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6. PRELIMINARY REMARKS TO SERVICE MANUAL

The following sections 6.1. to 6.5. expiain he appiied
abbreviations, symbois and schematics as used in the
“Service Handbook® (Service Manual and Appendix in-
cluding circuit aiagram, layout drawings and component
lists).

The tabulated list of applied measurement items in section
6.6. presents the minimum complement of measurement
equipment neeced for all the measurements suggested in
the Service Manuwai.

6.1. COMPONENT DESIGNATION

The various subassemblies are annotated with an indivi-
dual number, for Instance@ Input amplifier, Each com-
ponent located in this subassembly has the number 2 as its
first digit. The two subsequent digits define the serial
number of the component; for instance, rasistor 96 would
be R 296,0r diode 22 is G1 222 and so on. The prefix let-
ter characterises the type of component.

T 217

TP
Transistor Subossembly@ Serial number 17

The abbreviations used to designate the components are
given in section 6.3.

6.2. INTERCONNECTION BETWEEN SUBASSEMBLIES

Since the circuit diagrams are given separately for each
subassembly, it is important that ali interconnections are
shown clearly. The following drawing explains the method
used in this manual .

In the sketch below, point 12 of module @ is connected
to point 2 of module @, and there is a shielded connec-
tion from point 5 of module@ to switch S 604/1ta of
subassembly @

Gl 222
R 296 Lo~
o (1)2 2
PR v
@
amplifier "
P @Evclucrion
circuit
7217 . -
BCY SSD
Remod- 604/l

. lc{tion @5 .

'S604/0a

R269 T"'j_‘:"“"@'ﬁ
(o]

(e XX)

Q2

oY

©.3. ABBREVIATIONS AND SYMBCLS

In order to achieve greater simplicity, the tollowing ab~
oreviations and symbols hcve been used in the text and
on the circuit diagrams:

4.3.1. Discrere components

3attery 3 —Ab—
Socket Bu —
Diode, rectifier Gl —Pt—
Zener diode G +
/</
LED Gl 4
2
Thyristor Gi —
Varactor diode Gl "}f{
inductance L ~—
Meter J /Z/(
Capacitor C -
Potentiometer P #,./{*
Quartz crystal Q 1
Relay Rel T
Relay contact rel —
Resistor R -
Thermistor R —é—
PTC resistor
Switch 5 |I° ——
5
Fuse Si —=—
Control lamp ) SL _Qb"”
Transistor T 3 @
Transistor (FET) T

Transformer U ]:
ni
1

Other important abbreviations :
@ = subassembly @ = circuit diagram @
607-L] = Printed circuit board * "

point 6 = Circuit reference/connection No. 6

TP 302 = Test point 302 (in subassembly (3))



6. PRELIMINARY REMARKS TO SERVICE MANUAL

6.3.2. Digital symbols 6.3.2.2, Digifal signal gates

In the following, some of the most important digital logic- The AND gote
. . [he AND gate

switching symbols are given, although the list is not pre-

sented as complete. Ey ™, An"H" signal appears

. . . T \, at output A only when EIEEZ A
The two possible states of binary logic are designated EZ'——i gL A an *H® sianal is oo T 1T
*|* (Jow) and "H* (high). The voltages corresponding to i r ? d r:loglr; th; ap . L IH L
each state are defined as being closer to- o for the " L" E_ i ). phie nputs H L |L
oy ne— simul taneously .
range and closer to + @ for the "H" range. i (Conjunction AND gate) H H
6.3.2.1. Generol symbols
The OR gate
Symbol for negation ' _
of an input or output: E)“{\ An"H" signal appears E) Ep]A
1 £y | i at the output when at T L 1L
gl &_ i ﬁ 1 ]. _A least one input has an L HIH
‘ [ “HY g oolied to i , ’
) | £ P applied to it, H. L |H:
i n _U (Disjunction) H{H|H
The dashed line represents the boundary iine of the circuit.
The NOT gate
Symbol for dynamic input - The input signal al- Al
. ) s appears inverted H L
a) The operation is such that | E- *i P—A :tc:,he Zsrput fnver ]—:j.- :’:r
o transition of the input —- - (Inverter) Lt
signal from L to H produces :
. M " L ]
an effect similar to a"H%pulse ! The NAND gate
b) As i‘n al except operonorj taf- E]—J\\ An L signol appears ‘EI' s S
fective on o H fo L transition ’ at the output when an _“_lh—‘
Eo— ; 1ai
. . o~ \ 27 e B—A *H" signal is fed in 'L _HIH
Trigger inputs (G inputs) E | ot all inputs "1 —H—‘
L H o LH
i = ‘LH_LH_‘[L_J
Static control , — o
operates with a "H" signal — G
i .
b y—s Alternative symbol
operates with a *L" signal _‘—él G _] De Morgan's rule states
L2 . . A the alternative symbol
one transitior control . is true whereby:
cperates with o L =~ H transition —~ G ”ﬂ/,'l A=E NeEaA . E,
.. A=E]V EQVEn
operates witha H - L tronsition —@ - G
two transition controls
The NOR gate
operates witha L-H-L pulse . .
- ‘;‘ An L signal appears E]' Er|Al
operates with o H-L-H pulse g7 fe o at the output, when Lo,
¢ F-— A gt least one input has LiH L
Frepararory inputs £ . an "H* applied Ho: L IL:
e KW, O
.'L;,:V._C Ex - preparing input
o= X = triggering input
RN Alternative form
The circuit delivers c *H" pulse when the signal at X fran- £ A According to De Morgon's rule:
sirs from L to ki, providing o "H" signal is already present A AEVEY f
ot input Ex. . =k 2 BRI
g A=ETAE AL E,

Same as above. However, operative -
wren signal ot X input fransits from

2 mre b,

Note: Any sforage time is to be noted (Ey) !

-2
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Differentiators

Symbol for circuits which convert a
- L-H tronsition into a L=H-L needle

£ e A pulse
E H 1
L l l '
A H*
L N !
™ Symbol for circuits which convert a
> — H-L transition into a H-L-H needle
L pulse

‘ The symbol "wired AND" signifies that
g two or more circuits are wired in such
(}‘ a way that it simulates an AND logic
without actually using an AND logic
element

NOR Gate with power fan out

Where the logic element is capable of

— being loaded, the boundary line at the
— output side is drawn thick. This signifies
—i1 that the output from this module is

— capable of driving several other modules
- simultanecusly. In IC technology this

is described as "fan out" capability.

Extending the input circuit by means of an
"Expander” input

Excmplezfi,’\‘ NOR circuit with four inputs. A further
' special input permits extending the
! logic circuit through external circuitry.
Expander-

input  *s_

6.3.2.3. Bistuble circuits with memory behavior

Two different basic types are discussed here :
the Flip-Flop (FF) and the monostable (MF)

Flip-Flops
These toggle circuifs have two stable states :

Depending on the input signal, the flip-flop assumes one
of the two states.

If one of the two states is defined as the normal position,
then that output which assumes the H status is identified
by a block bar.

14

£

Static input signals (explanation and example)

if the signal at input E1 changes fromL ro H , then the

FF toggles, independently of the slope of the L-H transi-
tion, fo the status which is identified by an H status at
output Ay. Thus, output Ag is forced fo be in the L status.

1 the signal at input E} changes from H to L, then the
FFremains in the previously assumed state. Only after

the signal changes from L to H at input E2, does the fF
toggle to the second stable smtus identified by an H sta-
tus at output A9, there taken as the normal position).
OQutput Ay is then forced to assume L status.

This state is maintfained by the FF even though the signal at
input £ may change from H to L.

Generally it is impermissible, to apply L-H transition
signals simultaneously to inputs E} and Ep.

E) | E2[ AL A
* ™
LINIAN
LiHL Yy
IR
HY L HYL
H WY —+— no FF action

if a flip-flop has several inputs without special identifi-
cations, then these inputs are disjunctive-coupled (OR
gate).

That means :

The flip-flop toggles with a transition from L to H at in-
puts Ey or E, or at both; the state becomes that identi-
fied by an H status at output Ay.

Ey

In the following symbol, the inputs E} and £2 are
conjunctive-coupled (AND gate).

That means :

The flip-flop first toggles when the fwo inputs £y and E3
simultaneously assume the H status

D

E3

Examples with dynamic signals at the inputs

The symbol represents a FF with two dynamic inputs E}
and E2. A L-H transition at input £y toggles the Flip-
Flop to the state identified by an Happearing at Ay,
Similarly a L-H transition at E2 toggles the Flip-Fiop to
the state identified by an H appearing at A2,

6-3
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A symbold> (or —6F=) shown ogainst the dashed line
signifies that the Flip-Flop toggies from one stable
state to the other alternately at each L=H (orH-L)
transition . Thus an H (or L) appears alternately at A
and A2.

E P S

Az

Flip-Flops with preparatory inputs

This Flip-Flop reocts to o L-H tronsition ot the dynomic
input £2 only if simultaneously an H signal is present at
input Ey. In this case the Flip-Flop toggles to the state
in which an H appears at output Ay, E3 is o static input.

£

Gamg
E2—1> _____
E3— A2

In the following switching symbol, the dynamic input re-
acts when the two other inputs have been prepared, i.e.
every L-H transition at input E2 toggles the flip-flop
when at the some time an H status exists at input Ej.

A
E\ e ] !
E2—>

._.A2

J-K Master Slave Flip-Fiop (e.g. SN 7473 from Texas
I nstruments)

D Type Flip~Flop (edge-triggered) (also as on example
of the SN 7474 from Texas Instruments)

Flip-Flop with
preparing input E tht 1
Eo and a higher ol A A
ordered trigger- &H:L—T_L‘—H‘—-
ing inut £3 e
E} and E4 are

directly effect-
ive at the outputs.

Monostable circuits

These also known as one-shot multivibrators. They have
only one stable state (normally open) and a quasi-stable
state (closed); whereby the arrow is drown fo show which
output is in the nomally closed state,

Example :

in the following monostable, an L status applied to the
static input E}, or o L-H transition at the dynamic input
Ep, toggles the circuit from the normaily open status to
become the quasi~stable closed status (Hstate at output A])

After the retoggle time tg, whose period is determined by
an internal RC network, the monostabie toggles back to
the normally open status.

Ey
E2:> _‘___MA]

A2

6.3.2.4. Delay networks

i /// Delays the transition from L to H
[
L

fn th +1
SR Sl A
E)IE3 AT ‘AD |
L L A AN
LH L H_
(HiL IH L
LH {8 [ALJAL
1o point of time prior to clock pulse
t, + 1 : point of time ofter clock pulse
Ep: clock input
Eq: non-synchronuous reset input (independent
from £3)

*L® at ity forces Ay to ™ L®

6-4

| Delays the transition from H to L

- The fransition from L to H as well as
iyl the transition from H to L are delayed,
but the delay times are different

The transition L to H and from H to L
are delayed by the same amount

The double slant stroke identifies the input side,

The delay time can be noted on the symbol in units of
time, e.g. ms or ps.
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Application examples:

m

A |

{

L
o

ms

ms

6.3.2.5, BCD decade counter as integrated circuit

£, 1.0
Zah

-1 [‘i{ 2 L 8
Condition for setting - —— .
to figure 0 Figure _,Q,Uf,“is.,_._l
E3 and E4 at H status “;ZI,A 8
E5or Eg, or both, _0 LpLypLpt,
in L status ) .HLL"I:<L.,
Conditions for setting 3 H HIUTL
to_figure 9: % L L ‘+H L
Es5 and E4 at H status ” 3 H |_ H_‘Lq
53 or E4, or both, L——é Ll HIRTL,
in L status 7 H{LHEI
During counting (pulse - 8 L I ity H{
input £5), there must be 9 {HLftH

at least one input in the
"L* status at each of the
two AND networks.

[

6.3.2.6. Code converter as integrated circyit (IC)

Conversion of the 8-4-2-1 BCD code into the 1 out of

10 code

=

Simplified

(example)

E] —8 L—__A1

E2—-‘4L Ay

E, —2

3 1 :
[a) =

E, L=

with individual inputs and

outputs

6.4. COLOUR CODE

Abbreviations of connection lead colours

bl blue

bk barewire
br srown

fl transparent
ge yellow

gn green

gr grey

rs pink

rt red

Schim screened
sw black

vio violet

ws white

wsbl white/blue
wsbr white/brown

6.5. ORDERING SPARE PARTS

The most important locations for information pertaining
to needed spare parts are the spare parts lists. Circuit
component numbers prefixed with Bv. or WN are to be
requested from the manufacturer.

Spare part orders must quote the serial number of the
parent equipment and the circuit position of the required

spare part, e.g.

BN 608 Nr. 524098 G/T 711
The type(BN) and serial number is located on a white fag
located in the lower part of the left hand handle of the

set.The letter suffix of the serial number is part of impor~
tant information.

The designation of spare printed circuit boards can be seen
on the circuit diagrams in the appendix. The P.C. board
number consists of a boxed figure-letter combination,e.g.

608-A 3

The compliete order designation is shown in the following
example:

BN 608 Nr. 524098 G/608-A 3

6.6. TEST EQUIPMENT

The following equipment is recommended to measure
voltages, signals, pulses etc. Similar equipment from other
manufacturers may also be used.

6-5
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DEVICE Recommended | \panufacturer
ype

Level Measuring Setup PSM-5 wa.G
Level Generator 200 Mz...4.5 Hz PS-12 WaG
Multiwatt Test Set with probe EPM-1 WwaG
Attenuator 75 Q, 0 - 60 dB 3 D120 Siemens
Universal Filter UF-1 waG
Return loss bridge RFZ-5 wW_G
Multimeter 100 kQ/NV UM AEG

Table 6~1 Test equipment




7. FAULT LOCALIZATION AND
REPAIR INSTRUCTIONS




7.1.

7.1.1.

7.1.1.1.

7.1.1.2.

