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Section 1

ABSTRACT

1.0 General

This report is in three volumes - Volume 1 describes technically
the Tracking Servo Bridge Detector in final configuration after passing all of
the requirements of MIL-D-55361 (EL). Volume II describes the Production
Engineering Measures required for the pilot production of these units. Volume
IT includes flow charts, equipment and tooling lists, sample operation sheets,
other data required for production and review of the program. Volume III
contains all of the Operation Sheets required to fabricate (GenRad manufactured)

components and to assemble and test subassemblies and Tracking Servobridge

Detectors.
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SECTION 3
PURPOSE

3.0 INTRODUCTION
The purpose of the Tracking Servo Bridge Detector is to facilitate

wccurate bridge measurements on quartz crystal resonators.

The measurement of a quartz crystal resonator 1is perhaps the most
difficult of any passive two-terminal device. A quartz crystal displays an
extremely wide range of impedance which changes very rapidly with frequency
near resonance. Multiple modes must often be examined and the useful range

of resonance frequencies extends across the spectrum from LF to UHF.

It is generally accepted that the most precise and accurate method
to chracterize a quartz crystal resonator is in terms of equivalent-circuit
parameter values determined by bridge measurements. The fact that these

equivalent-circuit parameters vary widely and rapidly with frequency, however,

has made bridge measurements by traditional instruments difficult, tedious and
expensive. Nevertheless, accurate measqgements of crystal characteristics
(resonant frequency, resistance, Q, inductance, temperature coefficient, aging,
etc.) are increasingly vital as frequency stability requirements become more

stringent.

e Litmbdimadift

The advent of high quality frequency synthesizers with low phase noise
and spurious levels, fine resolution and wide frequency range has made available

ideal RF sources for precision bridge measurements of quartz crystals. Suitable

kv b

bridges exist for manual measurements under laboratory conditions.




'he Tracking Ucrve Bridge Detector is designed for use in conjunction
with RF bridges and frequency syuthesizers to measure guartz crystals with high
uccuracy. The unit serves as a very sensitive detector for the bridge un-
bulance signal, permitting measurements at power levels well below a microwatt.
High detectivity (~15%% dlm) is achieved by superheterodyne conversion, low-noise
IF amplirication und synchronous detection. The latter not only provides
independent reactive and resistive unbalance detection but also permits the
use of a control looup to lock the synthesizer frequency to the crystal under test,
sutomatically maintaining resctive bridge balance. This key feature makes

practical the widespread use of bridge meusurements of crystals.

Other features inclide u X10 Frequency Multiplier (b5-220 MHz) to ex-
tend synthesizers of Limited trequency range, & broadband power amplitier
with attenuator (+30 to =70 dhlm) for control of the measurement power level,
lLincar and log detector response modes, accurate adjustment of synchronous
detector phase, o wide range of swept frequency displays for initial setup and
Inspection of spurious modes, and a4 versatile servo amplitfier for locked
operation and automatic tock acquisition. The frequency lock servo system not
only permits fast, automatic determination ot a certain characteristic frequency
ol the resonator (series resonance, tor exsmple) but also can follow the impedance
virele to determine crystal inductance or track frequency variations versus

temperature.

A frequency range of 0.8 to 220 MHz is covered. The instrument (witn
companion Offset LO unit) provides all needed functions for crystal measure-
ments with a RF bridge, other than the signal source, frequency counter and

oscilloscope. The accuracy ot the measurement is limited only by the RF bridge.

-10-
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3.1 Specification

The Tracking Servo Bridge Detector is designed to meet Lhe require-
ments of MIL-D-55361 (EL). A condensed list of those specifications is presented

in Table 3.1.

The single most difficult requirement is the internal RF leakage
level which is below the noise level over mosi of the frequency range and
represents a shielding factor of more than 180 dB between the RF Output and
Keceiver Input ports. This requirement has a profound influence on the design,
trom the block diagram configuration through circuit design, component selection

and packaging.

Other important requirements are a low distortion broadband RF
power amplifier, a low noise and wide dynamic range receiver, synchronous de-
tectors with excellent quadrature rejection and low dc offset, and a scrvo

integrator with exceptionally low drift.

Envirommental requirements include temperature, humidity, shock

vibration and altitude, all in the general context of laboratory operation. The

amodest temperaturs range of +15 to +hOOC primarily effects only the dc stability
of the synchronous detectors and servo integrator. The humidity requirement
dictates the use of corrosion resistant metal f'inishes and conformal coating

on the most cr.tical electronic boards. The shock and vibration requirements
influence the mechanicul design of the chassis shelf and the choice of panel 1
meters. The 10,000 foot operating altitude requirement is a factor for power

supply regulator heat dissipution.
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3.0 Block Disgream

A block diggeam of the PTracking Servo Bridge Detector is shown in
Fip, 3.1, The diagran shows the major tunctional modules {(except tor the power
supplicea) and the main cipnal paths between them.  The deseriptions which

tfollow are divided into three maJor sccotions.,

.01 Generator Bection

An external vt source (a0 Creguency synthesizer) is connected
cither to the Generator luput. or to the Multiplier Input (in which case the
Multiplicr output is connected to the Generator Input). These are 508  inter-

faces at a power level oft +10 dBm.

The Generator lsolation Ampliticr splits the generator signal into




Tuble 3.1 CONDENSED SPECIFLCATIONS®

Function: The Type 2995-9503 Tracking Servo Bridge Detector is used primarily
for the measurement of the electrical equivalent circuit parameters of quartz
crystals. The unit serves as a sensitive heterodyne detector with facilities
to lock a frequency synthesizer to that point at which an rf bridge is balanced.
A sweep mode is also available to display the crystal mode spectrum.

Frequency Range: 0.8 to 220 MHz for the basic instrument and 45 to 220 MHz for
the X10 frequency multiplier.

Generator, LO and Multiplier Inputs: +10 dBm nominal.

Rf OQutput: +30 to -70 dBm nominal, 0.8 to 20 MHz; +24 to ~76 dBm nominal, 20 to
220 MHz; (continuously adjustable).

Receiver Sensitivity: =155 dBm typical equivalent input noise level in bandwidth
of synchronous detector meters.

Internal Leakage: Below -145 dBm equivalent input. Typically below -155 dBm
up to 150 MHz.

1F Modes: Linear and log.
RF Modes: Direct and X10 frequency multiplier.
Servo Modes: Sweep, center, lock and automatic modes are provided.

Synthesizer Compatability: General Radio 1060 and 1160 series; Hewlett-Packard

5100 series.

Detectors: Magnitude and quadrature synchronous detector meters with continuocusly
adJustuble reference phase.

RF Monitor Output: O dBm nominal.

LO Compatability: Generator output and control/power interface compatible with Off-
set LO unit.

Temperature Range: +15 C to +L0 C.

Power: 99 to 121 V or 198 to 242 V, 50 to 60 Hz, LO W nominal (without external
Of fset 10).

Mechanical: DIMENSIONS (wxhxd), Bench 17x7x17.5 in. (435x180xL44S5 mm); Rack
19x7x17.5 in. (483x180xL445 mm). Depth includes handles.

Weight: 38 1bs (17.2 kg). Weight includes cabinet.

#See MIL-D-55361 (EL) for complete specifications.




three isolated paths, a +7 dBm level to drive the RF Power Amplifier, a -15 dBm
signal which is applied to the Reference Mixer via a 20 dB pad and a 0 dBm

outpul for the externaul Off'set LO unit.

I'he RF Power Amplifier has a main output which goes, via a 101 4B
step attenuator, to the RF Output port. 1t also has an auxiliary O dBm Monitor
Output to drive external frequency measuring equipment. The minimum power
amplitier output is +29 dBm below 20 MHz and +23 dBm above 20 MHz. It is
continuously adjustable over a 1 dB range and the actual level is indicated by

a4 panel meter.

3.2.2 Detector Section

The detectour section consists of a superhetrodyne receiver and syn-
chronous detector system which requires a local oscillator signal offset from

the generator by the IF ftrequency of 80 kHz.

The LO Input signal is applied to the LO Isolation Amplifier which

supplies isolated +7 dBm local oscillator drive to both the Receiver and

Reference Mixers. The Receiver Mixer converts the Receiver Input signal into
one at the 80 kHz IF frequency. The Reference Mixer does the same thing to the

internal generator signal to produce a phase coherent IF reference output.

»

The receiver I} signal is amplified by the IF Amplifier which has
both linear and log response modes. The IF Amplifier output level is displayed

on the "A" panel meter.

-14-




The ret'erence IF signal is applied to the IF Reference and Phase
Shifter which supplies phase adjustable reference signals for the synchronous

detectors.,

The Synchronous Detectors accept the [F Amplifier output and display

the magnitude of the in-phase and quadrature components on panel meters.

3.2.3 Sweep/Servo Section

The Sweep und Servo Amplifier has a variety of control und display
functions. 1t produces a control output signal which is connected to the
frequency control input of the RF generator (synthesizer) and can cause the
synthesizer frequency to follow a panel control, to be swept at adjustable devia-
tions and rates or to lock to the null point of one synchronous detector.

Auxiliary outputs provide oscilloscope horizontal and vertical signals for

swept displays.




A

SECTION 4

NARRATIVE AND DATA
4.0 DETAILED DESIGN

4.1 X10 Frequency Multiplier

4.1.1 TIntroduction
The Tracking Servo Bridge Detector requires two RF drive signals,
one at the measurement frequency (0.8-220 MHz) and the second offset from it by
the IF frequency (80 kHz). Provision is made for an external Offset Local
Oscillator Unit to produce the offset frequency, in which circumstance only a
single RF source is required. The requirements for this RF source are further
eased by the inclusion of a X10 Frequency Multipliér which reduces to 45 MHz

the upper frequency needed.

The specifications for the X10 Frequency Multiplier call for an
input of 4.5-22 MHz at a power level of +10 dBm and an output of 45-220 MHz at
the same power level, with all harmonics at least 25 dB dowm. The unit has
three overlapping bands and does not degrade the signal-to-phase-noise ratio
of a high-purity synthesizer source by more than 6 dB in excess of that caused
by X10 frequency multiplication alone. It uses a phase-locked-oscillator multi-
plier (PLOM) system as shown in the block diagram Figure 4.1.1.1 and the schematic

diagram of Figure 4.1.1.2.

A voltage-controlled oscillator at the output frequency is phase-
locked to 10 times the input frequency by means of a decade divider within a
phase-lock loop. The system blocks are described in the following sections of

this report.

-17-
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FIGURE 4.1.1.1. BLOCK DIAGRAM OF X10 FREQUENCY MULTIPLIER
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4.1.2 Voltage Controlled Oscillators

The heart of the X10 Frequency Multiplier is a set of three
voltage-controlled oscillators (VCO's) each having a tuning ratio of nearly
2:1. The three ranges are 45-85 MHz, 75-140 MHz, and 125-220 MHz which cover

the overall 45-220 MHz r»nge with overlaps of 10 and 15 MHz.

FREQUENCY CONTROL IN

001 I

TUNING
VARACTORS

é—avvv——) RF QUT
100
PIN DIODE
47K
AGC IN

-22 V SupPkLY =

FIGURE 4.1.2. TYPICAL VOLTAGE-CONTROLLED OSCILLATOR

Figure 4.1.2 is the VCO circut diagram; the oscillator circuit
is identical for each of the three ranges except for the tank coil and tuning
varactors., It is a grounded-base-~amplifier with positive feedback from collector
to emitter. The impedance step~down in the feedback path, which is a necessary
condition for oscillation, is accomplished by tapping off at the junction of
the two series-connected tuning varactors. Alternate methods, such as link
coupling, an inductive tap, or a separate capacitive divider, are less satis-

factory. They have the disadvantages of a more complicated tank coil and trouble-

-19-~
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some leakage reactance problems, or of additional shunt capacitance which

restricts the tuning range.

If the harmonic distortion of the oscillator output signal could
not be kept to about 30 dB below the fundamental level, low pass filters would
have been required. A complex filter configuration would have been necessary
to provide significant second harmonic attenuation over a frequency range of
nearly 2:1. Low harmonic levels are obtained directly by the use of an auto-
matic-gain-control (AGC) loop which senses the output from the X10 multiplier
and varies the oscillator loop gain to prevent saturation. A PIN diode is used
as a variable RF attenuator in the oscillator feedback path to accomplish this
function. The PIN diode is polarized as shown to provide isolation between the

AGC bus and all "off" VCO's.

DC AMPLIFIER

HPA
_l l 2800 1L
- AN

POSITIVE PEAK DETECTOR

HPA

2800 100K TO VCO

FROM RF CKTS

AMP OUTPUT

S
> -22 V SUPPLY

FIGURE 4.1.3. AGC DETECTOR & AMPLIFIER

4.1.3 AGC Detector & Amplifer

Automatic gain control of VCO, used primarily to reduce distortion,

is performed by the circuitry shown in Figure 4.1.3.




A positive-peak detector is used to measure the +10 dBm output
level., This dc¢ voltage is compared with a reference level by an operational

amplifier which in turn drives the PIN diode variable attenuator in the VCO.

4.1.4 Summing Amplifier

The outputs of the three VCO's (no two of which can be active at
the same time) are combined in the summing amplifier circuit shown in Figure
4.1.4., It is a shunt feedback stage with three input resistors which operates
in the same manner as the summing operational amplifier. The stage is designed
to have the required frequency response (45-220 MHz) and harmonic distortion

(better than 30 dB down).

SHUNT

3K 2 FEEDBACK 0.82 uH
INPUTY NETWORK
SUMMING 001
ALSISTORS RF QUT TO
100 CASCODE AMPS.

RF INPUT
FROM VCO'S 2N5109

01
ﬁ > 22 V SUPPLY

FIGURE 4.1.4. SUMMING AMPLIFIER

4.1.5 Output Amplififer

The required +10 dBm output from the X10 multiplier unit is pro-

duced by the cascode amplitier stage shown in Figure 4.1.5. Each of the two

2N5109 transistors has a power dissipation of about 250 mW, well within it's

-24-~
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+10 dBm
INTO 50 51

RF IN 001

FROM ) )
SUMMING

AMP

\ -22V
7 suPPLY

FIGURE 4.1.5. OUTPUT AMPLIFIER

75°C ambient rating of 700 mW. The summing amplifier and cascode output stage
have a combined gain of 18 dB when driven from a 50:) source matched with

a 500 input resistor. The gain is flat to within +1 dB over the 45-220 MHz
band and all harmonics are down 35 dB or more while producing +10 dB into a
50@ 1load. In the actual instrument, this output drives a power amplifier

which produces the drive power for the RF bridge.

