M-100

TABLE l-1. Model M-100 General Performance Specifications

OUTPUT CHARACTERISTICS

Frequency: 10 MHz Sine Wave, (i.5x10_11 at shipment)
Amplitude: 0.5 vrms (=10% + 30%) into 50 ohm load

Phase Noise (SSB 1 Hz BW): > 120 dB at 100 Hz from carrier
(Signal-to-Noise) > 130 dB at 1000 Hz from carrier

Harmonic Distortion: > =30 dBc

Non—-Harmonic Distortion: > =80 dBe ;
Warm—up: < 10 minutes to reach 10 MHz i_leD_lO at 25°C ambient

< 30 minutes to reach 10 MHz i_leO-ll at 25°C ambient

Peak current during warm—up: approx. 2.2 amps max. at 25°C with 26 vdc input.

INPUT
Voltage: 22.5 to 32.0 Vde (50 V, 50 ms transient).
Power: 18 watts max. at 25°C with 26 wvdc input.

< 1x10”tt for + 10 % input voltage change.
STABILITY
Long-Term Drift: < 6 x 10-11 for the first month after 14 days of continuous
operation. £ 3.6 x 10-10 for the first year, total period;

L2 o= 10_10 for the second year.
Short-Term Stability: oy(T) = 3 x l{J_ll x (17%) for 1 sec < T < 100 seconds
Magnetic Field: < 3 x 10_13/AM._1 worst case orientation (2.4 x lo_ll/Gauss)

GENERAL
Frequency Trim Range Adjustment: > 3 x 10-9
Settability: 1x10:lli

Retrace: + 1x10 -10
Operating Temperature: < 3 x 10 from -55°C to +68°C

(=67°F to 155°F) at baseplate
Storage Temperature (non—operational): —=62°C to +85°C (-80°F to 185°F)
Size (inches): 4.81 high x 3.90 wide x 3.94 deep (see Outline Dwg No. 70549-1)
Weight: 4.0 1b max. without heat sink
4,5 1b max. with standard heat sink attached.
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1-7 EXTERNAL ADJUSTMENT POINTS AND CONNECTIONS. Figure l1-1 illustrates the
front and rear views of the M-100. Table 1-2 details all externally

accessible connections and adjustments.
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Figure 1-1. M-100 Front and Rear Views

Table 1-2

A Crystal Trim Adjustment
(Refer to Section 5-13 for adjustment procedure)

B Frequency Adjustment
(Refer to Section 3-4.7 for adjustment procedure)

C J2 Connector
M28748/7-DO0F1A (mates with M28748=-18-D10LIA)

Pin B = Rb Lamp Voltage Signal
Pin F = Xtal Control Voltage Signal
Pin H = Resonance Lock Signal
Pin L = +22.5 to +32 Vdc Input
Pin P = Ground
D J1 Connector — 10 MHz Output

Type SMA, MIL-C-39012
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CHAPTER 2
INSTALLATION

CAUTION

THE UNIT'S OUTER COVER IS A SPECIALLY DESIGNED MAGNETIC
SHIELD; DAMAGE TO THE OUTER COVER COULD CHANGE ITS SHIELDING
CHARACTERISTICS.

RECEIVING AND INSPECTION. The M-100 is packaged and shipped in a foam=
packed container. The unit is inspected mechanically and electrically
prior to shipment. If the shipping carton is damaged, ask that the
carrier's agent be present when the unit is unpacked. The unit should be
inspected for external damage (i.e. scratches, dents, or broken connec—
tors). 1f damage is discovered, or if the unit fails the Operational
tests, notify the carrier, and Ball Corporation, Efratom Division,

3 Parker, Irvine, CA 92718-1605. Telephone (714) 770-5000; Telex 685-635.
In Europe: Efratom Elektronik GmbH, Am Perlacher Forst 186, D-8000,
Munchen 90, West Germany. Telephone (089) 648059. Retain the shipping

carton and the foam—packing material for the carrier's inspection.

SHIPPING. 1f reshipment of the unit is necessary, the original container
and packing should be used. If the original container is not available, a

suitable container with foam—packing is recommended.

STORAGE. Temperatures during storage should be limited as follows:
(a) maximum temperature: +85°C (185°F)
(b) minimum temperature: -62°C (-79°F)

MOUNTING. The unit's mounting plate has been drilled and tapped to
accomodate installation. Although the unit is shipped ready for instal-
lation, sufficient airflow must be provided to ensure that the unit's
baseplate temperature does not exceed 68°C (154°F) during operation. The
unit may be mounted with the aluminum thermal baseplate in contact with a

flat* metal surface.