FAULT TRACING AND REPAIR

Caution :  The mains power supply of the SPM-12 is a voltage converter. It is not

protected against damage from short circuits or no=load operation.

After removal of the cover plates, the instrument must only be operated from a.d.c.

power supply with current limiting (15 V, 5 A).

If the converter on its own is to be tested, a substitute load as per the following
circuit must be connected : i

272 W
180V o { }

88,8 /2 W
S12V o —}

23,3Q/2w
BV O { }

37,5Q/4 W
+12V O —{ }

Dismantling the instrument

Removal of instrument from case

Caution :  Disconnect mains lead prior to opening the instrument case

Instruments from series C and D

The instrument chassis can be pulled out of the case after removal of four large

screws located in the four corners of the front panel.

The chassis construction facilitates easy access to all subassemblies. Designations

are printed on all modules, whose locations are shown in figs. 7-3 to 7-5.

Instruments from series E :

Remove diecast coverplate after unscrewing 6 Allan-head screws. (Key is on the
rear panel). Then pull out complete chassis including front and rear panels.
If chassis is difficult to move, slacken Allan-head screws in bottom cover. See

Fig. 7-1, white arrows.

—



e,

Fig. 7-1

Removal from case (white arrows) of E-series instrument, tilting of

chassis (after removal from case, black arrow)




® .

Opening of upper position of the chassis

The rear upper position of the chassis is tilted upwards to allow access to subassem-
blies located in the instrument centre. First remove instrument from case {see

7.1.1.). Then remove two screws from the the lower corners of the rear panel and

two screws from the hinges at the upper side members of chassis frame (see Fig.7-2a).

The rear chassis position can now be tilted upwards and secured in this position

(see Fig.7-2b).

Unscrew and lift chassis

/
/
/ .
¢ @ 7| —-———— insert screw
{ ’
~ ’
S

b) I~

Fig. 7-2 Tilting of chassis (View of upper righthand side-member of chassis

7-3




7.1.4.

L. bt

b —_— o B

Removal of screw box covers

The metal covers are secured by 4 screws (mains converter by 13 screws). The cov-
ers can be removed after unscrewing.
The covers of the metallized plastic boxes can be lifted by insertion of a small

hook into the slot in the cover.

Removal of p.c. boards

P.C. boards can be lifted after removing the appropriate screws. If boards are to
be removed, all electrical connections must be opened first (wires, edge connec-

tors, coax. connectors).

Some connections are made via pins and sockets. It is imporfant to remove and re-

place the p.c. board evenly to avoid bending the pins. The miniature coax.con-

nectors are also sensitive. Make sure to align the plug pins with the socket centre.

Most of the p.c. boards are earthed through printed circuit sections. Proper earth
connection must be ensured when refitting p.c. boards.
Removal of knobs

To remove a knob, slacken the screw in the centre of the clamping device. (A
special tool is available, type W=9, W-20 or W-21). Then pull knob off shaft.

If the knob sticks, slightly tap the slackened centre screw.

Location of subassemblies

Fig. 7-3 to 7-5 show a chassis view with screen covers removed. Subassemblies,

test points for the level diagram () and most alignment elements are marked.
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7.3. Fault tracing

We recommend the following preliminaries to fault trocing :

@ check that no operational error has been made

@ consult the description of special cases (section 7.3.1.)

@ proceed as per fault tracing diagram. The fault tracing diagram is designed to

cover instrument faults, but not operational errors.

Fault tracing within a subassembly requires knowledge of the circuit description

(Chapter 10)

7.3.1.  Special cases

® "Selective measurements"

Frequency indicator permanently at 2000

remote control

a) No level indication, but calibrator works :

variable oscillator faulty

PS12 | > SPM-2

does not function :

b) Correct level indication, but calibration

Frequency divider defective

No frequency indication : check indicator circuit, +5 V switching, and 180 V

supply

® "Calibrate": No function in "Measurement" nor "Calibrate"

YES

§ circuit (]’9)

I 10 kHz omplifier switch

i or colicrator switch (1)
gefective, check

calibrator frequency

Widebond
calibrotion
O.K.?

circuit {16
broadbang
cireuit switch
defective

Fig. 7-6a
‘Fault tracing diagram

® The instrument works correctly

at the 75 Q and 600 Q inputs,

|
)
i Coliorator level
correct ?
{Do not regajust

uniess foult con-
firmec

|
1
|
i
{
|

Cetibration

oscillotor ![
/ defective

N

but not at the

e
10 kHz signol supoliec

|
1
|

| 1o calibrotion osciliotor?
|

{

—

124 Q-150 Q inputs: check switches and input subassembly .

\ Frequency
diviaer

defective

I




Check drive of subass.

clnd @ with

reference to attenuator

diagram. Check
o 10 kHz amplifier (3. |
YES Switch to "measure, 10 kHz ampl'ifier
selective, low noise, ?r i'icndpcssfsher (12) *
0dB™". aulty .
A Connect 0 dB signal Is 10 kHz signal Test mixer 2
to input and tune. present at output Is signal present gt
Level indication of mixer 27 mixer 2 input ?®
correct 1 (cppr. -50 dB) (8 MHz,appr. =40 dB)
1. Set instrument Is signcl present at \ Is signal present at \ 8 MHz bandpass @
No level indication to "wideband" . ) input of mixer 1 ? mixer 1 output ? defective
(meter pointer is fully Is level indication <4>(C 601: -40 dB) @(8 MHz, -40 dB) %
left or right or correct for all ; -
is unstable). attenuator steps \ (D§ve;f subcsls. Test mixer | @
(to =60 dB) ? 2)an @f“ fy

Diselay amplifier @
or meter movement
N O defective

Is a voltage of appr. 2V
present at detector
output {3 ?

Is the signal level at Detector circuit @

[Z] IF output [22] 0dB 1 faulty
Check wideband amplifier,

refer to level diagram

(Fig. 7-7)

YES

ﬁ : Notes :

m Change input level and SPM-12 sensitivity accordingly from =60 to +20 dB.

Mixer faulty If the level indication is wrong only at certain switch positions, the fault is located
* Is limiter OK ? — in subass .@,@,@ or and can be quickly located by means of the attenuator
Test x Mixer ... 3. :Se::lrrgz:r:rcis;ml T Limiter faulty diagram. Otherwise set SPM-12 and generator level to 0 dB.
Carrier generator or Damage of cables or theminiatureconnector Bu 1109 - St 3 or Bu 1102 - Bu 1101
carrier switch defective may lead to interruption or high attenuation in the carrier path of mixer I.

Y1 Blagn CDA-17




@
Test point OLE (@) TP 401 | @tridge f-e | (B)C 601 ' ®Point 12 | (D) Bridge d-c |(B) bridge z-y | (8) 51802 Test | @s11200 ! @R13s D) sridge a-b

Level 0 dB (0 dB) - 40 dB (-~ 20 dB) - 40 dB(-20 dB! - 40 dB (- 20 dB) (- 20 dB) i -38d8B ! = -44 d8 ' - 51 dB,Align. P 802 = ~41 d8

: : I
' @ oetween point D and &* @ calibr. point(slider) @ J 1501 !

=21 d8 =-10 dB Ju=35.3v dUu=1.87V 477 uA

Frequency 100 kHz 100 kHz 100 kHz 100 kHz . (100 kHz)  : 8 MHz .8 MHz © 10 kHz 10 kHz 10 kHz " (10kHz(100KkHz) DC voitage
§ T . DU

DC voitage Direct current

Notes : ; at St 601 Test: ; ‘ i . both poles +12 v DC | - x Series A and 8:...Dond 4 ( for 0 dB reading
‘ |- 55.6 d8(-35.6dB) ‘ ‘

| : »
' )
: |

other values

e : - — ' as with
8 MHz | - 10 kHz L]O kHz 210 kHz MEASURE

-+

10 kHz 10 kHz " 10 kHz 110 kHz

Level | - 40 48(-40 dB) , - 80dB(-40dB) ' -80dB(-20B) | -80 dB (- 20 dB) (-20d8) | -784dB | =~ -84 d8 | ~9148 Dxglde | om-21dp
l ' |
|

Frequency (10 kHz) ! 8 MHz

| ll ' i 1 AN !

; N | » 1 | |
© o e e 9% 9 > @ Dw E B @
i E
| !
| |
!
|
|
!

ZF 0dB | DC =4V |
Zout = 5 kQ |

- FE)

Zout = 600 Q

|
| |
T 1

Wide- T

v

band amplifier

‘ ' 1 0/+ 20 dB ~
‘ 140
| 3y

selective/| Final

iwideband amplifier
1

|
i
| \ | ’ 1
[}

' \
}_2 /11]4 % 3 QA V@J}) 1[0 = ! @b;[> 'y = *@bug D = 11355%?[\ V1§>++_ dZB/B/

15[D = :
Pre- Low=pass T - Final

| AU D;DC-‘:A Y @
ORI : f l
\ Input section Input attenuat. amplifier filter Mixer 1 Band-pass fil ter| Mixer 2 Band-pass fil ter 10kHz Amplifier amplifier Detector dBm-correction i | « L T-
Zin=75Q * 0/-20/-40 dB 0/+10/+ 20 dB 4.5 MHz e - 8 MHz 10 kHz . 0/+30dB - . - — 11501
' , *———-\ I: 0/+30dB S
@ é \ @St 602 Test @ y @ ~ 4 0/+10/+20d8 Base voltage Series Aand B: = + 2V, commencing with Series C: 0 V2L
~ s

~-10dB, 8.1 MHz ‘ ~ (®) Bridge v-s
Calibration (Calibrate : 8.01 MHz) / Cai. change- =-10dB, 8.01 MHz

oscillator N\

over switch Osciliator

Measurement condition :

I " / l 8.01 MHz

: @ Measure [: SPM-12 in mode "low noise selective” or "wideband" respectively.

10) 801 :1 // ;é Input levei G dB, input frequency 100 kHz, level switch to O dB.
/ ’ﬁl
Frequency A

divider N / ’ Tuning : SPM-12 in mode "low noise selective" or "calibrate wideband" re-

/ osciliator

spectivly, Values in brackets for "wideband",
8 to 12.5 MHz

|
\ \\ N . Levels are measured with a selective level meter and probe Z 10 kQ Il = 7 pF,

. .
. / e.g. PM-5 with probe head TK-8 (Wandel & Goltermann).
_- rat | It should be considered that the load by the probe head may result in o level vari-
Test point St 901 Buto02 {(@)st207 | (D) Cli2s ation of points of high impedance.

Level =-3d8 Pulse ' . 40dB = -3 dB

—

Frequency 8.01 MHz 10 kHz t 10 kHz 8.01 MHz D.C. voltages measured with meter of 100 kQ/V to ground

Fig. 7-7 Level diagram



Fig. 7-8 Attenuator-amplifier combination in mode "wideband" (attenuation in dB)

|
. . S 1601 | Sensitivity | Pre- Pre- Wideband- Z
dB attenuator | omplifier | omplifier
. 1 +20 _40 0 0 -40
® 2 +10 -40 +10 0 -30
ﬂ - 3 0 -20 0 0 20
< 4 -10 -20 +10 0 -10
. 5 -20 0 0 0 0
6 -30 0 +10 0 +10
. 7 -40 0 120 0 120
8 -50 0 +10 +20 +30
. 9 -60 0 +20 120 +40
. ® Calibrate 0 +20 0 +20
|
|
1

S 1601 Wideband part 10-kHz-Amplifier
. Sensitivity | pre- Pre- lee——— Measure Calibrote — —— ouf
dB cttenuator | amplifiert ¥ 3 2 1 Y 3 2 1 Y
1 +20 -40 0 -40 0 0 0 0 +30 +30 0 +60
l 2 +10 -40 0 -40 0 0 +10 +10 +30 +30 0 +60
. 3 0 -40 0 -40 0 0 +20 +20 +30 +30 0 +60
4 -10 -40 0 -40 +30 0 0 +30 +30 +30 0 +60
. 5 -20 -40 0 -40 +30 0 +10 +40 +30 +30 0 +60
" 6 -30 -40 0 |-40 +30 0| +20 | -0 | +30 | +30 0| +60
7 -40 -40 0 -40 +30 +30 0 +60 +30 +30 0 +60
l 8 -50 -40 0 -40 +30 +30 +10 +70 +30 +30 0 +60
9 -60 -40 +10 -30 +30 +30 +10 +70 +30 0 +20 +50
l 10 -70 20 0 |-20 +30 | 430 | +10 | 70 | +30 0 | +10 | +40
11 -80 -20 +10 -10 +30 +30 +10 +70 +30 0 0 +30
12 -90 0 0 0 +30 +30 +10 +70 0 0 +20 +20
l 13 -100 0 +10 +10 +30 +30 +10 +70 0 0 +10 +10
- 14 -110 0 +20 +20 +30 | +30 | +10 | +70 0 0 0 0
l 15 -120 0 #20 |0 +30 | +30 | +20 | +80 0 0 0 0
Fig.7-9 Attenuator/amplifier combination in mode selective, low noise, dB (attenuation in dB)
| o
- 7-13