4.1.6 Divider Amplifier

The summing amplifier also drives a second cascode amplifier which
provides the input for an ECL decade divider. This amplifier has sufficient
isolation to keep spurious components from the digital logic down by about 60

dB in the VCO output. Details are shown in Figure 4.1.6.
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FIGURE 4.1.6. DIVIDER AMPLIFIER

4.1.7 Decade Divider

This is a straightforward application of ECL decade divider.
The Plessey SP632B device used is specified for sinusoidal input signals

from 40 to 400 MH=z.

4.1.8 Input Schmitt Trigger

The RF reference input signal (which is to be multiplied in fre-
quency by a factor of ten) is applied to the circuit shown in Figure 4.1.8.
It consists of a 3-dB pad with 508 input impedance and two ECL differential
amplifiers connected in series, with positive feedback. This Schmitt trigger
circuit is used to convert the +10 dBm sinusoidal input into a signal having

an ECL waveform.
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FIGURE 4.1.8. INPUT SCHMITT TRIGQER

4.1.9  Phane-Fregquency Detector

Tt 4a highly desivable to aupment the usaal phase-detector tunction

with a tregquency=ditterence fadication fn o ot iplicer svstem ot this type. This

not only (nsures that the phase=toch toop will Mcaptuare” but alse fusaves that

lock will occur only at a VOO trequdney ten times that ot the veterence input,

The banle phasce-trequency detector Togle used (s shown in Flgure
4.0.9.00. 1 consdats of two set-reset latches (cach fmplemented with two 2-input
pastt tve NAND gates) and another gate which I8 used as a rveset pencvator, The
operat ton ot the clvewit I as tollows:  The tivst fnput pulae to arvive sets
it corvesponding latehs The civeutt will vemadn o this state unt il a pulse
arrives at the other ln)ml\ (whether ot not addittonal pulses avvive at the tirst
input ). The pulse at the other fnput tirat sots that lateh and then the reset
pate tmmediately veseta both latches. Thus the elveutt will produce the tollowing

output s
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A
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FIGURE 4.1.9.1. PHASE - FREQUENCY DETECTOR

1 Tt The Q, output will be a variable duty ratlio pulse

!
tratu, varving from approximately 0 to 100X at the
vate Ao« ty = ty- The Q, output will be low ex-
cept tor the duration of the narrow fnput pulse.

f? N fl The Ql and Q2 outputs will be the reverse of that
desceribed above.,

v, =1, e of the two outputs will be low except tfor the
durat ton of the narrow i{uput pulse.

The other output will be a certain fixed duty ratio

which is dependent on the phase relation of the two

fnput stgnals.

Used o a phase-lock loop with high de gain, this phase detector

)
will operate at a nominal 0" phase relatfon. Both outputs will be low except




INPUT >—@—] CLK Q ouTPUT

Figure 4.1.9.2 Typical Pulse Generator

for identical positive pulses during the duration of the (coincident) input
pulses. The output, which is taken differentially, is the nearly-zero signal
determined by the static error coefficient set by the dc loop gain. Since both
outputs are identical is becomes immaterial from which direction the loop
approached lock. But before lock, when fl # f2, an error signal is produced

which forces the loop toward the condition fl = fz and ¢l = 02.

The phase-frequency detector also contains a pulse generator for
cach input as shown in figure 4.1.9.2. A D-Type flip-flop is triggered by the
positive-going transition of the input signal, causing the Q output to go
positive. This output, delayed by passing through a gate, 1s used to rest the
flip-flop. The circuit thus generates a positive pulse which has a duratio

equal to the propogation delay of the gate plus that of the flip-flop reset

input.

4.1.10 Unlock Alarm

The phase-frequency detector produces coincident output pulsces

i

only under locked conditions. This {s the operating principle of the unlock-

alarm clircult shown in Figure 4.1.10.

The coincidence of the detector pulses is sensed by the exclusive-
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INDICATOR

Vo,
10

470

52V -52V ~22V

FIGURE 4.1.10. UNLOCK ALARM

or logic function which has an output that is high when the loop is locked and
a variable duty ratio pulse train when the loop is unlocked. The resulting
change in dc voltage is detected by a comparator which drives the unlock-alarm

indicator. The unlock-alarm warns against any of the following conditions.

1. No reference signal.

2. No oscillator signal.

3. Reference signal outside lock range of oscillator.

4. AC on lock loop for any reason.

5. Failure of the Summing Amplifier, Divider Amplifier, Decade
Divider, Pulse Generators, or Input Schmitt Trigger.

6. Loss of -5.2 V supply.

7. Most failures of Phase-Frequency Detector.

Loss of the -22 V supply, while not indicated by the alarm, will
result in no output from the multiplier, thus no wrong output. The alarm
circuit itself can be checked by simply removing the reference signal and

observing that the alarm indiator illuminates.

-30-
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FIGURE 4.1.11.1. DC AMPLIFIER & LOOP FILTER

4,1.11 Phase-Lock Loop DC Amplifier & Compensation Network

The phase-frequency detector produces two output signals which are
used as the inputs to a differential amplifier that closes the overall phase-
lock loop. Several passive networks ahead of, and assoclated with, the operational
amplifier, shown in Figure 4.1.11.1, serve to shape the frequency response of

the loop and thus ensure a stable servo-system.

Detailed analysis of phase~lock loop behavior has appeard in the
technical literature numerous times and will not be repeated here. The basic
open-loop response G, in the absence of any filters or other low pass breaks,

is given by:

where w = K. K K rad/sec
pa v

N
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and KD = phase detector sensitivity in volts/radian

K =

amplifier gain in volts/volt

>
L]

VCO tuning sensitivity in rad/sec per volt

N = Divider factor (10)

For a flat amplifier characteristic, the open-loop response is that
of an ideal integrator, the result of the VCO block. Phase, the loop variable
under consideration, is the integral of the VCO frequency. Unity open loop

gain occurs at radian frequency mc'

The Tracking Servo Bridge Detector has an IF bandwidth of 2 kHz so
it is desirable to have substantial loop gain up to this frequency to reduce
the noise contribution of the VCO and maintain a tight lock to the stable reference
signal. Servo stability considerations demand a nominal -6dB/octave rolloff in
the region where the open-loop gain becomes unity, but it is desirable to in-
crease the gain more rapidly in the region below w, for improved VCO noise re-

duction.

The loop is therefore stabilized by means of a compensation net-
work which rolls off the gain more rapidly in the region below about 2 kHz and then
returns to a -6 dB/octave rolloff in the region where the open-loop gain becomes
unity, now reduced to about 20 kHz. This shaping is done by the series RC féedback
networks in conjunction with the source impedance. Additional networks provide

high frequency filtering and dc translation.

The resulting open-loop response of the overall phase-lock loop is
shown in Figure 4.1.11.2, C(Curves are shown for both minimum and maximum gain, a

function of RF frequency and of the VCO in use. Although potentially unstable
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FIGURE 4.1.11.2. OPEN-LOOP RESPONSE OF PHASE-LOCK LOOP

tor conditions of both low and high gain, the system has a margin in either
direction. The loop provides at least 20 dB of negative feedback for VCO phase

nofse at sideband frequencies of | kHz and below.

4.1.12 Test & Performance Data

The performance of the X10 Frequency Multiplier has been found very

satisfactory. The follering test results are typical:

Frequency Range (Specification: see nominal range values)

Nominal Range

MHz MHz
45 - 85 38 - 95
75 - 140 62 - 157
125 - 220 108 - 244 i

Actual Range

RF OQutput (Specification: +10 dBm nominal)

+9.5 dBm +0.5 dB
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4.2

4.2.1

Harmonic Distortion (Specification: -25 dB)

Better than 30 dB down (except for a X2 peak of about
-25 dB around 400 MHz which is far outside the power

amplifier passband).

Divider Spurious Components (Specification: none)

Typically - 55 dB

Largest - 48 dB

Input Level (Specification: +10 dBm nominal)

Locks with input signal below -7 dBm

Power Consumption (Specification: none)

-22V @ 100 mA = 2.2 W
-5.2V @ 300 mA = 1.6 W

Total 3.8 W

Input Impedance (Specification: S0 nominal)

Established by a 502 resistive input pad.

Phase Noise (Specification: less than 17 mrad. rms in 30 kHz
bandwidth excluding +3 Hz from carrier)

5-10 mrad rms

Power Supply
General

This instrument has two entirely separate ac line power supplies.

One, the Main Preregulator, supplies +18V to most of the instrument modules.

These modules are each provided with on-board +15V integrated circuit voltage

regulators.

T U ST U ro——, - . i 3

The other supply produces ~22V and -5.2V for the RF module.
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Provision is made to supply power to the external Offset LO Unit.

The characteristics of these two power supplies are shown in Table

4.2.1.

4.2.2 Main Preregulator

Two integrated circuit three~terminal regulators are used for this
circuit since the regulation requirements tor the +18V Main Preregulator are

very modest. The circuit diagram is shown in Figure 4.2.1.

The IC regulators each are 15V units which are used to provide
an adjustable 18V output by a resistive divider in the ground lead. Overload

protection is provided by built-in current limiting with thermal shutdown.

4.2.3 RF Module Supply

The RF Module supply has more stringent requirements (in particular,

a need for the outputs to track). The circuit diagram is shown in Figure 4.2.2.

This circuit uses IC op-amps, monolithic power Darlington

transistors and a single stable reference Zener diode.

The basic (positive) regulator circuit is shown in Figure 4.2.3.
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Power
Supply

Main Pre-
Regulator

RF
Module

Output

Voltage
vDC

+18

~18

-22

Load
Curre
A

0.1-
0.35

0.1-
0.35

0.6-0.

0.3-1.

nt

75

Table 4.2.1

Power Supply Characteristics

AC Line Input: 99-121 VAC or 198-242 VAC,
50-60 Hz, 40W nominal
without external Offset LO

<

Rs

e _
Load Voltage { 1
Power Stability Overload

w Z Protection Notes

S S S ]
1.8- 2 Current 0.25 a load current
6.3 limiting with is allowed for ex-

thermal shut ternal Offset LO
1.8~ 2
6.3 down from each output
13.2 0.5 Current ~22 and -5.2V
16.5 limiting with | outputs are

foldback tracking. Allowance
1.6~ 0.5
5.2 is made for external

) Offset LO:
0.15A @ -22v

18. 6- 0.70A @ -5.2vV
%.3 | R I

*Eout

R2

ERROR
AMP

FIGURE 4.2.3. BASIC REGULATOR CIRCUIT, SCHEMATIC DIAGRAM
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The circuit as shown is a power voltage follower with Eout =

Eref as determined by the differential error amplifier. Series pass transis-

tor Ql is a power Darlington unit. Feedback stability is insured by unity gain

P

compensation of the error amplifier itself. Overload protection is provided ;
by current sensing resistor RS and drive bypassing through Q2. Resistor Rf

provides current foldback to reduce overload dissipation in Ql.

The actual circuit uses this configuration in the return lead of
each negative supply. A single Zener diode produces a -5.2V reference voltage
for each regulator. A microelectronic resistor network is used in the

reference divider circuits.

4.3 RF Power Amplifer

4.3.1 General
A broadband power amplifier is required to provide the RF Output
signal with low distortion and a level of at least +29 dBm from 0.8 to 20 MHz
and at least +24 dBm from 20 to 220 MHz. The unit developed meets the electrical
requirements,is small (5 x 2-1/2 x 1-1/8 inches), and needs no forced air

cooling. The DC input is less than 10W and heat is dissipated by conduction

through the case.

The basic circuit is shown in Figure 4.3.1. The output stage is a
push-pull transformer-coupled circuit. The lower level stages are RC coupled.

While leveling is not necessary to attain the required frequency response, the

N,

distortion of the amplifier was found to increase very rapidly with overdrive.
An automatic level control was added and it ensures very low distortion levels
for a +3 dB range of input drive levels. The unusally high efficiency of this 3

design is basically due to the transformer coupling of the output stage and to
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FIGURE 4.3.1. BLOCK DIAGRAM OF POWER AMPLIFIER

careful design of the circuits for excellent output matching without internal

power-consuming terminations.

4.3.2 Output Stage

The most difficult part of the power amplifier is the output stage.
The combination of wide bandwidth and low distortion requires transistors
capable of high current and very high bandwidth. There are not many types
available and economy dictates best use of the power capabilities; about 1-1/2
watts of RF output is required from the output transistors. It was decided to
use a pair of NEC 1594 transistors. They are in a strip-line package with an
insulated stud and are rated for 5 watts dissipation at 75°C stud temperature.
It would have been possible to use the two transistors in parallel and get
favorable matching conditions at the output, but the push-pull transformer-
coupled configuration was chosen for its lower even~order harmonics and best
use of the voltage and current capabilities of the transistors. The output
transformer is a 200 ~balanced-to-50{ -unbalanced transmission-line variety
(Z-Match, Model HF 122). The output required is about 7V rms. At the
secondary of the transformer, almost 10V rms is required because of the series
isolation resistor, detector loading and other losses. The primary voltage is
about 20V rms. An 18V DC supply was found adequate but about 3V more is used

to stabilize the operating point; the power supply requirements were established
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g i ) S




as =22V, The transistors are bhiased tor lowest distortion at the required
power level.  Each transistor has a de current ol 140 wA, and 19V between
collector and emitter, tor o dissipation of about 2.7W, well within the rated

NN
SWoat /25Y¢ stad temperature,

The outputl transistors are driven from a HOu-unbalanced-to-

SOv-balanced  transmission-Fine transtormer,  The transtormer s an Anzac TP1O1L,

The output matching takes advantage of the charactervistices ot the
transtormer and Lrequency-dependent negative feedback so that Httle power s
wasted in intoernal resistive terminat fons. Adjustments are provided tor

setting and balancing the operat ing curreant in the output sitape transistors,

4.3.3 Driver Stage
A single-cuded class A amplitier in prounded-emitter configuration
provides drive tor the output stape. Nepat fve feodback shapes frequency response
and fmpedances. The transistor {soa NEC 28C1251 strip-tine package with in-
sulated stud. The dissipation in this stage Is about 0.9W; the transistor is

. O k]
rated 2W at 7% ¢ stud temperatuve.,

hodh luput Stapge
This stage uses a 2NS109 in o class A, grounded=emit ter ampliticer
cont lgurat ton.  Negative teedback Is used to shape trequency tesponse and im-
pedances.  The dissipation (s about 0.35 watt. A small radfator (Thermalloy
2200 holds the case temperature to fess than FEST Gt max speciticd ambient )]

the tranststor {s rated at 2.5W under these condit fons.

