B6, B3II, B3I

For F¥ and M measutrements, the mixer output signal 1s converted to TTL level
by means of the comparator B4 and taken to the monostable B5 where square-wave
pulses of constant pulse duration and a duty cycle dependent on the frequency
deviation are produced. The two output signals of the monostable BS (Q and Q)
are brought together via the difference amplifier T9/T10 to enhance demodulator
efficiency and are fed via an 8-kHz low-pass filter (L32/33, C69/61/71) which
filters out the 200-kHz IF to the output amplifier B6 of the FM demodulator.
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Through the electronic §witch B8, the demodulated signal is fed via the
coupling capacitor C74/75 to the FM output bd and via the deemphasis filter
B3IL/I to the ¥M output b7. The logic input function of switch B8 enables
‘the signal path only if the information for an FM or a ¥M measurement

(TTL "high") is present, and at the same time the presence of an IF signal
is indicated (TTL "high") by means of the retriggerable monostable B7Y which
is driven from an auxiliary output of B5 (pin 1). This prevents the coupling
capacitor C74/75 from becoming charged when the demodulator is inoperative
and reduces the settling period time constant of the deviation meter to a

minimum,

To ensure minimum inherent spurious deviation of the deviation weter, all
individual circuits of the demodulator susceptible to voltage fluctuations
are supplied via the additional voltage regulators (BSOII/T15, B50I/T16,
B51/T17).

4.3.4 Counter Y33

(See circuit diagram 322.2118 S)

Three different signals are delivered to the counter board where their

frequencies are counted.

1. RF signals with frequencies between | MHz and 999.99999 Miz:
. These are fed from the front panel via the RF amplifier board where
their level is kept comstant at 150 mV,.o (ECL) to the prescaler

or the RF stages on the counter board Y33.

2. AF signals with frequencies between {0 Hz and 1 MHz:
These are fed from the front panel to the AF amplifier board where
they are converted to TTL level and from there via gates to the

AF counter stages on the counter board Y33.

3. Demodulated signals or beat frequencies in the AF range:
These are also fed from the AF amplifier with TTL level via gates

to the AF counter stages on the counter board Y33.

The frequency counting for all three signal paths is effected in the

following manner:

After all BCD outputs of the 8 cascaded 10:1 counter stages have been reset
via the Reset line (al12), the microprocessor produces a count gate of

exactly 1 s, 0.1 s or 0.4 s.
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At the end of this gate time, the figures present at the BCD outputs are
transferred in "8-bit parallel" and "serial byte" format to the data bus,
After they have been checked by the microprocessor, they can be displayed

without conversion.

A frequency discriminator on the RF amplifier board supplies the signal

RF > or < 520 MHz to the microprocessor. Lf the signal is RF > 520 MHz,

the microprocessor produces a gate time of 0.4 s and resets all which causes

the RE to be fed via the 1:4 prescaler B23, via the RF switch B20 and the
limiting amplifier T1 to the RF counter stage B5. If the signal is RF < 520 MHz,
the RF is taken directly to the limiting amplifier via the RF switch B21 whilst
the 1:3 prescaler is switched off by cutting off the supply voltage.

In this case, the gate time is 0.1 s, In either case, the gate time is produced
with the aid of a clock inhibit signal which is fed to the first counter stage BS5.
The NAND gates in B! are switched such that the signal to be counted between B6
and B7 is connected through. If AF or beat frequency is to be counted, the signal
to be counted is fed from the pins b12 or b13 via the gates in Bl to the counter
stage B7. The RF counter stages BS and Bé are now inoperative. In this case,

the gate time (1 s) is produced by switching the decoder B22 as appropriate

with the aid of the microprocessor.

For counter readout, the microprocessor successively triggers the pins b8 to bit
which causes two of the eight bus driver ICs B1{ to B18 at a time to transfer
the TTL levels present at the inputs 2, 5, 9 and 12 via the data bus to the

microprocessor.,
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4.3.5 AF Amplifier Y35

(See circuit diagram 332.2618 §)

All AF signals in the SMFP2 wipse level or frequency 1s to be measured are taken
to the AF amplifier where they are matched to the dynamic range of the detectors
in the next stage (DC amplifier Y37) and the counter iaput stages (counter Y33)

by means of switchable amplifiers and signal limiters.

Depending on the measurement to be carried out, the input signal is taken via
one of the FET switches T22-T25 and B19 from the input 5b (AF external),

6b (FM measurement), 8b (¥M measurement) or 11b (AM measurement) via output 17b
to the filter board Y36 (through-line section, harmonic filter orx CCITT filter)
and via input 19a back to the AF amplifier where it is amplified by 0, 20, 40
or 60 dB, depending on the level, with B30, B35 and B40. The gain is adjusted
by means of the computing controller Y21 via 9a, 10a, 11a and the FET switches
T30, T35, T40. The level determined in the preceding test cycle by means of the
detectors (on DC amplifier ¥37) and the A/D converter (Y22) serves as criterion
for the adjustment (gain increase or decrease by 20 dB if the level falls below
the range or exceeds the range). From test point 3, the signal is taken via the
20-kHz low-pass filter, buffer amplifier B350 and output {8b to the rms- and
peak-value detector on the DC amplifier Y37. Moreover, the signal is fed via

BSS and 9b to the socket 37 DEMOD. SIGN. on the front panel of the SMFP2Z.

For frequency measurement, the demodulated FM, ¥YM or AM signal is delivered
to the counter Y33 via buffer amplifier B45, switching tranmsistor T61 and the
limiting amplifier T65/T70 through output 13b. For beat-frequency measurement,
the signal path is interrupted by means of T61, and the difference frequency

from the mixer Y32 via input 13a is fed into circuit via T60.

For external frequency measurement, a signal is applied to socket 31 on the
front panel of the SMFP2 andpasses via input 5b and the buffer amplifier B18
to the limiter GL1/2 of the counter control and from there on to the emitter
follower T1, amplifier B5 and the comparator B10 (TTL).‘Via'output b12, the
signal is taken to the counter Y33. The operational amplifiers B15I and B13II

supply the voltage for the counter control.
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4.3.6 DC Amplifier Y37

(See circuit diagram 332.2830 S) _
The DC amplifier board contains several functional units:

The AF signals from the AF amplifier with voltage levels of as a rule between
3.54 Vyqg and 0.354 Vippe are rectified here. Detectors for this purpose are
present in the rms-reading and the peak-reading meter. An inverting amplifier
with a gain of unity is connected to the input of the peak-reading meter

so that positive and negative peak values can be measured.

For the rms-reading meter, the IC AD 536 A is used which supplies a DC output

voltage corresponding to the true rms value of an input signal of any shape.

The integration time constant required for the gémeration of the rms value
is 200 ms so that frequencies down to about 50 Hz can be rectified by the
rms—-value. detector. An output voltage of 10 V DC at test point | (B15)

corresponds to a voltage of about 3.54 V. at the input of the board.

The peak-reading meter consists of the operatiomal amplifiers Bit and B12,
The peak value measured is held about 0.15 s which permits voltages with
frequencies down to 10 Hz to be rectified by a peak-value detector. An output
voltage of 10 V at test point 6 (B12) corresponds 'to a voltage of 5 Vg at

the input of the board.

A further functional block is formed by the impedance converters for the
test parameters applied to the sockets 28 during voltage and current measure-

ment and for the test wvoltage from the RF detector.

The difference amplifiers B1 and B2 with a gain of unity are used when measuring
current. The inputs a5, aé and al7, a18 can be driven with common-mode input

voltage of +30 V.

The difference amplifier B3 is used when measuring voltage. It has.a gain of 1/2.
Voltages up to +30 V referred to ground can be applied to inputs 7a and 8a.

The impedance converter is preceded by relays which ensure that the capacitor
C40 is charged prior to the measurement until it is equal to the voltage bet-
ween a$ and ab6. Even if a high common-mode input at Bl causes an error due to
inadequate common-mode rejection this error is avoided by opening the relay
contacts prior to the measurement-proper and applying the voltage at C40

without common-mode input at the time of the measurement via Bl to the D/A con-

verter for further processing.
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A similar circuit is provided in the current measurement range II (B2).

The measured voltage from the RF rectifier is available between a% and ai0.
The diodes in the RF rectifier are normally blassed via R27 and R28 against

-15 V in the forward direccion.

But if a positive voltage is applied to the diodes in the RF rectifier from
B8O and T&(Q via R27 and R28, they are cut off to prevent them from causing

distortion in the RF branch.

Power can, however, be measured via the differential amplifier B4 only if
the diodes in the RF rectifier are biassed in the forward directiom.
The difference voltage between a9 and alQ may either be a DC voltage or a

DC voltage with a superimposed AC voltage.

The DC component, which is produced at R34 and C6, or omne of the output

voltages from Bt, B2 or B3 is taken to the DC output bII via FET switches.

At the same time, the DC voltage with superimposed AC voltage is taken to a
controlled amplifier B6, B8 at the output of which (MP&) the average value of
the DC voltage is kept constant to 3 V. C10 decouples the DC voltage and the

AC voltage is taken to the AM output b8 for measurement of the modulation

depth.
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A/D Converter Y22

4.3,7

(See circuit diagram 355.2814 S)
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The A/D converter board carries two independent functional sections:
1} The modulation processing section including the preemphasis filter

with various switches and a programmable attenuator.

2) The 10-bit A/D converter with a DC amplifier with switchable gain.

The modulation processing section has three inputs:
b8 from the AF synthesizer

b17 from the 1-kHz or the 400-Hz RC generator Y10
b19 from the front-panel socket 39 MOD. EXT.

and two outputs:

al7 to modulation input with modulation attenuator and

a18 to modulation input without modulation attenuator.

Either of the two input signals from bt7 or b8 can be applied directly or
through the programmable attenuator B3/B4 to the summing amplifier B5 through
either switch B1 or B13. The two signals are added in B5. This device permits
modulation of the SMFP2 with a doubletone and the modulation depth or frequency
deviation of the two tomes can be programmed independently thanks to the

attenuator B3/B4 which is programmable with a resolution of 10 bits.

By switching in the following preemphasis filter, a ¢M modulated sigﬁal can be
obtained from the RF generator, which normally supplies only FM modulated signals.
The switches preceding and following the preemphasis filter, in conjunctioﬁ with

the AM and FM RF generator section, permit single and dual modulation:
The 10-bit A/D converter B24 operates synchronous to the computer as follows:

The A/D converter causes the '"Data valid" line (al10) to go "high" if valid data
are present at the digital outputs 3 (MSB) to 12 (LSB) from earlier A/D cycles.

During A/D conversion, the "Busy" line (a9) goes "high".

The computer initiates A/D conversion with a short positive-going pulse on the
"Tnitiate conversion' line {a8) and reads out the result frxom the tri-state
drivers B25, B26 and B27 in two sections via the data bus after interrogating

the "Busy" and the '"Data valid" lines.

The A/D converter handles positive DC input voltages between 0 and 10.23 V.

One digit corresponds to 10 mV. A DC amplifier with switchable gain (0, 10, 20,
30, 40 dB gain) is connected to the input of the A/D converter to enable it

to operate in its upper dynamic range (1000 to 10023 mV) even with small

DC input voltages.

The gain is switched by switching the resistors R35, R42 and R43 either into

or out of circuit by means of the FET switches T1, T2 and T3.
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4.3.8

Tilter Y36

(See circuit diagrams 332.2799 S and 332.2899 §)
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Fig. 4~16 Block diagram of filter
Table 4-6 Filter control
1:CCITT 1:300 Hz
0:Through-connection| 0:1 kHz
8a 7ab bab Sab
X 0 0 X Through-connection
0 1 0 X 500-Hz notch
1 1 0 0 300-Hz notch
i 1 0 1 1-kHz notch
X 0 1 X CCITT
0 1 1 X CCITT with 500-Hz notch
1 1 1 0 CCITT with 300-Hz notch
1 1 1 i CCITT with 1-kHz notch
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Table 4—~6 gives the various possible signal paths with the plug—in links

in the positions shown in Fig. 4-16.

Under these conditions the signal fed into socket 31 or the demodulated
signal follows the following paths on the Filter PC board:

1) Through-comnnection when, measuring AF or modulation

2) CCITT when measuring AF or modulation
with CCITT weighting

3) Noteh filter ..3/1 kiHz alternately with 1) when measuring
or .5 kHz the distortion (SINAD) of the
demodulated signal or of the AF
4) CCITT + notch filter alternately with 2) when measuring
.3/1 kHz the distortion (SINAD) of the
or S kHz demodulated signal or of the AF with

simultaneous CCITT weighting

The CCITT filter is mounted on its own PCB; it is active and weights the signal

approximately according to the ear response.

The two notch filters for .3/1 kHz and .5 kHz are of similar design.
only in the .3/1-kHz notch filter the frequency-determining components

are switched over to change the notch frequency.

The first stage is an active Wien-Robinson rejection filter. It can handle
a voltage of 1 V.. The notch frequencies are determined by two separate
RC voltage dividers, i.e. notch frequency and bridge balance for 1 kiz and

300 Hz can be adjusted independently of each other.

The second and the third stage are identical RLC series-resonant circuits
of constant Q. For the filter resistance and filter capacitance the usual
passive cemponents are used while the filter inductance is electronically
produced by the gyrator circuit B30, B50, B95 or Bil>. The two notch

frequencies of the .3/i~kHz filter can be adjusted practically independent

of each other.
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Fig., 4-17 Standard attenuation characteristic of notch filter

Fig. 4-17 shows the typical attenuation characteristic of the complete

filter tuned to the notch frequency f..
The table contains the limit values of the minimum and maximum attenuatiomn.

In various models the plug-in links are in a position in which a notch filter
can be cut into the signal path instead of the CCITT filters. In these models
the components are chosen such that thelrejection frequency 1s at 150 Hz.

' Under these conditions the signal fed into socket 31 or the demodulated signal

follows the following paths on the Filter PC board:

1) Through—connection when measuring AF or modulation

2) DNotch at 150 Hz when measuring AF or modulation
with 150-Hz tone suppressed

3) ©Notch filter .3/1 kHz altermately with 1) when measuring
the distortion (SINAD) of the demodulated

signal or of the AF

4) Notch at 150 Bz + alternately with 2) when measuring the
notch filter .3/1 kHz distortion (SINAD) of the demodulated
signal or of the AF with 150-Hz tone
being suppressed at the same time.
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5.3.9 Power Supply

4.3,9.1 DC-DC Converter Y48

(See circuit diagram 332.3414 )

Power supply
The SMEFP2 can.be powered from the AC supply or from a battery.

If the SMFP2 is powered from the AC supply, the AC supply voltage is stepped
down to a sipgle voltage and rectified (24 V). The DC voltage can, however,
also be derived from a battery and can be between 11 and 33 V. It is used

for driving a DC-DC converter which delivers the supply voltage for the SMFP2..

The SMFP2 requires the following voltages .and currents:

5V (5 A); +15 V (2 A); =15V (=1.5 A); +20 V (1 A); +32 V (20 mA).
The voltages +5 V, +15 V, =15 V and +20 V are produced by means of four
"forward" converters, The +20-V voltage is chopped and doubled in a

"Greinacher' circuit to obtain the required +32-V voltage,

"Forward" converters

All four "forward" conmverters function according to the same principle,
" therefore only the 5-V converter is described here.

n3
Lo
[
D1 L SA
o M [ oy . —
- | ~
al § § §n2 & D2 sV
_ . T
2LV . ¢
i ‘
'
Fig. 4~18 Functional diagram of '"forward" converter
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During the "on" time of the tramsistor T, the primary winding ul and the
secondary winding n2 carry current. During the "off'" time of the tramsistor,
the inductance L keeps the load current approximately constant which, however,
does not now flow through n2 and D1 but through the free-wheel diode.