S 1601 Wideband part 10-kHz-Amplifier
Sensitivity | pre- pre- les——— Measure Colibrote — ]
(dBm) ottenuator) amplifier Z 3 2 1 Z 3 2 1 z
} +20 -40 0 -40 0 0 0 0 ] +30 | +30 0 | +0
2 +10 -40 0 -40 0 0 +10 +10 +30 +30 0 +60
3 0 -40 0 -40 0 0 | +20 | +20 | +30 | 430 0 | +0
4 -10 -40 0 -40 +30 0 0 | +30 | +30 | +30 0 | +0
5 -20 -40 0 -40 +30 0 | +10 | +40 | +30 | +30 0 | +0
6 =30 -40 0 -40 +30 0 +20 +50 +30 +30 0 +60
7 -40 -40 0 -40 +30 | +30 0 | +0 | +30 | +30 0 | +0
8 -50 -40 +10 -30 +30 +30 0 +60 +30 0 +20 +50
9 -60 -20 0 -20 +30 +30 0 +60 +30 0 +10 +40
10 -70 -20 +10 -10 30 | +30 0 | +0 | +30 0 0 | +30
M -80 0 0 0 +30 | +30 0 | +0 0 0 | +20 | +20
12 -90 0 +10 +10 +30 +30 0 +60 0 0 +10 +10
13 -100 0 +20 +20 +30 +30 0 +60 0 0 0 0
14 -110 0 +20 +20 +30 +30 +10 +70 0 0
15 -120 0 +20 +20 +30 +30 +20 +80 0 0 0 0
Fig.7-10 Attenuator-amplifier combination in mode selective-low distortion dBm /attenuation in dB'
S 1601 Wideband part 10-kHz-Amplifier
Sensitivity | pre- pre- bs—— Measure Calibrate — =i
dB attenuator | amplifier Z 3 2 i Z 3 2 i
] +20 -40 0 -40 0 0 0 0 | +30 | +30 0 | +0
2 +10 -40 0 -40 0 0 | +10 | +10 | +30 | +30 0 | +60
3 0 -40 0 -40 0 0 | +20 | +20 | +30 | +30 0 | +0
4 -10 -40 0 -40 +30 0 0 +30 +30 +30 0 +460
5 =20 -40 0 -40 +30 0 +10 +40 +30 +30 0 +60
6 -30 -40 +10 -30 } +30 0 | +10 | +40 | +30 0 +20 | +50
7 -40 -20 0 =20 +30 o] +10 +40 +30 0 +10 +40
8 -50 =20 +10 -10 +30 0 +10 +40 +30 0 0 +30
9 -60 0 0 0 | +30 0 | f10 | +40 0 0 +20 +20
10 -70 0 +10 +10 | +30 0 +10 +40 0 0 +10 +10
1) -80 0 +20 +20 +30 0 +10 +40 0 0 0 0
12 -90 0 +20 +20 | +30 0 | 20 | +50 0 0 o 0,
13 -100 0 +20 20 | +30 | +30 0 | +60 0 0 0 9 i
14 -110 0 +20 +20 | +30 | +30 | +10 | <70 0 0 0 O ‘
15| -120 0 +20 20 | +30 | +30 | +20 | +80 | o | o} o \ 0|

Fig. 7-11 Attenuctor-Amplifier combination in mode "selective-low noise" (attenuation in dB®




8. CHECKING OF IMPORTANT
TECHNICAL SPECIFICATIONS




CHECKING OF IMPORTANT TECHNICAL SPECIFICATIONS

This section describes methods to test the most important performance parameters

of the equipment. Where possible, commercially available test equipment hos

been suggested.

If not specifically stated otherwise, the tests should be performed at mains vol-
tages and temperatures within the rated operating conditions. A warm-up time of

30 minutes as stated in the specifications has to be allowed for.

Aim of the specification test is to confirm that the indication of a measured value
is within the guaranteed limits of error. The specification test s only applicable
without reservations if the intrinsic error of the test equipment that is used is
negligible. Otherwise, the following rule applies. If the intrinsic error of the
vtilized test equipment is + m, and if the guaranteed error limit for the equipment
under test is + e, then :

e aresult exceeding (e + m) proves that the equipment under test definitely

exceeds the guaranteed error limits.

® aresult better than £ (e = m) proves that the equipment under test is definitely

within the guaranteed error limits.

The criterion e is quoted in the description of each measurement. The criterion m

depends upon the utilized test equipment and has to be determined in each indi-

vidual case.

The measuring method itself excerts influence upon m only if the prescribed test

equipment is said to be mandatory, or if special conditions need to be observed.

The suggested order should be observed when the equipment specifications are

to be tested systematically. A re-alignment of the equipment should be attempted

only if it is found to exceed the limit (e + m).
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Frequency Indication

Required test equipment :
1 Level Generator PS-12 WRG
| Frequency counter FZ-4 WG

PS12 1€ > SPM2
FZ-4
Fig.8-1 Equipment setup

Equipment setting :

PS-12 any frequency (e.g. 1000.00 kHz)
any level (e.g. 0 dB)
SPM-12  selective, smallest bandwidth expanded meter scale

Tune level meter for maximum meter indication. Permissible error (e) of frequency

indication : £ 5 x 106 + 10 Hz

The frequency calibration of the SPM=12 may also be checked by means of a

standard frequency signal .

Level indication O dB/dBm, f = 10 kHz

Required test equipment :

Level Generator 10 kHz, e.g. PS-12 W8G
Milliwatt Test Set with accessories: EPM-1  W&G
Probe Head TK-10, 75 Q W&G
Attenuator 9.03 dB, 75 Q W&G

T-piece and connector adapters according to connector system, (Spinner, W&G)

The SPM-12 may be converted from voltage, level calibration (dB) to power level
calibration (dBm), see section 5.2.5. of the instruction manual. Therefore, either

the test setup 8.2.1. (dB voltage level) or 8.2.2. (dBm, power level) may be used.
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‘ 8.2.1.

Level check 0 dB, f = 10 kHz

———] EPMa

TK-
10

¢.03 a8
* .
Spinner BN 4851 2« 1.6/100
/ .
—=i.6- 10(m:
According to connector system ‘lJ

y
1.6/10 ;m1==2.5/6 if} Spinner 885700 4 .
~1.6/5.6 () Spinner 887900 ) SPM-12
= BNC /) Spinner 486800\ ;
!

/

Accor ng ‘0 connector system
1.4/10 if-e=2.5/6 imi W&G S 393
Ps-12 —i.6/5.6 Im) W&G 5 395
~=BNC{mj} 539

% connect 9.03 dB artenuator as close as
possible to input socket of SPM-12

Fig.8-2 Measuring setup

Instrument setting :

SPM-12 : Measuring range 0 dB, expanded scale ( and to "0")
Wideband or selective (bandwidth 500 Hz)

f=10kHz (15, 7))
R = 100 k ([7])

PS-12: z=75Q ([])
Level : OdB@@)
f=10kHz ( [14], [1¢])

Switch off SPM-12 and check that the mechanical meter zero is accurate, the
equipment being in horizontal position. Correct zero setting if necessary with
adjustment screw underneath meter face.

Calibration of Milliwatt Test Set EPM=1:

Connect 9.03 dB attenuator and probehead TK-10. Set EPM-1 to calibrator level

0 dB, R; = 0 (S 303). Connect attenuator and probehead to calibrator output Bu303

and zero under indication with pot. P 202.

Test :

Connect probehead TK-10 via attenuator to the input of SPM-12, see Fig. 8-2.
Set generator level until EPM-1 reads zero (dB). Calibrate SPM-12 in the mode
used (wideband or selective), change over to "measurement” and note the devia~

tion of the SPM=12 indication.
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8.2.2.

Permissible error limit in mode "wideband", "selective/low noise" or "low dis~-

tortion"
+ 0.1 dB

Tune the SPM-12 carefully to maximum signal when using the selective measure-

ment mode.

Level check 0 dBm, f = 10 kHz

] EPM-1
TK-
10

Spinner BN 4851 2x 1.6/10(F)

] —=1.6/10(m)
According to connector system
1.6/10 {m)=2.5/6 (f) Spinner 885700 }‘

~1.4/5.6 (f) Spinner 887900 3 R SPM2

== BNC (f) Spinner 486800 \l
According to connector system

~ 1.6/10 (fy=2.5/6 (m) WBG S 393
PSaz 1€ —=1.6/5.6 (m) W8G § 395
—=BNCim) S 39

Connect probe head TK-10 as close as possible to input of SPM=12
Fig. 8-3 Test setup

instrument setting :

SPM-12: Measuring range 0 dBm, expanded scale ( and to 0)
Measurement mode "wideband" or "selective" (bandwidth
500 Hz)
f = 10kHz ([15], [17)) Impedance 100 k@ (7))
Impedance 75 Q ([11]), Level: 0 dBm (5][6]},[7)
f = 10 kHz ([14], [16])

Check mechanical zero of SPM-12 meter scale prior to measurement (switch power off)

Calibration of EPM-1: Set calibrator to 0 dBm, R; =0

Connect TK-10 to calibrator output Bu 303 and set meter to 0 dBm with P 202.
Measurement :

Connect probehead TK-10 to input of SPM-12. Set generator level of PS-12 for
zero indication of EPM-1. Calibrate SPM-12 in the measurement mode being used
(selective or wideband). After calibration read deviation of SPM=12 indication

permissible error in "wideband", "selective/low noise" or "selective/low distor-
tion" mode :
£ 0.1 dBm

Tune SPM-12 carefully to signal maximum if using selective mode.

|

S T &




8.3.1.

Frequency response (200 Hz) 2 kHz- 4.5 MHz (4.8 MHz, 6 MHz)

Required test equipment

1 Generator, e.g. PS-12 WG

1 Milliwatt Test Set EPM-] W_G
with accessories :

1 Probe head TK-10, 75 Q W&G

1 T-pad 75 Q BN 595/1 W&G

1 Connector adapters as per connector system

Measuring range 0 dBm

EPM-1 L

T-pad E
TK-10 ?)—1 SPM-12 (e
Rear panel
2
...(
PS-12 Remote tuning

Fig. 8-4 Test setup

Connect T-pad directly without cable, to the input socket Bu 202 of SPM-12,

Equipment setting :

SPM-=12 .

PS-12:

EPM-1:

- Switch equipment to power level calibration. Measuring range
0 dBm, expanded scale (, to 0), . Measuring mode "wide-
band" or "selective" (bandwidth 500 Hz )

f = 10kHz (5], i7])

Impedance = 75 Q @

- Set equipment to voltage level calibration (dB), output level

aprrox. - 3 dB @
f = 10kHz (4], [i9])

Impedance = 75Q (@)

- Measuring range 0 dBm £ 0.2 dB

Measurement :

Set send level for 0 dBm indication on EPM-1. Set SPM-12 indication to O dBm by
adjusting the calibration pat. (selective) or (wideband).
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8.3.2.

8=-6

Tune SPM-12 over the range (200 Hz1)) 2 kHz...4.5 MHz (4.8 MHz, 6 MHz).
Keep SPM-12 input level constant. Note maximum of positive or negative deviation

of SPM-12 level indication.

Permissible frequency response (e) of level indication, relative to f = 10 kHz

is given in table 8-1.

Series | Freq. range Selective Wideband

200 Hz to 300 Hz +0.07 dB +0.15 dB
C...F{ 300 Hz to 4.5 MHz +0.07 dB £0.1dB
4.5 MHz to 4.8 MHz +0.4 dB | £0.45dB

200 Hz to 300 Hz +0.07 dB +0.15 dB
G... | 300 Hz to 5 MHz +0.,07 dB +0.1dB
5MHz to 6 MHz +0.15dB +£0.25dB

Table 8-1 Frequency response of level indication

1) Valid for equipment fitted with 25 Hz filter. Perform measurement in 25 Hz-
bandwidth.

Note : Inmode "selective", the PS=12 is remotely controlled from SPM-12.
To achieve synchronization, a frequency calibration of the PS-12 is necessary

(see section 2.6. of the PS-12 instruction manual).

Frequency response of level indication in ranges other than 0 dB/dBm.
Required test equipment as per 8.3.1., and additionally
1 adjustable attenuator, e.g. RT-1 W_RG

N

T-pod

EPM- Q= TK-10 -(:ij— RT-1

—(—J

Remote tuning

M2 K

PS-12

¢

Fig. 8-5 Test setup



’ Connect RT-1 and SPM=12, T-pad and RT-1 as close together as possible i.e.

without use of interconnecting cables.

Equipment setting :

The RT-1 is used to reduce the SPM-12 input level. If an RT-1 is not available

of the pads if it is not so small that the error may be neglected.

Measurement : as per 8.3.1.

The error limit (e) of the frequency response may be seen from table 8-2

Selective Wideband

. (200 Hz) 2 kHz... 4.5 MHz +0.1 dB
300 Hz... 4.5 MHz +0.,10 dB
200 Hz... 4.5 MHz +0.15 dB

Table 8-2 Error limits of level indication

8.4. Level indication O dBm, balanced inputs

(only for option BN 608/1)

Required test equipment :

1 Milliwatt Test Set EPM-1 . WG
with accessories :
1 Balanced Probe Head TKS-10 W&G
‘ 1 Probe head Adaptor TKSA-150 W&G
1 do. TKSA-600 WG
1 Calibration Adaptor TKSE-150 WG
1 do. TKSE-600 W&G
1 Level Generator, e.g. PS-12 W_RG
bolanced outpur

Ps42 )—I—)— SPM-12

TKSA

TKS-
10

M EPM-1

. Fig. 8-6 Test setup. )—

other attenuator pads may be used. It is necessary to know the frequency response

L e s s Y A A




Equipment setting :
SPM-12: Switch to power level calibration (dBm) . Measuring range O dBm,
i expanded scale ( , to 0)
Wideband measuring mode
Select high impedance
Press button "150 Q" input @
PS-12: Switch to voltage level calibration (dB)
impedance 150 Q @

F =10k (14, 4]

EPM-1: Measuring range 0 dBm = 0.2 dBm

. 8.4.1. Balanced inputs 150 Q, 124 Q

Calibration of EPM-1:

Connect TKSE-150 to EPM-1 calibrator output Bu 303.
Connect probe head TKS-10 via Adaptor TKSA-150
Connect TKSA to TKSE. Set S 303 to 0 dB/R; = 0 Q.

| Adjust meter to O dBm using pot P 202.