4.3 Gafn~-Control Stage

GCatn control over a modest range (3 dB) {8 provided by the
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basic arrangement shown in Figure 4.3.5. The grounded-base transistor is
driven from the input through Rl,chosen to ensure good input matching. The
variable resistor R changes the gain; a PIN diode provides electronically
variable gain. A diode with long lifetime keeps distortion low at the lowest
frequency (0.8 MHz).  The transistor is a 2N5109 with about 0.3W dissipation.
A Thermalloy 2226 radiator holds the case temperature to less than 75°C at max.

ambient.

4.3.6 Shaped Level Control (SLC)

An automatic-level-control circuit prevents departures from proper
input level and resultant high distortion. Since the output specifications call
for +29 dBm minimum to 20 MHz and +24 dBm minimum above 20 MHz, the level
control must be shaped. Figure 4.3.6.1 shows the response and Figure 4.3.6.2 i

shows the response-shaped RF detector and the basic arrangement of the control

2N5109
Ry

mPur)—-avw— ouTt

<
2 500

FIGURE 4.3.5. GAIN CONTROL STAGE

+30 dBm

f
|
1
i +25 dBm
1 |

! !
20 MHZz 100 MHz

jﬂd‘. y

FIGURE 4.3.6.1. RESPONSE OF SHAPED LEVEL CONTROL




TO GAIN CONTROL
STAGE

DOC REFERENCE LEVEL

FIGURE 4.3.6.2, SLC CIRCUIT

loop. A portion of the RF output is rectified and the dc from it is compared
to a dc reference voltage. Any error between the two is used to vary the

gain in the gain-controlstage.

4.3.7 Qutput Power Monitor

This circuit, located on the sweep/servo board, not only indi-
cates output power level but proper drive level as well. Under normal drive
and load conditions, the meter reads the output power, calibrated from +24
to +30 dBm, but if the drive is too low the meter is deflected below zero
{(down scale) and for too high a drive level, beyond full scale. The circuitry

for the meter drive is discussed in Sec. 4.5.7.

4.3.8 Test and Performance Data

The performance of the RF Power Amplifier has been found to be
satisfactory in all respects. Figure 4.3.8.1 shows power and VSWR vs frequency
for a typical amplifier, measured at its output connector, and does not include
the attenuator. Smith charts of the output impedance vs frequency are shown
in Figures 4.3.8.2 and 4.3.8.3. This impedance was measured at the front
panel connector and includes the effects of the line between the panel and the
attentuator, the attenuator set for 0 dB (min. attenuation), and the line

between attenuator and power amplifier proper. The first chart covers the

frequency range from 0.5 MHz to 85MHz and the second from 85 to 260 MHz. The
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IMPEDANCE  COORDINATES—50-OHM CHARACTERISTIC IMPEDANCE
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FIGURE 4.3.8.2. POWER AMPLIFIER, OUTPUT IMPEDANCE VS. FREQUENCY PLOT, 0.5 TO 85 MH2z
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harmonic distortion of the amplifier at the nominal output is less than -30 dB
at all frequencies as shown in Figure 4.3.8.4. Typical input level limits are
shown in Figure 4.3.8.5. The amplifier is stable for any load condition fiom
short circuit to open circuit, but under open circuit conditions the output
level exceeds the ALC limits and the meter will be off scale. The attenuator
can provide the necessary minimum load, and a bridge such as the GR 1606 is
satisfactory as well. The mechanical and thermal characteristics are satis-
factory. When the amplifier housing is heat-sinked to the front panel of the
instrument,the temperature rise at the power transistor studs i: less than
10°c. Figure 4.3.8.6 shows no significant dependence of RF power output

vs ambient temperature.

4.4 IF Amplifier

4.4.1 General
The primary function of the IF Amplifier in this instrument is to
provide most of the gain necessary to detect the 80 kHz output from the receiver
~ixer. This signal can be as small as 0.5 uV rms (with -120 dBm at mixer signal
port). Under conditions of extreme bridge unbalance, however, large IF input
signals levels (greater than 1V rms) may occur. When swept-frequency measure-

ments are being made, *he signal level may change rapidly.

4.4.2 Design Considerations

To provide satisfactory performance under these varied conditions
the IF amplifier must have both linear (manual gain control) and log modes. In
the manual gain control (MGC) mode the gain is variable from O to +120 dB. The
log mode small~signal gain can be preset at any value between +70 and +100 dB.

Both modes provide low noise at high gain and handle large signals at low gain.
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The log mode must have fast response ( less than 100 psec) to signal level
changes., Selectivity must be sufficient to ensure that the second harmonic
response is more than 40 dB down, that the IF-level-detector ("A' meter) noise
i{s acceptable, and that the unit does not enter log-mode gain compression on

noise alone.

The necessity for meeting a variety of demanding requirements
resulted in a more complex IF Amplitier circuit than its basic function would -

ordinarily dictate.
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4.4.3 Block Diagram

A Block diagram of the IF Amplifier is shown in Figure 4.4.3. In
the MGC mode the signal passes through three-tuned-amplifier stages, each
having a gain range of 0 to +40 dB. The third stage is followed by an output
buffer which also drives the IF-level ("A") detector and its output amplifier.
In the log mode the signal first passes through three non-linear stages which
provide a quasi-logarithmic transfer characteristic. The signal then enters
the third MGC stage and proceeds through the same output circuits. Three

lines are used for external MGC gain and mode programming.
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FIGURE 4.4.3. IF AMPLIFIER BLOCK DIAGRAM

The gain of the three MGC stages is programmed in 9 steps of
approximately 13 dB; a potent iometer provides continuous control within each
step. The gain of the first stage is the last to be reduced, thus insuring
the best noise figure. The three programming lines are isolated by voltage
followers, RC networks and feed-thru capacitors. The gain-control characteris-
tics are made reproducible by using matched transistors and adjusting the unity

gain condition.

4.4.3.2 togarithmic Amplificr Stages

The log stages are built with IC operational amplifiers and have
a basic circuit configuration as shown in Figure 4.4.3.2.1. Small-signal gain

is set by resistor R Diode feedback gives the stage unity incremental gain

2
when the output signal exceeds the diode threshold voltage. The parallel-LC

tank in the feedback path has two purposes: (1) to avoid a dc offset caused

by the amplifier input current, and (2) to provide a slight amount of selectivity
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FIGURE 4.4.3.1. J-FEY CASCODE AMPLIFIER STAGE

to limit the noise bandwidth. A cascade of these stages provides a highly re-

producible quasi-logarithmic characteristic.

The input log stage has a bipolar-transtor differential pair which

serves as a low-noise preamplifier. This circuit is shown in Figure 4.4.3.2.2.

The output of the third log stage is applied to the lower gate of
another J-FET cascode. This drives the tank circuit used for third MGC stage,

thus combining the two signal paths as shown in Figure 4.4.3.2.3.
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1K

FIGURE 4.4.3.2.1. BASIC LOG STAGE

4.4.3.3 Output Buffer Stage

The output buffer is an IC voltage follower. The “A" output is
obtained from 4 prebiased voltage-doubler negative-peak detector and inverting
amplifier as shown in Figure 4.4.3.3. The "A" meter full scale corresponds

to an "A" detector output of 1.0 vdc and an IF output of 1.1 V rms.

4.4.3.4 Mode Control
Mode switching is accomplished by sensing the voltage on the third
MGC stage gain-control input line. The MGC programming range is from -4V
(0 dB) to +10V (40 dB). The three gain-~control lines are at =15V for the log
mode; this not only disables the MGC stages but also activates the last two

log stages and the log cascode, which are "off" for the MGC mode of operation.

4.4.3.5 Transient Response

The transient response of the IF Amplifier is limited only by its

selectivity in either mode. The 3~dB bandwidths are 2 kHz in the MGC mode and
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FIGURE 4.4.3.2.2, INPUT LOG STAGE

3.5 kHz in the lcg mode. These values correspond to time constants of 160 us

and 90 1s, respectively.

L. 4.4 Circuit Schematic 4

The schematic diagram of the entire 80- kHz 1IF Amplifier is shown

in Figure 4.4.4.
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The nominal quasi-log characteristic is shown in Figure 4.4.5.2 for

both maximum and minimum small-signal gain adjustments.

Characteristic
L .

Gain Range

Gain Control

Noise Figure *1

Bandwidth
(-3 db)

Transient
Response

(Time Constant)

Relative Gain at
2nd harmonic

Gain Linearity #*3

Notes:

*] From 1000-ohm source impedance of signal mixer output port with gain to

Table 4.4.5.1. Lin Mode Performance

Specified

10-100 dB

10 position switch with
with potentiometer

3 dB max

2 kHz

none

> 40 dB down

+57% over 30 dB
range

or greater than 40 dB.

*2 Device selection with 857 yield.

*3 Measured at minimum gain with input signal of

Measured

0-120 dB
+2 dB

9 steps of 13 dB nominal
with continuous control

within each step
2 dB typical *2

1.9 kHz

160 usec

-59 dB

+47% over 50 dB
range

250 mV rms (worst case).
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Characteristic

Small-signal Gain
Adjustment Range

Response

Noise Figure *1
Bandwidth (-3 dB)

Transient Response
! (time constant)

Output Harmonic *2
Distortion

Notes:

:

Table 4.4.5.2. Log Mode Performance

Specified

70-100

quasi-logarithmic over
60 dB range

3 dB max
none (3.5 kHz design)

100 usec

none

JR R

Measured

70-100 dB
+2 dB

quasi-logarithmic over
entire dynamic range
70-100 dB

2.5 dB typical

3.4 kHz
90 usec
X2 - 53 dB
X3 - 48 dB

Higher - 60 dB

*] From 100-ohm source impedance of signal mixer output port and all gain and

signal conditions.

*2 Maximum relative level for any input level up to IV rms.
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Table 4.4.5.3.

General Performance

Characteristic

Input signal Maximum *1

Output Signal Maximum *2 2.5V pp

«__ﬂ,n

Specified Measured
- 0.5 rms
5V pp

"A" Meter Scale 1.5V pp FS 1.1V rms FS *3

"A" Meter Time 0.1 sec. approx 0.1 sec. *4
Constant

"A" Output Time 1 msec 1.2 msec

Constant

A" Output Scale - 1.0 VDC FS

Factor

Notes:

*1 Input signal positive peak clipping occurs above this level in either

mode.

*2 Qutput signal negative peak clipping occurs above this level in either

mode. Maximum clipped output swing under overload conditions is 27V pp.

The synchronous detector module contains zener diodes to limit this to

approx. 6V pp.

*3 This value is required for compatability with synchronous detectors.

*4 Determined by meter itself.

Table 4.4.5.4. Power Consumption

Supply Current mA
NMode +18V -18V
supply supply
. —
Log 32 32
Lin 28 27

Total Power 1.2W
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4.4.5.1 Other Characteristics

1. Nominal Phase shitt through IF Amplifier is 180° in both
E i lin and log modes.
2. Typical variation in IF Amplifier phase shift in linear mode

is + 5° for entire gain range.

3. Typical variation in IF Amplifier phase shift in linear

mode is + 4° for all input levels within dynamic range.

4. Typical variation in IF Amplifier phase shift in linear mode

is + 5° for + 10°C to + 60°C temperature range.

b A

.

4.5 Sweep and Servo Amplifier Module

4.5.1 General

~
S ik 0 S .

This module provides the operating controls and signals for dis-
playing crystal responses as a4 function of applied frequency as well as signal
J conditioning for locking the frequency source to a null in the "X" output of
the quadrature synchronous detector. A mode switch selects (1) a sawtooth
f sweep voltage applied to frequency source, (2) a center frequency adjustment for

manual operation, (3) a locked mode where the "X" output is integrated and

applied to frequency control to null its output and (4) and automatic acquisition

mode. A simplified diagram is shown in Figure 4.5.1.

In the sweep mode, a variable rate and variable amplitude sawtooth
voltage is applied to the synthesizer frequency control. A constant +10V
sawtooth provides the horizontal sweep voltage for oscilloscope display. The

vertical output is the "A" detector or the total bridge unbalance signal.

s The center mode provides manual setting of the synthesizer

frequency with the center control potentiometer. Manual sweeps are possible
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with this control. The center control provides centering adjustment in all

modes allowing manual nulling as well as sweep centering.

Locking the servo bridge is done in the lock mode by applying the
sum of the "X" detector output and its integral to the frequency control. When
proper phasing and gain adjustments are set the servo amplifier will null the
"X" output. The servo will keep the "X" output nulled for small changes in

frequency and bridge unbalance.

The automatic acquisition mode starts a sweep beginning at the
lowest frequency when the scarch and lock button is released. The sweep con-
tinues until a response detected by a differentiator on the "X" output stops
the sweep, and switches to the lock mode. The sweep voltage is held constant
at the value that tripped the differentiator and comparator. The integrator
provides the dc gain necessary to reduce the "X" detector output to zero.
Attentuators at the control ovutput and "X" detector integrator output allow
the servo gain to be set to maximize the bridge sensitivities and case

balancing.

4.5.2 Design Considerations

Two areas of particular difficulty in the design of the sweep and

servo amplifier were the integrating amplificr and the sawtooth sweep generator.