The control IC B1 (eircuit diagram) keeps the output voltage constant at 5V
by varying the duty cycle at a constant switéhing frequency of about 30 kHz.
The IC comtains an RC oscillator whose frequency is determined by the external

components T2 and C1.

The primary and the secondary side of the converter are isoclated from each
other which allows either the +pole or the -pole to be grounded when operating
from a battery. The reference voltage (GL7,8) is present on the secondary side
and because of the isolation, the control signal must be transmitted to the
regulator IC via the optocoupler (B10). The transformer winding 7-8 produces

an auxiliary voltage for the driver transistor which is equal to about one-half

of the primary voltage.
This measure reduces the dissipation of the driver transistor.

TR2, T1 provide short-circuit protection. If a short-circuilt occurs on the
secondary side, a very high current flows in the winding 1-Z, which 1s measured
by TR2. The voltage proportiomal to the current is rectified reducing the duty

cycle via pin 9 (B1).

4.3.9.2 DC Filter Y49

(See circuit diagram 332.3014 S)

The voltages derived from the DC-DC converter are here filtered once more

and are now available as supply voltages for all the circuit boards.

4.3.9.3 Regulator Y38

(See circuit diagram 332.2918 §)

The regulator performs three mutually independent fuﬁttions:

1. It produces voltages which the DC-DC converter does'not provide.

The ~-5.2-V voltage is derived from the -13-V voltage by means of

the integrated voltage regulator B20.

The stabilized 28=V voltage is derived from the 32-V voltage by means

of the stabilization eircuit B30, T30.
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2. The presence of all the necessary voltages for the SMFP2 is indicated
by the LEDs GL20, 32, 50, 52, 54 and GL 56. In addition, a signal is

supplied in the case of overvoltage to switch off the SMFP2.,

If the -15-V voltage is exceeded, a current flows at 1la. If any positive

voltage is too high, a current flows at 13a.

3. The beat signal from the mixer is amplified in B! and taken to the
headphones via 8b. The same signal is also amplified in B10 and can

then be heard over the loudspeaker comnmected to 9b.

4.4 Digital Section

4.4, 1 Computer Board Y21

(See circuit diagram 355.2514 .8)

The computer board Y21 carries the 8085 microprocessor and the clock frequency
processing circuit. Further subassemblies that are directly comnected to the

microprocessor via bus and address lines are provided on the following boards:

Ports on motherboard 1171

Display interface 8279

and LCD comtrol on display board YéQ
Counter output | on counter board Y33
A/D converter output on A/D converter board Y22
AF generator control ot AF generator board 124
AF level control on AF attenuator board Y23

The microprocessor comnsists of the CPU 8085 Bl

six 8K ROMs with 16 ports each 2764 B7, B8, BY,
‘ B10, B11, B12 .
one 0.25K RAM with 22 ports 8155 B14.
one 2K RAM, battery-backed ' B13
four interface IC's (8 ports each) , B26, B27, B28, B29

The clock frequency for the microprocessor is derived from the 10-MHz reference
frequency from the generator section. The D-type flipflop B3 divides the
frequency down to 5 MHz which is taken to the clock input via the driver BZIT.
The driver B2I is used as a buifer amplifier for the 10-MBz signal for the

AF generator. The delay circuit made up of R6, C! and B2 III, IV delays the

start of the microprocessor when switching on the AC supply of the SMFP2.



B4, B5 are two-way bus drivers for the data bus or for the extermal chips.

B6 is used to store the eight low-value address lines for the ROMs and the

external chips. The addresses are transferred via the ALE line.

B15, B16, B17 decode the high-value addresses for the memories and the

external chips.

The addresses for the external chips are gated with the read or write line via
B19, B21, B22, B23, B24 and B25 to obtain read and write addresses,

The external addresses are brought out via the male connector ST21.

Definition of addresses:

5T21: b32 Y39 ‘CS§
c20 Y29 TS
c19 Y39 Adr
c29 Y29  TFigure
c28 Y29 Character
c26 Y29 Keyboard chip A8
al?
al8
al9 Y33 Counter store
a20
cl13
b13 } Y22 A/D converter
b24 Y24 Adr AT f
b25 r requency
c22
Y23 Adr AF level .
c2
a2h ] Pori motherboard
a25
b20 Y22 Port
cl6 Y24 Adr,

The 8085 microprocessor uses the interrupt lines RST 5.5, RST 6.5 and RST 7.5.
RST 5.5 is controlled from the keyboard and RST 7.5 from the RF overload

protection circuit.

The ports of ST28 are used for data transmission to the computer Y11.
Pins 9, 10, tf, 12, 13, 14, 15, 16 are assigned to the data lines,

The lines at pins 6 and 7 are handshake lines.
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The pins of ST21 have the following functioms:

ST21 Pin No,

at2
al3
b2
cll
b22
b11
c 8
e
b 9
b19
b21
a 8
c 9
c 11
c18
cl1?
a2?
azb
VAL

a30
a31}
c24
25
al2g
all
a2l
al0
atl

b17
ct0
b10
b26
b27
b18

Board No.

SMFS2B8
SMFPB6 1
Y22
Y22

Y31
Y39
¥39
Y31
SMFP-B2

Y36
¥39

¥22

¥22
Y22
v37
¥37
Y37

Y37

737

723

Y23
v33, ¥32
733
733
SMFPRB6 1
SMFPB61
Y24
Y22
722

Y31

Y29
Y29
¥32

Function

Identification
Identification
Data wvalid

Buay

Control indication

DMA request

Trigger

Low-pass filter
Doubler option identification
RF overload protection
300 Hz/t kHz

DMA acknowledge

Gain 10 dB

Gain 20 dB

Gain 20 dB

Peak value

Rms value

Phase

Power, voltage
Lhighs T1ow

Range 5/50/500

f > < 500 MHz
Clock inhibit
Reset

A/D converter on
Release latch
Selective call decoder
DC switch

Clock

Input switch
OVERFLOW light
REMOTE light

Deemphasis switch
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¥

§T21 Pin No. Board No. . Function

a 14 SMFS2B8 Changeover switch
b 14 Y37 Measuring diode

c 14 Y10 AF generator switch
a 16 Y36 500 Hz

b 16 Y24 CCIR/ZVEI

Link 5 is used as an aid in‘the manufacture of the SMFP2 and should be

connected to +5 V during operation.
Link 4 is used as an identification for SMFS2R7.
Link 3 is used as identification for SMFP2B3,

4.,4,2 Display Y29

(See circuit diagram 332.5169 S)

The display:board consists of two main electrical sections one containing
the LCDs and LCD control and the other section the 8279 keyboard chip
with keyboard and LED control.

The LCDs B11, B12, Bt3 and B14 arecontrolled via the display stores and decoders
CD4056 and the display stores CD4054. The figures are controlled by B21 to 28,
B32 to 35, B41 to 43, B47 to 50, B53 to 56, B49 to 61 and the units and
characters by B29 to 31, B36 to 40, B44 to 46, BS51 to 52, B57 to 58, B62 to 63.

The LCDs must be operated from an AC voltage which is produced in the multi-
vibrator B15. The frequency is about 60 Hz, The data for the control elements
for the LCDs are supplied directiy from the computer bus. The transfer
addresses for the figures are decoded via the chips B171I, B16II, B16IV and
B18 and for the units and characters via the chips B161I, B17I, B16IIL and
B19.

B80 and B81 are momostables which produce the time delay for the control lines

ALE and WR of the computer.

In addition, the control of the cursor indication is decoded by the data bus
via B67 -and the control of the quasi-analog indication (circle) is decoded

via B68,
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Example of transfer of figures to the displays

Data bus X Adr X Data X
ADR sT26/6 __ / | N\
ALE ST25/3 i/ .\ |
WR  ST25 19 j \ a
Digplay S0...513 / N\

The chip 8279 (B9) acts as an interface between the microprocessor and the
display or keyboard. The display information is written into the display RAM

of the 8279. The contents of the RAM are periodically output to the multiplexed
displays under control of the 8279,

SLO to SL3 are the four binary coded control outputs which periodically switch
over the display digits. B72 decodes the contrel outputs and drives the
transistors T11 to T16 of the diode groups via the driver B73. In synchronism
with the eontrol outputs SLO to SL4, the data for the display digits are output
at the data outputs AQ to A3 and BO to B3 via the drivers B74, B75. .

By decoding the four control outputs SLO to SL3 via B71, a periodic pulse is
obtained for scanning the keys. If a key is pressed, tﬁe scanning pulse is
comnected through to tome of the return lines RLO to 7. THe informatiom as to
which of the eight return lines has been enables is stored in the 8279 where the
information on the status of the SL outputs is also stored. From this combined
information, the position code of the key is obtained. If a key is pressed,

an Interrupt causes the microprocessor to call up the position code stored in
the 8279. |

Each press of a key causes the 8279 to issue only one Interrupt. If the
variation keys are held down, the counter modules B3, 4 produce a periodic
check pulse which periodically interrupts the comnection of the outputs B36
to the return line inputs RLO to RL7 at gate B8 which is, in effect, like

repeatedly pressing the particular key.

The positive check pulse at output 1 of gate B5/I is produced whenever the
counter modules B3, 4 have reached the final count. Before amy one of the

STEP kevs 1is pressed, C1 is charged. B1, B3, B4 are preset via .the SET, PRESET,
RESET inputs as follows: The outputs Q and Q of B?/Iiand B1/II are at '"high"
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and "low", respectively. B3 is preset to the information at the data inputs,
i.e. to 8, B4 is reset to zero. B4 functions as a fixed 10/1 divider. The

check ocutput B5/1 is at low.

When one of the variation keys is pressed, the negative scanning pulse, which
has a repetition period of 5 ms, is conmected through to C1 and the count
input CK UP of B4. C1 is discharged and the potential at the SET, PRESET,
RESET inputs changes. The two cascaded counters are preset to 80. After

80 scanning pulses, corresponding to 400 ms, the counters have reached their
final count. The flipflop B1/1 is switched over by the positive-going edge
of the borrow pulses from B3. This pulse is produced whenever the counters
have reached final count. The second borrow pulse switches the Q, Q outputs
of the flipflop B1/II over to "low" and "high", respectively. After the
third borrow pulse, the counter B3 is no longer preset to 8 but to 2. The
count cycle is then only 20 scanning pulses corresponding to 100 ms. Thus,
with continuous variation, the first four steps take place every 400 ms and

all further steps every 100 ms.

4.5 Adjacent-channel Power Meter Option SMFPB6OT

(See circuit diagram 395.72308)

Adjacent-channel power measurement involves the internmal RF generator, the
RF Amplifier and Mixer board and the Adjacent-channel Power Measurement (NKL)
board. The signal arriving from the transceiver is boosted in the RF ampli-
fier to a constant level and is applied to the mixer. The transceiver signal
is converted to an IF of 455 kHz in the mixer with the aid of the internal

RF generator.

The IF is then applied to the Adjacent-channel Power Meter board where the
ratio of the adjacent-channel power to the useful power is determined by

the following method.
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Start of adjacent-channel power measurement

Calibration:
Measurement of the characteristic of the two IT filters with +he
ald of the internal RF generator. Stored by the microprocessor.

1

Reference measursment:

Conversion of the nominal wanted-channel frequency of the trans-
ceiver to the filter centre frequency witn the aid of the internal
RF generator.

¥

Measured value (true rms value) stored by the microprocessor.

¥

Hold circuit keeps gain of RF amplifier in level control loop
constant.

Y

Adjacent-channel power measurement:

The nominal adjacent-channel frequency is converted to the pass-.
band of the filter with the aid of the internal RF generator, the -
frequency of the wanted channel being shifted to the stop band

of the filter.

utomatic ranging
routine

Measured value stored by the microprocessor.

3

From the measured wanted-channel power and the adjacent-channel
power, the ratio of the wanted-channel power to the adjacent-
channel power 1s calculated by the microprocessor and read out.

i

Modulation~depth
measurement

1

Power measurement,
if required

No 1C0 cycles without

achieving calibration?
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The IF at the output of the mixer has a level of approximately 530 mV and is
applied via ST%®.a to the Adjacent-channel Power Measurement board, The.signal
is connectad through from pin 6 to pin & of the analog switch B12 during the

test cycles.

During calibration, the signal from the internal RF generator is applied to
the signal path via ST341/342 and a 650-kHz low-pass filter. Analog switch
B12 then connects pin 7 to pin 4, The following selective amplifier, whose
maximum gain is at 455 kHz, features a gain of about 20 dB and a filter Q of

about 7.

Whichever of the two mechanical I[F filters is required, is connected between ST
and ST2 into the signal path by means of the relays. The following ceramic filter
cuts off the secondary poles of the steel filters.

For wide channel spacing (20 kHz; 25 kHz), the broadband filter (£8 kHz) B
is used and for narrow chammel spacing (10 kHz; 12.5 kHz) the narrow-band

filter B2 (x4 kHz).

The circuit element between ST2 and MP4 is a three-stage switchable-gain

amplifier. Each stage offers 0 or 10 dB amplification.

Together with the following switchable attenuator, a gain of +30 dB to -40 dB

can be accomplished.
B25 constitutes an emitter follower.

Between ST3 and MP10, an rms detector circuit is commected which supplies to
MP10 the square of the rms-value of the input voltage (ST3). B6 is a multiplier

which is driven with the same signal at both imputs (6, 1).

€32 and B7 act as the integrator of the rms detector circuit. The measured
voltage, amplified by a factor of 2, is appiied via a 150-Hz low-pass filter

(B6) through 12b to the A/D converter.

The circuit element comnected between MP10 and ST4a acts as the integrator
in the level control loop which keeps the IF at the input of the Adjacent-
channel Power Measurement beard at a constant level during the reference

measurement (wanted chanmel).

Transistor T12 conducts during the reference measurement. The voltage tapped
off from R57 furnishes the reference value for the level control loop which

permits setting a constant level as a function of the voltage applied.
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If the transistor T12 is turned off, the level control loop is open and the
voltage at 4a, i.e. the control voltage ror the gain of the RF amplifier,
is held at the value previously reached. During this phase, the adjacent

1 . {
channel 1s measurad,

The circuitr elements in the large -compartment (T15 to T21) and 310 and B1]
control the switches along the signal path. Lines b5 to b7 control the
amplifier/attenuator in bipary code (TTL LLL = -40. dB/TTL HHH = +30 dB).
Decoding and control level conversion is accomplished by transistors Ti7

to T19 and decoder Bit.
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4.6  RF Millivoltmeter Option SMFS238

(See circuit diagram 332.9312 §)

The operating principle of the RF Millivoltmeter Optionm SMFS2B8 1is based

on the comparison of two detector voltages.

Besides the detector circuit for the RF voltage to be measured, the probe
and the imsertion unit also include a similar detector .circuit for the
comparison voltage generated in the SMFF2. The difference between the two
detector voltages is boosted in the SMFP2, Since the detector voltages may

be less than ! uV, .a DC chopper amplifier is provided at the input of the
option, comsisting of the chopper transistors T43 and T47, the amplifier TS0
. -and B60, the synchronous detector B55 as well as the transistor T65 and the
amplifier B70, The generator B40 supplies the switching voltages for the
chopper amplifier and the synchromous detector. After amplification the
voltage is applied via T80 and T81 to the feedback circuit B23. The transistors
T80 and T81! act as a detector which passes positive woltages but rejects

negative voltages. This is necessary for a stable control circuit.