Measurement : (150 Q input)
Connect probehead TKS-10 via adaptor TKSA-150 directly (without interconnection
cable) in parallel with the balanced input (150 Q) of the SPM-12 . Adjust

generator level to read O dBm on EPM=~1. Calibrate SPM-12, switch to "measure"

. and read SPM-12,
Repeat measurement ot 6kHz, 2 MHz, and 4.5 MHz (5 MHz).

Permissible error limits (e)

Series | Freq. range Error limit
6 kHz...2 MHz +0.3dB

CoooF 2 MHz...4.5 MHz -0.3 dB/+0.4 dB
6 kHz...2 MHz +0.3dB

G- 2 MHz...5 MHz +0.4 dB

Table 8-3 Error limits of level indication

8-8




Measurement of 124 Q input:

Tune SPM-12 to f = 10 kHz, press "124 Q" key. Set send level to read - 0.826 dBm
on EPM-1 (set EPM-1 to range -~ 0.8 dBm = 0.2 dBm). Calibrate SPM=-12, switch

to "measure" and read indicator.

Repeat measurement at é kHz, 2 MHz and 4.5 MHz (5 MHz).

Limits of error (e) are as per the following table

Series | Freq. range Error limit
C...F| 6kHz...4.5 MHz +£0.3dB
G 6 kHz...5 MHz +0.3dB

Table 8-4 Error limits of level indication

8.4.2. Balanced input 600 Q

Calibration of EPM-1

Connect TKSE-600 to the calibrator output (Bu 303) of EPM-1. Connect probe
head TKS-10 via TKSA-600 to the calibration adaptor TKSE-600. Set calibrator
level to 0 dB/75 Q and adjust meter to O dB using calibration pot P 202.

Equipment setting :
PS-12 Impedance 150 Q ([11])
f = 10kHz ([14], [14])
Use 150 Q output ({13])
SPM-12 Use 600 Q input | 3| key depressed

Measurement :
Connect TKS-10 via adapter TKSA-600 directly, i.e. without interconnection

cables, parallel to the balanced 600 Q input | 3] of the SPM~12. Adjust send level
to read 0 dBm on EPM-1 meter.

Calibrate SPM-12, switch to "measure™ and read indicator.
Repeat measurement at f = 200 Hz and f = 20 kHz.

Error limit (e) of level indication in the frequency range 200 Hz...20 kHz : + 0.3dB

8-9
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8.5.

Attenuvaotor errors

The error limits of the attenuator are measured at the factory using dedicated test
equipment. A check using normal commercial equipment is possible though only
with limitations due to thevrequired high accuracy. However,actual faults in the
attenuator circuit will result in greater errors which may then be discovered by

less accurate means.

Required equipment :

1 Level Generator 10 kHz, e.g. PS-12 W&G
1 Calibrated attenuator, 75Q, e.g. 3D 120 Siemens
Calibrated ottenuvator
- 7
PSA2 € - F—(———)— SPM-12

Fig.8-7 Test setup

Equipment setting :

PS-12 Impedance : 75Q )
Level: 0 dB @
Frequency : 10 kHz (, )

Attenuator  Set to O dB attenuation

SPM-12 Level range 0 dB, expanded scale , to 0
Measuring mode wideband or selective (bandwidth 500 Hz, )

Measurement :
Set send level to read O dB on SPM~12. Increase both the attenuation of the atten~

uator and the sensitivity of the SPM-12 in steps of 10 dB and note the deviation of
the SPM-12 indicating meter.

The permissible error is calculated from the inaccuracy of the attenuator plus the

error limits of the test object.

Error limit (e) of the SPM-12 attenuator is + 0, 1 dB

in "low noise" mode of measurement, the stray coupling between generator and
receiver may impair the measurement in the more sensitive ranges. When meas-
uring these, reduce both the generator level and the attenuator setting by a simi-

lar amount, e.g. 40 dB.



I . 8.6. lnaccuracies of the meter scales

Required test equipment and test setup as per section 8.5.
I Equipment setting :
PS-12 frequency : 10 kHz (, )
level : - 8 dB/dBm @
impedance : 75Q (

Attenuator - 2 dB attenuation
SPM-12 wideband mode ( )

range : = 10 dB/dBm ()
impedance : 75Q (

8.6.1. Inaccuracy of the non-expanded meter scale measurement

Set SPM-12 to unexpanded scale, -20...+2 dB.

Adjust generator level until SPM-12 meter is at "0" mark. Set attenuator to 0 dB,
1dB, 3dB, 5dB etc. to 20 dB and read meter.

Error limit (e) of the scale division

1.5% of f.s.d. £ 0.9 mm length of scale arc

8.6.2. Inaccuracy of the expanded meter scale

l Switch SPM-12 to "expanded scale", scale expander to "0". Attenuator to
. 0 dB. Adjust send level to achieve SPM-12 0 dB(dBm) indication. Switch attenu-
ator to 0.1 dB, 0.2 dB etc. to 2.0 dB. Observe meter indication and note maxi-

mum positive and negative deviation (A).

Set send level to - 8 dB(dBm), attenuator to 2 dB, scale expander of SPM-12
to "0". Set send level until SPM-12 meter reads "0". Now increase attenuation of
the attenuator in 2 dB steps and read meter, switching the scale expander in 2 dB
steps. This measures the error of the scale expander (B).

Calculate the maximum positive and negative deviation from the values (A) and (B).
Limit of the scale division error inclusive error of the scale expander, at ambient

. temperature of 23°C :20.07 dB
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8.7. Selectivity

A generator signal of high spectral purity is required to test the selectivity. Non-

harmonic spurious signals must be more than 70 dB below fundamental.

Required test equipment :

1 Generator, e.g. PS-12 WaG
¥
P12 1€ > SPM-12

Fig. 8-8 Test setup

Equipment setting :

PS-12 arbitrary frequency
Level : 0 dB(dBm) @
Impedance :  75Q ([11])

SPM-12 Measuring mode : selective, low noise ()
Range : 0 dB, non-expanded (, )
Impedance : 75 Q

Measurement :
Select bandwidth according to table 8-5. Tune receiver carefully to signal maxi-
mum and adjust send level until level meter reads O dB(dBm).

Detune PS-12 or SPM-12 by 4f. Increase receiver sensitivity by no more than 50 dB.

Indicated attenuation should be as per table 8-5.

Bandwidth Frequency change 4f Attenuation
1.74 kHz +2 kHz Z 60 dB
500 Hz £ 2 kHz Z 60 dB
25 Hz + 250 Hz z 60 dB
x 70 Hz z25dB
Table 8-5
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Intrinsic distortion

Required test equipment:

1 Level Generator, with 2nd and 3rd harmonic distortion better than 50 dB

e.g. PS-12 w&G
| Low pass filter, Aftenuation of 2 f¢ and 3 fc 2 40 dB
e.g. UF-1 W&G

R

Q| Q=) UF- )~ SPM.12

5255 = |

Fig.8-9 Test Setup

u
v
‘.
N]

Equipment setting :
PS-12 frequency 16 kHz (, )
level appr. : =-7dB @

Impedance : 75 Q ({11])
UF-1 Low pass
Basic attenuation 10 dB
cutoff frequency 16 kHz
source impedance : 600 Q
output impedance 60 kQ
SPM-12 Selective measurement 500 Hz bandwidth, low distortion @

Measuring range - 20 dB, non expanded , )
Output impedance : 100 kQ ()

Tune SPM-12 to 16 kHz fundamental frequency and adjust send level until SPM-12

reads - 20 dB.
Now tune SPM-12 to 32 kHz (kp) and increase sensitivity by 50 dB (70 dB range).

Meter indication should be <- 90 dB.

Increase sensitivity by a further 10 dB (range - 80 dB). Meter should read < - 90 dB
(oo > 70 dB).

Proceed similarly ot f = 48 kHz (k3).

Meter should read :
Sensitivity increase 50 dB  level <-90 dB
-0 o- 60 dB level <-90 dB




8.9.

This test demonstrates that the instrument is within the guaranteed intrinsic dis-
tortion specifications of oy 5, a 52 80 dB after 50 dB sensitivity increase 1. The

SPM-12 may be switched temporarily to "low noise" to be able to tune to the har-

monics (k2 and k3).

1) 10 dB overload (i.e. sensitivity increase of 60 dB in lieu of 50 dB) results in
2 x 10 dB increase of k2 and k3. If a 60 dB increase results in o >70 dB, then

ai > 80 dB will correspond to a 50 dB sensitivity increase.

Reflection factor

Required Test equipment:

1 Return-loss Bridge, e.g. RFZ-5 W_&G
1 Level Measuring Setup, e.g. PSM-5 W&G
PSS I o
@
Ry =750 [___:]—RﬂRFSZ' ;)— SPM-12
N A X
PMS 1 !
Fig.8-10 Test Setup

% Connect Rx-outlet of the RFZ-5 directly, i.e. without interconnecting cables,
to Bu 202 ([4]in BN 608/1) of SPM-12.

Instrument setting:
PS-5: frequency 10 kHz
level O dB
impedance 75Q
PM-5 : frequency 10 kHz
impedance 75Q
fow noise mode
bandwidth 3.5 kHz
RFZ-5: Adjust bridge balance ot 10 kHz and 4.5 MHz and calibrate in
conjunction with PSM-5
SPM-12 : Measuring range 0 dB, Impedance 75 Q
Instrument switched on

Measure return loss (a,) at 10 kHz, 2 MHz and 4.5 MHz. Permissible return loss

>

a, = 40 dB, corresponding to r = 0.01]




9. ALIGNMENT INSTRUCTIONS



9.1.

9.1.1.

Alignment Instructions

Re-alignment of the equipment should be afttempted only if it is confirmed by
measurement (chapter 8) that the instrument is not within the guaranteed specifi-
cations, i.e. that the limits = (e + m) are being exceeded.

As mentioned in chapter 7, the equipment should be powered by an external source
with current limiting (S 15V, S5 A). Only if there is no other alternative, the

instrument may be operated from the mains supply.

Alignment of frequency response

Impedance 75 Q, selective

Required test equipment :
1 Level Generator, 200 Hz - 4.5 MHz, 0 dB, 75 Q,
e.g. PS-12 W&G

1 attenuator or attenuator pads to obtain attenuation of 10, 20, 30, 40, 50 and
60 dB (75 Q), whose frequency response must either be known or be much better

than that of the permissible response of the SPM-12.

The attenuator is not required if the Level Generator is capable of supplying levels

of 0, - 10, - 20...- 60 dB with known frequency response.

remote controi (only for selective measurement

i'_ ____________________ -
@ ‘o
BN @mﬁ];ﬂuoarsvﬁ X%
Ps12 < ’&/ B 2L
i SPM-12

Attenuator

Fig.9-1 Test setup

%) Desolder cable loom (colors wt/gn, wt/bl, wt, wt/rd or gr) from points 72,
74, 73, 75, 76 of p.c. board|608-D | The wideband circuit may now be

switched as required by grounding the free ends of the cable loom.

Equipment setting:

PS-12 Qutput 75 Q coaxial, level 0 dB, frequency 10 kHz or remote control
by SPM-12
SPM-12 Input 75 Q coaxial, frequency 10 kHz (reference frequency),

low noise selective mode, O dB/expanded scale.

?-1
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9-2

1.2.

Alignment
The alignment sequence is shown in table 9-1. Prior to alignment, adjust SPM-12

for 0-dB indication at reference freguency using calibration pot. . Then tune

across the frequency band and measure the frequency response ot 200 Hz, 2 kHz,
200 kHz, 2 MHz and 4.5 MHz.

. 1 A | Attenuation Level at | Wire to
Switch
o:’;F?M-% between Gene~ |SPM-12 | be Align with
rator and SPM=-12} input grounded
+20 dB 20 dB -20dB | white L 402
+20 dB 30 dB -30 dB white&white/blue| L 403
+20 dB 40 dB -40 dB white&white/red | L 404
0dB 20 dB -20 dB - C 305 (100 kHz)
R 303 (4,5 MHz)
-20 dB 20 dB -20 dB white/grey C 312 (100 kHz)
P 301 (4,5 MHz)

Table 9-1 Frequency response alignment 75 Q Input impedance, selective
Permissible frequency response after elimination of the test setup frequency re-

sponse : + 0.09 dB

Permissible frequency response after elimination of that of the test setup

£ 0.065 dB

Impedance 75 Q, wideband

Required test equipment and test setup as per 9.1. 1. but without remote control

of generator.

Equipment setting as per 9.1.1. but switch SPM=12 to "wideband".

Alignment : Proceed as per 9.1.1. but use table 9-2 and calibration pot (_2__0]

to set reference indication.

) Attenuation Level at| . . :
S;Vg;,t‘ % between Gene- |SPM-12 | Wire ;0 :e Align with
° "~ "“|rator and SPM=12]|Inpyt | TOUNCE
+20 dB 40 dB -40 dB |white&white/red L502
+20 dB 50 dB =50 dB |white&white/blue&grey L503uRepecf
+20 dB 60 dB -60 dB |white8white/red&grey |L503|1alignment

Table 9-2 Frequency response alignment. Input impedance 75 Q, wideband

[ VR

" e
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Input impedance 124 Q

Required test equipment
1 Level Generator, frequency range 200 Hz - 4.5 MHz,
0dB, 124Q e.g. PS-12 WG

1 calibrated interconnection cable, 124 Q

Test setup
Connect 124 Q output of generator with 124 Q input of SPM-12 by means of
calibrated cable.
Equipment setting:
PS-12 : 0 dB, 124 Q, frequency 10 kHz
SPM-12: 0 dB expanded ([13] and to 0)
124 Q, wideband
Set meter indication to "0" mark using calibration pot .

Alignment

Set generator to 4.5 MHz and align withC 218 SPM-12 for O dB indication. Then,
check frequency response at 4 MHz, 3 MHz, 2 MHz, 1 MHz, 500 kHz, 100 kHz
and 6 kHz.