The output voltage of an active integrator is shown in Figure 4.5.2.
The only desired term is the first term. The error terms consist of both fixed
value terms and terms which increase with time. The fixed voltage errors can
be made very small by using a high performance operational amplifier. The
remaining error terms which are integrated with time along with the desired

output are difticult to reduce.
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it = 1

t t 4
co=-ﬁ%f¢|dl ﬁ%/ % at 'R%_/ Vos dt *C'f ibdt -2 +Vos
o [+ [+] (]

where
A = gain of operational amplifier
Vos = offset voltage of op amp

ib = bias current of op amp

FIGURE 4.5.2.1. ACTIVE INTEGRATOR, PARAMETRIC DIAGRAM
When the tracking servo bridge detector is operated in the lock
mode, the control output voltage error is caused by these integrator error
terms plus any fixed offset voltage introduced by following amplifiers. The
requirement that the control output voltage not change by more than one milli-
volt in 30 seconds with the input grounded is not practical to meet with any

degree of reliability over more than a few degrees of temperature range.

Ignoring the signs of error terms (since the directions chosen
for Vos and i, are arbitrary) each parameter of the operational amplifier (A,
Vos’ and ib) must not exceed the value given in Table 4.5.1 in order for this
term not to contribute more than the total error budget all by itself. The
resistor is 2 megohms and the capacitor 1.0 uF giving the 2 second time

constant. The maximum value of E  is 1.0 volt, corresponding to maximum per-

mitted control output voltage.




Term

Table 4.5.1. Active Integrator Parameters

Parameter

A

s

iy

s

Required Value

1500

67 uv

e

Comment

no problem

difficule -
requires careful
trimming

requires good
FET op amp

no problem

no problem

To satisfy these requirements a hybrid precision FET operational

amplifier such as the Burr-Brown 3521L must be used.

fications for the 3521L are:

A 50,000 min

v +250 uV max untrimmed

os

TC of V. +1 uv/°C max
0os —

b

i +10 pA max at 25°C

The key parameter speci-

The above specifications show that the offset voltage term is the

parameter of concern.

trimming network.

A ten to one improvement is obtained with an external

A trimmed offset voltage of 25 uV will equal the contribution

o)
of the temperature coefficient of the offset voltage over the entire +15 C to

+40°C ambient range.

The total worst case error voltage at the output of the integrator

using the 3521L, trimmed to 25 uV offset voltage, after 30 seconds is 0.5 mV.
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Trimming of Vos to 50 uV is required to mect the specification.

The sawtooth sweep gencrator is subject to the same limitations as
the integrator. To achieve the sweep rate of 50 sweeps per second the sawtooth
generator integrator must be 200 times faster. Thus the time dependent error
terms accumulate at 200 times the rate for the integrator. For sweep displays

of the c¢rystal response these errors are negligible.

For operation in the auto lock mode the sweep output is stopped
and held at the value giving the lowest frequency crystal response. This
voltage is summed with the integrator output to produce the synthesizer control
voltage. Since it is this control output voltage we wish to hold constant
once the servo bridge has locked on the crystal resonance, we can see that the
sawtooth sweep generator errors are as important as the integrator errors in

lock mode.

With the time dependent error terms increasing at 200 times the
rate for the integrator, even more stringent requirements are placed on the op
amp used in the sweep generator. Since this is not practical with devices
available, the analog sweep generator was abandoned. 1In its place a dipgitally ) E
derived sweep generator was designed. A simplified diagram of the digital sweep

generator is shown in Figure 4.5.2.2.

The design principle is to derive the sweep voltage from the
output of an 8-bit counter with a digital-to-analog converter. The sweep
therefore consists of 256 steps. The CMOS counter directlyrdrives the R-2R
thin film microelectronic resistor network since the output swings ure within

a few millivolts of the supply voltages for the counter. The counter is reset

to zero when the search and lock button is depressed. This starts the sweep
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CONTROL
‘ 8 81T CMOS «—
COUNTER Resex
VARIABLE
cLocK
B HZTO
12800 HZ

- D-A CONVERTER
-

FIGURE 4.5.2.2. DIGITALLY DERIVED SWEEP GENERATOR, SIMPLIFIED SCHEMATIC DIAGRAM
at the voltage corresponding to the low frequency end of the synthesizer sweep
range. The counter counts the clock pulses until a signal is detected by a
differentiator on the "X" synchronous detector ocutput. At this point the
clock output is cut oft by the NAND gate and the counter holds the value corres-
ponding to the first cyrstal response detected. This valve is held until
another search and lock sequence is initiated or another mode is selected.
No time dependent error terms are present since no actual integration takes

place.

The variable clock consists of a precision timer, LM 322, and a
unijunction transistor for resetting the timer. A logarithmic potentiometer

is used to allow ease of setting the sweep rate over 500 to 1 range.

4.5.3 Sweep Generator

The sweep generator provides a linear ramp voltage to sweep the

synthesizer frequency. In the AUTOMATIC mode, the sweep signal must stop when

-71-
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the measurement is made. To eliminate drift in the "stopped" sweep voltage,
a digitally derived sweep voltage is used. The linear ramp voltage consists of
256 small steps. These steps are derived from the output of a CMOS counter
driving a D-A converter. A diagram of the sweep voltage generator is shown

in Figure 4.5.3.

The precision timer Ul and unijunction transistor (Ql) network
make up an adjustable rate generator from 25.6 Hz to 12.8 kHz. The 1 Megohm
SWEEP RATE control has a counterclockwise logarithmic taper to allow convenient
setting of the sweep rate over the 500 to 1 adjustment range. Trimmer
resistor Rl is adjusted in the final instrument to give the correct maximum
sweep rate when the front panel control is set for.minimum resistance. This

takes up the variation in the minimum resistance of the 1 megohm control.

The LM322 precision timer output, pin 9, goes positive at the
completion of the timing cycle. This allows C2 to begin charging through R3
until the threshold of the unijunction transistor is reached. At this point
C2 is dischared by the UJT through R4, applying a reset pulse to the trigger
input of the timer (pin 2). Diode CRl isolates the UJT from the positive
swing of the timer output. Resistor R2 provides pull-up for the collector

of the timer output transistor.

These output pulses drive the clock input of twelve bit CMOS
counter U23 through gate U2A. This NAND gate provides control by permitting
the clock pulses to be stopped when a crystal response is detected in the
AUTOMATIC mode. By stopping the counter, the sweep is stopped and the D/A
converter holds this sweep voltage. Eight bits of the counter output are

applied to the D/A converter resistor network through eight EXCLUSIVE OR gates,
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U3 and U4. The resistor network along with the 66K gain determining resistor
are a thin-film resistor network on one substrate. The D/A converter resistor
network Z1 is an R/2R ladder network containing the resistors that go to the
gate outputs with values corrected to include impedance of the gate. The D/A
converter resistor network Zl is an R/ZR ladder network of resistors connected
to the exclusive OR gate outputs. The network is shown in Fig. 4.5.8.2. Here
R equals 50K @ and 2R equals 100KQ . However, since the exclusive OR gates
have approximately 500§ output impedance, the actual 2R resistor values on the
network are made 99.5KQ so that the combined resistance of the gate and the
network equals 100K ¢ . A 66K. resistor in Zl provide the feedback for the am-
plifier A 100K resistor. Op-amp U6 sums the D/A output current and transforms

it into the sweep voltage.

The function of the EXCLUSIVE OR gates is to allow selection
between triangular and sawtooth waveforms. When the waveform selector switch
in in the sawtooth position, NAND gate U2B is disabled and the output is high.
The counter outputs are then inverted by the EXCLUSIVE OR gates and drive the
D/A converter. When the waveforms selector switch is in the triangular position
the NAND gate is enabled. The other input to this gate is the counter out-
put at one-half the rate of the most significant bit. Thus at one-half the
fundamental rate, one input of the EXCLUSIVE OR gates is alternately high then
low. This causes counter output to be alternately inverted then non-inverted,
producing a triangular waveform at one-half the rate of the sawtooth waveform.
Thus, two waveforms are available for sweeping the synthesizer, with the
triangular waveform having one-half the repetition rate of the sawtooth wave-

form.

When the A FM pushbutton is depressed, the triangular waveform

is automatically selected as long as the pushbutton is held.
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The sweep output of U6 is used for synthesizer sweep and for
providing horizontal sweep voltage for the display oscilloscope. The amplitude
of the synthesizer sweep voltage is adjustable by front panel WIDTH control
R-2B up to a maximum of slightly greater than one decade of frequency for each
of the three synthesizer types. The amplitude of the oscilloscope horizontal
sweep is adjustable by rear panel control A-R22 labeled SWEEP AMPLITUDE up to
a maximum of +10V. This allows the sweep display to be adjusted to exactly

fill the screen of the oscilloscope.

4.5.4. Synthesizer Control Amplifiers

To accomodate the three common synthesizer types with their
different control voltage scnsitivities and polarities, three separate op amps
are used to sum the sweep voltage and lock signal inputs. These amplifiers along
with final output circuits are shown in Figure 4.5.4.

The synthesizer signal amplifiers Ul2, Ul3, and Ul4 convert the
sweep voltage and lock signal into the proper polarity and magnitude. Op amp
Ul2 supplies a maximum sweep signal of 10 V peak-to-peak in a non-inverting
configuration for the Hewlett Packard series of synthesizers. Op amp Ul3
supplies a maximum sweep signal of 3 V peak-to-peak in a non-inverting confi-
guration for the General Radio 1160 series synthesizers. Op amp Ul4 supplies
a maximum sweep signal of 5.0 V peak-to-peak in the inverting configuration
for the CGeneral Radio 1000 series synthesizers. By using a separate amplifier
for each synthesizer, switching of low level signals at the op amp input is
avoided. The synthesizer selector switching is now done at the output of the
op amp where the impedance is low and the signal level is higher than at the

input. Thus the circuit is less susceptible to noise pick-up.
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In addition to selecting the proper amplifier, the synthesizer
selector switch A-S821 selects the centering control range, the dc center voltage
and the output voltage limiter. The centering potentiometer A-R3, a ten turn
10K front panecl control, is used for manual sweep as well as control of the
center voltage at the control output. The output of centering potentiometer
A-R3 drives op amp Ul6 connected as a voltage follower. Resistive dividers
at the output provide the proper adjustment range of the Hewlett Packard and
GR 1160 series synthesizeres. The GR 1060 series synthesizers require a polarity
reversal, so another op amp Ul7 is used as an inverter with the proper gain.

The centering potentiometer control range is 1.15 times the nominal tull decade

control range for each synthesizer.

In addition to the adjustable centering control a fixed center
voltage provides the center puint about which all cbntrol output voltages occur.
These voltages correspond to the center of the synthesizer control range.

These voltages are derived from the +15 volt power supplies by adjustable
voltage dividers, consisting of resistors and potentiometers R65 through R70.

The center voltage for each synthesizer series is:

HP -6.0V
GR 1160 0.0V
GR 1060 +2.25 V

To limit the voltage swing of the control output to safe values for
each synthesizer, limiting diodes CR11 through CR18 and CR22 are placed across

the output of Ul5. The nominal limits for each synthesizer are:

HP +0.6 V to -14.0 V
GR 1160 -2.4 V to +2.4 V
GR 1060 -0.6 V to +6.2 V

An output attenuator with four decade steps (OUTPUT SERVO GAIN
switch A-S87) provides reduction in overall servo gain without affecting the

center voltage. The output attenuator network Z2 provides a constant output
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‘ impedance when driven from a voltage source. This assures no dc voltage
3‘ change at the output when the attenuator position is changed. The network is
{ a thin-film resistor network.
y
;% The final output amplifier Ul5 is an op amp with differential in-
+H ’
i
ff put connection. The output voltage is the center voltage minus the sum of
i
'i the sweep signal + locking input signal + centering adjustment voltages. This
) provides proper phasing for correct operation.
|
i
5 4.5,5 Integrator and lLock Amplifier
1
é The integrator and lock amplifier provides the feedback to allow
i
3 the detector to lock a synthesizer on a crystal response and track any frequency

154

disturbances. Figure 4.5.5 gives details of these circuits. The lock signal

generated for the synthesizer control with the integrator enabled is:

——

, 1 1
; e = - e - :
F: lock x [(l + jwR33 C9) + jw R24 C8]
o WF
— |
: INTEGRATOR LOCK
| e R33 AMPLIFIER
100K
wh r—VA—
— R31 SERVO GAIN
X DET. R24 100K INTEGRATOR
INPUT 1.96M f\\\\> ek AS8
- o —" VWV - LM308 —oo—oe
| A28 | 210 3521L X1
¢ \ ?9 R3S
i P2.L R8O “x
1 = 1.96M R25
/ 10K x1/3
INT X2
ON- CR4 - R36
i
: OF F 1NG35
AS1Y 1400
X110
R30 R28 R37
150 100K 600 3
CRS '
IN3604 -1sv L L
= - 1
FROM MODE SWITCH  TO AUTO RESET L
INTEGRATOR ENABLE

FIGURE 4.5.5. INTEGRATOR AND LOCK AMPLIFIER, SIMPLIFIED SCHEMATIC DIAGRAM




The first term is the responses of the lock amplifier, giving unity
gain with a lag break at 0.1 sec. The second term is the response of the inte-
grator with its time constant of 2 seconds. It is the function of the inte-
grator to provide very high dc gain to null the reactive unbalance of the

bridge by servoing the synthesizer.

To avoid errors in the balance point of the "X" det (reactive
component), the integrator must be free of dc offset, drift and have very high
dc gain. As discussed in section 4.5.2, the integrator errors due to op amp

limitations are: t t t

.o ‘o 1 1 : ‘o
®error = 24 ¢8 | A °° TRoac c8 ‘ Yosdt * T8 J pdt 7 Vs

O (&) (&)

The critical term is the second one where a VOs of less than 67uVv
is required to keep the integrator from drifting more than one millivolt in 30
seconds. By using a hybrid FET input op amp and trimming the offset voltage,
this requirement can be met over a modest temperature range. Trimming to less
than 25uV is possible at any given temperature. To meet the 1 mV drift in 30
second drift rate, readjustment may have to be done if the ambient temperature
changes by more than 20°C. An internal adjustment (R27) is provided. The
Burr-Brown 3521L hybrid op amp U9 used here has the necessary gain, low bias

current and provision for trimming the offset voltage.