The DC output voltage of the transistors T80 and T81 is transformed into

an amplitude-proportiocnal 5-kHz squarewave AC voltage in B25. The generator
B30 supplies the switching voltage for B25. The transformer TRZ together wich
the capacitof €20 and the resistors R22 to R24 forms a dampéd resonant circuit
whose resonant frequency is.§ kBz and which transforms the 5-kHz squarewave
oscillation into a sinewave voltage. After amplification .in the driver ampli-
fier B10 this sinewave voltage is applied viaz the tramsformer TR to the
comparison detector circuit in the measuring head (probe or insertion unit),
The gain of the driver amplifier B10 can be varied by means of R21 which is

used for setting full-scale deflection on the meter.

Because of the high loop gain of the control circuit, the amplitude of the
comparisdn voltage is adjusted such that the difference between the detector
voltages is zero except for a small offset. Since the diodes in the measurement
and compariéon de;eétor dircuits are selected for identical characteristics,
the rms values of ‘the measurement and the comparison voltages are identical if

the waveforms are identical (sinusoidal).
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The feedback circuit produces proportiomality between the output voltage

and the rms value of a sinusoidal measurement voltage so that the meter
indication is propertional to the rms value of the sinuscidal measurement
voltage. The measurement accuracy depends mainly on the degree of uniformity

amongst the characteristics of the four diodes used in a measuring head.

The measurement voltage derived from the rransistors T80 and T81 is digitally
displayed via the relays RS85 and RS86 and the DC voltmeter provided in the
basic unit or displayed in analog form on the Analog Display Option SMFS-B9

via connector 4.
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Repair Instructious

NGR 100.5084...

5.1 Measuring Instruments Required
Table 5-1
Ref. Measuring Performance R&S instrument See
No. instrument specifications recommended section
required
f RF counter Range 0.4 to 520 MHz SMFP2/SMFS2 5.3
Resolution 10 Hz 332.0015.32
332.8700.54
2 Power meter Range 0.4 to 520 MHaz NRS 5.3
3 to 20 W 100.2433.92 5.3.10
Z =350 Q 5.3.12
error < 0.1 dB 5.3.15
5.3.16
3 Precision Range 0.4 to 520 MHz DPVP 5.3
attanuator 0 to 120 dB, Z = 504 214.8017.52 5.3.17
4 Test recelver Range 25 to 520 MHz CESU 2 5.3
Inherent noise 252,0010... 5.3.17
< =10 dB/uv
Frequency EZX 255.0010...
controller )
5 RF spectrum Range 0.4 to 1100 MHz - 5.3
analyzer Dynamic range > 70dB 5.3.11
) AF generator Range 50 Hz to 20 kiz SPN 5.3.12
Qutput voltage > 1 V 336.3019.02 5.3.13
ZO‘U.t = 600 Q
Distortion < 0.2%
7 Test demodulator | RF range 0.4 to 520MHz | FAM 5.3
AF range 50 Hz to 334,2015.33 5.3.12
20 kHz 5.3.13
AM 9 to 907
M 0 to 250 kHz
deviation
Distortion < 0.27%
8 Distortion meter|Range 50 Hz to- 20 kHz | FAM + FAM-B8 5.3
Measurement range 334.2015.53 5.3.12
10.1 to 107 334.5714,02 5.3.13
9 AF counter Range 0.1 to 1000 kHz 5.3
Resolution 0.1 kHz
10 DC power supply |V > 5V NGM 117.7110.., 5.3.15
: I > 100 mA or
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Ref. Measuring Performance R&S instrument See

No. instrument specifications recommended saction

required ‘

11 Deviation meter Range 0.4 to 520 MHz . FAM + FAM-B6 5.3
Inherent spurious 334.2015,53 5.3.18
deviation < 1.5 Hz 334,5614.02
(CCITT)

12 Psophometer Min, input veltage UPGR 5.3.1
= 0,1 V with CCITT 248.1915 5.3.18
weighting filter
and rms=-responding
rectifier

13 Precision RF cable|Z = 50 Q SWOB~-Z 5.3.19

100.3598.50

14 RF millivoltmeter |Range 1 to 520 MHz URV 5.3.19
Sensitivity = 100 oV | 216.3612...

15 RF sweep signal Frequency range Polyskop 5.3.4

generator with 30 to 500 MHz SWOEB 5
display Sweep width 333.0019
2 to 100 MHz

Dynamic range > 30dB
EMF 1 WV
Z =50 .Q

16_ Oscilloscope 5.3

17 Digital tester Indication of high - 5.3
and low TTL level

. states
18 Service RF adapter 302.8376 5.3
for SMS (2)
19 DC voltmeter Measurement range UDL 4 5.3
' 0.1 to 50V 346.7800.02 5.3.1
Ry > 10 MQ 5.3.9
Error < 0.27 5.3.10
5.3.13
.20 AT voltmeter Measurement range - 5.3.
0.1 to 10V 5.3.12
50 Hz to 20 kHz
Error < 0.57%
21 Signature analyzer 5.3.20
22 Power Splitter/ DVS 5.5.9.13
Combiner 342.1014.50
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5.2 Troubleshooting

The following flow charts are intended to help determine the faulty circuit
board., The figures given in the left-hand section of the boxes vefer to the
performance checks described in section 5.3. In addition, the numbers oI the
circuit boards are given on which the fault is to be traced with the aid of
the relevant circuit diagram, which specifies the levels and switching states.

Prior to trouble shooting, make sure that all supply voltages are o.k.

(see section 5.5.8.4).

NOTE: Replace circuit boawrds ouly with the instrument switched off.

Table 5-32 List of circuit boards
No. Designation Id.No. Colour coding
Y1 OutputAstaga 302.5219 White -~ white
Y2 Divider .5419 Green - green
Y3 Oscillator 5618 Black - black
T4 Phase control .5890 Blue - blue
Y5 Converter .6G15 Yellow = yellow
16 Referance L6215 Yellow - red
Y7 50-kHz interpolation oscillator L6415 Yellow = blue
8 100-Hz interpolation oscillator 6615 Red - red

9 Filter ,6815 -
Y10 Modulation control L7011 Red - blue
Y11 Microprocessor ARE Blue - white

12 Motherboard 1 332.5517 -

13 Motherboard 2 L1040 -

14 Motherboard 3 ,3220 -
Y219 Computer beard 355.2514 (White'— green)
Y22 A/D comverter 355.2814 Yellow - green
¥23 Sinewave Shaper 356.5517 Red - green
Y24 Digital section 356.5717
Y29 Display 332.,5169 -
Y31 RF amplifier 1570 White - black
T32 Mixer L8 Yellow = black |
Y33 Counter L2118 Red - black
Y35 AF amplifier 2618 Red - white
T36 Filrter . L2799 Blue - black




No Designation Id. No. Colour coding
Y37 DC amplifier .2830 Blue —~ green
Y38 Regulator .2918 Green - white
139 SMFP-B4 .9006.02 Ye~low - red
Y40 Distributor .3614 -

Y45 RF attenuator for SMFP2 ‘ 4010 -

Y46 SMS-B3 overload protection 335.0716 -

Y47 SMFP?2 distributor 913.4108 -

Y48 DC-DC converter 332.3414 -

Y49 DC filter .3014 Blue -~ blue
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5.2.1

Incorrect OQutput Frequency

i

vas

T

Frequencies
> 130 MHz o.k.?

gnals on 17

Mixer switchover [Wo
2| v 7 on YT ouka? [ g .
Conversion input [Tes
frequencies o0.k. 7™
1 Yo
' No
Mixer switchover Reference aignals
3| on mo:h;rgoa:cd 1 e 4 40/80 MHz o.k.?,
—_ Yes -~ Yesk '
| No Y No
Tes
Check e Control signals
9| signal F 8 A and C o.k.?
on 18
No
Yes Cutput
5 | frequencies I6
c.k.?
[ ] ! No
Qutput YTes
7 | £frequencies
on I8 o.k.?
1 No
Check P Tes Qutput Tes . M control
T | control si- 6|frequencies 5 gignals
gnals on I8 on I7 o.k.7 : o.k.?
Check ¥
@ control si- 16 @
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5.

2.2 Incorract Cutput Level
" Beference level at Tes
1Q|MP1 on motherboardl
i Dokc?
No
Tes Level o.k. from
130 to 520 MHz?
! No
Tes ' : Control voltage | Tes
~—112 3323:;1&2933.@& 11| at MP3 on mother-
P ) | board 1 o.k.?
7o | No
Yes| | Mixer Tes Cutput power
12| switchover =113 . o
MPT/Y1 0.k.? t2: > 0 dbmt
I No ! No
Tps Mixer switchover _ Yes 1 Qutput power
= % | on motherboard 1 : 4 Y3: > -2 dBm?
0.k,?
1
Check sigmnall Check R¥ '
. T1 917 on I8 i (T3 pa @ 19 attenuator
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5.2.3 RF Frequency Response nob Lo Specification

Tes 1 Control voliage
11| at MP3 on mother
boaprd 1 0.k.?

1 No
13 Harmonics on I2: Tes : ~Tes 13 Output power on
down > %4 d3B7 ' T2: > O dBm?
1 ¥o . | I No
( Tes | Harmonics on T3: T Frequency Qutput
3t es put power on
—=14 regponse at . - ?
down » 36 dB? 13 dBm 0.k.7 14| ¥3: > -2 dEm
| Ho ' ! ¥o No
5.2.4 Harmonics not Within Specification

¢ !

Tes

1% Barmonics on T2:
down > 34 437

B HO

Ezrmonics on I3: les

14) dovn > 36 37

No

H  ® ©®
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()
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Resgidual M on I5
380 MHz < 2 Hz?

5.2.5 Excessive AM Error or Envelope Distortion
Reference level Tes
10l at MP1 on mother-
board 1 o.k.7?
VNo
Modulator Yes
15| characteristics -
0.k, 7
No
T10, ‘!!,’
5.2.6 Excessive ™M Error of FM Distortion
Deviation Tes
16| voltage on Y10
o.kQ? )
]
! Fo
p Deviation Tes
T on T6 o.k.?
1 %o
8
@

Ho

Tes



5.2.7 Incorrect OQutput Frequency of AF Synthesizex

Wrong only in one Wrong

of these ranges in all

10 to 300 Hz

0.3 to 4 kHz ranges

5 to 25 kHz

) :
<:Sinewave shaperi) <EDigital section :)

5.2.8 Qutput Level of AF Symthesizer

l

Wrong

Not present

AF clock pulse present at St 2427

Yes

Y

No —v@igital section )

Wrong output frequency in one
or several {requency ranges

Wrong output level in one

or several level ranges

10 to 300 Hz

0.3 to 4 kHz

Sinewave shaper:>

Signal
path:.

B12

Signal
path:

B13

4 to 25 kHz

Signal
path:

B14

0 to 100 oV

Signal
path:

RS 2,1

100 to 1000 mV

Sinewave shaper:>

Signal

path:

R332 ~RS81,14
(B26)

1 o5V

Signal
path:

R 330 -
RS 1,14
(B26)
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5.2.9 Missing or Incorrect AF Level Measurement

During trouble shooting, nc other measurement but the "NF-AC" measurement

may be carried out. Switch out the CCITT filcrer.

Voltage at 5b on Y35 = -{ Check K62
voltage at socket AF EXT No
Yes
Voltage at 17b on Y35 = ‘F_Check B18, T22, Bi%
0.353 x voltage at No ’1 on Y35
socket AF EXT.
Yes
y
Voltage at 19%a on Y33 = ». Check filter board Y36
voltage at 17b on Y33
No
Yes
k.
Voltage at 18b om Y35 = l Check T30, T35, T40, B30
n x voltage at 1%a on Y35 No l B35, B&40, B50 om Y35
{(n = 0, 10, 100, 1000}
Yes
Voltage at a4 on Y37 = . Check connection from at?
voltage at 19a on Y35 on Y35 to a4 on Y37 on
No the motherboard
Yes
DC wvoltage at MP7 on Y37 Check rms-value detector
proportional to AF voltage | B14, B15 on Y37
at a4 on Y37 No
(5Vp corresponding to 10Vpc)
Yes
Y
DC voltage at b9 om Y37 = Check T9 om Y37
DC voltage at MP7 on Y37 Check T20 on Y22
No
Yes
,

Check 4/D converter BO,
| Interface ICs B7, B8, B9 and interface control ICs B16, B17 on Y22.
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$-2.10 Wissing or Ineorrect FM or 'ONM Measurement,

During trouble shosiing, no ctner neasurerent but the Fi! or I measurement

and the AF frequenty measuremens may e carrigd out.

IHF Srequancy measurement n.T.I-—!io—-l Theck AF amplirier :’Hl

and counter Y33

e

Demod. signal at MP14
on Y32

Cheek MP13 on Y32
for high TTL level

Check pin 3 BY on Y32
for high TTL level

Ho

No

Check 37 on V32

Cheak G127, GLO8,
Demad. Signal at VBIZ I Yes lc:'neck ™ and setting IQEQ oh Y35

on Y32 of P51, RG7 on Y32
No
Supply voltages of deviam- Cazek B30, D51, Tl4,
tion meter et nominal valus Na T15, TIT on Y32
Yes
200 Wz IF (squarewave) - Check T9, TI0 on Y32 I
at MPB and MF9 on V32 Yes .
Na
200 kHz IF at MPT } Cheek 95 on YJEI
ot Y32 Yes
Yo
BF level at ST322 on Y32 Cheek RF amplifier Y31
Bpprax. 35 m¥ No
Yes

AF level at 57321 on Y32 Ouzput lavel of RF

apprax. 25 mv No synthesizer wrong
(troutle shooting
accardlrg to 5.2.2)

3ignal at MP§ on
3T = signal at [T-Yes -
1Th on Y35

Yes
Demod. sig. at 17¢ on Y35 v [RF Level measurement N
(20 ki#z geviation & 5 Vp) &5 "]free from error Yaf
No
Yes B
Demod. FM zt €b on v35 Check 723 on Y35 ——r ;“2’“;’1" snosting
Derod. T¥ at 7t en Y35 =i Check 724 on Y35
fasg
No
Yes
Demod. FM at 6b on Y32 Check conneetions
Demod. P at Tb on Yi2 betwesr, ¥32 and V35

(R 43412 - 5.11

Yas
Frequency of RF signal at ST32% Frequancy of RF synthesizer
on Y32 200 kilz (f < 520 Miz) P wrong (for irouble
or £/2 - 100 XHz (f > 52¢ Mz) shooting see 5.2,1)
below Irequency at STB22 on Y22 .

Yes
Wreng FM or ¥M measurenent Check doubler TR, H3C,
only if £ < 530 MEz ar only Yas diode switeh GI30, 31, 36,
AL £ > 520 M2 37 and aisde switeh control

BiQ on Y32

b

atd mixer Bl on Y32

Check RF amplifier Ti, 2, 3—’

NOTE: If the ¥ ur 'f'M measurement is wrong only if f > 520 Miz or enly
il £ « 520 Mz, the faul: Ls mest likely in the doubler TRi, B
diode switea GI3C, 31, 36, 37 anc tne diode switch control .

Check peak-reading
meter Bl1, 312,
T8 on Y37







——

5.3 Performance Checks

- Generator Section

For certain checks use of a
measure the RF output level

This service adapter can be

It is also possible to make

special service adapter is
and the frequencies of the

obtained from your nearest

some of these measurements

required in order to
subassemblies.

R&S distributor.

up to 100 MHz without

the use of this service adapter by comnecting the frequenmcy counter via a

high impedance or using an

oscilloscope.

During the measurements, all the circuit boards must always be in operation

with the exceptiom of those referred to in sections 5.2.7.1 to 5.2.7.19.

5.3.1

Checking the Comversion Input Frequency

Pull out circuit board ¥3. Connect the frequency counter gither via oscilloscope

probe to BU3/St.19ab of motherboard 1 or plug the service adapter into the

compartment for circuit board Y3 and conmect the frequency counter to the

RF connector 19. Seleect frequencies on the SMFP2 and check conversion imput

frequencies against the fol

Frequency on the SMFP2

lowing table:

| 270 300 330 360 390 420 450 480 MHz

Conversion input frequency l 300 340 300 340 420 460 420 460 Mz

The signal level of the conversion input frequencies is approximately 25 mV.