Permissible frequency response after elimination of test equipment frequency re-

sponse : £ 0.09d8B

Alignment of input low pass filter

Re-align input low pass filter if insufficient aftenuation inthe stopbandrange (above
8 MHz), or ripple above tolerance in the passband have become apparent.
Required test equipment

1 Level measuring setup 10 kHz to 220 MHz, generator output impedance 50 Q,
meter input impedance 75 Q, e.g. PSM-5 W&G

1 Connection cable PS-5, other end open, length 75 cms

1 Connection cable PM-5, other end Subminax (length 75 cm)

1 Resistor 549 Q 1%

1 Capacitor 33 pF



b.2905 oyt O M-12
PS5 ¢ ¥ oe
C=43pF
;t:-_,('g SelT
M5 1€ Y

Remove jumper wire f-e from input lowposs@

Fig.9-2 Test setup

Equipment setting :

PS-5: output impedance 50 Q, level O dB

frequency 100 kHz
PM-5: input impedance 75 Q, level range - 20 dB bandwidth 500 Hz,

low noise, calibrated.

PM-5 reading should be

Pole alignment

-24dBx 1dB

Adjust for attenuation maximum at the following frequencies :

Frequency Alignment PM-5 Pole

f (kHz) element Indication attenuation
8000 = 2 L 407 '=-104 dB a2 80dB
8500 + 100 L 406 = -100 dB az76dB
16500 + 100 C 436 = -103 dB az79 dB
19500 + 100 C 425 = -103 dB az79dB

Repeat alignment. Then check attenuation at the following frequencies :

8000 =+ 10

i
i
a

PS-5:

PM-5 :

I
Frequency range (kHz) PM=5 indication Attenuation
< -100 dB az76dB |
Attenuation maximum £-79dB az55dB
atappr. 11 MHz
Attenuation maximum =-103dB az79dB
at appr. 18 MHz ;
Alignment of passband range

Output impedance 50 Q, approx. - 5 dB. Adjust level to read -30 dB

on PM-5 at 100 kHz

Input impedance 75 Q, - 30 dB lin, using scale expander
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9.2.

9.2.

1.

Check first that the attenuation at 4.5 kHz is 0.3 £ 0.1 dB relative to 100 kHz.
Then adjust passband ripple to be 0.3 = 0.1 dB, (ofter deduction of frequency

response of test setup).

See also the frequency response in Fig. 9-3

alaB!
1 7,100 T T T T 7 R | Co
0 I S S BN IR IR G OB AN

| [ ’ i ; :
084 ' | 80+ — ; .
, ;

referred to 1 dB scale ~—————== ‘ . /
i - referred to 100 db scale ———m— ] v
- [ P | [
064 +60 —— y + !
b | ! : .
——t

+

h

044 F&O 1 ; = — II
!
L

L RN Y I
o . + T * T * T T )
| ‘ | ; 1 [ [ | P
024 r 20 i*r — ! ‘/; / ; T 1 —
BERE il ‘ i N
HENE AN ! |
03 04 0506 0B 1 2 3 4 5678 0—MHz20 30 4050 7

Fig. 9-3 Typical attenuation curve of the input low=-pass filter

Adjustment of the SPM-12 indicator circuit

Adjust mechanical zero of the indicating meter after power was switched off.

Pre-alignment of rectifier
(necessary only after component replacement).

® Offset adjustment of IC 1504

Switch SPM-12 to "measure, wideband, 0 dB, non-expanded scale”.

Connect circuit points x and y with resistor 39 Q and ground y. Set meter pointer

to =00 using P 1509.

Remove 30 Q resistor and the ground connection.

@ Adjustment of diode bias and offset of IC 1501 . Switch SPM-12 to "measure, wide-
band, 0 dB, non-expanded scale". Short b - ¢, d - w and z - aa. Open connection
a - b. Rotate P 1502 (25 kQ) from stop to stop and check that f.s.d.canbeachieved.

Then adjust P 1502 until meter pointer just moves a minute fraction off -oo .
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9-6

Remove short z - aa and adjust P 1501 (100 Q) until meter pointer again just moves
oway from ~oo.

Remove shorts b - ¢ and d- w, reconnect a - b.

Alignment of L 1504
Switch SPM-12 to "Calibrate, selective, 0 dB, non-expanded scale! Rotate

calibration potentiometer until meter reads approx.0 dB. Tune to maximum with

L 1504.

Alignment of the indicator circuit

Required test equipment :

1 Level Generator, 75Q, O0dB e.g. PS-12 W&G

1 Attenuator having 2, 4, 6, 8 dB attenuation, e.g. 3D 120 Siemens

o [ o
PS-12 ~4:--——-1 > j"‘ ¥ o SPM-12
Fig.9-4 Test setup
Equipment setting :
Attenuator 0dB
PS-12 Impedance 75 Q, frequency 20 kHz,
Level : O dB at SPM-12 input
SPM-12 Switch [14] to dB, impedance 75 Q
Alignment:
® P 1503

Switch SPM-12 to "measure wideband" (), switch E to"-20...+2"
calibration pot approx. to centre.

Adjust approx. 0 dB indication using P 1503, tune to minimum with L 1504, then
re-align P 1503 until meter reads precisely O dB.

® P 3802
Switch SPM-12 to "measure selective, low noise, bandwidth 1.74 kHz" and tune

to indicator maximum (20 kHz). Set calibration pot to approximately centre
ond re-adjust for 0 dB indication using P 802.

@ Rectifier linearity
Switch SPM-12 to "wideband" mode. Open o - b. Shut b - ¢, d =w and ac - z.
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Adjust P 1502 until meter pointer is located between the - 10 and - 20 dB mark
(i.e. not at the lower limit). Remove short aa ~ z and proceed similarly with

P 1501 (tcke care of slow reaction). Remove short d - w and close a - b.

Using the calibrated attenuator, check that scale divisions correspond to 2-dB-
increments.

Permissible deviation : 1% of f.s.d.

@® 0 dB point when switching from normal to expanded scale.

Set O dB indication as a reference, using calibration potentiometer . Then set
attenuator to 2 dB and switch to "0" (expanded). Correct deviation from - 2 dB
mark using P 1507.

Set attenuator to O dB and align P 1508 to O dB meter indication. Repeat adjust-

ment alternatingly until O dB and - 2 dB are indicated precisely.

@® Divider for scale expander @
Decrease level through attenuator in 2-dB-increments, switch correspondingly

and adjust the relevant potentiometer (P 1510 to P 1513) until meter reads "0".

Alignment of 10 kHz calibration signal

The indicator circuit must be aligned prior to proceeding with this step.

Since the accuracy of the SPM-12 depends upon the accuracy of the calibration
signal, sufficiently accurate measuring equipment is required to readjust the

calibrator output.
Required test equipment and accessories:

1 Milliwatt Test Set EPM-1 W&G
1 Probehead TK-10 75 Q Wa.G
T-junctions and connector adaptors as per connector system used

1 Level Generator, 10 kHz, 0 Q output impedance e.g. PS-12 W&G

1 Differential Voltmeter to further expand the SPM-12 meter indication.

PSA2 R———————}@-)—?—P—(-—i TKA0—  EPMA
©‘

T@ or Differential voitmeter

Connect b and ¢ directly,
SPM-12 4——>J'§>_@
Fig. 9-5 Test setup v i.e. without cable, to SPM-12.
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Adaptors in fig.9=-5 according fo connector system:

(@ 1.6/10 (my= 2.5/6 (f) Spinner 885700
- 1.6/5.6 (f) Spinner 887900

~=BNC () Spinner
(B) Spinner BN 4851 2x1.6/10 () ) 1.6/10 (m)
() 1.4/10 () =2.5/6 (m) W&G S 393
-~ 1.4/5.6 (M)W&G S 395
~BNC (m)W&G S 391

Equipment setting :

EPM-1 Calibrate from 0 dB, R; = O output
Measuring range 0 dB = 0.2 dB
PS-12 Voltage level calibration (dB)

frequency : 10 kHz. Key (R; = 0) depressed.

Adijust output level for 0 dB indication on EPM-1
SPM-12 Measure, selective, smallest bandwidth

low noise, voltage level calibration (dB).

Expanded scale, switch to 0

Measuring range to O dB,

Key | 7] (high impedance) depressed..

Tune to PS-12 signal

Differential voltmeter

0 dB indication of SPM-12 results in 4.000 V at output .
A level difference of 0.01 dB causes a voltage difference
of 23 mV.

Adjustment P 201, V 201-

Set accurate O dB reference indication using potentiometer . Use differential

voltmeter to further expand scale. Then press "Cai" button and adjust level of

calibration oscillator to also indicate precisely 0 dB. Check that U 201 (cal.osc.

frequency) is accurately tuned to the centre of the passband range.
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9.5.

2.6.

9.6.1.

Adjustment of mixer | balance

Switch SPM-12 to "measure, selective/low noise bandwidth 1.74 kHz" Tune to
0.00 kHz. Set switches [14] to "~ 10 dB" and [13] to "- 20 ...+ 2", SPM-12
meter should indicate = - 30 dB. This corresponds to a residual carrier attenuation

of 250 dB. If this is not achievable, the mixer balance must be readjusted using

P 601 (5 kQ) and C 632 (3...10 pF).

Return loss and input balance ratio

A re-alignment is normally not necessary unless input circuit components have

been replaced.

For realignment, a Return loss or Signal Balance Ratio Measuring Setup (e.g.PS-12
+ SPM-12 +RFZ-12 or SDZ-12)is required. The relevant alignment is carried out

in such a way that best performance across the whole frequency range is achieved.

It is adviseable to use sweep measuring methods.

Parameter 75 Q reflexion 124 Q Reflexion 124,150 Q balance
Component C 202 C 209 c2n

See Instruction Manual of measuring equipment used, for information concerning

equipment setup and measuring procedure.

Alignment of mains power supply/converter

Prior to alignment, terminate the converter circuit with a load substitute.

(see section 7.)

Alignment of instruments of series C to E

e Remove short ag - ak.

e apply 1V d.c. to "external battery" connector and check that appr. 13.5 V

appear across points 72-81 and that switching pulses are present at point ak.

e Re-connect ag - ak and adjust 12 V at converter output using P 101,
e Increase 11V supply to approx 70 V and measure base voltage of T 114  at

pt. 96.Eliminate negative voltages by increasing R 118.

Caution :  The supply voltage must not be increased further if the 12 V Converter

output voltage begins to rise.

9-9
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Alignment of instruments of series F

e Remove short a - b

e Apply 11V d.c. to "external battery” connector.
Set P 103 to maximum resistance.

e Set output voltage to 14 V doing P 101. If not achievable, readjust P 103

e Reconnect a - b and adjust for 12 V at output using P 104.

e Monitor both voltage at pt. 59 via oscilloscope and input current
via ammeter.

Increase input voltage from 11V to 70 V. Input voltage must not be increased

further if output voltage exceeds 12.5 V, or input current rises. Increase P 103.

Repeat measurement. Adjust P 103 until voltage is in accordance with CRO~trace

Fig.9-6 (pt.59 608-AR1 jat input voitage 70 V)

Yy

Fig.9-6 CRO-trace ot point 59| 608-AR]

4‘12 V
ov——
-100v

Align for negative spikes of 100 V. Repeat alignment of P 101 and P 104.

Temporarily open short a ~ b and check that multivibrator IC 103/2.2 still oscillates.
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10.1.

10.1.1.

Description of functions

Description of block diagram SPM-12 BN 408

The input signal passes via the input circuit @ to the input ottenuctor@ond the
pre-amplifier (4) . The standard unit is fitted with coaxial 75 Q input only, but
options are available with addifioncl balanced inputs (124 Q, 150 Q, 600 Q). All
inputs may be switched to "high impedance".

Input attenuator @cnd preomplifier@ together produce between 20 dB gain and
40 dB attenuation switchable in increments of 10 dB, depending upon the setting
of measuring range and mode of operation keys. The subsequent low pass filter @
determines the upper measuring frequency limit (4.5 MHz) and provides sufficient

I.F. and image frequency attenuation.

Mode : "measure, selective"

In selective mode, the input signal is applied to mixer l@, where it is converted
to the I.F. of 8 MHz. The carrier is supplied by tuning oscillator (or by a sig-
nal at the remote tuning input ) via the calibrate/remote control switch @
and the carrier limifer@. 8 MHz |.F. selectivity is achieved with a crystal filter
@, whose out-of-band attenuation is improved by the preceeding low pass filter.
The crystal band pass allows the lower sideband of the mixer product to pass, but
supresses the 8.02 MHz image frequency of mixer 2.

The 8 MHz signal is then converted to 10 kHz by mixer2 . The 8.01 MHz carrier
is supplied by the temperature compensated crystal oscil Io’ror@.

The bandwidth of the meter is determined by the 10 kHz B.P.F. in the 2nd I.F.
stage, which has a resultant effective noise bandwidth of 1.74 kHz in conjunction
with the 8 MHz crystal filter. The bandwidth of 500 Hz is achieved by switching
an additional tuned circuit into operation. A 25 Hz bandwidth 10 kHz B.P.F.
is available as an option.,

The following 10 kHz amplifier @ may be switched in 10 dB increments from O
to 80 dB gain. The necessary setting is determined by the subassembly "level
switch" depending upon the measuring range and the mode of operation.

The following 10 kHz amplifier @ may be switched in 10 dB increments from O to
80 dB gain. The necessary setting is determined by the subassembly "level switch"

depending upon the measuring range and the mode of operation.

10-1
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A level of - 20 dB at the output of the 10 kHz-omplifier @ leads to a O dB indi-
cation at the meter. The final amplifier is used to match the output of the

10 kHz amplifier to the signal selector @ This is followed by a scale exponder
giving 2 dB f.s.d. when in use.

As an option, the demodulator @ is available for SSB-detection.