The integrator is enabled only when INT switch A-S11 is ON and
MODE switch A~S9 is in LOCK or AUTO position. In the AUTO mode the integrator
remains reset (OFF) until the crystal response is detected and contacts 2 and
7 of relay K1 ground the return side of relay K2's coil through diode CR5. This

eliminates integrator response to signals until the sweep is stopped.
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QWF STROBE

FROM MODE

SWITCH
X DET. cs W: -
INPUT 1uF TO SWEEP

GATE

R1S
499 TO SYNTHESIZER
— CONTROL

I +2.2uF
v 5 COMPARATOR FROM INTEGRATOR
15V AND LOCK AMP

DIFFERENTIATOR ™

FIGURE 4.5.6.1. DIFFERENTIATOR AND COMPARATOR, SIMPLIFIED SCHEMATIC DIAGRAM

4.5.6 Differentiator and Comparator

The automatic acquisition of lock requires a detector to stop the
sweep at the lowest frequency crystal response. This consists of a differentiator

and an adjustable threshold comparator shown in Figure 4.5.6.1.

The differentiating is done at low frequency where the response
is controlled by R16 and C5. Here the output voltage is given by:

dE

in
E ut = R16 C5 It

To eliminate the response to low amplitude high frequency noise,
R15 and C6 are added to reduce the high frequency gain beginning at

1 1 .
b R15 C5 ~ RI16 C6 — 2000 or 318 Hz. The measured gain of the complete

differentiator is shown in figure 4.5.6.2.

The output of the differentiator drives a voltage comparator

arranged with positive feedback to act as a latch when the preset threshold
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158 exceeded. The threshold is internally adjustable with the SK potentio-
meter R20 from 0 volts to -75mV. This allows a comparator threshold setting
corresponding to input voltage changes from nearly 0 to 1.5 V/sec. Any signal
within the bandwidth of the differentiator that exceeds this preset rate of
change will energize relay Kl at the comparator output. This relay in turn,

(1) stops the sweep by grounding an input to the NAND gate U2A driving the

CMOS counter of the sweep generator, (2) turns on the integrator (if it is

not manually turned off) by connecting a dc return for its ON/OFF relay K2

and (3) connects the lock signal to the synthesizer amplifiers. These operations

complete the automatic search and lock function.

A delay output timer Ull provides a delayed contact closure to
ground after completion of the search and lock. The contact closure is avail-
able on two pins (C and D) of the REMOTE connector A-J24 on the rear panel.
The delay time is adjustable by a 10M rear panel screw control A-R20 from less
than 1 second to greater than 100 seconds. The delay timer along with the

search and lock gates are shown in figure 4.5.6.3.

The delay timer uses a LM322 Precision Timer which is capable of
long timing periods. The 10uF timing capacitor C4 is a low leakage wet-slug
tantalum electrolytic. A 100-ohm resistor R13 in series allows the timer to

be reset before completion of the timing interval if SEARCH pushbutton A-S8

is depressed.

By pushing the SEARCH button, the 2.2 uF capacitor C3 is charged ;
through resistor R12, raising the voltage at the input to the delay timer 3
sufficiently to cause Ull to reset. Grounding the input to the first NAND

gate through these resistors drives its output high which resets the sweep
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SWEEP DELAYED
BV RESET csg:'?:: ATOR «18v  OUTPUT
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PUSHBUTTON
ASS

R12

TRIGGER INPUT
(FROM COMPARATOR)

FIGURE 4.5.6.3. DELAY TIMER, SEARCH & LOCK GATES, SIMPLIFIED SCHEMATIC DIAGRAM
counter. As C3 discharges through resistor R11l, the NAND gate thresholds are
reached. The first gate releases the sweep counter reset. The second gate,
also used as an inverter, arms the comparator by drawing current from the strobe
terminal. The delay introduced by the 2.2 uF capacitor and 270K resistor (about
1/2 second) allows the sweep to be reset to the voltage corresponding to the
lowest frequency and all associated transients to die out before the sweep is

started and the comparator is armed.

4.5.7 RF Meter Amplifier

A front panel meter A-M4 is used to monitor the output power
from the RF power amplifier. In addition, red sectors at each end of the
meter scale are used as out of range indicators for the ALC. The meter

amplifier and ALC limit comparators are shown in figure 4.5.7.
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35.2K
~-16V
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R71 « R73
- CR8
LM301
- U20
.
R74
4 99K

FIGURE 4.5.7, METER AMPLIFIER AND ALC LIMIT COMPARATORS, SIMPLIFIED SCHEMATIC DIAGRAM
Amplitior UI8 ix a voltape tollower which provides the meter dvive
current. Calibvating the meter at the regquived 30 dBm pofat s done by varving
cither the curvent to the meter by changfup resistor R76 or the de ottset by
clumging resistor R/77. 0 Meter accuracy over the tall 29 to +30 dBm vange s

H1/2 dam,

Op amps D19 and U120 are used as comparators. . One ix blased at
nearly the upper Himit ot the ALC. The other is biased ot nearviv the lower limit
ot the ALC, When the ALC voltage ts more positive than the threshold ot op amp
U220, this op amp (s deiven against (ts uapper stop. This causes the meter

ampl it ier to swing to the negat tve stop, driviag the meter fnteo the lower 1oed

soctor Tabled "0L0", This indicates that the pgenceator deive signal is toe low
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and beyond the ALC range. Likewise when the ALC voltage is more negative than
the threshold of the op amp UlY, it goes against the negative stop. This in
turn drives the meter amplifier and the meter to the upper stop. The red sector
of the meter here is labeled "HI" indicating that the generator drive signal is
too high for the ALC range. The diodes (CR9 and CR8) at the outputs provide
proper steering of the comparator signals., Sufficient margin in the ALC limit

setting assures proper operation when the meter is not in a red sector.

Operation when the ALC indicates that the input generator input is
too high will result in distortion at the output. When the ALC indicates that

the generator input is too low, the output will not be leveled.

4.5.8  Complete Circuit

Schematic diagrams of the complete Sweep & Servo Amplifier are shown

in Figures 4.5.8.1 through 4.5.8.3.
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FIGURE 4.5.8.2. THIN-FILM RESISTOR NETWORK INTEGRATED CIRCUIT 21, SCHEMATIC DIAGRAM
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FIGURE 4.5.8.3. THIN-FILM RESISTOR NETWORK INTEGRATED CIRCUIT Z2, SCHEMATIC DIAGRAM

4.6 IF Reference and Phase Shifter

4.6.1 General
The 80-kHz IF signal from the Reference Mixer is processed by this
module to provide synchronous detector reference signals which are continuously
adjustable in phase over 360°. A dc signal controls the phase shift and remote

programming is possible.

The phase shifter is a phase lock-loop that permits the user to
establish any desired phase relation between the reference signal and the
oscillator output. Figure 4.6.1 shows the basic arrangement. The reference
input and the output from the voltage-controlled oscillator (VCO) are compared
in the phase detector (@) which produces a dc output El proportional to the

phase difference between them. E2 is the dc phase control voltage. The ampli-
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FIGURE 4.5.8.2. THIN-FILM RESISTOR NETWORK INTEGRATED CIRCUIT 21, SCHEMATIC DIAGRAM
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FIGURE 4.5.8.3. THIN-FILM RESISTOR NETWORK INTEGRATED CIRCUIT 22, SCHEMATIC DIAGRAM

4.6 IF Reference and Phase Shifter

4.6.1 General
The 80-kHz IF signal from the Reference Mixer is processed by this
module to provide synchronous detector reference signals which are continuously

adjustable in phase over 360°. A dc signal controls the phase shift and remote

programming is possible.

The phase shifter is a phase lock-loop that permits the user to
establish any desired phase relation between the reference signal and the
oscillator output. Figure 4.6.1 shows the basic arrangement. The reference
input and the output from the voltage-controlled oscillator (VCO) are compared :
in the phase detector (@) which produces a dc output El proportional to the

phase difference between them. EZ is the dc phase control voltage. The ampli-
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to equal EZ' Since E1 is proportional

fier (A) has large dc gain which forces El

to the phase difference, so is the dc programming voltage E2. Very good linearity

can be obtained and, if a potentiometer of adequate linearity is used, better

o :
than 17 accuracy is obtained.

4.6.2 Reference IF

The IF signal from the reference mixer is fed to a single tuned
circuit with a bandwidth of 1.5 kHz. A digital comparator provides a square-
wave signal of nearly B+ amplitude to drive the digital circuitry of the phase
shifter. Figure 4.6.2 shows the circuit. An IF input signal of about 0.5 mV

rms is sufficient but the typical level is 15 mV rms.

OouTPUT

REF | 0} vCO
INPUT

Eq

Pl

FIGURE 4.6.1. BASIC PHASE SHIFTER CIRCUIT, BLOCK DIAGRAM

80 kHz +15V
IF
REF IN
*—
15V
LM3N || ll'l
o0
- ~15V

FIGURE 4.6.2. DIGITAL COMPARATOR CIRCUIT
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Eg

1280 kHz

FIGURE 4.6.3.1. PHASE SHIFTER

4.6.3 Phase Shifter

The basic circuit as shown in Figure 4.6.1 has several limitations.
The phase-detector is a flip~flop which is "set" by one of the signals and
"reset" by the other. The pulse-pair resolution is limited and as a result it

does not function near zero or 360° phase difference.

The full 360° range is covered by dividing both of the 80-kHz
signals down to 40 kHz. The phase detector will then easily handle the full
360° (at 80-kHz), as this corresponds to only half the theoretical capability
at 40 kHz. By proper choice of circuitry, the 0-360° phase difference at
80 kHz is made to correspond to 90° to 270° at the 40 kHz phase detector. This

not only provides more than 360° capability but also improves the linearity of

the programming.

Four reference signals precisely 90° apart are needed at 80 kHz
R
for the switching type synchronous detectors. These signals can be generated
with digital accuracy by running the VCO in the lock~loop at a frequency at least

4 times 80 kHz. The arrangement of the phase-shifter circuitry is shown in
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Figure 4.6.3.1. The VCO runs at 1280 kHz. A series of flip-flops divides

the VCO signal and generates the drive signals for the X and Y detectors.

Four exclusive or gates are included to provide a convenient way
to shift the reference phase by exactly 180°. Operated by a front panel switch,
this feature is useful for the servo lock-up procedure. This 180° phase shift

is accurate to about 0.1 degree.

The external phase programming requires a dc voltage from approxi-

mately +3 to +11 V.

+15V SUPPLY

TUNING
VOLTAGE
470

K

470
MV 1403
D uH 1K
| RF
1280 kHz
ouT
qN
1000 pF

=  —15VSUPPLY ‘

FIGURE 4.6.4. VOLTAGE-CONTROLLED CRYSTAL OSCILLATOR, SCHEMATIC DIAGRAM
4.6.4 VCXO

The reference IF signals are derived from a voltage controlled %

cyrstal oscillator (VCX0) operating at 1280 kHz. The use of a crystal oscil- i

lator permits a lock-loop with very high dc gain, reducing the static error

coefficfent to less than 0.5 degree for the full lock range. This results in
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N =32

K - IN REGION OF UNITY
a ‘ X80 } OPEN-LOOP GAIN

F(S) BETWEEN 60 & 500 Hz

FIGURE 4.6.5.1. IF REFERENCE OSCILLATOR LOCK LOOP, BLOCK DIAGRAM

high phase-shifter accuracy, better than 0.5 degree for external dc programming
and better than 2 degrees from the front panel control where the accuracy is

reduced because of potentiometer non-linearity.

The quartz crystal is tightly specified for inductance and tempera-

ture coefficient to insure a lock range of +50 ppm under all operating conditions.

The oscillator circuit is conventional and is shown in Figure
4.6.4. It is a pi-network configuration with the crystal operating around
series resonance as determined by the reactance of the hyperabrupt varactor

diode. The average tuning sensitivity is 200 radians/sec/volt.

4.6.5 Lock Loop

The IF reference oscillator lock loop contains the basic blocks
shown in Figure 4.6.5.1. The set-~reset flip~flop phase detector provides an
output of 2.4 volts/radian. It is followed by a second-order RC active filter

having a 1600 Hz cutoff frequency. A main loop amplifier provides high dc gain
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and a controlled roll off characteristic as required for servo lock-up and
stability. A resistive network translates the +15 volt loop amplifier output

to the -2 to -10 volt range required by the VCXO.

A plot of the open-luop frequency response characteristic of the

complete lock loop is shown in Figure 4.6.5.2.

4.6.6 Test & Performance Data

A schematic diagram of the complete IF Reference and Phase
Shifter module is shown in Figure 4.6.6. The performance of the module has

been satisfactory in all respects.

All 1280 kHz quarts crystals used in the production lot were
measured for temperature coefticient and pulling range. A lock range of +50

ppm is easily ensured under all conditions.

The IF reference signal drive margin was at least 25 dB for all

units.

o~
~

Syunchironous Detectors

4.7.1 General

Switching type synchronous detectors are used for the X and Y
detectors. These circuits offer better performance and require less critical
adjustment than analog type detectors. Thev silso interface more easily with

the digital reference signals.

4.7.2 Input Buffers

The 80 kHz signal from the IF amplifier is buffered by LM310 inte-

grated circuit voltage followers ahead of each synronous detector. These circuits
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provide isolation between the two channels. Two back-to-back Zener diodes arc
provided to shunt an excessive input signal to ground.
4.7.3 Synchronous Detector Analysis
The basic synchronous detector circuit is shown in Figure 4.7.3.1.
FET switches connect the circuit in such a way that, for one half-cycle of

the reference signal, the op amp is in the inverting mode and for the other i
half-cycle in the noninverting mode. The output is a full-wave rectified
signal. The same op amp provides integration of this waveform so that the 4

output is dc with low ripple.
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In order to have equal gain for the two half-cycles, the following

condition must be met:

(R; + Ry) Ry Ry R, =R
(R, +R;) (Ry +R

) -R, R

5 375

The stage gain is:

The dc output voltage is:
ki

/ Ep sin 8 do = 2A EE
™

where A is the stage gain.

dc

m
n
o aly»

Ep is the peak ac applied.