If the counter sensitivity is inadequate, use an RF preamplifier, such as

M423 Valvo.

5.3.2

Checking the Mixer Switch-over - Circuit Board Vi

Take off cover from circuit board Y1 and plug the circuit board into the adapter.

Check voltage at testpoint MP7:
Frequency on the SMFP2 ‘ 120 130 MHz
Voltage at MP7 ’+14.5 -14.5 v

5.3.3

Checking the Mixer Switch-over - Motherboard 1

Check voltage at BU!, pin I

Frequency on the SMF P2

b

130 MHz

‘ 120

Nominal voltage BU1, 17b

| H L
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5.3.4 Checking the Reference Signals 40/80 MRz ~ Circult Board Y6

Pull our circuit board Y5. Comnect the frequency counter either via the
oscilloscope probe to BUS/St,11ab of motherboard i or plug service adapter
into compartment for circuit board Y5 and connect frequency counter to RF
comnector 11. Select frequencies on the SMF P2 and check reference frequencies

against the following table:

Frequency on the SMFP2 | 270 300 330 360 390 420 450 480 MHz
Reference frequency ’ 80 40 80 40 40 80 40 80 MHz
5.3.5 Checking the M Control Signals and M Divider - Circuit Board Y6

For this check connect frequency counter (Zj, > 100 kQ) which is suitable for
processing TTL signals via oscilloscope probe first to MP7 and then to MP8

on motherboard 1. Select frequencies on the SMFI2 against Table 5-3 and check
output frequencies. Lf the output frequencies are incorrect, check the M control
signals at BU6 of motherboard 1 against Table 5-3 by means of a TTL digital

testear:

Table 5-3

Frequency on the SMFP2 | Output fregquency (kHz) | M comtrol signals BUS

{MHz) 78 Y7 pin

(MP7) (MP3) 13a 15b i5a 17b 17a
280 16.6 16.6 H H H ! L
281 17.2414 17.2414 B H q L H
285 18.5185 18.5185 H H L 2| H
293 21.7391 21,7391 H L " il H
309 33.3333 16.6667 L H " q H
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5.3.6 Checking the N Divider and N Control Signals

For this check connect frequency counter (Zin 5> 100 k@) which is suitable for

processing TTL signals via oscilloscope probe to MP9 on mo therboard 1.

Select frequencies on the SMFP2 and check output frequencies against Table S5=b.
If the output frequencies are incorrect, plug the circuit board Y7 into the
adapter and check the N control signals at the integrated circuit B13 against

Table 5-4 by means of a TTL digital tester:

Table 5~&4

Frequency on the SMFP2 Output frequency N control signals B13
(MHz) (MHz) pin
16 15 14 13 17 18 19 20 21 22 23
P7 P6 P5

445,75 2.145833 L 4 L L L L L L.L L L L
445.775 2.147917 "’ H L L L L L L L LLH
445.8 2.15 L 4 L L L L L L L L &L
445.85 2.154167 L EL1LLLLLTLETLTL
445.95 2.1625 L §H L L L L L L HLL L
446,15 2.011538 L H L L L L L AL LLL
446,55 2.042308 L ¥ L L L L B L L L L L
447.35 2. 103846 L B L L L H L L L L LTL

T 448.95 2.067857 L § L L H L L L L L L L
452,165 2.010313 {1 H L 1L L L L L L L L
458.6 2.031579 L § H L L L L L L L L L
445,725 2.143750 L L § H H # B H &8 H H H
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5.3.7 Checking the P Divider and P Control Signals

For this check connect frequency counter (Zi11 > 100 k&) which is suitable

for processing TTL signals via oscilloscope probe to MP10 on motherboard 1.

Select frequencies on the SMFP2 and check output frequencies against Table 5=3,
If the ouctput frequencies are incorrect, plug the circuit board Y8 into the
adapter and check the P control signals at the integrated circuit B11 against

Table 5-5 by means of a TTIL digital tester:

Table 5=5

Frequency onm the SMFP2 Output frequency{ P control signals Bl
(MHZ) (kHz) pin
' 16 t5 14 13 17 18 19 20 21 22 23 1
P7 P6 P5

340.,0048 102.4 H L L L L L L L L L L L
340 .0049 102.45 BE L LLLTLLTLTLTLTLEH
340,0050 102.5 HE L L L L L L L L L HL
340,0052 102.6 # L L L L L L L L B L L
340.0056 102.8 H L L L L L L L #H L L L
340,0064 103.2 ¥ L L L L L L ® L L L. L
340.0080 104 H L L L L L ¥ L L L L L
340,0112 105.6 ¥ L L L L BHL L L L L L
340,0176 . 108.8 ¥ L L L #H L L L L L L L
340.0304 115.2 # L L E L L L L L L L L
320.0024 102.4 L L L L L UL L L L L L
399.8727 102.3 L L H B E H # # H d& H E




5.3.8 Checking the Control Signals A to D - Circuit Board Y7

Select frequenéies on the SMFP2 according to Table 5-6 and check the control

signals at BU7 on motherboard 1 by means of a TTL digital tester:

Table 5-6
Function | Range identification Oscillator switch-over Divider
Control signal A B C D
Contact 15b 13b 6b &b
Frequency on the SMFP2
(MBz)
240 MHz
270 MHz L L L
- 300 MHz f L L
330 MHz L H L
360 MHz H H L
390 MH=z L L B
420 MHz H L H
450 MHz L H H
480 MHz H H H
Circuit boards Yé4 Y3 T4 roY2
controlled Y5 M Y5 6 110
Y6 Y10

If the control signals are incorrect, successively pull out the controlled
circuit boards to check whether the fault is on one of these circuit beoards

or on circult board Y7.

R 43412 - 5.17



5.3.9 Checking the Control Signals E

to H - Circuit Bocard ¥8

Select frequencies on the SMFP2 according to Table 5-7 and check the contro

signals at BU8 on motherboard 1 by means of a TTL digital tester:

Table 5-=7

Function Filter Mixer Doubler AM slow
Control signal E ) G H
Pin 15b 13b 6b 8b
Frequency on
the SMFP2 (MHz)
1 ' R L H
81 H L L
161 L L L
241 L L L
321 L L L
s21 %) L g L
Circuit boards Y2 T1 Y1 Y10 Y1
controlled Range Extension
Optiom

If the control sigmals are incorrect, successively pull out the controlled

circuit boards and check whether the fault 1s on one of these circuit

boards or on circult board ¥8.

*)

Only if fitted with the Frequency Range Extension Option
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5.3.10 Checking the Reference Level for Amplitude Control

Comnect the oscilloscope to MP! on motherboard 1 and check the voltage levels:

-2,6V

4

U

Unmod. 13 dBm

-1,27V

Y
U

AM 7 dBm, m = 0O

-2,6 V4

U

AM 7 dBm, m = 1007

If the AM is distorted, check the distortion level (nominal value < 0.37)

of the reference level at MP1.

Settings on the SMFP2: UNMOD., level 13 dBm, frequency 130 MHz.

Set levels according to Table 5-8 by means of 0.1-dB key. Check the voltages

at MP1 of motherboard 1. If the voltages are incorrect, plug the circuit

board Y10 into the adapter and check the contrel signals at B25 by means

of a TIL digital tester:

Table 5-8

Level on the SMFP2| Level control value Level attenuator control signél B25

(dBm) VYoltage at MP1 (V) pin

2 3 4 5 1 23 22

P4 F5

13.0 -2.6 L L L L L L L

12.9 -2.57 H L L L L L L

12.8 =2.54 L H L L L L L

12.6 -2.48 —| L L H L L L L

12,2 -2,36 L L L H L L L

1104 -2.14 L L L L H L L

9.8 ~1.77 L L L L L H L

6.6 -1.20 L L L L L L H
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3.3.11 -Checking the Control Voltagg

Connect the oscilloscope to MP3 on motherboard 1.

Settings on the SMFP2: UNMOD., level 3 dBm.
frequency 0.4 to 520 MHz.

The control voltage should be between -2 V and -4.6 V over the entire frequency

range and should be free from hunting.

5,3.12 Checking the 380-MHz Signal

Insert RF adapter into compartment for circuit board 1. Comnect the power

meter to RF connector A, The nominal level is between 0.5 and 2 dBm.

5.3.13 Checking Output Power and Harmonics - Circuit Board Y2

Insert RF adapter into compartment for circuit board 1. Connmect power meter
or RF spectrum analyzer to RF connector 19. Apply DC voltage of -2 V to MP3
on motherboard 1. Check level and harmonics in the frequency range 130 to

520 MHz:

Nominal lewvel: -4 to +2 dBm
Barmonics (nominal value): down > 34 dB.
5.3.14 Checking Output Power and Harmonics - Circuit Board Y3

Insert RF adapter into compartment for circuit board Y2, Connect power meter
of RF spectrum analyzer to RF comnector 4. Check level and harmonics in the

frequency range 260 to 520 MHz.

Nominal level: -2 to +4 dBm
" Harmonics (nominal value): down > 36 dB.
5.3.15 Checking the Modulator Characteristic - Circuit Board Y2

Determine modulator attenuation by measuring the modulater imput level
(5.2.7.14) and the output level (3.2.7.13) at 260 and 520 MHz with a

DC voltage of O V, -2 V and -4 V respectively applied to MP3 on motherboard 1.



Table 5-9 Nominal transmission factor (dB)

DC voltage Y -2V -4 v
Frequency 260 MHz | +6.6 +2.4 -10.3
2 dB
520 MEz | +5.7 +1.5 -11.5
5.3.16 Checking the Deviation Voltage

Comnect the oscilloscope to MP5 on motherboard 1.

Settings on the SMFP2: FM INT. 1 kHz, deviation 125 kHz,

level 3 dBm, frequency 250/260 MHz.

The voltage at MP5 should be 6.2 Vpp at 250 MHz and 3.1 Vpp at 260 MEz.
If the FM ig distorted also measure distortion (nomimal value < 0.37) of

deviation voltage at MP3.
Settings.on the SMFP2: FM INT. 1 kHz, level 3 dBm, frequemncy 230 MHz.

Set deviation according to Table 5~10. Check the modulation voltages at MP5
of the motherboard 1. If the voltages are incorrect, plug the circuit board
Y10 into the adapter and check the control gignals at B25 by means of a TTL

digital tester.

Table 5-10

Deviation on the SMFP2| Modulation voltage VPP Modulation attenuator
(kHz) MP5 (V) control signals at B25

pin
20 19 18 17 13 14 15 16},
Po P7

0.5 . 0.025 H L L L L L L L
1 0.05 L B L L L L LL
2 0.10 L L-H L L L L L
4 .20 L L L H L L L L
8 0.40 L L L L E L L L
16 0.80 L. L L L. L B L L
32 _ 1160 L L L L L L H L
64 3,20 L L L L L L L H
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5.3.17 Checking the Frequency Deviation - Circuit Board Y6

Plug RF adapter into compartment for circuit board YS.

Connect deviation meter to RF connector 1%.

Settings on the SMFP2: FM INT. | kHz, deviation 125 kHz,
. level 3 dBm, frequency 135/145 MHz.

The output frequencies of circuit board Y6 are 40/80 MHz.
The deviation should be 250 kHz at both settings.

5.3.18 Residual FM of 380-MHz Signal

Plug RF adapter into compartment for circuit board Y5.

Connect deviation meter to RF connector A.

Settings on the SMFP2: UNMOD., level 3 dBm, frequency 260 MHz
Nominal residual FM: ¢ 2 Hz with CCITT weighting filter.

In the F¥M INT. 1 kHz, deviation 3 kHz mode, the residual FM must not rise.

5.3.19 RF Attenuator

Performance check as described in section 3.2.2.5.

5.3.19.1 Checking the RF Distributor

Prior to the performance check, mount the RF distributor on an appropriately

rated heat sink.

Feed an RF signal of, say, 1 W carrier power to E (10 MHz < £ < 1000 MHz)
507 modulated with an AF signal of 1 kHz.-With the unused RF inputs/outputs

terminated with 50 &, measure as follows:

at A2: Vinput -30 d3B,
at A3: Vinput -20 dB
at the demodulator: 5 Vpeak 1 kHz AF

(envelopes of Vippyr -20 dB)

The RF distributor is not terminated.
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5.3.20 Signature Analysis

I
Measuring instrument: Signature Analyzer 5004 A from hp.

5.3.20.1 Checking the Microprocessor Board Y11

Setting on the 5004 A:

START edge : , STOP edge f , CLOCK edge l

Make the following preparations on the circuit board Yi1:

- Disconnect thé shorting plug from link I and comnect to link V.
- Turn the shorting plugs II and III through 90° and engage.

" = Comnect the START, STOP, CLOCK and GND lines of the 35004 A to
the four adjacent test pins ST, SP, CK and dL_ .

- Switch on SMFP2 power switch 27 (Fig. 2-3).

A1l signatures that can be measured on the circuilt board Y11 are shown on the
cireuit diagram, e.g. the signature 1FA4 at the output WR of B1{. The signature
at the output port P10 of Bt can be measured 1f the shorting plug is removed
from link V. When checking the signatures, leave all ICs on Y11 and all circuit
boards inserted. If an incorrect signature is discovered, pfocéed step by step
to locate the error. First remove all peripheral ICs and then reimsert them

one after the other:

- Pull out B2, B5, B13 from Y11.
- Pull out Y4, Y6, Y7, Y8, Y10.
- Disconnect cable commections from the attenuator.

-~ Check the signatures at the port, bus and control line outputs of B1,

Successively replace B2, B5, Bi13 and check respective signatures.

After replacing B2, check also the signatures at the port outputs of B2.

One by one imsert the circuit boards and recommect the attenuator each time
checking the signatures. The signatures are idemtical regardless of which

circuit boards are in place.

5.3.20.2 Checking the 50-kHz Interpolation Oscillator Y7,
the 100-Hz Interpolation Oscillator Y8 and
the Modulation Control Y10

Settings on the 5004 A: same a$ in section 5.3.20.1.
Prepare the circuit board Y1t as in section 5.3.20.1.
Connect START, STOP, CLOCK and GND lines on Yi! as in section 5.3.20.1.

The measurable signatures are shown on the circuit diagrams: input and

output ports and €S and PROG. inputs of the input/output expanders 8243.
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S.4 Checking and aAdjusting the

Basic Unit

5.4.1 Microprocessor T11

For a completa check of Y11 perform

or step c).

a) Checking by entering frequency,

The display must conform to the antry

b) ' Checking of contrel signals for

against Table 5-11:

Table 5~11

modulation, level.

steps a) and b) of the test procedures

the M dividers at port A of B2 on Y11

Control signal
Pin B2

MO
24

M1
25

M2
26

Mé
28

Frequency on the SMFP2(MHz)

280
281
285
293
309

== = Y - v < I

mom oo om

f =< o R = = o

W momoom

C@m @ Eom

Checking of control signals for the attenuator at port B

against Table 5-12:

Table 5=%2

B2 on Y11

(UNMOD.) Control signal
Pin B2

L
3]
Lo
o
Lo
Fe

10
33

20
36

40
37

80

100 4B

Level on the SMFP2(dRm)
10 dBm
8 d3m
4 dBm
2 dBm
-8 dBm
-28 dBm
=58 dBm
-88 dBm

[ N e o S e v o]
| o B Y o A o< =
[ B o Y A = =T o

| e N o < A N

[ A A < = B o A A A

| i« = S A N e

[ = = Y A N e e

o N L S S S A T
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Checking of control signals I, J, K, M, L, N at port 1 of Bi on Y11

against Table 5-13:

Table 5~13
Control signal I J K M L N
Pin B1 27 28 29 30 31 32

Settings on the SMFP2
507 AM EXT.