10.1.2. "Measure, wideband'" mode of operation

in this mode, the wideband omplifier@ is used in lieu of the I.F. strip (@fo @)
The gain of the wideband amplifier may be switched between O dB and 20 dB to
obtain a level of - 20 dB at the input of the final amplifier . Further signal
amplification and detection is as per section 10.1.1.

The coded level switch ensures correct distribution of gain or attenuation over

the subassemblies @,@ and @

10.1.3. "Calibrate, selective" mode of operation

The calibration oscillator is located in the input circui’rsubqss.@. It is synchronized
by the 8.01 MHz oscillofor@vic a frequency divider . The calibrator supplies
a stable - 40 dB signal at a fixed frequency of 10 kHz.

When the calibration button is depressed, the input attenuator is disconnected

from the signal input and switched to the calibrator output. Since a higher precision
of the attenuation circuit can be realized more easily in the |.F. section than inthe
broadband input circuit, the setting of the input circuit is not altered during cali-
bration and the necessary correction to obtain f.s.d. of the indicating meter is
made in the |.F. circuit. The encoding circuit for this process is located in sub-
assembly Level Switch . This way, the less precise attenuator setting of the

broadband circuit is calibrated using the high precision I.F. circuit.

The instrument is tuned automatically to the calibrator frequency of 10 kHz by dis-
connecting Mixer | from the tuning oscillator and driving it with the same carrier

frequency as mixer 2.

Meter calibration is obtained by a potentiometer at the detector output.

10-2



I ‘ 10.1.4. "Calibrate, wideband" mode of operation

It is not possible to interchange attenuators when calibrating in “"wideband" mode
E as is the case in "selective" mode. Therefore, the sensitivity of the input attenu-
ator pre~amplifier - wideband amplifier combination @, @,@ is fixed to ~40dB
during calibration, resulting in 0 dB indication at - 40 dB input level. According-

ly, the attenuator error in "wideband" mode is larger than in "relative" mode.

10.2. Circuit description

10.2.1. Power supply/Converter @

The level meter SPM-12 may be operated from mains power or else from an external
‘ d.c. source. The power supply circuit @then generates the rail voltages of + 180 V,
+5V, +12Vand - 12 V.

The basic diagram is shown in Fig. 10-1

~ 5 m P 1 180V
Q.c. mains —eed vl' = _T_—{ _—'———: 123
- = | }: = 212V
| It
| il
d.c. — ] 1L
|
'._..4 Reguiator

Fig.10-1 Principle of power supply/converter

The d.c. voltage, or the rectified a.c. voltage is chopped by S. The resulting
pulses are transformed into the required voltages and rectified. The regulator circuit
monitors the rectified positive 12 V output voltage and influences the duty cycle

of S in order to keep the output voltage constant.

The mains power supply consists of the mains filter| 608-L |, the voltage selector
S 102, the transformer U 101 and the rectifier GI 103-Gl 106.

The d.c. voltage across pt. 55 and pt 52is in the order of 30 V at mains operation
and between + 10.8 V and + é8 V at battery operation. The filferscnd
prevenf the chopper frequency from entering the supply line (s).

The regulator circuit drives transistor T 114 : During the switching cycle,

energy from the supply source is stored in the primary inductance of the converter

transformer U 102. During closure of T 114, the stored energy is transferred from

10-3
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the transformer secondary into the load. The secondary winding - @ (180 V)
is divided into three sections in order to maintain a low internal copacitance of
the coil. The secondary voltage is rectified by Gl 122, Gl 123, Gl 128 to G! 130
and filtered. The Zener diodes Gl 141 to 144 are limiting the output voltages.

During wideband operation or calibration points 2 and 18 are connected to ground.
Rel 101 disconnects the 5V supply of the counter circuit which is not in use in
these modes. T 121 is then cutoff and T 122 energizes the decimal point of the read-

out to obtain a visual indication of the instrument "on" state.

The regulator circuit (Series C...F). Upon switching on, the Darlington amplifier

T 105, T 108 supplies a current into capacitor C 120 of the regulator. As soon as
the Zener voltage of Gl 112 has been reached, the multivibrator 1(T 101, T 102)
commences oscillation. The square wave switches transistors T 103, T 104 (via

Gl 113, GI 114, R 109 or GI 113, Gl 116 and R 110 respectively) and transistors

T 106 and T 107. The power transistor T 114 is switched via T 106, R 118 and R 124.
Transistor T 107 ensures precise cutoff of T 114. R 103 and R 104 of multivibrator |
are chosen to obtain an "on" cycle of T 114 of as short a duration as practicable.

in order to transfer the same amount of energy the "on" cycle of T 114 must be
shorter the higher the input voltage is. Thus, R 103 is connected to the supply volt-

age, causing the duty cycle to vary with supply voltage variations.

The operational amplifier IC 101 toggles if the voltage at pt. 81 ( 608-AW )
exceeds 13.5 V, connecting the supply voltage via Gl 138 and Gl 138 to multi-
vibrator 2 (T 119, T 120), which then commences oscillation. Now, the actual
regulator circuit takes over control of T 114. The regulator consists of T 117, T 118
and C 129. The diodes G| 148 and Gl 134 keep the base voltage of T 117 at a
constant 8.4 V. The 12 V d.c. being divided by R 161, P 101 and R 162 is con-
nected to base of T 118. Upon reading 8.4 V, T 117begins to draw current which

is independent of the positive 12V - d.c. The current flows into capacitor C 129.
Then the base-emitter junction of T 116 is limiting the voltage across C 129-T 117.
Table 10-1 shows how the switching pulses for T 114 are formed depending upon the
voltage at pt.81. These pulses goalternatively to T 103 to switch T 114 and to T 109
and T 112, which turn off multivibrator | via T 102. Simultaneously with T 112, the
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current source T 105, T 108 is switched off. Winding @@ of transformer U 102
supplies now power to the regulator circuit {608 AS|.

TR :

Voltage ot pt.81

B> 4
current through T 117

2 > Iy

)
Multivibrator 2 R
(Collector T 119)

[

Uy
Iy
!
Base of T 116 —/—
|
|

i
| |

R N

Volitage across R 143
Switching pulses for T 114]

Table 10-1 Voltage regulation

The pulse transformer U 103 provides isolation between the primary of the power
supply (Battery) and the secondary (L). The transformer is driven via the AND
circuit T 115, T 116 : only if the supply of multivibrator 2 is on, pulses are passed
to U 103. To compensate for the pulse deformation caused by removal of the d.c.
component, the differential amplifier T 111, T 113 with diode limiter Gl 126,

Gl 127 is used. C 112 is a filter capacitor and C 113 is a bypass to R 14D to in-
crease the amplitude. The C-R combination R 157, C 142 in the base circuit of
the control amplifier T 118 compensates the phase shift caused by the input filter

thus ensuring stability of the regulator circuit.

To start the regulating process as fast as possible, the capacitor C 142 is charged
via Gl 136 from a low impedance source. The stabilized output voltages are avail-
able ot pts. 76, 83, 82, 86, 79. The total load, distributed over 4 outputs,may

amount to 7.5 W.

Regulator circuit (Series F)

Upon switching on, the Darlington amplifier T 105, T 108 drives a current into
capacitor C 103, generating the supply voltage for the regulator primary. The
relaxation oscillator T 102, IC 101/4.2 commences oscillation.

C 112 is charged via R 111 and P 101 and is discharged when {C 101/4.2 switches

on, resulting in the following pulse shape: 0 —t —

10-5
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The charge current, and thus the width "t" of the triangle, can be chonged by

P 101. The frequency is determined by R 106 and C 108 . IC 101/4.3 is switched
on and T 103 is switched by triangular pulses. Thus, square pulses are generated

at Collector T 103. IC 101/4.4 is driven by these via Gl 122, R117,R 119 (R 118,
R 120 respectively).

The square pulses being generated at the respective collectors switch the transistors
T 104, and T 106. The power transistor T 114 is switched via T 104, P 103 and

R 127, T 106 ensures precise cutoff of T 114.

The duty cycle of the oscillator (T 102, IC 101/4.2) is adjusted by P 101 for an
"on" state of the power transistor T 114 of shortest possible duration, resulting in

appr. 14.0V at pt. 72 and 81

‘Two measures avoid linear increase of the output voltage following an input voltage

rise :

e The pulsewidth decreases since R 111 is connected to the input voltage (C 112
becomes charged faster)

e R 107 by passing Gl 112 result in variation of oscillator frequency with input
voltage changes.

A voltage of 13.0 V at pt. 72, 81 switches

operating amplifier toggles and connects supply to oscillator 2 (Multivibrator

IC 103/2.2) via Gl 169, Gl 167, Gl 168 and GI 150.

The multivibrator commences oscillations. The circuit of the actual regulator con-

sists of T 109, T 110, C 126.

The base of T 109 is permanently connected to a constant 8.4 V. As soon as the

base of T 110 exceeds this value, T 110 allows current proportional to the input

voltage to pass (pt.72-81), charging C 126 via T 111. At C 126/T 111, triangular

pulses are generated, the width of which vary depending upon the output voltage.

These cause a varying duty cycle of IC 103/2.1, and, via IC 102, IC 101/4.4,

T 104 and T 106, of the power transistor T 114. Thus, the output voltage is regu-

lated by variation of the duty cycle.

Footnote :  The control loop may be opened for fault tracing purposes.
(Connection ag - ak to series E or a = b from series F). To check the
regulator, open ag - ok and separate pt. 97 from 72-81. Check pulse

width variation at ak as a function of voltage changes at pt.97.
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As soon as the multivibrator IC 103/2.2 oscillates, the oscillator 1 (T 102, IC
101/4.2) is switched off via IC 103/2.1, IC 102, GI 114, T 101, IC 101 /4.1,
G170, IC 101/4.3 by connecting the base of IC 101/4.2 to ground and blocking
IC 101/4.3. Simultaneously, the current source T 105, T 108 is turned off by

IC 101/4.1.

The current for the regulator is now supplied by U 102 winding @) - (€) and

Gl 110, Gl 111.

The optical isolator IC 102 is used to achieve isolation between the "primary"
(~Battery) of the converter and the "secondary" (ground). IC 102 is driven by

IC 103/2.1 (ANDcircuit): A signal is passed onto IC 102 only if the supply for
multivibrator IC 103/2.2 is switched on.

To compensate the phase shift caused by the output filter and to ensure stability of
the control loop, the C-R combination C 131, R 160 is fitted. T 111 and T 112

provide additional gain to give pt. 72 (sensor) lower impedance.

The regulated supply voltages are available at the points 76, 82, 83, 86, 79.

The maximum load, distributed of the four outputs, may amount to 7.5 W.

Converter starting circuit

The circuit on p.c. board consists mainly of two Schmitt-trigger circuits
(ST-1and ST 2). ST-1(T 123, T 124) is actuated when anode of Gl 108 is more
positive than its cathode. This is the case when the unit is supplied from the mains:

Viains > BRatt

T 125 is cut off if Vpoit LV causing T 124 to conduct, and T 123 to be

mains
cut off.

When the mains is switched on, T 123 becomes conductive and feeds current into
the "Converter off" line, until the base voltage has become more positive than the
base of T 124, being permanently connected to + 10 V. The treshold of ST-1 is set
by P 102 for a no-load potential of £30 V at electrolytic C 102.

The purpose of ST 2 (T 126, T 127) is to hold the converter off for 0.2 s after every
supply connection (mains or battery). The 0.2 s delay are also present with any
brief supply interruption, with the limitation that ST 2 is activated only if the
supply exceeds 25 V and the interruption is of a certain minimum duration, i.e.

T 126 is conducting for 200 ms feeding current into the "converter off" line.

10-7
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Note : St-2 (T 126, T 127) has been deleted from series C incl. The start-
ing circuit consists of only ST 1(T 123, T 124} 608-BL

10.2.2. Input circuit @

The standard version (BN 608) has only one coaxial input, which can either be
terminated in 75 Q or switched to high impedance with S 201. The termination
consists of R 201 Il R 203. L 201, C 201 and C 204 pre-limit the frequency range.
Additionally, C 204 is used to adjust the return loss of the input.

The calibration signal generator is also located in the input subassembly. The cir-
cuit around T 201 generates a 10 kHz sinusoidal calibration signal from the 10 kHz
pulse signal derived from frequency divider During calibration, pulses are pre-
sent at St 105 which drive T 201 periodically into saturation thus exciting the
tuned circuit formed by C 206, C 207 and U 201. Once the resonant frequency of
the tuned circuit corresponds to the pulse frequency, Collector T 201 carries a sine

wave with 2nd- and 3rd order harmonic distortion of app. 30 dB. (Fig.10-2)

100us |

Fig.10-2 Calibration signal at Collector T 201

‘ The tuned circuit coil is tapped to generate signals for either voltage or power level

calibration. Either signal is available as calibration level at St 207 ofter attenuation

R 206, P 201, R 210.

The calibration levels are - 40 dB for voltage calibration (dB) and - 49.03 dB for

power load calibration (dBm), at 75 Q input impedance.

The signal detector supplies a voltage proportional to the magnitude of the signal.

Since these are different in voltage (dB) or power level measurement (dBm) if

Z + 600 Q , a correction is made prior to the meter indication. (R 208, R 209).

The conversion from dB to dBm is carried out by short circuit plugs "a" to "i". The

plugs are located at the edge connector in the input circuit.

10-8




10.2.3.

10.2.4.

The special version BN 608/1 is fitted with 4 inputs, which may be switched from
terminated to high impedance.

The 75 Q inputs (coax. and CF connectors) are connected in parallel. The input
circuit is identical to that of the standard version. The 600 Q - input circuit con-
tains only the balancing transformer U 202, termination resistor R 204 and coupling
capacitor C 207.