*Surface flatness should be .005 inches rms or better.
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The heat transfer characteristics of the mounting surface must be adequate
to limit the rise of the unit's baseplate to +68°C. The allowable environ-—
mental temperature (Ta) for this mounting is:

= 4 o -
Ta 68°C - (V_ x I xRe)
Supply Voltage in volts.

Where: V
s

I
s

B

Supply Current in amperes.

Thermal Resistance between unit and ambient, (°C/watt).

POWER REQUIREMENTS. The M-100 requires an external power source capable
of providing between +22.5 vdc and +32 vde, with a minimum output of
2.0 amp. The positive input voltage is to J2 pin L, the negative return

voltage on J2 pin P.

In order to obtain the cleanest output signal close to the carrier, the
maximum ac ripple on the supply voltage must be less than 100 mV
peak-to-peak. If it is acceptable for the output frequency to contain
spurious multiples of the powerline frequency (50, 60, or 400 Hz), the
ripple can be higher, but in no case should the supply voltage AC +/- peak

exceed the upper or lower input power limit of the unit.

MONITORING SIGNAL OUTPUTS. Figure 2-1 illustrates the pin connections for
the J2 connector and presents a brief functional description of the
connections.
J2 B. Rb LAMP VOLTAGE SIGNAL

F. XTAL CONT VOLTAGE SIGNAL

H. RESONANCE LOCK SIGNAL

L. +22.5 to +32 Vdc Input

P. GROUND

Ox Ov Os OnNn Ok @F Oc
OQu Or OMm Qu OE @& @
Ow OT @7 @L @+ Op Oa

FIGURE 2-1. J2 Connector and Pin Arrangement.
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2-7 INSTALLATION CONSIDERATIONS. Some consideration must be given to the
operating location of the unit,regardless of its application. To minimize
frequency offsets and/or non—harmonic distortion, the unit should not be
installed near equipment generating strong magnetic fields such as

generators, transformers, etc.

CAUTION

Care must be taken to ensure that the
maximum operating temperature is not
exceeded (+68°C as measured at the unit's

baseplate).

2=3
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CHAPTER 3
OPERATION AND FUNCTIONAL TESTS

3-1 TEST EQUIPMENT. The test equipment required to perform operational and
functional tests is listed in Table 3-1. Test equipment other than those
items listed may be used, provided that the performance equals or exceeds

the MINIMUM USE CHARACTERISTICS as stated in Table 3-1.

TABLE 3-1. Functional Operation Test Equipment

Item Minimum Use Characteristics Test Equipment
3.1 DC Power Output Voltage: 0 to 30 Vdc Hewlett—Packard
Supply Output Current: 3.0 Amp 6296A or 6433B
3.2 Digital Voltage Range: 0 to 30 Vdc Fluke 8000A or
Multimeter Accuracy: + 1.25% 8020A
(DMM) Resistance Range: 0 to 150 ohm
3.3 Atomic Internal Ref Frequency: 10 MHz Efratom TS-105A
Oscillator Accuracy: i_lxlO—ll or TS-105
Test Set Stability: parts in ].012
3.4 Resistive Load | Feed—thru type, 50 ohm Hewlett—Packard

10100C or Pomona
Electric 4119-50

3.5 Timer Capable of indicating 1l min to Any wristwatch
15 min or wall clock
3.6 Optional Output Frequency: 10 MHz 1. Efratom RGR
External Accuracy: + 5 x 10712 2. Cesium Standard
Frequency Ref. | Stability: Parts in 1012 or as 3. Efratom Hydrogen
required by application Maser

4, Efratom MVLF

3.7 Adapter SMA Male to BNC Female Pomona Electric
Model 4119-50
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3-2 NORMAL OPERATION. With the output connector J! terminated with a 50-ohm
resistive load, and the required input power applied to the pims L (+) &
P (=) of connector J2, the unit will immediately begin producing a 10-MHz
signal from the crystal oscillator. Within approximately 10 minutes after
application of input power, the unit will "lock". At that time the

crystal is stabilized by the atomic resonant frequency.

TRIM 3
hDJ-® @50 OHM
RESISTIVE
LOAD

M-100

FREQ.
J2 ADJ.

26|vdc

Figure 3-1. Connections for Normal Operation
NOTE

Throughout the test procedures, the Model M-100 may be
referred to as the UUT (Unit Under Test). Also, all con-
nections described or illustrated are for the standard
configuration, SMA-type coaxial connector Jl, and standard
connector J2; if the UUT has a different connector arrange-
ment, make the described connections to the appropriate pins

as described in the pin diagram accompanying the UUT.
3-3 ATOMIC RESONANCE LOCK, AND VCXO CONTROL VOLTAGE TESTS.
3-3.1 Connect equipment as shown in Figure 3-2 with the 50-ohm feedthrough

connected at the M-100 output connector Jl. Do not make the

dotted=line connection until instructed to do so.
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Figure 3-2 Test Setup for Atomic Resonance Lock Test
3-3.2 Adjust the dc power supply controls to obtain a 26 + 1.3 Vdc indication

on the DMM. Note the time (item 3.5) input power is applied to the unit.