50 kHz FM EXT.

50 kHz FM INT. 400 Hz
5 kHz FM INT. 400 Hz
50 kHz FM INT. 1 kHz
UNMOD. RF OFF

H ot etom
Mmoo\ o m o,
Wom o om o -r-' [
m oo L“ |
o= - B o - -
- - 2 oo

For the following measurement, Y7 must be inserted.
Checking of control signals A, B, C, D at BU7 of motherboard t
against Table 5-14:

Table 5-14
Control signal A B C D
Contact . 15b 13b 6b 8b

Frequency on the SMF P2

(MHz)

300 MHz B L L L
340 MHz L H L L
390 MHz L L H L
135 MHz L L L H

¢) Checking by signature analysis (see sectiom 5.3.20).
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[¥5)

.

.2 Reference Y6

a)

b)

e)

- 80-MHz oscillator

10~-MHz crystal oscillator

- BR1, BR2, BR&4, BRS linked.
- Measure frequency at output REF. FREQ. 10 Mz 38 on the rear panel.
-~ Adjust 10 MHz % 30Hz by means of C62.

With the SMFP? circuit-boards all in place, repeat frequency adjustment

to a gredatar accuracy:

- Connect frequency meter to RF output 48.
- Enter frequency of 520.000 MHz.
- Adjust C62 for 520.0000 MHz % 250 Hz.

Optional (0-MHz reference oscillator (SMS-B1)

- Connect high-impedance DC voltmeter to testpoint MP1.

Set minimum DC voltage by means of TR! and adjust resonant circuit.
Determining the temperature—coefficient turning point of the crystal:

- Connect a frequency meter with a resolution of > 10-8 to the socket

REF. FREQ. 10 MHz 58 (Fig. 2-4).

- Connect an ammeter in the +15-V voltage supply line (the oven draws
appfoximately 280 wA when cold). After 5 to 10 minutes, the current

becomes constant.

- After resistor R52 in steps selected from the E24 standard range
between 100 & and 500 Q. Allow about 5 minutes after each change

of resistor, then read off frequency.
- Solder in resistor which gives the lowest frequency.
In addition to board Y6, boards Y7 and Yt1 must be in place.
- Enter frequency of 340 MHz.
- Measure frequency at input ST5.11a,b (nominal. value 30 MHz) .

- By turning coil core of L2, find minimum tuming voltage at MP1.

Then turn the coil core clockwise until the tuning voltage is =8 V.
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d) Harmenic distortion

In addition to board Y6, boards Y10 and Y11 must be in place.

- Enter frequency of 150 MHz.

- Enter 75 kHz FM INT. t kHz

- Measure harmonic distortion at input ST5.11a,b.

-~ Adjust minimum harmonic distortion by means of R7.
Nominal harmomic distortion < 17

Repeat adjustment under b).

e) TFrequency deviation
In addition to board Y6, boards Y10 and Y11 must be in place.

- Enter frequency of 340 MHz,
Enter 75 kHz FM INT. t kHz.
Measure frequency deviation at input ST5.11a,b.

Adjust 75 kHz deviation by means of R9,

Checking of control signals MO to M4 (setting data for M divider) and A, C
against Table 5-15:

Table 5-=15

Control signal MO M1 M2 M3 M4
ST6 pin 17a 17b 15a 15b 13a
Frequency on the SMFE2 (MHiz)
280 L 4 H H H
281 H L H H H
285 B H L H H
293 51 H H L- H
309 H H H B L
Countrol signal A C
ST6 pin 6b 8b
Frequency on the SMFP2 (MHz)
390 L H
300 H L
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V4
5.4.3 100-Hz Interpolation Oscillator Y¥§

TIn addition to board Y8, the boards Y6 and Y11 must be in place.

Coil adjustment:

- Enter frequency of 280.C000 MHz.
~ By turning the core of L2, find minimum tuning voltage at MP1.

Then turn the core clockwise until the tuning voltage is 4 V *0.17.

- The frequency at input ST7.11a,b is 100 kHz.

Enter frequency of 317.0152 ¥Hz. The voltage at MP1 muét be ¢ +25 V.
The desired tuning range should be in the centre of the total range available.

The frequency at imput ST7.11a,b is 134.8 kHz.

Check the output ports P5, P6, P7 of the expander port IC B1! according

to Table 5-5 in sectionm 5.3.7.

Check the control signals E, F, G, H of port P4 according to Table 5-7

in section 5.3.9.

Check the input port P2 and the output ports P5 to P7 as well as the inputs

C$ and PROG. of B11 by signature analysis (see section 5.3.20).

5.4.4 50~kHz Interpolation Oscillator Y7

a) 50-kHz interpolation oscillator
In addition to Y7, the boards Y6 and Y11 must be in place.

Adjustment of coil L6&:

- Enter frequency of 297,9901 MHz,

- By turning the core of L6, find minimum tuning voltage at MP1,
Then turn the core clockwise until the tuning voltage is 5 0.1V,

- Enter frequency of 318,0001 MHz.
The voltage at MP1 should be < +25 V. The desired tuning range
should be in the centre of the total range available.

b) Mixer oscillator
In additiom to Y7, the boards Y6, Y8, Y1! must be in place.

Adjustment of coil L7:

- Enter frequency of 280.0000 MHz.

- By turning the core of L7, find minimum tuning voltage at MPZ.
Then turn the core clockwise until the tuning voltage is 53 £0.1V.
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- Enter frequency of 318.0001 MHz.

- The voltage at MP2 should be +21 V { V < +25 V, The desired tuning
range should be in the centre of the total range avallable

If the voltage is not within the specified range, correct by readjusting

che core,

Check the output ports P5, P6, P7 of the expander port B{3 against
Table 5-4 in section 5.3.6.

Check the control signals A, B, C, D of the output port P4 against
Table 5-6 in section 5.3.8.

Check the input port P2 and the output ports P5 to P7 as well as the
inputs CS and PROG. of B13 by signature analysis (see section 5.3.20).

5,4.5 Converter Y5

The circuit boards Y6, Y7, ¥8 and Y11 must be'inserted.

5.4.5.1 Oscillator Adjustment

Plug RF adapter into the compartment for circuit board Yt.

Connect RF spectrum analyzer or power meter to the RF connector A.

a) Adjust R1 such that the DC voltage at MPf is about 6.3 V.
Connect spectrum analyzer and readjust R1, if necessary, to obtain

maximum amplitude and spectral purity.

b) Adjust trimmer C9 such that the phase control activates

(output frequency 380 MHz). The tuning voltage at MP6 should be 16 V.

¢) By bending the coupling coil L4 set the output level 2 to 4 dBm.
Finally, check the tuning voltage and readjust by means of trimmer C9,

if necessary.,

The setting—up data given are valid with the U-shaped metal shield soldered

in place over the oscillator and the circuit board screening closed.
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5.4.5.2 Bandpass-filter Adjustment
a) Check bandpass filter switching. - -
Select frequencies on the SMFP2 and check the switching voltages
at MP7 and MP8 against Table 5-16:
Table 5-16
1 Frequency on the SMFP2 (MHz) Voltage (V)
MP7 MP8
330 S +14.,5 -14.5
360 -14.5 -14.5
390 +14.5 +14.,5
420 -14.5 +14.5
b) Plug the RF adapter into the compértment for circuit beoard ¥6.
Connect sweep gemerator (SWOB IV) output to RF comnector 1%,
Remove the mixer B11 from the cireuit board Y5 and connect together
the socket contacts 1 and 2 with a wire link (0.4 mm dia.). .
Insert the second RF adapter into the compartment for the circuit board Y4.
Connect the input of the sweep generator display to RF commector 19.
¢) Tune the bandpass filters (with circuit board screening closed) to their

resonant frequency according to Table 5~17:

Table 5=17

Sweep range Frequency setting Resonant Tuning
on the SMFP2 frequency elements

260 to 340 330 300 L26/L27

300 to 380 360 340 L20/L21

380 to 460 390 420 L24 /125

420 to 500 420 460 L22/L23
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d)

Adjustment of bandwidth and coupling:

To adjust the bandwidth, bend the coupling links between the two coils

of the filter. For coupling adjustment, bend the two coupling pins at

the ends of the filter coils so as to obtain the attenuation between

input and output given in Table 3-18 (RF adapters positioned in the
compartments for the circuit boards Y6 and ¥3). The attenuation can be
directly read off the display screen of the Polyskop SWOB IV if a level
reference line is superimposed prior to the adjustment. Since bandwidth
and coupling adjustment are mutually interdependent, repeat the adjustment

several times. Sweep width is &4 MHz,

Table 5~18
Freﬁuency setting on the SMFPZ Resonant frequency Bandwidth | Attenuation
MHz Mz MHz dB
330 o 300 1.5 9+0.5
360 340 1.6 9+0.5
390 420 _ 1.9 9.5%0.5
420 ' , 460 2.1 10

The above values are valid if the circuit board screening is closed.

5.4.5.3 Checking the Output Signals

Circuit boards ¥5 to Y8 and Y11 must be fitted and the screening closed.

a)

b

Plug the RF adapter into the compartment for the circuit board Y1.
Connect the deviation meter (frequency 380 MHz) to RF connector A.

The residual FM of the 380-MHz signal should be
< 1.9 Hz (according to CCITT, rms weighting)
< 8 Hz (50 to 15 kHz, quasi-peak weighting).

Plug the RF adapter into the compartment for cirecuit board Y3, Comnect the
power meter to RF connector 9. Select frequencies on the Mobile Tester
and check the level against the table below.

Frequency on the SMFP2 Level
330
360 ~18 to -22 dBm
390
420
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5.4.6 Oscillator Y3

a)

b)

c)

o

e)

Setting of operating point and coil adjustment:
In addition to circuit board Y3, the circuit boards Y7 and Y17 must be

in place.

- Disconnect link BRI in the tuning voltage line and apply +18.5 V
to the oscillator end.

- Enter 300 MHz {oscillator switchover C = low).

- Adjust DC voltage between MP2 and MP3 to 8.5 to 8.6 V by means of

potentiometer R2,

- Measure frequency at the RF input ST2.4a,b or at RF output 48
(Fig. 2-3) if the SMFS is fully equipped.

- Adjust 380 #1 MHz by correcting the spacing of the windings of L6.

- Enter 400 MHz (oscillator switchover C = high).

- Adjust DC voltage between MP1 and MP2 to 8.3 to 8.6 V by means of
potentiometer Rf. )

- Adjust 520 £ 1 MHz by correcting the spaciﬁg of the windings of LS.

- Reestablish link conmectiom (BRI) in the tuning voltage line.

For the following checks, the circuit boards Y4, Y5, Y6, Y7, Y8, Y11

must be in place in additiom to Y3.

Level adjustment: .

Measure level at the RF input 35T2.4a,b.

Vary frequency by means of keys 22

The RF level should be between -2 dBm and +4 dBm over the frequency range
260 to 520 MHz.

The RF level can be adjusted by correcting the spacing of the colls L6,
L8 and L5, L7. This is accomplished by bending L8 and L7, respectively.

Enter 260 MHz and 380 MHz and check tuning voltage.
The tuning voltage should be > +2.4 V.

Check the stability and spectral purity of the RF signal at the RF input

ST2.4a,b in the frequency range 260 to 520 MHz by means of a spectrum
analyzer. Check harmonic distortion (down > 36 dB). Adjust R1/R2,

if necessary.
Measure level at the RF input 20 to 60 MHz (ST4.1%a,b). Vary frequency by

means of keys 22 over the frequency range 260 to 520 MHz.
The signal level should be > -14 dBm.
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5.

4

7 Phase Control Y4

In addition to Y4, the circuit boards Y3, ¥5, Y6, Y7, Y8, Y11 must be in place.

a)

b)

c)

Adjustment of fixed tuning voltages:

Enter the following eight frequencies and adjust voltage at MP5 to

0 +0.2 V by means of the respective potentiometers (Table 5-19).

For example, entex 270 MHz, vary potentiometer R118 until the voltage

at MP5 is Q V, etc.

Table 3-19
Frequency on the SMFP2 Potentiometer
270 MHz R 118
300 MHz R 119
340 MHz R 120
370 MHz R 121
390 MHz R 122
420 MH=z R 123
460 MHz R 124
500 MH=z R 125 -

Adjustment of residual FM from reference signal.

Enter frequency of 260 MHz. Comnect a spectrum analyzer to the RF input
ST2.4a,b or, if all circuit boards are in place, to the RF output 48.
Adjust for rejection of the modulation lines 2 MHz and 4 MHz to 2 75 dB
below the signal by means of potentiometer R83. If no meodulation lines

are discernible, set R83 to mid-positiom.

Gain switching:
Discommect the link BR1. Feed in sigmnal (10 kHz, 1 Vpp) at test pin of

1ink connected to R92.

Enter frequencies and check voltages at MP6 against Table 5-20.
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Table 35-20

Frequencies on the SMFP2 v (Vpp)
279 MHz 0.14
319 0.14
321 0.20
361 0.27
399 0.13
439 0.13
441 0.16
481 0.22
500 0.42
520 0.62

d) Lock-in aid:

- Pull out circuit board Y3.

- Enter ffequencies 270 MHz and 340 MHz.

-

v{(V)
12

10
8

6
4
2

Measure signal at MPS,

270 MHz

—= 2 ms

— 2 M5 e

340 MHz
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Table 5-21

Control signal A B C
ST4 pin 6a 8a 8b

Frequency on the SMFP2

270 MHz L L L

300 MHz H L L

340 MHz L H L

390 MH=z L L H

Table 5-22
Control signal MO M1 M2 M3 M4
ST4 pin 172 17b  15a 15b 13a
Frequency on the SMFP2

280 MH=z L H H H H
281 MHz H L H H B
'285 MHz H H L H B
- 293 MH=z H H H L H
309 MHz ! H H H L

5.4.8 Checking the Modulatiom Control Y10

The circuit board Y11 must be in place.

a) Settings on the SMFP2:FM EXT. deviation 100 kHz, £requency 230 MHz.
Connect an AF voltmeter to MP15/Y10.
 Apply a voltage of approximately 0.57 V/1 kHz to the modulation socket 39

on the fromt panel so that the AF voltmeter reads 1.00 V.

b) Adjust deviation and check voltage on the AF voltmeter against the

following table:

Deviation! 9 16 16.5 17 18 20 24 32 64
(kHz)
Voltage ‘
(V) 0,09 0,16 0.165 0.17 0.18 0.20 0.24 0.33 0.64 il 14
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¢) Settings on the SMFE2: FM EXT. deviation 100 kHz, frequency 260/320 MHz.
The AC voltage at MP14 should be 0.50 V.

d) Settings on the SMFP2: UNMOD. level 13 dBm, frequency 130 MHz.
Adjust voltage at MP14 to 2.50 V by means of R76.

e) Reduce the level by means of 0,1~-dB key and check voltage at MP14
against the following table:

Level (dBm) | 2.9 12.8 12.6 12.2 t1.4 9.8 6.6 |

Voltage (V) ‘I 2,47  2.44 2.38 2.27  2.06 1.70 1.15 | *Z

5.4,9 Adjusting the RF Level — Y10 and Y2

The circuit boards Y2 to Y8, Y10 and Y11 must be in place.

a) Setting the operating points of the transistors T3 and T4
on the circuit board Y1:
Plug the circuit board Y1 into the adapter.
Adjust the voltage at MP9 to 0.7 V by means.of R36 and the voltage
at MP10 to 1.3 V by means of R51. (Switch on SMFP2 only for a short time,
since, when the cover is open, there is no heat dissipation for T3 and T4 )
Afte; adjustment, replace screéning cover, screw Lt on and reinsert

circuit board into the cassette without the adapter.

b) Settings on the SMFP2; UNMOD. level 13 dBm, frequency 130 MHz.
Set the level to 13,00 dBm by means of R76/Y10.