[
—

For a stage gain of A

E = 0.637 E

de peak 0.900 Erms

The resistor networks Rl through R6 are thin-film type to provide
good tracking and accuracy. The FET switches have to be selected for use as
matched pairs for smallest change in dc output when the reference drive is applied
in the absence of an IF signal. Small trimmer capacitors permit final precise
capacitive balance. The result is that the change in dc output from no refer-

ence signal to the full 15-V peak~to-peak reference signal can be adjusted be

be zero and long-term stability should be adequate.




REFERENCE

FIGURE 4.7.3.1. BASIC SYNCHRONOUS DETECTOR, SIMPLIFIED SCHEMATIC DIAGRAM

The op amp must have good long-term stability of the offset voltage
and very high input impedance. A Burr-Brown 3521L hybrid FET op amp was chosen

because of excellent overall characteristics.

The complete circuit schematic is shown in Figure 4.7.3.2.

4.7.4 Test & Performance Data

The performance of the synchronous detectors is excellent. The
quadrature rejection is greater than 80 db and is limited by the ability to
set the reference phase. The dc offset of the detectors can be trimmed to
under 25 uV and has a temperature coefficient of only 1 uv/°C. The drive off- w
set is8 adjustable to under 20 uV. The 180° phase reversal offset is a function |
of the reference drive symmetry and is kept below 30 uV for the critical X

detector by device selection.
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4.8 Isolation Modules

4$.8.1 Introduction
Isolation Modules for the Generator and LO signals are vital ele-

ments of this instrument if the detectivity is not to be limited by the presence

of spurious leakage signals.

A block diagram of the basic receiver is shown in Figure 4.8.1.1.
There are two separate signal paths, one through the crystal bridge and the

other serving to produce a reference signal for the synchronous detectors. The

isolation medules not only split the generator and LO inputs into these paths
but also keep them isolated. 1In particular it is vital to prevent leakage of

generator signal into the receiver input via the LO path.

0dBm
To
OFFSET LO
+30d8m
GEN GEN +7dBm
PWR
IN 1S0. ————— ——
1 i ANP ] ATTEN, BRIDGE,
+10d8m MooD N | XTALETC.
o |
e | Rcvr
| Ineur :
| SIGNAL 5
]
REF IF REF SYNC. IF AMP SIG
MXR MOD. "H DET. MOD. MXR
LO

L0 Lo
N —Pp 1SO.
+10dBm MOD. +7d8m

FIGURE 4.8.1.1. BASIC RECEIVER BLOCK DIAGRAM
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The two critical isolation paths are shown in Figures 4.8.1.2 and

4.8.1.3.
0 dBm
TO
oE OFFSET LO
N
GEN
PWR
N ———i 0 e 'Y S — - — — — ATTEN, BRIDGE
+10 dBen MO0 +7 dBm A —} XTAL, ETC.
| RCVR
GEN INPUT
LEAKAGE SIGNAL
15 mV rms
TO0 TO SIG
IF REF IF AMP MXR
mMOoD MOD
2 40 dB
MIXER Lo
ISOLATION 4068
Y
MIXER
ISOLATION
< ~-75d8m
‘o z —125 dBm *
LO - I1SO dBm
IN MOD > 50 dB ISOLATION

FIGURE 4.8.1.2. GENERATOR LEAKAGE PATH DIAGRAM

Spurious generator signal appears at the receiver input via a
leakage path through the Reference Mixer, the LO Isolation module and the
signal mixer. If each mixer has 40 dB isolation and the LO isolation module
has a 50 dB isolation, the total isolation is 130 dB. An additional 20 dB is
obtained by a pad at the Ref. Mixer signal Port. Starting at a level of -15
dBm from the Generator Isolation Module, the maximum leakage level is -165 dBm

at the receiver input. This is below the noise level,
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O0d8m
T0 + 23 d8
OFFSET LO GAIN
SRRy LO LEAKAGE
< -95 dBm SIGNAL
GEN GEN 2 ~118d8m
IN IS0 I ., Ay — — — - - "| ATTEN, BRIDGE,
+10 dBm MOD - 66d8 | XTAL, ETC.
1ISOLATION
< -53 dBm '
ACVR
INPUT
SIGNAL
R
TO T0 SIG
IF REF IF AMP MXR
MOD MOD
LO
ISOLATION
3
+7 dBm
Lo to
IN —bl 1SO ~
+10 dB8m MOD +7 dBm
.3

FIGURE 4.8.1.3. LOCAL OSCILLATOR LEAKAGE PATH DIAGRAM
Spurious local oscillator signal appears at the power amplifier
input via a leakage path through the Reference Mixer and Generator Isolation
Module. TIf the mixer has 40 db isolation and the Generator Isolation Module
has 65 dB (from Reference Mixer to Power Amplifier ports), the total isvlation
is 105 dB. The additional 20 dB pad brings the total to 125 dﬁ. Starting at

a level of +7 dBm from the LO Isolation module this would result in a maximum

level of -95 dBm of LO signal in the output of the power amplifier. This is

easily within the -B0 dBm level allowed.

The actual leakage levels obtained are greater than those calculated

above because of non-ideal interface terminations but are nevertheless sufficient
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to make the leakage signal undetectabie below 150 MHz and within the allowed
limit at all frequencies. The leakage level obtained represents about 180 dB

of isolation between the power amplifier output and the receiver input.

4.8.2 lsolation Amplilier Circuits

The isolation module circuits are shown in Figures 4.8.2.1 and
4.8.2.2 The two units are quite similar. Each contains a 3 dB 180° hybrid
which splits the input signal into two paths with at least 20 dB isolation.

One hybrid output is used directly as an output in each module. "3 dB 180°
Hybrid" is a Hybrid Power Splitter-Container .l - 400 MHz mfg. by Mini-Circuit
Lab #PSC-2-1, Gr #2994-5169. This reactive hybrid produces two in-phase signals
isolated from each other by a minimum of 20 dB from .4 to 400 MHz with each out-
put 3 to 4 dB less than the driving signal. The other hybrid output drives an
attenuator and cascode RF amplifier to produce a highly isolated output which
goes to the Reference Mixer. The generator Isolation Module contains an add-
itional resistive power splitter which provides an output for the external Offset

LO unict.
Cascode RF amplifiers were used in this application because of

their high isolation and wide bandwidth. Their circuit design is straight-
forward. The generator unit uses A-485 transistors operating at 14 mA to pro-
duce -15 dBm output with a 50 ohm source impedance. The amplifier configuration
by itself was measured to have better than 50 dB isolation to 220 MHz with a gain
of +0.5 over the 0.8 to 220 MHz range.

The LO isolation module uses 2N5109 transistors operatiug at 33 mA
to produce +12 dBm. This amplificr alone has better than 25 dB isolation to
220 MHz, a gain of 14 dB + | dB over the band. An output attenuator provides a

50 ohm output impedance and reduces the output to +7 dBm.

4.8.3 Test & Performance Data

Measurements were made on the complete Generator and LO Isolation

Amplifier circuit boards. The various outputs are essentially flat vs frequency
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at the nominal level while the reverse isolation is lowest at 220 MHz. The
forward and reverse characteristics of the two modules are summarized in the

signal flow diagrams, Figures 4.8.3.1 and 4.8.3.2.

The isolation module performances are entirely satisfactory for

the requirements of this instrument.

PWR AMP OUT
+7 dBm
65 dB
min
GEN
iN GEN OUT
+10 dBm 0 dBm

REF MXR SIG OUT
-15dBm

FIGURE 4.8.3.1. GENERATOR ISOLATION MODULE, SIGNAL FLOW DIAGRAM

-3d8 SIG MXR LO OUT

+7 dBm
-50d8
min
~30 dB min

~-348 REF MXR LO OUT
4 +7 dBm

FIGURE 4.8.3.2. LOCAL OSCILLATOR MODULE, SIGNAL FLOW DIAGRAM

Riice

e
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4.9 Mechanical Design

4.9.1  General
The Servobridge Detector is housed in a standard relay rack/bench
cabinet 7" high x 16" deepy The tront panel contains all operating controls
along with RF connectors tor generator input, RF drive to bridge, and receiver
input. The Offscet LO required tor the recelver is not included in this unit
but its operating controls are.  The Offset LO s housed in a separate cabinet
which can be placed under the Servobridge Detector cabinet and all inter-

connect fons are made at the rvear.,

All critical modules arve enclosed fn separate shiclded compart-
ments.  The individual compartment s are interconnected by means of semivigid
085 inch diameter coax tor RE and tlexible coax for low frequency signals.
Power supply leads are run through teed-thru capacitors. Low leakage from the

compartment s {s ensured by tinger-stock contact strips.

The power supplies and the servo module are located on open boards.

The servo/sweep module boavd also contafns the RF power meter cirvcuitry.

The REF power ampliticr is cenctosed in a casting, completely sealed
apainst RF leakage by conduct fve gaskets in grooves. To dissipate the power in
the RF ampliticer, the unit is bolted to the aluminum front panel which acts as

a good heat sink.

The modules (compartments) are as follows:
REF power amplifior
N10 multiplicer

Cenerator fsolat fon module




o B

Power transtormers, A-T1, A-12 6 IF Ampliticr Module, AS

LO Isolation Module, Al /  1F Reterence and Synchronuous
Frequency Multiplicer Modale, A2 Detector Module, A6
Generator Isotation Module, A3 8 Power Supply FEtcehed-Circuit
Step Attenuator, A4 Board, A7

FIGURE 4.9.1.1. INTERNAL TOP VIEW OF TRACKING SERVOBRIDGE DETECTOR

LO isolation modulce
IF amplificer

Synchronous detectors and reference phase-shifter
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e

1 Terminal Block, TBI 5 Receiver Mixer, A9
2 Edge Connector, A-P2 6 RF Power Amplifier Module, AlQ
3 Servo/Sweep Module, A8 7 Reference Mixer, All
4 Edge Connector, A-Pl 8 Tool Kit.
FIGURE 4.9.1.2. INTERNAL BOTTOM VIEW OF TRACKING SERVOBRIDGE DETECTOR
Two additional, open boards contain the power supplies and
the servo/sweep circuitry.
These are shown in the top and bottom views of Figure 4.9.1.1 and
4.9.1.2.
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The mechanical design was dictated, primarily, by the extremely
critical shielding requirements. The power amplifier produces +30 dBm and the
receiver has a detectivity of better than -150 dBm. The shielding required to

prevent leakage signals through this direct path is therefore 180 dB. This

high degree of shielding was attained with the mechanical arrangement as

described above.

4.9.2 Panel Layouts

The layout of the front panel is shown in Figure 4.9.2.1. Table
4.9.2.1 lists the controls, indicators and connectors on the front panel and

provides a brief functional description of each item.

The layout of the rear panel is shown in Figure 4.9.2.2. Table
4.9.2.2 lists the controls and connectors on the rear panel and provides a

brief functional description of each item.

1 2 3 4 5 6 717 8 98 10 1112 13 4 15

21 266 25 4 23 2

FIGURE 4.9.2.1. FRONT PANEL CONTROLS, INDICATORS, AND CONNECTORS
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Table 4.9.2.1. Function of Front Panel Controls,
Indicators and Counectors

Index
No. Legoend Description Function
i PWR White illuminated, alter- Turns AC line power on
nate-action pushbutton or off
switch AS1
2 FREQUENCY l4-position rotary switch Selects frequency
RANGE A-S3A range
3 MULTIPLLER ON- 2-position rotary switch Turns frequency multi-
OFF A-S13B plier on or off
4 X10 Momentary contact push- Multiplies X Detector
button switch A-54 meter seusitivity by 10
5 none Screwdriver control Adjusts mechanical zero
of X DETECTOR meter
b X DETECTOR panel meter A-Ml Indicates X Detector
output
7 REFERENCE control A-Rl Shifts detector reter-
PHASE ence phase over 360Y
range
8 REFERENCE PHASE Toggle switch A-Sl4 Shifts detector re-
0 - 180° ference phase by 1807
9 Y DETECTOR panel meter A-M2 lndicates Y Detector
output
10 none Screwdriver control AdJusts mechantcal
zero of Y DETECTOR
meter
i X10 Momentary contact push- Multiplies Y Detector
button switch A-S5 meter sensitivity by
10
12 SERVO GAIN 4-position rotary switch Adjusts servo gain
ouTpPuUT A-S7 at control output
13 SERVO GAIN 3-position rotary switch Adjusts servo gain
INTEGRATOR A-S6 at integrator
14 A DETECTOR panel meter A-M3 Indicates 1F ampli-
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[ndex
No.

15

16

17

19

20

21

22

23

24

26

27

Table 4.9.2.1.

Legend

none

SEARCH

LIN-LOG

IF GAIN

IF GAIN

RECE1VER INPUT

SWEEP RATE

SWEEP WIbTH

MODE

CENTER

INT

A M

RF LEVEL dBm
FINE ADJUST

Function of Front Panel Controls,

Indicators and Connectors (Cont.)

Description

Screwdriver control
Momentary contact push-
button switch A-58

Toggle switch A-S12

Outer knob - 9-position
rotary switch A-S10

Center knob of dual con-
centric control A-R4

Locking type GR 874
coaxial connector A-J7

Outer knob of dual concen-
tric control A-R2A

Center knob of dual con-
centric control A-R2B

4-position rotary switch
A-S9

10-turn potentiometer A-R3

Green illuminated,
alternate-action push-
button switch A-Sll

Momentary contact push-
button switch A-S13

Screwdriver adjusted con-
trol A-R90

Function

Adjusts mechanical zero
of A DETECTOR meter

Initiates automatic
search and lock cycle

Selects linear or
logarithmic IF ampli-
fier response

Coarse adjustment of
linear mode 1F gain
in approx. 13 dB steps

Provides finc adjust-
ment of linesc mode
IF gain over approx.
13 dB range

Accepts Recelver input
signal

Adjusts sweep rate over
0.1 to 50 Hz range

Adjusts sweep width
Selects servo/sweep
mode

Adjusts control outpul
center voltage

Turns servo integrator
on or off

Activates AFM swecp mode
and display

Sets RF output over 1
dB range




Index
No.

28

29

30

31

12

33

34

Table 4.9.2.1.

Legend

none

RF ouTpeyur

GENERATOR IN-

PUT
MULTIPLIER
ourpur

MULTIPLIER
[NPUT

RF LEVEL

ATTENUATOR

1.0

MULT

Function of Front Panel Controls,

Indicators and Connectors (Cont.)