The 124/150 Q input circuit contains additional compensating elements further to
the switchable termination to level the return loss (Lowpass complement L 202,

C 208, C 209), and to adjust the balance (C 206, C 210, C 211). To load the
transformer secondary with as low a capacitance as possible, a high impedance,
low distortion buffer amplifier having unity gain follows. At the output, correction
of the frequency response is provided by C 208. Rel 202 is fitted to prevent signal
distortion by the input diodes if the amplifier is inoperable but the signal source is

still connected.

The input is selected with switch S 201. The calibration signal is generated identi-
cally to the method used in the coaxial input circuit. On account of the additional
input resistances, the tuned circuit transformer U 201 is fitted with additional taps

for dBm-correction; for the same reason, the dBm d.c. divider is extended.

Input attenuator @

The input circuif@ is followed by the input c‘rfenuctor@ . This is a capacitor-
compensated resistive divider. The relay Rel 301 in front of the attenuator serves
as a calibration/measurement changeover switch. The measuring signal is applied

to Bu 302 and the calibration signal is applied to Bu 301 correspondingly.

The attenuation is switched with the relay Rel 302 and Rel 303 between 0,20 and
40 dB. The capacitive component of the attenuation may be adjusted for 20 dB with
C 305 and for 40 dB with C 312. P 301 and R 315 are used to adjust the frequency
response at the critical value of 40 dB. The attenuator load may be adjusted by

P 302, which permits carrection of any attenuation tolerance.
Pre-amplifier @

The pre-amplifier is an amplifier circuit with negative feedback. Thus T 401,

T 403, T 405 and T 406 appear as if they were one single transistor having nearly

ideal characteristics.

10-9
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10.2.5.

10.2.6.

10-1C

The input impedance is governed by the properties of the input transistor T 401 and
attains values of 250 kQ Il 10 pF. The diodes GI 401 and Gl 402 protect the ampli-
fier input from voltage transients. The gain within the feedback loop is reduced

by R~C networks at the amplifier transistors, prior to the point where cut-off fre-

quencies of the transistors and stray capacitances become influential .

Amplifier instability is thus safely avoided.

The gain of the preamplifier is approximately determined by the ratio of collector
resistor to emitter resistor of T 406. Since the collector resistor of T 406, R 426 +
R 427 is also the termination for the lowpass filter, the amplifier gain is switched
in the T 406 emitter circuit. The gain can be switched in 3 steps : 0 dB, 10 dB or
20 dB. The maximum output level is - 20 dB. Inductances to compensate the ampli-
fier frequency response at high frequencies are connected in series with the gain
determining resistors. The R-C networks in parallel further compensate the fre-

guency response.

A passive L-C lowpass filter follows which limits the receiver frequency range.

It suppresses frequencies above 4.5 MHz and particularly at 8 MHz (1st |.F.) and
the image frequency range from 16 to 20.5 MHz. The filter is formed by a $th or-
der CAUER lowpass whose attenuation pole location has been adapted to meet
above requirement. L 406 and L 407 determine the location of the attenuation
poles near 8 MHz, L 405 and L 408 the attenuation poles in the vicinity of the

image frequency band.

Wideband amplifier @

The wideband amplifier is similar to the preamplifier except that the gain can be

switched from unity to 20 dB.

Mixer 1 (&)

The mixer is a differential amplifier having a non-inverting and on inverting out-

put, which are connected alternately by carrier cycle to the load resistance.

The carrier processing is done in limiter IC 603. The preceeding carrier lowpass
filter suppresses all carrier harmonics, thus supplying a nearly pure sine wave,

which is converted by clipping to a square wave having an on/off ratio of precise-

- .



10.2.7.

ly 1: 1. The limiter consists mainly of the array IC 403, i.e. twor.f. cascaded
differential amplifiers. For low d.c. power consumption the amplifiers are series
connected.

In "wideband" mode, the supply voltage of the limiter is switched off to avoid

coupling of the carrier upon the wideband signal path.

The voltage sources with T 602/4..3 and T 602/4.4 determine the bias.

Two push-pull square signals are available at the limiter output (IC 603 pt.11 and 12)

which are supplied to the mixer.

The signal is connected to the differential amplifier input consisting of the two
transistors of IC 601 (connections 2,3 and 8,9). The collectors of these transistors
are in carrier rhythm connected via the transistor at pts. 10, 11(and 4, 5Srespective-

ly) to the load resistor R 612 thus generating the mixer product.

The idle current in either half of the differential amplifiers is determined by either
current source T 602/4.1. or T 602/4.2. This balance makes the gain independent
from temperature variations and dependent only upon the value of R615.The arrange-
ment enforces additionally a balanced current flow, resulting in o small residual

carrier.

To approximate the characteristics of an ideal mixer as far as possible, the balance
of the d.c. currents can be adjusted with P 601 and the balance of the rise and fall

time of the carrier square wave can be adjusted with C 632.

8 MHz Bandpass filter @

This bandpass filter consists of an L-C  L.P.F ond two similar, cascaded lattice

filters. The L.P.F improves the stopband attenuation of the filter combination.

At resonance, the bridge arms with the crystals have equal impedance, the bridge
is balanced and there is no signal at the output.

The resonant frequency of the crystals differs from one another. Hence, the bridge
is not in balance when the frequency approaches these points, thus forming the

passband range.

10-11
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10.2.8.

10.2.9.

10.2.10.

10-12

Mixer 2 -

Mixer 1 and mixer 2 differ only in the matching to the surrounding circuit. The

circuit description of mixer 1(10.2.6.) is also valid for mixer 2.
8.01 MHz Oscillator(9)

This oscillator generates a frequency of 8.01 MHz + 10 Hz which is used as master

frequency in the SPM=12. It is utilized directly or ofter frequency division.

The oscillator circuit is temperature compensated and voltage controlled to vary
the oscillator frequency, followed by a gain - regulated R.F. amplifier, and a
network to generate the temperature control voltage for the varactor diode. The

p.c. board is prepared to take a module manufactured by either Valvo, Philips

o ITT.

The output voltage of the oscillator is amplified by T 901 and goes via buffer
T 902 to mixer 2 , to the cal/remote switch @ and via pt.28 to the frequen-

cy divider (0).

Frequency divider 801 : 1

Frequency divider derives a 10 kHz signal from the crystal-controlled

8.01 MHz signal, which is required for the calibrcfor@ and for the frequency
display @ The divider group is made up of three stages dividing by 3 : 1 and

89 : 1. After the second divider, the 890 kHz for detector @ is branched off.
The first divider is assembled from individual components. The actual divider is

a monostable with T 1004 and T 1007. The time constant of the divider is deter-
mined, in general terms, by R 1013, C 1010 and C 1009. T 1005 facilitates low
impedance charge inversion of C 1010. The output of the 1st divider suppliesa nearly

symmetrical signal of 10V p/p.

The second divider consists of two intergrated D-flip=flops and a NAND-gate. The

circuit configuration forms a divider with timing as per fig. 10-3.

TPI0O IC 1001 2.1, Pxs.3 ppupipgEpupEgn
1€ 1001721, Pkr5 1
IC 100}, 2.2, Pxt.9 I
101002 1C 1001°2.1. Pxr.2 i T e Fig. 10-3
TP1005 IC 100122, Aend3@RaI) T L Pulse diagram of 2nd divider 3: 1




10.2.11.

The 3rd divider is a seven-stage binary counter IC 1003. The NAND-gate

IC 1004/3.1 recognizes the state "HLHHLLL" (= 88) and permits the 8%9th pulse to
reset the counter to zero. Thus, one pulse every 100 ps is produced at the output.
T 1008 supplies H-level during the calibration cycle, only then permitting the

10 kHz pulse train to pass to the calibrator.

Calibration/remote change over switch @

The purpose of the switch is to supply the corresponding carrier to mixer 1 in either
mode. During measurement, mixer 1 receives the carrier from the tuning oscillator
@(Bu 1103). The signal of an external oscillator, however, must be used as a
carrier if such a device is connected to Bu 1101, The internal oscillator and the
frequency display are then switched off. During calibration, the 8.01 MHz signal

is supplied fo mixer 1.
Calibration change-over switch

During calibration, pt.5 is set to O V. This cuts off T 1109, T 1110, T 1108 and
turnsonT 1111, T 1112 and T 1113. In this state, the 8.01 MHz Oscillator is
connected to mixer 1via T 1113 and T 1112. T 1108 and T 1110 are cut off and
attenuate the carrier at TP 1101 by approx.90 dB. In this mode, C 1109 and C 1110
with Gl 1101 and Gl 1102 are acting as filter elements. A similar situation occurs
in the opposite mode "measurement, " T 1111, T 1112 and T 1113 being cutoff and
T 1108, T 1109 and T 1110 switched on.

The transistors T 1112 or T 1110 resp. amplify, resulting in approx. -10 dB carrier

level at the output.

The remote control change-over switch circuit is somewhat simpler. Normally,

T 1105 and T 1106 are switched on and the internal carrier is supplied via Bu 1103
to the calibration switch. If, however, an external oscillatoris connectedtoBu 1101
creating a d.c. path from the base of T 1101 to ground via R 1103, Bu 1101, R 1102,
T 1101 will conduct and T 1104 and T 1103 switch on. T 1106 and T 1105 are thus
cutoff and the carrier is supplied to the calibration switch from Bu 1101 via U 1101
and T 1103. Simultaneously T 1102 switches the 5V supply off and T 1107 disables

the internal tuning oscillator which is now not required.

10-13
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10.2.12.

10.2.13.

10-14

10kHz Bandpass filter @

1.74 kHz section

The bandpass filter with the inductances L 1201 to L 1208 (except L 1206) has an
impedance of 1 kQ. L 1201 is a transformer to match the 300 Q input impedance
to the 1 kQ-impedance of the filter. L 1208 is tapped to match the termination of

3 kQ to the filter output impedance.

500 Hz section

An additional tuned circuit L 1206/C 1207 narrows the passband range of the filter
from the 1.8 kHz/3 dB points to approx. 500 Hz. The increased insertion loss thus
caused is substituted by R 1204 and P 1201 in position "1.74 kHz". Relais 1201 is
used o switch the bandwidths.

25 Hz section

25 Hz/3 dB bandwidth is achieved by a additional crystal filter . Pins 7, 8, 9
and 10 or p.c. board 608-2 are prepared for the additional filter. If this is not
fitted, pins7 and 10 are shorted.

10-kHz-amplifier @

The 10-kHz-amplifier increases the signal coming from the bandpass filters to a
level of = 20 dB. For this purpose, the amplifier gain can be switched in 10 dB
steps from unity to 80 dB. The setting depends upon the position of the level switch

and the selected mode of operation.

The amplifier consists of three gain stages and an active bandpass filter, all con- -
nected in series. To keep the power consumption of the subassembly low, every
two stages are connected in series to the 12 V-supply. Each amplifier stoge has

thus a supply voltage of 6 V. The bias for the amplifiers is then at + 3V and +9V.

T 1301 ensures low impedance drive of the divider transformer U 1301. The trans-
former has a tap each at 15 dB gain and 15 dB attenuation, either one of which is
connected via the MOSFET switch IC 1301 to the amplifier IC 1303.

Since the amplifier itself has a gain of 15 dB, the resulting gain will be either

unity or 30 dB. The second amplifier stage is identical to the first one. The third
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10.2.14.

10.2.15.

stage can be switched to unity, 10 dB or 20 dB gain. Two taps supply levelswhich
are 10 dB higher or lower than the input level; the opamp is set to a gain of 12 dB.
The total gain of the third stage is 20 dB, 10 dB or O dB and additionally 2 dB to
compensate for the insertion loss of the I.F. noise filters. IC 1305 and IC 1307
form a 3rd order lowpass and highpass resembling jointly a bandpass filter which

limits the effective noise bandwidth of the subassembly from over 100 kHz to ap-

proximately 15 kHz. The Zener diodes GI 1301 to 1303 protect the MOSFET switch,

since 100 kQ resistors cannot be used in this application.

Power Amplifier

The power amplifier is a broadband amplifier connected to the 10 kHz amplifier
@ in "selective" mode or to the wideband cmplifier@in "wideband" mode.

In either case, the gain is 10 dB. The change-over wide /selective is achieved
through two collector stages IC 1401/5.1 and IC 1401/5.2 which work with a
common emitter resistor R 1404. The change-over is initiated by transistor IC 1401/
5.3. If in conductive state, IC 1401/5.2 is cutoff and IC 1401/5.1 becomes a
normal emitter follower for the 10 kHz signal. In cutoff state, the base of IC 1401/

5.2 assumes a higher potential than the base of IC 1401/5.1 which is then blocked.

In this case IC 1401/5.2 acts as emitter follower for the wideband signal. The state
of IC 1401/5.3 determines the mode of operation.

The 10dB poweramplifier consists of the two transistor stages IC 1401/5.4 and

IC 1401/5.5. The first one is an emitter stage, whose gain is determined by the
ratio of R 1415 to R 1416. The frequency response is straightened by C 1409 and
adjusted by C 1408 together with the frequency response of the detector circuit.
The signal is connected to the detector @ via the emitter follower IC 1401/5.5.
This output simultaneously drives the grounded~base stage T 1402 having a gain of
10 dB. The output, at the collector, has an impedance of 600 Q (R 1423) and

serves as a 10 kHz I.F. output.

Signal detector @

10.2.15. 1 Detector circuit

The basic circuit of the signal detector is shown in Fig. 10-4. The best approxi-
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matton to an r.m.s. detector for sinusoidal and noise signals is obtained with o

resistance ratio of Ry/Ry of 15.2.

1t 3 ’ —t ’
c1 R1 J
CZI R2

Fig. 10-4 Rectifier circuit

Error caused by departure from ideal diode characteristics is compensated with a

control loop (Fig. 10-5). Thus the output

Ist Rectifier

T

2nd Rectifier IC 1501

-+

Fig. 10-5 Principle of rectifier control loop

voltage of IC 1501 is converted into an a.c. signal and then connected to o de-
tector that is identical to the one used for the input signal. The operational am -~
plifier aims at keeping both input voltages equal;hence, both a.c. and the output
d.c. assume a quasi=r.m.s. valve.