¢) Settings on the SMFP2:FM EXT. level 13 dBm, frequency 130 lEHz.
Set the level to 13,00 dBm by means of R71/Y10.

d) Adjust frequency to 520 MHz.
Set the level to 13.05 dBm by means of C64/Y1.

e) Checking the control voltage:
Settings on the SMFP2: UNMOD. level 3 dBm.
Connect the oscilloscope to MP3 on motherboard 1. The control voltage
should be between -2 V and -4.6 V in the frequency range 0.4 to 520 MHz.
If the control voltage falls below -2 V, check the output power on the
circuit board Y3 (sectionm 5.3.14) and the modulation characteristic on

the circuit board Y2 {section 5.3.15).

R 43412 - 5.36



5.4.,10 Adjusting for Minimum Level of Harmonics and Non-harmonic

Spurious Signals

All circuit boards must be in place.
a) Comnmect the RF spectrum analyzer to the RF output 48 of the SMFPZ',

b) Settings on the SMFP2: UNMOD., level 3 dBm.
Adjust for minimum level of narmonics in the frequency range 250 to
270 MHz by means of R51/Y1. Check harmonics over the entire frequency

range from 0.4 to 520 MHz. The typical value is down > 36 dB.
¢) Adjust for minimum level of non~harmonic spurious signals
380 MHz - 2 fgyppyand
380 MHz - 3 fguppy In the frequency range 100 to 129 MHz by means of C91/Yt.
Check non-harmonic spurious signals over the entire frequency range from

0.4 to 520 MHz.

. Typical values: 0.4 to 105 MHz > 70 dB

110 to 129 MiH=z > 65 dB
130 to 520 MHz > 75 dB.

To adjust C91, unscrew the left-hand side strip and push down until a

hole through which C91 is accessible igs visible in the cassette.

5.4,11 Adjusting the Amplitude Modulation

All eircuit boards must be in place.

a) Settings on the SMFP2: AM EXT., m = 85%, level 7 dBm, frequency 130 MHz.
Apply external modulationm voltage of 1.00 V/1 kHz to the modulatiom
socket'§2 (Fig. 2-3). Conmect test demodulator to RF output 48 of the
SMF P2 (fr test set-up see section 3.2.2.10),

b) Set m = 85% by means of R79/Y10.

c) Set level on SMFP2 to 5.1 dBm and reduce to =4.9 dBm by means of 0.1-dB key.
Set m = 857 by means of R101/Y1. ‘

d) Repeat steps a) to c).

¢) Settings on the SMFP2: UNMOD., level 13 dBm, frequency 130 MHz.
Connect power meter to the RF output 48 of the SMFP2 and check the level.

Correct by means of R76/Y10, if necessary.
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£) Settings om the SMFP2; AM EXT., m = 0, level 5.1 dBm, frequency 130 MHz.

" Reduce level to ~4.9 dBm by means of the 0.1-dB key. Check the level.
Permissible deviation #0.3 dB. If the level unintentionally drops below
-4.9 dBm, readjust level to 5.1 dBm and reduce again to -4.9 dBm.
In the case of greater deviations, adjust R102/Y1 and repeat steps 4),
b) and e).

g) Check aM error and emvelope distortion in accordance with sectiomns 3.2.2.11
and 3.2.2.12, respectively.

5.4.12 Adjusting the Frequency Modulation

a) Settings on the SMFP2: FM EXT., deviation 75 kHz, level 3 dBm,
frequency 390 MHz. Test setup as in section 3.2.2.10. Set modulation
voltage (1 kHz) so as to obtain 75 kHz deviation.

B) Adjust R7/Y6 for minimum distortiom.
Correct tuning voltage of circuit board Y6 in accordance with section
5.4.2 b).

¢) Settings on the SMFP2: FM EXT., deviation 100 kHz, level 3 dBum,
frequency 500 MHz.
Apply external modulation voltage of 1.00 V/1 kHz.
Adjust R9/Y6 for 100 kHz deviatiom.

d) Set the frequency of the SMFP2 to 460 MHz,
Adjust R9/Y6 for 100 kHz deviation.

e) Check the FM error and FM distortion in accordance with sectioms 3.2.2.9
and 3.2.2.10.

5.4.13 Adjusting the Doubler of the 1-GHz Frequency Extension Option SMFP-B2

a) Settings on the SMFP2: level 7 dBm, UNMOD., frequency 730 MHz.

Set RF level to 7 dBm by means of potentiometer R14 on the circuit board
335.0368 (switch). Measure level at RF .output of the signal generator
using a power meter. The frequency respomse of the output level between
520 and 1040 MHz should be flat within £1 dB. The control voltage at
testpoint MP3 of the motherboard 1 shouid be between -2 V and -4.8 V

and must be free from hunting.
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b)

c)

Sertings on the SMFP2: level 13 dBm, UNMOD. and
level 7 dBm, AM INT. 1 kHz, m = 0Z%.

For the frequencies 520.000t to 1040 MHz, adjust the level of non~harmoni.c
spurious signals down to > 20 dB by means of potentiometer R13 on the -

circuit board 335.0316 (doubler).

Settings on the SMFP2: AM EXT. 60%, level 7 dBm. .
Feed modulation signal of 1.0 Voms E© modulation socket., Adjust potentio-
meter R23 on the circuit board 335.0368 (switch) such that the modulation
depth for the modulation frequency range 50 Hz to 20 kHz fluctuates less

than 5Z%.

S5.4.14 Checking the Frequency Setting

Perform check as described in sectiom 3.2.2.2.

5.4.16 Checking the RF Response

The frequency response is preset under section 5.4.2, After level and

modulation adjustments, check the frequency response (section 3.2.2.3)

and correct, if necessary, by means of C64/Y1.

5.4.17 Checking the RF Attenuator Error

Perform check as described in section 3.2.2.5.

5.4.18 Checking the Spurious Deviation

Perform check as described in sectiom 3.2.2.14.

5.4.19  Checking the VSWR

Perform check as described in section 3.2.2.16.
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5.4.20 Checking and Adjusting the AF Synthesizer

5.4.20.1 Digital Section

Checking the referesnce frequency and the output frequency:

The voltages and logic levels at the test peints and connectors are

as follows:

AT connector 241 10 Mz TTL
Pin 1, 16 at B12 100 MHz ECL
MP5 approx. 10 MHz TTL
Connector 241 TTL frequencies:

10 Hz to 300 Hz
300 Hz to 4 kHz
4 kHz to 25 kHz,

f x 128 with £
f x 64 with f
f x 32 with f

where f are the frequencies that can be programmed on the front panel.

Checking the programmable divider -

Set the frequencies on the front panel according to Table 5-23 and check
the oufput frequencies at ST242 by means of a counter. The formula for
the generation of the AF clock at ST242 is given by

100 000 000 here
ci

P =

P ' = setting of the programmable divider

C1 = frequency of the AF clock at ST242. In the range f = 10 to 300 Hz
it is higher than the frequency set on the front panel by a factor of 128;
in the range 0.3 to 4 kHz it is higher by a factor of 64 and in the range
f > 4 kHz by a factor of 32.

From P the settings of Table 5-23 are obtained according to the following rule:

T = tems: With the tens at MP26 to 38, Z-1 is a binary number.
U = units: With the units at MP18 to 25 and MP39, U is fully decoded.
D = decimals: With the decimals at MP10 to 17, 0.4 x 256 is a binary number.
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5.4.20.2 ¢ Adjusting the Sinewave Shaper

Offset adjustment:

~ Enter 150 mV.

- Insert BR1 into _L..

- (Coennect DC voltmeter to MOD. GEN. output.
- Adjust R321 ungl 0 V DC #1.mV is obtained.

- Change connection of BR1 againm.

- Adjust R301 until O V DC %1 mV is obtained.

Gain adjustment:

- Enter 1000 mV, 150 Hz.

~ (Connect AC voltmeter to MOD. GEN. output.
- Adjust R231 until 1000 mV AC is obtained.
- Enter 1 kHz.

- Adjust R251 until 1000 mV AC is obtained.
- Enter 10 kHz. |
- Adjust R271 until 1000 mV AC is obtained.

5.4,20.,2.1 Checking the Sinewave Shaper

Checking frequency range switching:

Programmed frequencies Logic levels at
all al3
150 Hz L L.
1 kHz
10 kHz
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5.4.20.2.,2 Checking the Programmable D/A Converter

Checking the output attenuators and level control signals.

Set levels given in Table 5~24 on the AF Synthesizer Option and measure the
AC voltage at the MOD. GEN. front panel socket 34 using a digital voltmeter.
If the levels are incorrect, plug the sinewave shaper into the adapter board
and check the control signals at the pins of B19 and B18 specified in

Table 5-24.

Table 5-24
Programmed B19 B18
voltage
o1l
AF Synthesizer Lsp MSB
' 13 12 11 10 9 8 7 6 5 4 2 3
4995 vV ¥ -4 ® ‘L L ® B H®H H®H H| H L
2560  mwV . L. L L L L L L L H| B L
512,  wv . ¢ . . L L L L L H| L H
51.2 mv $ L . L L L L L L ®| #® H
25.6 v . v . [ . L L L H® L| ®H H
12.8 mV L. . L L L L L ®H L L H H
A\ £ . L L L L H® L L L| H H
3.2 av ¢t . L L L ® L L L L] ®B H#
1.6 mv L . L L ® L L L L L| H H
0.8 uV ¢t ¢ L ® L L L L L L| ¥ H
0.4 mV L . ® L L L L L L L[| B H
0.2 mV r ®¥ 'L L L L L L L L} H H
0.1 mV E . . L L. L L L L L | ® H
R\ t+ . . L L L L L L L} L L
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5.5 Measuring Section

5.5.1 RF Amplifierx
5.5.1.1 Checking the Gain
Feed RF signal (level 10 mV, £ = 1 to 1000 MHz) to FREQ. METER socket 47 om

the front panel and press FREQ, METER key 46. Connect oscilloscope or DC
voltmeter to a6 and check level over entire RF range. It must be TTL LOW at
all frequencies. When the RF inpu voltage is cut off, the level at a6 must
change instantly to TTL HIGH. Subsequently feed RF signal (power 50 oW,

f =1 to 1000 ¥MHz) to the RF input/output socket 48 om the front panel,

press TR. key 49 and repeat the measurement.

5.5.1.2 Gain Adjustment

Feed RF signal (10 mV, 100 MHz) to FREQ. METER socket 47 on the front panel
and press FREQ. METER key 46. Connect 50-Q load to ST314 or, in its place,
counter Y33. Measure RF output level of the RF amplifier at ST313 using

RF insertion unit and 50-Q termination and adjust to 25 uV by means of R37.

5.5.1.3 Checkiﬁg and Adjusting Frequency Identification

Feed RF signal (10 mV and f = 520 MHz) to FREQ. METER front panel socket 47
and press FREQ. METER key 46. Connect DC voltmeter or oscilloscope to a4

and increase the frequency of the input signal until the level at a4 changes
abruptly from TTL HIGH to TTL LOW. The switching point must be between

530 MHz and 340 MHz. Correct with R87, if necessary.

NOTE: In the case of an overall readjustment or first-time adjustment,
the time required can be cut down by preadjusting the DC voltages
between MP5 and MP6 to 0 V by means of R87 without applying an
RF voltage and then after the RF voltage has been applied adjusting

the switching point by carefully turning R87.
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5.5.1.4 Checking the Output to the Counter

Feed RF signal (level 10 mV to 1 V, £ = 1 MHz to 1000 MHz) to FREQ. METER
socket 47 on the front panel and press FREQ. METER 46. Connect 50-R load to
ST313 or in its place use the mixer board and measure output voltage at
ST314 by means of RF insertion unit and 50-Q termination. It must be about

150 mV over the entire frequency range.

5.5.1.5 Checking the RF Amplifier Without Basic Unit

When measuring the RF amplifiér separately, ST312 corresponds to the FREQ.
METER input socket 47 and ST311 to the RF input/output socket 48 on the
front panel. It should be borne in mind that the signal applied to the

RF input/output socket 48 when the RF amplifier is fitted is down 30 dB

at ST311. The RF levels directly applied to ST311 must, therefore, be 30 dB

less than when checking the RF amplifier with the basic unit.

In addition, when measuring the RF amplifier separately, the respective
input (ST312 or ST311) must be selected with TTL level at b7 and the internal

RF amplifier gain control be switched on with TTL LOW.

5.5.2 Mixer

5.5.2.1 Checking the. IF Qutput for Input Frequencies < 520 MHz

Feed RF signal (level 35 mV, £ = 10 to 520 MHz) to ST322 and LO signal
(f = fgp =200 kHz, level 25 mV) to ST321. Apply TTL LOW to a6 and measure
level of the 200-kHz IF at a9 using AF voltmeter. It should be about 100 mV.

5.5.2.2 Checking the IF Output for Input Frequencies > 520 MHz

Feed RF signal (level 35 mV, £ = 520 to 1000 MHz) to ST322 and LO signmal
(level 25 mV, £ = 1/2 fgp ~100 kHz) to ST321. Apply TTL HIGH to a6 and
measure levél of the 200-kHz IF at a9 by means of AF voltmeter. It should be
about 100 mV,
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3.5.2.3 Checking the IF Output with the Circuit Board Fitted

Prior to performing this check, the RF amplifier Y31 and counter Y33 must be

adjusted and functioning properly.

Feed RF signal (power 100 mW to 30 W; £ = 10 to 520 MHz, with 1~GHz Frequency
Extension SMFP-B2 Option fitted: 10 to 1000 MHz) to the RF input/output socket
48 on the front panel and press the TR. 49 and M 50 keys. Comnect AF milli-
voltmeter to a9 and measure the level of the intermediate frequency (200 kHz

+100 Hz). It should be about 100 wv.

5.5.2.4 Checking and Adjusting the FM Demodulator -

The test and adjustment procedures apply to the fitted mixer board. If the
circuit board is to be checked separately, set the IF to 200 kHz and apply
a TTL H signal to all.

Feed RF signal (power 100 oW to 30 W; £ = approx. 18 MHz; deviation 20 kHz;
modulation frequency 1 kHz) to the RF input/output socket 48 on the front
panel and press front panel keys 43 TR. and 50 FM. Measure voltage at MP14
by means of AC/DC voltmeter. The DC voltage should be O V and the AC voltage
5 Vp‘corresponding to 3.535 Vypg *1.57%. If necessary, the AC voltage can be
adjusted by means of R51 and the DC voltage by means of R67.

NQOTE: Always make AC voltage adjustment first as it affects the

DC voltage adjustment. In the case of major veoltage offsets

start by making the two adjustments alternatively,

5.5.2.5 Checking the Demodulator Cut-out

Test conditions as in the preceding sectionm.

Measure O V DC voltage and 3.535 Vypg AC voltage with AC/DC voltmeter at
switch B8 pin 4 (switch closed). After cutting off the RF input signal from
socket 48 or after pressing the AM key 50 switch B8 must open and no more

DC or AC voltage should be measurable.
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5.5.2.6 Checking the Deemphasis Filter

The checking procedures apply to the fitted mixer board. 1f the circuit board

ig to be checked separately, set the IF to 200 kHz and apply a TTL H signal

to all. The RF signal must be modulated as required.

Feed RF signal (power 100 mW to 30 W, £ = about 18 MHz; deviation 5 kiiz,
modulation frequency 1 kHz) to the RF input/output socket 48 on the front
panel and press the front panel keys 49 TR. and 50 #M, Measure AC voltage
at b7 by means of AF voltmeter. It should be equal toe the voltage at the

FM output b6, The permissible offset is 22%. Vary the modulation frequency
of the R¥ input signal over the range from 300 Hz to 3 kHz and determine the
frequency response at the ¥$M output b7. The maximum permissible deviation
from the specified frequency response (6 dB/octave) is 127 relative to the

output voltage at the FM output bé at { kHz modulation frequency.

