
























































































































































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.
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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.
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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
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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 —
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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.
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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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10.2.13.
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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




@

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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10-16

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).

g T
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-~ > -
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- -—

mocirored si00 _ f 1 —

Gate cose | _I ;—'
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Gate case 2 - 1  I— Fi 10-6
transmitted pulses  cose 2 1 1 2 Puise g

Occurance of last digit error
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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.

10-23



B fa I

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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