Both detectors are, in principle connected as per Fig. 10-4. The diodes, all fitted
in the same case, are assumed to be equal. Both diode pairs are biased with a

current of 6 pA. The bias can be balanced by P 1501.

A further linearity improvement of the detector is achieved by adjustment of the
offset by P 1502. The a.c. conversion is obtained through two CMOS=-switches

IC 1502, which alternately connect opamp-output IC 1501 and ground to the tuned
circuit L 1504/C 1523. The switches are driven with 222.5 kHz which is derived
from the 890 kHz signal from frequency divider by division through IC 1503.

The detector circuit is designed for a lower cutoff frequency of 200 Hz; this how-
ever makes the time constant too long for sweep operation. A transistor switch

(T 1504, T 1505) disconnects the capacitors C 1509, C 1513 in sweep mode, re-



sulting in a cutoff frequency of 10 kHz.

L 1501 to 1503, C 1520 to C 1522 form a low pass filter which prevents interfer-

ence of the chopper with the indicator circuit.

The d.c. is first connected to the divider in input circuit subass. @ for dB/dBm
conversion, and then to the indicator circuit via the calibration potentiometers

P 1602 and P 1603 and the changeover switch "selective /wideband".

10.2.15.2.Indicator circuit

10.2.16.

The display amplifier drives both the indicating meter and the d.c. output. The
gain depends upon the position of switch S 1501. In setting "non-expanded" the
gain is approx. 2.3 times.. In the remaining positions of switch S 1501, the 2 dB
increments from 0 to - 2 dB.. ~8 to - 10 dB of the total range may be expanded

to full scale. Thus, the amplifier gain is increased from 11.1t0 27.8 times de-
pending upon the switch position whilst, at the same time, the current source

T 1509 produces zero-offset. In position "0 dB expanded”, the gain is adjusted

by P 1508 and the zero-offset by P 1507. In the positions (- 2 to - 8 dB) expanded,
the gain is adjusted by P 1510 to P 1513. The d.c. output is connected to the
amplifier via R 1561 and the meter via R 1567 and R 1633.

During calibration, the display amplifier is switched by Rel 1501 to "0 dB expand-
ed" independent from the setting of S 1501 and a capacitor C 1602 or C 1603 is

brought into circuit in order to suppress the calibrator noise.

Level switch

The level switch subassembly consists of the level switch S 1601, the mode of
operation keys S 1602 and the two p.c. boards| 608-D | and{ 408-E |.

10.2.16.1. P.C. board | 608-D

This circuit contains the encoding for the control of the broadband circuit portions
(Input divider(3) pt. 72,74, Preamplifier (2): pt.73,75, wideband amplifie ()
pt.76) and the encoding to control the I.F. amplifier (pt.77 to 89). The mode of
operation is selected by an H-level ot the points 52,55 or 56. The code is as per
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tables 10-2 to 10-5. In the mode "cal/wideband®, a fixed setting is selected by
connecting pt. 51 to H-level and pt. 52 to L-level.

10.2.16.2. P.C. board | 608-E

10.2.17.

10-18

This circuit contains the encoding to control the |.F. amplifier, and the key as-

sembly for selection off operational mode and bandwidth.

The |.F. attenuator is changed during calibration in order to obtain 0 dB meter

reading at - 40 dB calibrator level for every wideband setting.

The change-over "measure/calibrate-selective" is accomplished via the control
leads coming from push button array S 1602 | ¢, interchanging transistor group

T 1646, T 1648, T 1650, T 1652 with T 1647, T 1649, T 1651, T 1653.

The outputs 9, 10, 11, 13, 14, 16 and 18 control the CMOS switches in the
10 kHz amplifier. The operational modes of the instrument are selected with the
pushbutton bank. Electrical interlocks prevent operator error. The meter current
for instance, is looped through the keys v/vi or vii (bandwidth) in conjunction
with the calibrator buttons i or ix producing a meter deflection only if the select-

ed calibrator button corresponds to the selected mode of operation.

Indicator circuit @

The circuit consists of the p.c. boards [608-U] with gate and 4 : 1 counter to com=
pensate the last-digit error,[_608-T]as control circuit and counter, and '
ondcs display.

o PC bocrd

H-level ot pt. 41 permits the carrier from Bu 1701 via C 1701 and IC 1725/4.4

to pass onto 4 : 1 divider IC 1729.

The last digit error is caused by the fact that the number of pulses actually going
through a gate depend upon the point in time in which the gate is opened. (see
Fig. 10-6).
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S 1401
Pt.(16).

J—=15
calibrate

72
74
73
75
76

77-44
78-43
81-40
82-39
83-38
84-37
79-42
80-41
86-35
85-36
87-34
90-31
88-33
89-32

—— e e e e e - o

13
14
16
18
10
11

@ s

9 s2
(9 53
@ s5
@d 56

T 1601 to T 1609 conduct in position "measure”

Measure

L

H
L
L
L

Calibrate
H

L
L
L
L

Table 10-2 Encoding for "wideband®
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S 1601 112 ({3 |4|5|617]8192 (10
Pt. (16).%

11

12

13

14

15

72 I Y O S A A O U A I S A
74
73 L
75
76

-

77-44
78-43
81-40
82-39 L
83-38 L
84-37 LjyLyjLfLyjL|ttiL]|t
79-42
80-41 LiL|L
86-35 L
85-36 L
87-34 L
90-31 L
88-33 L
89-32 L

14 H{H{Hl Hl Bl H|H
16 H| H{ H|H| H]|H
18 H| H| H|H
10 H H H
n H H
19 H H H| H|H

measure

§ 13
14 HI H}| H} H| H]{ H| Hf H{ H{ H
16 HiH
18 Hl| H| H] H| H] H}| H}{ H
10 Ht H{ H{ Hl H] H} H{ H

11 H

calibrate

52
53
55
56

T 1610to T 1618, T 1620 conduct
T 1627 to T 1631 conduct

@EE®

r.-rrr T

Table 10-3 Encoding for ®selective, low distortion, dB®




S 1601
Pt. (16).55

10

n

13

14

15

72
74
73
75
76

77-44
78-43
81-40
82-39
83-38
84-37
79-42
80-41
86-35
85-36
87-34
90-31
88-33
89-32

)13

measure
[0}

calibrate
o

P@EEE

T 1610to 1615, T 1617 to T 1620,
T 1632 to 1636 conduct

Table 10-4 Encoding for *selective, low distortion, dBm®
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S 1601
Pt.(16)

10

R

12

13

14

15

73 L
75
76

74 L

77-44

81-40 L
82-39 L
83-38 L
84-37 LjLjtiL|tL
79-42
80-41
86-35
85-36

90-31 L
88-33 L
89-32 L

78-43 L

87-34 LyL L L |L

13 H{ HfH

18
10 H H

medsure

14 HIH{H|H|{H]|H
16 HI HIH{H|H{H|H|H/|H

14 HIH|H|H|H|H|H|H

18 H| H[H} H|H
10 H{ HI H| H|H H

calibrate

O
I

16 HiH{H|H

H H H

52 L T 1610 to 1615, T 1619, T 1620
53 L T 1637 to 1643 conduct

55 L

56 H

Table 10-5 Encoding for ®selective, low noise®




The purpose of the presettable 4 : 1 counter is to generate persistently a certain
number of pulses for a certain frequency. The counter generates an output pulse
upon transition from 3 (HH) to 0 (LL). A last-digit error is generated should the
counter alternatively have assumed position 3 or 0 at the end of the gate time.

IC 1728/2.1 and IC 1728/2.2 recognize, and the flip-flops 1727/4.1 and 1727/4.2
memorize this case. When one flip-fiop is set, the other one is reset with delay

(R 1727 + C 1703 or R 1728 + C 1704 respectively) causing IC 1726/4.2 to produce
a pulse if 0 succeeded 3, similarly, IC 1726/4.4 produces a pulse if 3 succeededO.
These pulses set flip-flop IC 1726/4.1 and IC 1726/4.3 which presets the counter
to 3 for the next cycle in the first case (3+0) and to 1 in the second case (0—3),

Fig.10-7 shows an example.

Number of pulses | Succeeding states number of pulses
af counter input of the counter at the counter output
L L L L
16 301230]“'230]230]23 4
7 12301230 2 reducing
1 1L frequency
8 301230123 2
L
8 123012301 2
L 1
7 12301230 2
L 1
7 30123012 2

Fig. 10-7 Example of presettable 4 : 1 counter operation

® P.C. Board

Two circuit groups are located on this board : control circuit and counterchain.
The control circuit supplies the control signals "Gate" (pt.41) "store" (pt.46) and
"set" (pt.45). The circuit consists of a number of cascaded 10 : 1 frequency di-

viders which are clocked by the 10 kHz signal.

Fig.10-8 shows a measurement cycle with a gate time of 40 ms (100 Hz resolution).
To obtain a gate time of 400 ms (10 Hz resolution), IC 1719/4.1 is cutoff and the
gate~flip-flop IC 1724/2.1 is only reset (via IC 1719/4.2) if IC 1709/4.3 reads

_ state "40" (IC 1715,.1C 1711). The remaining process is identical to that of the
40 ms cycle.
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10.2.18.

10-24

S 1701 determines the gate time via IC 1724/2.2 by the signal "set". The corre~-
lation to the "set" pulse ensures the circuit is not switched during actual measure-

ment.

The counter chain consists of five cascaded BCD counters, each one being con-
nected toa latch and a decoder/driver. The state of the counter at the time the
gate is closed is transferred into the latch upon command "store®, which comes
from the control circuit. Thereafter the counters are reset to zero. The counter
representing the highest decimal (IC 1703) is a presettable circuit. If 40 ms gate
time is selected, the counter is preset to 2 = LLHL by the reset pulse (via the set

impulse), for 400 ms gate time, the counter is preset to 0= LLLL.

i pnis L LU LTI

IC 1711 Pin 10 I I A

Gate (Pkt. 41) B

IC 1724 Pin é b ——— 4GS — - —medims

Store  (Pkt.46) _n o

1C 1704 Pin 11

|Sce'|7t(;3k":f:4 — ° Fig. 10-8

1710 P15 T € Measuring cycle at gate time of 10 ms
A precondition for gate FF to toggle
"B pulses are counted during gate time

C counter state is latched, state of 4 : 1 counter is decoded
D setting of both counters

E reset of counter IC 1711 and IC 1715

10 kHz/25 Hz Bandpass filters (Option BN 608/50)

The filter is a crystal lattice circuit with a 3-dB-bandwidth of 25 Hz. The prin-

ciple of such a filter is described under 10.2.

This filter requires 320 kQ termination at either end. The amplifier impedance

R 1805 is transformed to the required value with U 1801. U 1802 transforms the
high filter impedance into the 3 kQ required by the subsequent circuit. Adjustment
of the attenuation poles around the centre frequency may be done by addition of

a capacitor C 1811 to either one of the crystals (pins o-p or m-n). This way the
lower inductance of one of the crystals is matched to that of the other one. The

transformers U 1801 and U 1802 are tuned to 10 kHz. The tuning capacitors are




10.2.19.

10.2.20.

split to achieve temperature compensation. The amplifier T 1801 and T 1802 com-
pensates the insertion loss of the filter and the loss resulting from feedback. The
amplifier T 1803 and T 1804 is added to linearize the passive portion of the filter
by feedback.

Rel 1801 connects input and output of the filter when the supply voltage is switched
off, bypassing the filter circuit.

Tuning oscillator

This is a L-C oscillator whose frequency can be tuned from 8 to 14.2 MHz.

The tuned circuitL1andC 1isfed from T1withvery high impedance via the grounded
base stage T 8. Positive feed back is applied via T 2 to the emitter of T 1, resuit-
ing in very small loading of the tank circuit. The circuit is tuned by variation of
C 1. The oscillator frequency passes from T 2 to T 5 which drives the buffer stages
T 6 and T 7. The impedance of both outputs is 75 Q, supplying a level of =2 - 10dB
when terminated. Via the transistors T 3 and T 4, a pulse signal to drive the fre-
quency display is generated at output St. 1. Fine tuning is done with a d.c. volt-
age at Gl 5.

The oscillator is disabled for remote control by cutting off T 1 via socket Bu 2,

Demodulator accessory @

The purpose of the demodulator is to make SSB modulation audible. Voice modula-
tion can be demodulated with reasonable intelligibility. The upper or lower side-~
band and either 1 kHz or 2 kHz output frequency can be selected with switches

S 2001 and S 2002. The PLL circuit IC 2002 contains a VCO and phase detector,
governing a range from = 8 to 12 kHz. The phase detector is supplied with two

1 kHz signals, one is derived viaa 10 : 1 frequency divider (IC 2001) from the

10 kHz frequency already used in the SPM-12. The other one is derived by divi-
sion (IC 2003) from the VCO output. The phase detector supplies a control voltage
causing the oscillator frequency to assume a value which will result in a 1 kHz sig-
nal at the record input of the phase detector. The second frequency divider is
switchable to divide by 8, 9, 11 or 12 in order to obtain 8, 9, 11 or 12 kHz at the
output of the PLL circuit (TP2002).

The carrier square wave at TP2002 is processed in transistors T 2002 to T2005 and
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then supplied to current-fed differential amplifier/mixer. The signal voltage (10 kHz
I.F.) is supplied from Bu2002 via the buffer stage T2004/4.4.

An ideally balanced mixer suppresses the carrier and the signal at the output allow-
ing only the mixer products to occur.

The signal at TP2003 is passed via an amplifier to a lowpass/highpass combination
(IC 2005 and IC 2006). The lowpass suprresses all unwanted mixer products, and the
high pass suppresses low-frequency signals at phase jitter measurement.

The resulting gain of the circuit is unity. Input and output impedance is 600 Q.