5.5.3 Counter
5.5.3.1 Checking the Count Mode
Control line _ Selected Frequency at pin 3 (B1)
ato ag counter function | TTL level
L L RF count f = RF/100 while the
counter is enabled
L H AF count £ = AF
Beat count f = beatr frequency
H B Off TTL L

If the lines a9 and al0 are actuated externally and the rest of the
instrument functions properly, correct switching of the count modes

can be checked at pin 3 (B1).

5.5.3.2 Checking the Reset

At pin 3 (B5) an ECL H pulse of at least 100 ns must be present prior

to each count period.

Corresponding TTL H pulses must be present at pims 2 and 14 of B7 and

at pins 7 and 15 of B8 and B9.

An inverted TTL pulse must be present at pin 13 (B6).
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5.5.3.3 Checking the Clock Inhibit

To check proper functioning of the clock inhibit by means of an oscilloscope,
a TTL signal of about 10 MHz must be fed to al3. The ECL signal measured at

pin 16 (B5) must have a rise time of better than 10 ns.
£ 2 520 Mz

Voltages at

all 14 (B23) 1 (B20) 1 (821)
TTL L 5,2 Vv about =13 Vv | about +13 Vv
TTL ® 0V about +13 V | about -13 ¥

Adjust the voltage of the 1:4 prescaler B23 at pin 14 to 5.2 V by means
of R22.

Prior to this adjustment ensure that all is at TTL L level.

5.5.4 AF Amplifier

5.5.4.1 Checking of Input Switching

To perform this check, a properly functioning and at least coarsely adjusted

basic unit is required.

Feed amplitude-, phase~ or frequency-modulated RF signal within the parti-
cular measurement range to the RF input/output socket 48 on the front panel
and an AF signal, which is also within the particular measurement range to
the AF meter input 31. By pressing one of the keys 11, AM, ¥ or FM and by
pressing key 15, AF level measurement is selected. Connect oscilloscope or
AC voltmeter to check whether the particular signal is connected through to

the DEMOD. SIGNAL output 37 on the fromt panel.

The various signals are present at the following AF amplifier inputs:

AF level measurement Sb
FM measurement 6b
$M measurement 7b
AM measurement . 8b
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Table 5-25

Control signal for input switching:

Input AF Qutput B20 Qutputs B22
amplifier
Sa ba 4 5 6 7 1 7 9 15
AF level measurement L L H L L L |[=-15V +#15V =15V =15V
FM measurement H L L #H L L +15V =15V ~-{5V =15V
YM measurement L H L L H L =45V =15y =15y *+15V
AM measurement H H L L L H =-15v =15V +15Vy =15V

5.5.4.2

Checking the Amplifier Chain

To perform this check, a properly functioning and at least coarsely

adjusted basic unit is required.

Successively feed 5.00-V, 500-mV, 50.0~mV and 5.00~mV NF signal to the NF-

AC METER socket 31 on the front panel. Press AF level measurement key 15

on the fromt panel and measure AF level at the output 18b of the AF amplifier

by means of AF digital voltmeter. With Vi, = 5.00 V and Vi, = 3500 mV and
£ = 50 Hz to 20 kHz it should be 5 V, corresponding to 3.535 Vypg *2% and
with Vi, = 50.0 mV and Vi, = 5.00 mV and £ = 50 Hz to 10 kiHz it should be

5 Vp corresponding to 3.535 Vpps £37%.

Table 5-26

“Control signals for gain setting

Gain Control lime (TTL)
9a 10a 11a

0 dB L L L

20 dB H L L

40 4B H H L

60 dB H H H
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5.5.4.3 Checking the Counter Control for AF Ext. Measurement

Feed 10-uV AF signal to NF . AC METER socket 31 on the front panel.

Coumect oscilloscope to output 12b of the AF amplifier and check signal.

It should have TTL format with a duty cycle of about 1:1, Press the AF level
measurement key 15 and the AF ext. frequency measurement key 33 on the

frout panel and check the counter accuracy over the frequency range 20 Hz

to | MHz. The maximum permissible error is 1 digit. ‘

5.5.4.4 Adjusting the Counter Control for AF EXT. Measurement

Feed 10-mV AF signal to NF . AC METER socket 31 on the front panel and
connect oscilloscope to output 12b of the AF amplifier. Adjust duty cycle
of the TTL output signal to about {:1 by means of R3. Check performance

aver the frequenmcy range from 20 Hz to 1 MHz,

5.5.4.5 Checking the Counter Control for Beat-frequency Measurement

and Frequency Measurement of Demodulated Signal

To perform this check, an adjusted and properly functioning basic unit is

required.

Feed frequency- or amplitude-modulated RF signal in the particular measurement
range to the RF input/output 48 on the front panel and measure frequency
modulation or amplitude modulatiom, respectively; Press key 36 on the fromt
panel for measuring the frequency of the demodulated signal, counnect an
oscilloscope to output i3b of the AF amplifier and check the output voltage

for TTL format (squarewave),

Feed unmodulated RF signal in the given frequency and power range to the

RF input/output 48 on the front panel, press TR. key 49 and offset the frequency
of the RF synthesizer by 5 Hz to 10 kHz from the frequency of the signal fed in
(keyboard 25 and variation keys 2). Press key 35 for beat-frequency measurement,
connect am oscilloscope to output 13b of the AF amplifier and check the output

voltage for TTL format (squarewave).

In both measurements, the frequency of the output signal of 13b {frequency of
the demodulated signal or beat frequency) is read out on the AF display 13

on the fromt panel.

-
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5.5.5

DC Amplifier

5.5.5.1 Checking the Control Functions for
Current, Voltage and Power Measurement
Table 5-27
TTL level Function Relevant Relevant | Transmission
at the selected input, output. function
control lines Input
al3 ai2 signal
Power
a9, alo b1 DC component with
L L DC with V approx. |1
Mod. AC b8 AC component approx.
depth Vacx oY
. Vpe
a7, a8
L H Voltage DC b11 v=1/3
H L I low:
readout :
measurement value | al7, al8 %)
ai7, al8 b1 v =1
I high:
gample
measurement value | DC
H H I high:
readout %)
measurement value | a6, ab b1 v =1
I low: DC
sample
measurement value

*) The current is measured by constantly changing over
between these two switching states.
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5,5.5.2

Checking the Control Functions for the Detaectors

Table 53-28

Log. level at Function Input Transmission function
control lines selected /
b12 b13 b7 Output
L L None ab .
L 34 L Pos. peak-value Vg (DC) = 2 x pos. input
measurement amplitude
L H H Neg: peak—-value / Vg (DC) = 2 x neg. lonput
measurement amplitude
H L Rms-value b9 Vi (pC) = 2.82 x input rms
measurement voltage, approx.
5.5.5.3 Adjusting the True rms Rectifier

a) Connect digital voltmeter to b9,

b) ‘Switch on true rms meter (b12 at H lavel)

-  Offset adjustment:

¢) Take a4 to 0 V.

d) Adjust R51 and R52 for 0 V at the output.

-  Gain adjustment:

e) Comnect link for sigmal through—connection.

Apply 3.54 Vepg

or 0,354 Vrms

to input 4a.

£) Adjust R53 for 10 V BC or 1 V DC, respectively.
With the aid of RS2, both voltages can be correctly adjusted

at the same time.
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5.5.5.4 Adjusting the Offset and Common Mode of the Current,

Voltage and Power Section

B1: - Connect digital voltmeter to MP1.
-~ Short—circuit 5a and 6a,
- Adjust R3 for O V 20.1 mV.
- Apply common-mode 30-V input voltage to 5a, 6a.
- Adjust R7 for O V +0.1 mV (with relay open and closed)

B2: - Adjust B2 analogously (see B1),.

B3: - Connect digital voltmeter to MP3.
- Short-circuit 7a and 8a.

- Adjust R18 for O V X0.1 mV.

B4, B5:
~ Connect digital voltmeter to pin 6 (B4).
- Short-circuit a9 and ai0.
- Adjust R23 for O V 0.1 mV.
- Connect digital voltmeter to pin 6 (B5).
- Adjust R32 for O V 20.1 mV.

5.5.5.5 Adjusting the RF Power Measurement

The following adjustments of the functional group RF power measurement and

modulation-depth measurement are made in conjunction with the RF distributor.

-Distortion compensation
a) Program power measurement function at al3, aiZ (apply 0.0).

b) Feed RF signal (10 MHz, 100 mW, 80% AM, modulation frequency 1 kHz)
to RF input 48 on the front panel.

c¢) Comnnect distortion meter to b8.

d) Adjust R72 for minimum distortiom.

-Adjustment of power indication
Tn order to achieve the measurement accuracy guaranteed in the data sheet,
it may be unecessary to fit the coaxial 50-Q resistor, which is supplied

with the instrument, to rear socket 54.

e) Feed RF signal (10 MHz, 2 W, unmodulated) to RF input 48 on the front panel.
£) Connect digital DC voltmeter to b10.

g) Adjust R70 for 1.280 V.

h) If necessary, repeat steps c¢) and d).

i) 19b at TTL H: Modulation-depth and power measurement interrupted:
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The
and

are

5.3.

following adjustments must be made after the instrument has been assembled
the A/D comverter and the true rms meter have been adjusted because they

to be observed on the displays of the instrument.

5.6 Adjusting the Modulation-depth Indicatiom

High power

a) Feed RF signal (2 W, 50% AM, modulation frequency 1 kHz)
. to RF input 48 on the front panel,

b) Press TR. key 49.

¢) Adjust R&43 for correct modulation-depth indicationm.

Low power

d) Feed RF signal (100 mW, 507 AM, modulation frequency 1 kHz)
to RF input 48 on the front panel.

e) Adjust R36 for correct indicationm.

f) Check settings a), b}, c).
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5.5.6 Filters

5.5.6.1 Checking the CCITT Filter

The reference attenuation values of the CCITT filter are listed in the

Table 5-29. Tt should be borme in mind that the distortion of the signal
generator and its hum voltage at low freguencies may cause erroneous measure-
ments. A bandpass filter should, therefore, be connected between the signal

generator and the CCITT filter.

Table 5-29
Frequency 20 log gi Permissible deviation
fo
Hz dB " dB
Frequency/Hz Attenuation/dB Tolerance/dB
50 -63.0
100 ) ~41.0 42
150 -29.0
200 -21.0
300 - -10.6
400 C -6.3
1
500 ' -3.6
600 : -2.0
800 0.0 £0 :
1000 +1.0
1200 0.0
1500 -1.3 £ B
2000 -3.0
2500 ~4,2
3000 =-5.6
3500 -8.5 +2
4000 -15.0 3
5000 -36.0
6000 < =43.0 -
> 6000 < =43.0 -

The passband attenuation is adjusted at 800 Hz using R4.
The performance of the notch filter can be checked against Fig. 4- 17.

The through-line section is not adJusted
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5.5.6.2 Adjusting the Notch Filter

To adjust the notch filter, first set all potentiometers to their midposition

and then adjust the 1000-Hz aotch.

Apply a distortion~free signal of exactly 1000 Hz and about 1 Vppg CO the
input using the AF generator and the octave filter. Insert limk and comnect
probe of a sensitive oscilloscope to BR80. By alternately turning R66 and R68

adjust for minimum.

Apply signal of same input voltage and 1010 Hz and with the link inserted
adjust for minimum at BR9S5 using R97. Subsequently adjust potentiometer R117

for minimum at B110 pin 6 at 990 Hz.

Slmllarly, adjust the 300~Hz notch at the frequencies 300 Hz, 303 Hz and
297 Hz using the potentiometers R72 R73, R96 and R116 and the 500-Hz notch
at the frequencies 500 Hz, 505 Hz and 495 Hz using the potentiometers R17,

R18, R30 and R30,
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5.5.7 A/D Converter

5.5.7.1 Checking the Switch Control Signals for Modulatiom Procedsing
Table 5-30
Programmed Logic levels
modulation ~at contact 2, 33of
function B10 B12 B13 Bi4 B15
: corresponding to bus line ,
Int. Ext, ha 54 6a 7a 4b Signal flow
(LSB)
AM None H L L L L 8b = 17a
8b = 1{7a
AM | FM H H H L L and 19b » 18a
8b = 17a
AM PM H H L L L and 19b - filter —— 18a
o None B | L| 1| L] L 8b > 17a
: 8b = 17a
M AM H H H L L and 19b = 18a
M None L L L 24 L 8b - filter —» 17a
. 8b-filter —» 172
M AM L L H H L and 19b = 18a
None AM H L L H H 19b » 18a
Neone M H L L H 31 19b = 18a
Nome | ¥M H L L H L 19b - filter — 18a

5.5.7.2 Checking the Frequency Response of the Preemphasis Filter

Enter modulation functiom: "Int., ¥M" and check frequemcy response of

the filter between 8b and 17a against the following table:

Frequency Attenuation Tolerance
(dB) (dB)
100 Hz T 40 0.1
1000 Hz 20 ’ 0.1
6000 Hz : 4,44 0.1
10000 Hz 0 4

> 10000 Hz >0
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5.5.7.3 Checking the DC Amplifier

- Apply 100 mVpe to 11b and measure at 10b.

Check gain between 11b and 10b against the following table.

Table 5-31
TTL levels at ‘ Gain
12b 9b 13b 13a
L X X X 11b separated from 10b
H L L L 0 4B
H 54 L L 10 dB
H L L H 20 dB
3 H L H 30 4B
H q H H 40 dB
5.5.7.4 Checking the A/D Converter Bé and

the Tri-state Drivers B7, B8 and B9

Apply voltages to BR2 in accordance with Table 5-33. Apply TTL d lTevel to

line a8 (initiative conversion) and check the logic levels present at the

data bus.
Table 5-32
Input signals Qutput signals
Valtage TTL levels at TTL levels at
at BR2 12a 11a 7b 6b 5b 4b 73 Ga | S5a | 4a
0 mV H L X h.4 X X £ X L L
0 mv L H L{L|L|L| L] L| L| L
10 mV L H L L L L L L L H
20 mVv L H L L L L L L H L
&0 mV L H L L L L L H L L
80 mV L B L L L L " L L L
160 mV L 8 L L L H L L L L
320 wv L H L L q L L L L L
640 mV L " L =4 L L L L L L
1280 mV L q H L L L L L L L
2560 mv H L L L L L L L L H
5120 mV B L L || L] L} L| L{ H} L
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5.5.7.5 Adjusting the A/D Converter

The A/D converter board has two separate ground lines. Only one of them is
to be used as ground reference for all adjustments, and connections can be made
to this either at the ground terminal of BR1 ox BR2, or at the ground terminal

brought out to the DC amplifier.
DC amplifier adjustment

—~ Counect BR] to ground terminal.

- Connect digital voltmeter to BRI1.

- Enter 40 dB gain (apply TTL H level to 9b, 13a, 13b).
- Adjust R12 for 0 V &1 mV.

- Connect digital voltmeter to comntact 6 (B5).

- Adjust R18 for O V *1 mV,

Adjustment of A/D converter Bb

- Apply TTL H level to initiative comversion line.
- Counect BRZ to ground terminal.

- Adjust R35 so that pins 3 to 11 (B6) are at TTL L level and pin 12 (B6)
just changes from TTL H to TIL L level (do not turm any further).

- Apply 10.22 V to BRZ.

- Adjust R30 so that pins 3 to 11 (B6) are at TTL H level and
pin 12 (B6) is at TTL L level.

The modulation processing circuit does not require adjustment.