Desceription

panel meter, A-M4

Locking type GR 874
ial connector, A-J5

Locking type GR 874
ial connector, A-J4

Locking type GR 874

fal connector, A-J3

Locking type GR 874
ial connector, A-J2

coax-

coax-

coax-

coax—

0 to 101 dB step attenu-

ator, A4

Red indicator, A-DS1

Red indicator, A-DS2

Function

Indicates RF output power

level ahead of attenuator.
Also indicates low or high
penerator input level.

Provides RF output signal
Receives generator input
signal (+10 dBm nominal)
Provides frequuncy multi-
plier output signal (F10
dBm nominal)

Receives frequency multi-
plicr input signal (+10
JdBm nominal)

Sets RF output power

Indicates unlocked local
oscillator

Indicates unlocked frequeucy
multiplicer




Index
No.

19 8 N

16 13 14

L0 INFPUT

13 12

FIGURE 4.9.2.2. REAR PANEL ADJUSTMENTS AND CONNECTORS

Table 4.9.2.2.

Legend

SWEEP AMPLITUDE

X DET

SCOPE SWEEP

A DET

Y DET

SWEEP WAVEFORM

CONTROL OUTPUT

Description
Screwdriver control,
A-R22
BNC coaxial connector,
A-J28
BNC coaxial connector,
A-J29
BNC coaxial connector,

A-J27

BNC coaxial connector,
A-J26

2-position slide switch,
A-S20

BNC coaxial connector,
A-J25
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Function of Rear Panel Adjustment and Connectors

Function

Adjusts oscilloscope
horizontal sweep ampli-
tude

Provides X Detector out-
put signal

Provides horizontal
sweep signal to oscillo-
scope

Provides A Detector
output signal

Provides Y Detector out-
put signal

Selects triangular or
sawtooth sweep waveform

Provides frequency control
signal to synthesizer



Table 4.9.2.2.

Iadex

No. Legoend
8 REMOTE
9 none

10 TO OFFSET

11

13

14

15

16

17

18

19

GENERATOR
OFFSET GENER-
ATOR

RF MON

LO IN

DELAY TIME

HP

GR 1160's

GR 1060's

LINE VOLTAGE

1A

1/2A

48 - 440 H:

S0W

Function of Rear Panel Adjustment and Connectors (Cont.)

Description

7-pin connector (mates
with Amphenol 126-195)

A-J24

50-ohm termination (on

chain) A-P23

SMA coaxial connector

A-J23

24-pin connector (mates
with Amphenol 57-30240)

A-130

BNC coaxial connector

A-J31

SMA coaxial connector

A-1J22

Screwdriver control A-R20

3~-position rotary switch

A-S21

2-position slide switch

A-S2
Fuse A-F2

Fuse A-Fl1

J-wire IEC standard line

voltage plug A-Jl
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Function

Proviues signal for inter-
tace remote operation

Terminates generator output

when signal is not used

Provides generator signal
to Offset local oscillator

Provides power, range, and
monitor signals to Offset

Local Osicillator accessory

Provides RF frequency monitor
output

Receives local oscillator
input signal

Adjusts delay time interval
Selects type of external
synthesizer

Selects line voltuge

Protects instrument when
connected to 220VAC source

Protects instrument when
connected to 110VAC source

Provides for primary power
input
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Wire Run List
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MASTER REFERENCE DESIGNATION INDEX

INDEX
NO.

FIGURE

INDEX REF.
NO.

FIGURE
NO.

REF.

DESIG.
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ILl..l.l..l.l111112222222222222227-2222
"”"”’,’,”””’,”,”’”,”
9999999999999999999999999999999
”,"’"”””"””,,’,,”””

444/44/44/4/4/#/*/4/4/44/44/4/4/4/4/4/44/4/414/4/4./4/4

WIRE LIST ABBREVIATIONS

Ground
Gray

GND
GY

American Wire Gauge

Black
Brown

Adjacent
Blue

Adj
AWG
BK
BR

Orange
Red

OR
RD

Violet

White

vT

BU

Conductor (center)

Green

COND
GN

Yellow

YE

~122-




EROM

A-124-A
A-J24-RB
A-024-COM
A-124-D
A-124-1
A-124-¥F
COND TO A-125
SHIELD TO ADJ. GND
A--127 CENTER
A-0730-1
A-130-2
A-J130-13
A-130-4
A-130-5
A=130-6
A-130-7
A-130-8
A-130-9
A-130-10
A~330-11
A-1730-12
A-~130-13
A~130-14
A-130-16
A-130-17
A-130-19
A-130-20
A-1730~22
A-1730-21
A-1730-24
A-M3(-)
A-M4 (4)
A-P1-A
A-P1=-AA
A-P1-B
A-P1-BB
A-P1-C
A-PL-D
A-PI-1
A-P1-E
A-P1-F
A-P 1l
A-P1-)
A-1"1~K
A-P1-1,
A-PL-M
A-P1-N

WIRE RUN 1181

WIRE
TYPE

AWG24
AWG24
AWG24
AWG24
AWG2 4
AG G
COAX CABLE

AWG4
AWG 24
AWC24
AWG24
AWG24
AWG24
AWG24
AWG 4
AWG24
ARG 4
AWG24
AWLGD 4
AWG24
AWG20
AWG20
AWG20
AWG20
AWG20
AWG20
AWG20
AWG20
AWG2A
AWG 24
AWG2 4
AWG24
AWG24
AWG 24
AWG2 4
AWG2Y
AWG24
AWG24
AWG24
AWG 24
AWG24
AWG24
AWG A
AWG A
AWG 24
AWGL 24

COLOR
CODE

WH-OR-GN
WH=0OR-RD
WH-BR-BK
WH-0OR-BK
WH-VT-GN-HR
WH=-V'T-GN-BU
BR-YE

WH~RD-GN-BK
WH-BU-BK
wH-BU-BR
WH-GR-BK
WH-GR-1BR
WH-GN-BU
WH=-RD-BK
WH-RD-BR
WH-RD-BU
WH-RD-GN
WH-CY-1K
Wi-GY-BR
Wi-GY-BU
GN

WH-BK

BR

Wil-BK

RD

WH-HBK

OR

Wil-BK
Wit-VT-8K
WH-BK
Wi-GN-BU
Wi-VT-8K
WH-YE-VT
WH-VT-BR
WH-YE-OR
WH-VT-BU
WH-VT-GN
WH-RBU-BR-BK
WH-BU-BR~-HBK
WH-VT-RD
WH-VT-GY
WH-0UR-BK
Wil-0OR-8BR
WH-OR~RU
WH-0OR~GN
WH-0OR-RD

TO

A-P1-M
A-P1-N
A-P1-9
A-P1-1
A-P1-3
A-P1-7
COND TO A-P2-1
SHIELD TO A-P2-A
A-P2-8
A-SIA-103F
A-SIA-105F
A-S3A-107F
A=-S3A-109V
A-SIA-YLLE
A-S3A-113F
A-SIA-115F
A-STA-LTL 7K
A-SI3A-119F
A-SIA-121F
A-SIA-12F
A~S3A-12HF
A7-WT5
GROUND
A7-WT7
GROUND
AT-WT14
GROUND
AI-WTL2
GROUND
A-XDs1-2
GROUND
A-Pl1-5
A-R2A-13
A-S21-2013R
A-520-4
A-S21-205R
A-S20-0
A-R2B-13
A-DP2-14
A~S9-204F
A-~R20-COM
A~R2Q--COM
A=12%-1
A-S9-101¢F
A-S9=-201F
A-124=-A
A-124-R8

2o




A-P1I-R
A-Pl-U
A-P1-V
A-Pl-W
A-Pl-X
A-P1-Y
A-Pl1-2
A-P1-1
A-P1-10
A-Pl-11
A-P1-12
A-P1-13
A-P1-13
A-P1-14
A-Pl-l6
A-Pl1-17
A-P1-18
A-P1-19
A-P1-2
A-P1-20
A-P1-2]
A-P1-22
A-P1-23
A-P1-24
A-P1-13
A-P1-3
A-Pl-4
A-PL1-5
A-P1-5
A-P1-6
A-P1-7
A-P1-7
A-P1-8
A-P1-9
A-P2-8
A-P2-C
A-P2-D
A-P2-E
A-P2-F
A-P2-F
A-P2-H
COND TO A-P2-~]

A-P2-K

COND TO A-P2-K
SHIELD TO A-P2-1,
A-P2-M

WIRE
YPE

AGW24
AGW2YG
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
ACW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
AGW24
COAX CABLE

ACW24
COAX CABLFE

AGW24

COLOR
CODE _

WH-0OR-GY
WH-OR-VT
WH-YE~-BK
WH-YE~BR
WH-YE-BU
WH-YE-GN
WH-YE-RD
WH-YE-GY
WH-BR
WH-BU~BK
WH-BU-BR
WH-GN-BK

OR

OR
WH-GN-BR
WH~RD-BK
WH-RD-BR
WH~RD-BU
WH-RD-GN
WH-BU
WH-GY-BK
WH-GY-BR
WH-GY-BU
WH-GY-CGN
WH-GY-RD
Wi-VT-GN-BU
WH-GN

WH-RD
WH-GN-BU
WH-GY

Wi-VT
WH-VT-GN-BU
WH-OR

WH-YE
WH-BR-BK
WH-GY-BU-BK
WH-GY-BU-BR
WH-(GY-GN-BK
WH-GY-GN-BR
OR

OR
WH-GY-GN--BU
BR-OR

WH-VT-GY-RD
BR-GN

WH-GY -BU-BK

-124-

0

A-521-105R
A7-WT15
A7-WT16
A-89-208R
A-S7-105R
A-87-103R
A-S7-101R
A-521-207R
A-R2A-2
A-511-3(C)
A-R1-2
A6-36
A-59-106R
A-P2-6
A~S21-103R
A-521-101R
A-S9-304F
A-89-203F
A-S7-10/R
A-520-5
A-S21-102R
A-S21-211R
A-521-209R
A-S21-201R
A-521-208R
A-324-E
A-S8-N.O.
A-59-103F
A-M4-~(+)

- A-R2B-2
‘A-S513-N.0.

A-124~F
A-58-CENTER
A-R22-(CCW)
A-124-COM
A-S21-108R
A-P2-5§
A-S21-111R
A-S21-107R
A-P2-15

A-P2-6
A-S21-109R

COND TO A6-22
SHIELD TO ADJ. GND
A-R604 (FREE END)
COND TO AS-45
SHIELD TO GROUND
A-S11-1(N.C.)




FROM

A-P2-N

A-P2-P

A-P2-R

A-P2-S

A-P2-§

COND TO A-P2-1
SHIELD TO A~-P2-1\
A-P2-1

COND TO A-P2-10
(NO GND CONNECTION
THIS END)
A-P2-13
A-P2-14
A-P2-15
A-P2-15

A-P2-2

A-P2-3

A-P2-4

A-P2-5

A-P2-6

A-P2-6

A-P2-7

A-P2-8

A-P2-9

A-R1-1

A-R1-2

A-R1-2

A-R1-3
A-R2A-2
A-R2A-3

A-R2B-1

A-R2B-2
A-R2B-2

A-R2B-3

A-R20-COM
A-R20-COM
A-R22 (CW)
A-R22 (CCW)

A-R3-1

A-R3-2

A-R3-13

A-R604 (FREE END)
A-RY0-CW
A-S10-109R
A-S510-207G .
A-S10-210F
A-S10-305R
A-S10-311F
A-S11-B (LAMP)

WIRE RUN L1ST (CONT)

WIRE
TYPE

AWG24
AWG24
AWG24
AWG24
AWG24
COAX CABLE

AWG24
COAX CABLE

AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG20
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24

COLOR
CODE

WH-CY-BU-BR
WH~GY~-GN-BK
WH-GY-GN-BR
WH-GY-BU~BR
WH-BK
BR-YE

WH~-GN-BR-BK
BR-RD

WH-CGY-BR-BK
WH-BU-BR-BK
OR

OR
WH-GN-BU-BK
WH-CGN-BU-BR
WH-RD-BR-BK
WH-RDh-BU-BK
OR

OR
WH-RD-BU-BR
WH-~RD-GN-BK
Wli-RD-GN-BR
WH-VT-GY-GN
WH=-VT-GY-BU
WH-BU-BR
WH-VT-GY-BR
WH-BR
WH-VT-BK
WH~BK

WH-GY

YE
WH-VT-GN
WH-VT-GY
WH~VT-RD

VT

WH-YE
WH-RD-BR-BK
WH-GN-BU-BR
WH-RD-BU-BK
WH-VT-GY-RD
GN

WH-RD

WH-GY

WH-VT

WH-YE

WH-0R

WH-BK

~125-

1o

A-S6-4F
A-56-5F
TB1-18V
A-P2-C
GROUND
COND TO A-125

SHIELD TO ADJ.

A-S21-202R
COND TO A6-33
SHIELD TO GND

A-56-1F
A-Pl-E
TB1-+18V
A-P2-F
A-57-104R
A-R3-2
A-R3-1
A-R3-3
A-P2~F
A-P1-13
A-59-206R
A-1)27 CENTER
A-S9-107¥
P§-37
spP-36
A-P1l-11
Ps-135
A-Pl-1
A-Pl-A
GROUND
A-P1-5
A-$9-202-R
A-P1-D
A-Pl-H
A-P1-F
A-S9-104F
A-P1-8
A-P2-4
A-P2-1
A-P2-5
A-P2-K
A7-WT5
A5-14
AS-17
A5-133
A-S12-45
A5-131
GROUND

GND




FROM

A-S11-1 (N.C.)