5.5.7.6 Checking and Adjusting the Programmable Attenuator

— Checking the control function:

Apply 1024 mV at BR1 and measure the output voltage of the programmable atte-—

nuator at MP1, It is: 10-bit dual number at pin 4 (LSB) to pim 13 (MSB) of B3

in mV (0 = TTL Low/ 1 = TTL High).
- Offset adjustment:

Plug BR1 on _l_, apply TTL High level at pin 4 to pin 13 of B3 and
adjust with R8 for 0 V %2 mV at MP1.
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5.5.7.7 Checking the Input Switching

Logic level Test condition Signal flow
at B13 pins 2,3

0 ITL Low at b17— MP2Z
pins 4 to 13 of B3 | b8 interrupted

1 b17 interrupted
b8 — MP2

5.5.8 Voltage Supply

5.5.8.1 Performance Check - Power Transformer and Rectifier

(See circuit diagram 332.015 Bl.4)

Connect either the DC-DC converter or a dummy load of about 90 W to the

power (mains) transformer. At 220 V or 110 V AC supply voltage (depending on

the position of the voltage selector on the rear panel), a secondary voltage

of about 16 to 17 Vyps 18 measured and after the bridge rectifier GL102-105

a DC voltage of about 22 V with a superimposed signal of double the AC supply
frequency < 1 Vpp is measured at C101.
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5.5.8.2 Checking the DC~DC Comverter

To check the performance of the DC-DC converter, measure the voltage at

various test points.

ME1: +5 V DC
MP2: _T
S,
a5
i ¢
‘cpprox 1Sus
5V
MP3: L
3
2
1
0 -t
Base T9
2\..‘I .
1 ﬂ ﬂ BR1 to R8
0 ~ -
vl
1
O —
Lf,apmﬁx Wus i BR1 disconnected
!
1
¥ ] - BR to C (BlO)
: (controlled operation)
|
!
c2 v '
primary |
f
Il
J———) r-l_...-
apprex 1us
Mph 1.5 ¥ at short-circuit
current limiting
Fig. 5-1 Primary voltage characteristics of the DC-DC converter
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The voltages on the primary are almost the same for all four converters.

Anode GLS

_$”_.
v
o — 4

Cathode GL5

|t— < ——

ov

V = about 1 x V primary at +3 V
about &4 x V primary at +15 V (in phase opposition at =15 V)
about 6 x V primary at +20 V

Fig. 5-2 Secondary voltage characteristics of the DC-DC converter

5.5.8.2.1 Adjusting the Switching-mode Converter

It is recommended that a check of the primary voltage conditions be carried
out before putting the instrument into operation to avoid damage to components

in case of fault.

To check the primary voltages, comnect the board without the power section
to the primary voltages and check the voltage against section 5.5.8.2 by

means of an oscilloscope.
Thenput instrument into operation with the power section.
Preparations:

- Comnect variable dummy loads with ammeters to all voltages and adjust
low load (about 1/3 of full load).

- = Imsert only 5=V IC. Remove all other comtrol ICs.

- Remove all synchronizing links (BR32, 62, 92, 102) .

. - Comnect BRi to C (B10) (close comntrol loop).

NOTE: The converter must not be operated with a high load comnected for

an extended period of time when it is not adjusted.
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Adjustment of switching tramsistor:

- Connect oscilloscope between C2 and primary ground.

- Short-cireuit potentiometer R6 {(turn fully clockwise).

= Switch on.

- Slowly increase load until full load is reached (5 A).

- Turn R6 counterclockwise until the switching transistor is operating
just at the saturation level.

- TIncrease load until short circuit occurs.

- Check whether the saturation level is still just reached in the case

of an overload.

T10, 11 must be operated just at saturation level, not at oversaturation
because of the dissipation in the driver and the long switching times but
also not below saturation because of the dissipatiom in the switching

transistor proper.

NOTE: Repeat the adjustment of ‘the switching transistor if another power
section is assigned to the DC-DC converter or if a transistor is

replaced in the power sectiom.
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Adjust the output voltage by means of R20.

Switch on all the other voltages.

This is done in the same way as for the +5-V supply. The other switching

mode converters can be operated independent of one another and the 5-V con-
verter without the synchronizing links BR32, 62, 92 being comnected.

Their switching frequencies are then somewhat below the switching frequency

of the 5-V converter. After connecting the synchronizing links, these
frequencies are locked to that of the 5-V converter. The 5-V and 20-V supplies
must be operating before switching on the 32-V supply. The 32-V supply cannot
be adjusted. For switching on the following sequence must be observed:

+5 V, #15 v, =15V, +20 V, +32 V,

5.5.8.3 Overvoltage Protection for Supply Voltages

The overvoltage protection circuit protects the instrument if ome of the
supply voltages is inadmissibly high. The signal indicating that an over-
voltage exists, is produced on the regulator board. This current controls
one of the two optoisolators B111 or B112 which in turn fires the thyristor
GL112 almost short circuiting the secondary of the power transformer

(primary voltage of the DC-DC converter). As a result, the power fuse blows.

This performance check is not done with the board in the instrument.

The above function is simulated.

5.5.8.4 Checking the Regulator

(Circuit diagram 332.2918)
For the performance check, the inmput voltages +5 V (at iab), +15 V (16ab)
and +32 V (5ab), ~15 V (14ab), +20 V (18ab) must be applied to the regula-

tor board.

The -5.2-V voltage produced on the board is measured at 3ab. The permissible
tolerance is +0.1 V. The 28-V voltage is measured at 20ab. The tolerance

is £0.1 V.

If all of the six voltages required in the instrument are present, the six
LEDs GL20, 32, 50, 52, 54 and 56 light up.

Apply an AF signal of about 10 mV and a £requency in the audio range Cto
pin 7a and 6a. Check the function of B1 at 8b. The gain should be about 47,
Check the function of B10 at 9b. The gain should be about 30. '
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Check the overvoltage protection response with the board removed.

For this purpose, connect an ammeter to 1la and increase the -15-¥ voltage
to =17 V. At =15V, the ammeter does not give a reading. Between -15.2 and

17 A, a current of about -3 mA commences to flow.

Similarly a current starts to flow at 13a if ome of the positive voltages

is. increased accordingly.

5.5.8.3 Performance Check - Battery Input

Apply a DC voltage to the battery sockets on the rear panel and switch on
instrument. If the polarity of the battery connection is correct, the instrument
will operate at DC voltages between 11 and 33 V. DC voltages > 33 V must not

be applied. The power supply is protected against reverse polarity.

3.5.9 Checking and Adjusting the Adjacent-channel Power Meter
Option SMFPB6I

5.5.9.1 Functions of Control Lines
TTL control Setting of gain/attenuatiom
signals at between ST2 and C17
7o 6b  5b -
L L L =40 dB
L L H -30 dB
L H L -20 dB
L i H -10 dB
H L L 0 4B
H L q +10 dB
H H L +20 dB
B H B +30 dB
TTL control - The following IF filter
signals at is connected into
9b 8b signal path:
L L no filter
L H B1 (x8 kHz)
H L B2 (%4 kHz)
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TTL control
signals at

10b -
L Calibration: signal path ST341/342 to B12 7-4 MP1
H Measurement: signal path ST%9a B12 6-4 MP1

TTL. contrcl

signals at

S5a 6a

L Open level control loop L Disconnect measured

Hold control voltage at 4a value (MP11)
H Close level control loop H Connect measured value
- through to 12B '
(A/D converter input)

5.5.9.2 Function Check of Signal Path

Low-pass filter with 650 kHz cut-off frequency between ST341/342 and MP1:
If 50 mV into 50 Q is present at ST341/342, the voltage present
at MP1 should be 25 mV in the pass band of the filter.

Tuned amplifier with about 34 dB gain at 435 kHz, circuit Q about 7
between MP1 and ST1:
If 50 my is present at MP1, approximately 2.5 V should be present
at ST1.

Ceramic filter B1 (455 kHz, *8 kHz bandwidth,
7 to 10 dB insertion loss)

Ceramic filter B2 (455 kHz, *8 kHz bandwidth,
8 to 12 dB insertion loss)

Between ST1 and ST2:
If 2.5 V is present at ST1, about 1 V should be present at ST2.

Switchable amplifier/attenuator between ST2 and ST3:
Dynamic range at inbut: 100 uV to 1 V with 455 kiz;
Dynamic range at -output: up to 15 mV, max.
Bms detector circuit between ST3 and MP10
Transmission characteristics: DC output voltage at MP10 is proportional

to the square of the rms input voltage at ST3.
Overdrive capacity at input: about 15 mV,
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~ Low-pass filter with about 150 Hz cut—off frequency between MP10 and MP11

Gain 2

- Integrator between MP10 and 4a

Integration time constant 1/3 s

5.5.9.3 Adjusting the Adjacent-channel Power Meter Option

The adjustments under 1) or 2) are carriad out on the board alome, without the
basic unit. The adjustment under 3) is carried out in conjunction with the

basic unit.

1)  Adjusting the input amplifier
Feed 10-mV, 455-kHz sinewave signal into ST9a. Discomnect link from ST1
and conrnect oscilloscope probe to ST1,1. Vary the capacitance of Cé

until resonance is obtained at 453 kHz %3 kHz.
The gain at resonance is about 20 dB.

NOTE: Since the screening cover influences the resomant frequency,

the (top) cover should be on when adjusting for maximum resonance.

2) Adjusting the rms—~value meter
-~ Adjustment of offset:
Connect voltmeter to MP10.
Connect link at ST3 to ground.
Vary R41 until O V #5 mV is present at MP10.

-~ Adjustment of balance
Apply 455-kHz signal of about 10 mV into ST3 (comnect link so that
it will allow the signal to pass).
Remove C32. Connect oscilloscope probe to MP8 or MP9., Adjust R39 until

the following oscillograms are obtained at MP8 and MPY, respectively.
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2 Replace (C32
Check adjustment of offset
Check adjustment of balance

—
il

not adjusted

]
1

adjusted

. 2.2 us £ 455 kHz —
Fundamental

3) Adjustment of the level control loop

The level control loop of the Adjacent~channel Power Meter Option

(slow RF amplifier control) is activated when 10b is at TTL H.

Feed two signals spaced about 1.25 kHz apart into the RF input 48 or 47
(e.g. combine 159.999 375 and 160,000 625 MHz at DVS).

Connect oscilloscope to MP1.
Alternately cut in 10 kHz channel spacing (B95 with 8 kHz bandwidth

in the signal path) and 20 kHz channel spacing (B90 with 15 kHz bandwidth
in the signal path).

Adjustment using R57:
The measured signal f = 455 kHz has an envelope with a frequency of
1.25 kHz (sinusoidal). The envelope must on the one hand show now

distortion and on the other hand be as large as possible (70 to 80 mV peak).
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5.5.9.4 Interface Data -

ST B&1/42 50 mV into 50 & if the level fine adjustment is on 0 dB,
0.4 to 520 MHz

9a IF 455 kHz approx. 50 mV

8b

9b TTL level

10b

5b

6b

7b TTL level

ba

Sa

12b Measured value 0 to 10 V DC voltage

ba Control voltage: typical 7 V Voltages with level control
RF level too low: 10V loop closed dependent on
RF level too high: O V response of RF amplifier

fa,b +5 V approx. | mA

2a,b 4

14a,b -15 V approx. 50 mA ,

15a,b .J_ : .

16a,b +15 V approx. 50 mA
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5.5.10 Troubleshooting — RF Millivoltmeter Option SMFSZB8

This section covers all measurements, measurement values and settings required
for checking the performance of the individual stages of the set and for

troubleshooting and repair, if necessary.

5.5.10.1 Chopper Generator

A symmetrical AC squarewave voltage of a frequency of about 23 Hz and

an amplitude of

Vg = 12V

PP

is available at the outputs of generator B40. The negative component of
the generator voltage switches the chopper transistors T1 and T2,

The synchronous detector Bf1 is controlled directly from the generator voltage.

5.5.10.2 Reference Generator

Cenerator B30 supplies a symmetrical AC squarewave voltage of a frequency of

5 kHz and an amplitude of +15 V for the reference generator. The frequency

of this generator can be varied slightly by means of R30. The DC output voltage
of the reference generator is transformed into an AC sduarewave voltage of
equal amplitude in the B25 from where it is applied to the transformer TR2 via
“the resistors R22 to R24. The transformer TRZ together with C7 forms a damped
5.kHz resonant circuit. Thus a sinewave voltage is obtained from the AC square-=
wave voltage, which is boosted in the driver amplifier B10 and supplied to

the comparison detector in the measuring head. The DC input voltage of the
reference generator is available at the test socket BU3, pin 13. The 3-kHz

AC output voltage is available at socket BU3, pin 5. If the DC input voltage

at BU3.13 1is 1 V the AC output voltage of ‘the reference gemerator at BU3.5

must be about 300 mV (EQEE: output impedance at the test socket BU3.5 = 10 kQ).
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5.5.10.3 Ad3justment

Prior to making any adjustments on the RF Millivoltmeter Option check that

the DC meter of the basic unit is functioning properly.

The ambient temperature should be between 20 and 25°C. A warm-up period

of at least 10 min must be allowed for.

It is best to use the probe together with the BNC adapter (insertion adapter)
as measuring head. An insertion unit may also be used but in this case a
T piece must be comnected ahead of it to gain access to the inner conductor

for voltage measurements,

Adjustment procedure:

- apply a signal of 1| Hz and Vypg = 1 V to the measuring head.

Resonance adjustment:

- Adjust R30 until the disPlay‘on 5 is exactly at minimum.

Chopper adjustment:

- Interrupt test voltage supply and set R38 to its right~hand stop.

-~ Measure the voltage at BU3.14 with an oscilloscope and adjust the

AC component (approx. 22 Hz) to minimum using R45.

Offset adjustment:

- Adjust R38 so that the display on 5 fluctuates between 0 and 0.3 mV

(no voltage may be present at the measuring head).

Gain adjustment:

- Feed to measuring head voltage of 1 Hz, Vyyg = 1 V £1 mV and

distortion factor < 0.37. !

.- Adjust R2{ until an RF voltage of 1.000 V 1 mV is displayed on 3.

Fine adjustment for low RF voltages:

- TFeed in AC voltage (1 MHz, 1.2 mV %1%).

- Adjust R98 until 1.2 mV is displayed omn 3.
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5.5.10.4 Replacing the Probe Diodes
(See Fig. 9 in the appendix)

If any of the diodes in the probe have been destroyed by an excessiveiy
high input voltage, all four diodes must be replaced. A selected quad can
be ordered from R&S under the order number 243.9001. For replacement

proceed as follows:

a) Push the cable bushing back.

b) Remove the retaining screw from the probe sleeve,

¢} Pull off the probe sleeve in the direction of the cable.

d) Replace the quad GL1I to GL1IV shown in Fig. 9 with the aid of tweezers.
{1t Do not solder, diodes are plugged in !{!

Should any soldering be required on the probe, first remove the four diodes

from their sockets in order not to expose them to excessively high temperatures.

5.5.10.5 Replacing the Diodes in the 10-V and 100-V Insertion Units

(See Fig. 10 in the appendix)

If any of the diodes in the insertion units have been destroyed by an .
excessively high input voltage, all four diodes must be replaced. A selected
quad can be ordered from R&S under the order number 288.8304.

For replacement proceed as follows:
- Unscrew engraved cover. Now all four diodes are accessible.

- Pull out the diodes GL1III and GL1IV towards the top.

The leads rest in miniature sockets; they are not soldered.

- The diodes GL1I and GL1II are also plugged in. First pull ocut the lead
facing the coaxial section. Then pull the diode towards the front thus
unplugging the other lead from the miniature socket provided in the

partition wall of the compartment.

- The location of the new diodes can be seen from Fig. 10,
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