A-S11-3(C)

A=Sl1l-#6 (COM)

A-S12-#3
A-S12-#5

A-S13-CENTER

A-S13-N.0.
A-S14-3

A-520-4

A-520-5

A-820-6

A-521-101R
A-521-102R
A-521-103R
A-S21-105R
A-S21-107R
A-S21-108R
A-521-109R
A-S21-111R
A-S21-201R
A-S21-202R
A-821-203R
A-521-205R
A-521-207R
A-521-208R
A-S521-209R
A-$21-211R
A-S3A-103F
A-S3A-104R
A-S3A-104R
A-S3A-105F
A-S3A-107F
A-S3A-109F
A-S3A-111F
A-S3A-113F
A-S3A-115F
A-S3A-117F
A-S3A-118R
A-S3A-119F
A-S3A-121F
A-S3A-122R
A-S3A-123F
A-S3A-124R
A-S3A-125F
A-S3A-126R
A-S3B-112R
A-S3B-116F

W1RE
TYPL

AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWNG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24

WIRE RUN LIST (CONT)

COLOR
cobe

WH-GY-BU-BK
WH-BU-BK

GY

WH-BR-BK
WH-YE

BU

WH-VT

YE

WH-VT-BR
WH-BU
WH-VT-BU
WwH-RD-BK
WH-GY-BK
WH-GN-BR
WH-OR-GY
WH-GY-GN-BR
WH-GY-BU-BK
WH-GY-GN-BU
WH-GY-GN-BK
WH-GY-GN
WH-GN-BR-BK
WH-YE-VT
WH-YE-OR
WH-YE-GY
WH~-GY-RD
WH-GY-BU
WH-GY-BR
WH-BU-BK
WH-GY-GN

GN

WH-BU-BR
WH-GR-BK
WH-GR-BR
WH-CGN-BU
WH-RD-BK
WH-RD-BR
WH-RD-BU
WH-VT-BU
WH-RD~GN
WH-GY-~BK
WH-VT-GY
WH-GY-~-BR
WH-0OR-BK
WH-GY~BU
WH-UR-BR
WH-GY~RD
WH-VT-BR

TO

A-P2-M
A-P1-10
A-59-308R
A5-19
A-510-305R
A-59-108R
A-Pl-6
A6-131
A-P1-B
A-Pl-2
A-P1-C
A-Pl-16
A-P1-20
A-Pl-14
A-Pl-P
A-P2-E
A-P2-B
A-P2-H
A-P2-D
A-P1-23
A-P2-1
A-PI-AA
A-P1-BB
A-P1-7
A-P1-24
A-P1-22
A-P1-21
AJ30-1
A-S3B-127R
A7-WTS
AJ30-2
AJ30-3
AJ30-4
AJ30-5
AJ30-6
AJ30-7
AJ30-8
A~S3B-~122F
AJ30-9
A)30-10
A2-2
AJ30-11
A2-20
AJ30-12
A2-9
A-XDS1-1
A-XDS2-1




FROM

A-S3B-122F
A-S3B~124R
A-S38-127R
S3B-128F
A-S4-N.O.
A-S5-N.0O.
A-S6-1F
A-56-104F
A-S6-4F
A-S6-5F
A-S7-101R
A-S7-103R
A-S9-104F
A-S7-104R
A-S7-105R
A-S7-107R
A-S8-CENTER
A-S8-N.O.
A-S9-103F
A-S9-106R
A-S9-106R
A-S9-107F
A-S9-108R
A-S9-201F
A-S9-202R
A-59-203F
A-59-204F
A-S$9-206R
A~S9-208R
A~S9-301F
A~S9-302R
A-S9-304F
A~S9-306R
A-S9-307F
A-59-308R
A-XDS1-1
A-XDS1-2
A-XDS2-1
A-XD52-2
A220

A22

A2-32
A2-42
A2-44

A29

AS-14
A5-17

WIRE
TYPE

AWG24
AWG24
AWG24
AWG24
AWGZA
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG20
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24
AWG24

WIRE RUN LIST (CONT)

COLOR
CODE

WH-VT-BU

GN

WH-GY~GN
WH-VT-GN
WH-GY~GN-BU
WH-GY~-BR-BK
WH-GY~BR-BK
WH-BU
WH-GY~BU~-BR
WH-GY -GN~-BK
WH-YE~RD
WH-YE-CN

VT
WH~GN~BU-BK
WH-YE~-BU
WH-RD~G
WH-OR -
WH-GN

WH-RD

WH-BR

OR
WH-RD~GN-BR
BU

WH~OR~-BU

YE

WH~RD~BU
WH~BU~-BR-BK
WH-RD-BU-BR
WH-YE-BR
WH-OR-BR
WH-BR
WH-RD-BR
WH-BK

WH-BU

GY

WH-GY-RD
WH-VT-BK
WH-VT-BR
WH-VT-RD
Wi-OR-BK
WH-VT-GY
WH-VT-GN

BR

WH-VT~RD
WH-OR~BR
WH-RD

WH-GY

TO
A-S3A-118R
A7-WTS
A-S3A-104R
A2-32
A6-33
A6-22
A-P2-13
A-S9-307¥
A-P2-N
A-P2-P
A-P1-Y
A-P1-X
A-R22- (CW)
A-P2-2
A-P1-W
A-P1-19
A-P1-7
A-P1-3
A-Pl-4
A-S9-302R
A-P1-13
A-P2-9
A-S13~CENTER
A-Pl-L
A-R2B-2
A-P1-18
A-P1-E
A-P2-7
A-P1-V
A-P1-K
A-S9-106R
A-P1-17
GROUND
A~S6~104F
A-S11-#6(COM)
A-S3B-112R
AJ30-~24
A-S3B-116F
A2-44
A-S3A-124R
A-S3A-122R
S3B-128F
AT-WT?
A-XD§2-~2
A-S3A-126R
AS10-109R
A-510-207G




FROM

AS-19

AS-31

AS-33

COND TO A5-45
SHIELD TO ADJ. GND
Ab-22

COND 'T0 A6-22
SHIELD TO ADI GND
Ab-31

AG-33

COND TO A6-1373
SHIELD 'TO GND

A6~ 136
AT-WTL2
A7-WT14
A7-WTI5
A7-WTIl6
AT-WTS5
AT-WTS
AT-MWTS
A7-WT5
A7-WT6
Al-YWT?
AT-WT?
A7-WT8
GROUND
GROUND
GROUND
GROUND
GROUND
GROUND
GROUND
GROUND
GROUND
GROUND
GROUND
PS-135
PsS-136
pPs-137
TBi- -18V
TRi- +18V

WIRE RUN LIST (CONT)

WIRE COLOR
TYPE COBE To :
1
AWG24 wh-BR-BK A-S12-#3 j
AWG24 WH-OR A-S10-311F
AWG24 WH-VT A-510-210F
COAX CABLE BR-GN COND TO A-P2~K
SHIELD TO A-P2-1,
AWG24 WH-GY-BR-BK A-S5-N.O.
COAX CABLE BR-OR COND TO A-P2-1J
AWG24 YE A-S14-3
AWG24 WH-GY -GN-BU A-S4-N.0.
COAX CABLE BR-KRD COND TO A-P2-10
(NO GND CONNECTION
THIS END)
AWG24 WH-GN-BK A-P1-12
AWG20 OR AJ30-22
AWG20 RD A30-19
AWG24 WH-OR-VT A-P1-R
AWG24 WH-Y E-BK A-P1-D
AWG24 GN A-S3B-124R
AWG20 GN A-R90~CW
AWG 20 GN AJ30-13
AWG24 GH A-S3A-104R
AWG20 WH-BK GROUND
AWG20 BR AJ30-16
AWG24 BR A2=42
AWG20 WH-BK GROUND
AWG20 Wi-BK A7-WT6
AWG20 WH-BK A-S9-306R
AWG20 WH-BK A7-WT8
AWG20 WH-BK AJ30-23
AWG20 WH-BK A130-20
AWG20 WH-BK A)30-17
AWG20 WH-BK AJ30-14
AWG24 WH~BK A-M3(~)
AWG24 WH-BK A-S11-B(LAMP)
AWG 24 WH-BK A-R2B-1
AWG24 WH-BK A-P2-5
AWG24 WH~VT-GY-BR A-R1-3
AWG24 WH=VT-(GY-BU A-R1-2
AWG24 WH=-VT-GY-GN A-R1-1 .
AWG24 WH-GY -GN=-BR A-P2-R i
AWG24 OR A-P2-15




Al-18
Al-b
Al-2
Al-4
A2-12
A2-30
A3-18
A3-6
A3-2
A5-35
A6-13
All

To
To
I'o
To
To
To
To
To
To
To
To
To

HARD CABLING COAXTAL CONNEC

All
Al22
A-14
A-M4
Al3
A2
All
A9
AJ22
A6-23
All
Al-18

RD-BU-YE
RD-VT-BR
RD-VT-HK
RD-BU-GY
RD=-BU-VT
RD-BU-RD
RD-BU~WH
RD-BU-BR
RD=-BU-GN
RD-BU-BK

RD-BU-YFE

IF'TONS

All fo A3-18 RD-BU-WH
A-J2  To A2-30 RD-BU-RD
A-13  Ta A2-12 RD-BU-VT
A-J14  To Al-2  RD-VT-BK
A-19  To Attenuator output
A-122 To A3-2 RD-BU-GN
A-J31 To Male
Coupling RD-VT-YE
SD22 (center) To Al26 (center)

SD22, Gnd (shiceld) To Gnd AJ26
SD33, Gnd (shield) To Gnd A28
SD33 (center) To AI28 (center)

-129-




Section 5

CONCLUSITONS

The design described in the preceeding sections of this report
has met all the requirements of MIL-D-55361 (EL) for a Tracking Scervobridge
Detector. The performance of all pilot production units met or exceeded all
specificatfons, and this program has successfully led to the establishment
of a production capability for these instruments.

The single most difficult design requirement is an internal RV
leakage level which is below the noise level over most of the frequency range
and represents a shielding tactor of over 180 dB between the RF output and
receiver input ports. This requirement had a protound influence on the desipn
from the block diagram through circuit design, component selection and packaging.
All pilot production units met the leakage requirement of less than -145 dBm
vquivalent input over the entire frequency range.  The actual leakage level

was typically 10 dB better than specitied below 150 MHz.

The next most ditticult requirement is the drift rate of the servo
integrator. An operational amplitier with exceptionally low de offset is required
to meet the specified drift rate of 1 mV in 30 seconds. This requirement was
met by using a hybrid FET input op amp and trimming the de¢ oftfset to less
than 25uV. The offset adjustment is adequate over an ambient temperature
1ange of about 20"C.

Another important specification is receiver sensitivity, and
this requirement was met without difticulty. The noise level is typically
10 dB better than specificed.

The successful completion of the Tracking Scervobridge Detector
program has made avaflable a key element necessary tor the implementation ot

precision bridge measurement techniques for quartz crystal parameters.
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RFL Industries
Powerville Road

Boonton, NJ 07005

ATTN: Mr. B. M. Kaufman

Saunders & Assoc.

6710 E. Camelback Road
Scottsdale, AZ 85251
ATTN: Mr. Jack Saunders

Statek Corporation

1233 Alvarez Street
Orange, CA 92668

ATTN: Mr. H. J. Staudte

Timing Systems, Inc.
135 Canal Street
Marblehead, MA 01945
ATTN: Mr. Plato Zorzy

Tyco Crystal Products
3940 W. Montecito
Phoenix, AZ 85019

ATIN: Dr. Virgil Bottom

Western Electric

1600 Osgood Street

North Andover, MA 01845
ATTN: Mr. Robert Pelrine

Electronic Crystal Corporation
2035 Washington Street

Kansas City, Missouri 64108
ATIN: Mr. J. J. Colbert

Electronic Research Corporation
10000 W. 75th Street
Overland Park, Xansas 66204

Erie Frequency Control
453 Lincoln Street
Carlisle, Pennsylvania 17013

John Fluke Mfg Co.
Box 7428
Seattle, Washington 98133

Frequency & Time Systems
Box 378

Danvers, MA 01923

ATTN: Mr. Robert Kern
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001

001

001

001

001

001

001
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General Electric Company
Mountain View Road

Lynchburg, Virginia 24502
ATTN: Mr. John H. Sherman, Jr.

Greenray Industries
840 W. Church Street
Mechanicsburg, Pennsylvania 17055

GTE Lenkurt Electric

1105 County Road

San Carlos, California 94070
ATIN: Mr. F. Fastenau

Hewlett Packard Company
P.0. Box 301

Loveland, Colorado 80537
ATTN: Mr. G. E. Nelson

Hughes Aircraft

500 Superior Avenue

Newport Beach, California 92663
ATTN: Mr. H. E. Dillon

Hughes Aircraft

Centinela & Jeale Streets
Culver City, CA 91304
ATIN: DOr. William Brammer

Keithley Instruments
28775 Aurora Road
Cleveland, Ohio 44139
ATTN: Mr. J. F. Keithley

Microsonics, Inc,

60 Winter Street

Weymouth, Massachusetts 02188
ATTN: Mr. Charles E. Hagen

Motorola

2553 N. Edgington Street
Franklin Park, 111inois 6065)
ATTN: Mr. Dennis Reifel

DESC-EMM
Dayton, Ohio 45444
ATIN: Mr. Herman Anderson

RADC (ETSS) ;|
LG Hanscom, AFB, MA 01731 '
ATIN: Mr. Alfred Kahan
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Bell Telephone Laboratories
555 Union Boulevard

Allentown, Pennsylvania 18103
ATTIN: Mr. Warren L. Smith
ATTN: Mr. Ed Alexander

CTS Knights, Inc.

400 Reiman Avenue
Sandwich, I1linois 60548
ATTN: Mr. R. Hostetler
ATIN: Dr. D. E. Newell
Magnavox

2829 Maricopa Street
Torrance, CA 90503

"ATTN: Mr. Walter Firth

Collins Radio Co.

5225 C Avenue, NE

Cedar Rapids, IA 52402
ATTN:Mr. Marvin Frerking

Frequency Electronics, Inc.
3 Delaware Drive

New Hyde Park, NY 11040
ATTN: Dr. Martin Bloch

McCoy Electronics Co.
Chestnut & Watts

Mt. Holly Springs, PA 17065
ATTN: Mr. L. W. McCoy

American Microsystems, Inc.
3800 Homestead Road

Santa Clara, CA 95051
ATTN: Mr. Chet Rutkowski

Crest Cumberland Inc.

101 Petersburg Road

Carlisle, Pennsylvania 17013
ATTN: Mr. George Bistline, Jr.

Bliley Electric Co.
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