3-3.3 Disconnect the DMM positive lead connected to J2 pin L without

disturbing the positive input voltage connection.

3-3.4 Set the DMM to measure resistance in the 200-ohm range. (Do not use the
Auto Range for this test.)

3-3.5 Connect the DMM positive lead to J2 pin H (Figure 3-2 dotted=-line

connection). Monitor the DMM indication during warm—up.

NOTE
During warm—up the DMM will indicate overrange. Within 10
minutes after power application, the DMM should indicate
approximately 150-ohm, indicating that the crystal oscil-

lator has become locked to the atomic reference frequency.

3-3.6 Verify that atomic lock occurs < 10 minutes after application of input
power to the M-100.

3-3.7 After the atomic lock has been verified, remove the DMM positive lead
from J2 pin H, and set the DMM controls to measure dc voltage in the 20

volt range.

3-3.8 Connect the DMM positive lead to J2 pin F, and verify that the DMM
indication is between +2 and +15 vdec.
NOTE
If the DMM indication is not between +3 and +17 vdc refer to
Chapter 5, Maintenance, for the adjustment procedure.
3=3
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3-4 OPERATIONAL FREQUENCY ACCURACY TEST

3-4.1 Connect the equipment as shown in Figure 3-3.

3.1 UUT’ ) 3.2 3.3

= ATOMIC OSC. REFERENGE
SWER FREQUENCY
POWER ® DMM TEST SET iy STANDA
COAX
JyuT

P

o o|loe |le o|| * il
1 0 o

Figure 3-3 Operational Frequency Accuracy Test Setup.

3-4.2 Adjust the dc power supply controls to obtain a 26 + 1.3 vdc indication
on the DMM.

3-4.3 Allow sufficient time for equipment to stabilize.

NOTE
The UUT requires 10 minutes stabilization to obtain the
following frequency accuracy: :'ZXIO-IO of the final fre-

quency (calibrated frequency), or the frequency before the

unit was turned off (if turnoff was within 24 hours). If the
UUT was in storage, the worse—case error = :_2x10-10 warm—up
+/= last calibration accuracy, or leo_ll factory setting at

*
shipment (whichever is applicable) + aging specification.

The UUT requires 1 hour stabilization time to obtain the
following accuracy: _thlO*ll of final frequency or fre-
quency at turnoff (if turnoff was within 24 hours). If UUT
was in storage, the worse case error = j—__2x10_ll warmup +/-
last calibration accuracy, or leo‘ll factory setting at

*
shipment, whichever is applicable + aging specification.

*
Aging Specification: (refer to the Table l-1, Specifications).

3-4
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3-4.4 1f necessary, press the test set's ADVANCE switch to unblank the
display, then press the RESET switch to obtain the READY message.

3-4.5 Perform all necessary menu option selections and bring the READY
message back to the display. Ensure that "UUT 10 MHz" is part of the

bottom—1line message.

3-4.6 Press the test set's RESET push button to begin the test. Allow the
test set sufficient time to obtain the UUT's FREQ OFFSET indication for
the 100 sec AVR TIME, and the UUT's ALLAN VARIANCE indication for at least
the 10 sec AVR TIME, (the 100 sec freq offset will have to update 10 times

in order to obtain the 10 sec Allan Variance test results).

3-4.7 Allow sufficient time for the test set to indicate the UUT OFFSET for
the data you require. Verify that the UUT frequency offset is within the
tolerance stated in the NOTE following Step 3-4.3.

NOTE
If the UUT is not within the stated tolerance limits
continue with the Frequency Adjustment procedure, para—
graph 3-4.7.1 and 3-4.7.2,

3-4,7.,1 Refer to Figure 3-4 to locate the M-100 frequency adjustment screw

access hole.

.11@
M-100

FREQUENCY ADJUST

.

ol o

Figure 3-4 Location of M-100 Frequency Adjustment
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3=-4,7.2 Using the appropriate alignment tool and monitoring the test set
indication, rotate the 20—turn potentiometer (adjustment screw) clockwise
(frequency increase) or counterclockwise (frequency decrease) as -
necessary, until the test set display indicates the M-100 is within the
required tolerence (or i_leO-ll) for the three averaging times.
NOTE
If the unit has aged beyond the adjustment capability of the
frequency adjust potentiometer, refer to the Maintenance

chapter for appropriate procedures.

3-5 SHORT-TERM STABILITY TEST (ALLAN VARIANCE)
NOTE
If you have just completed 3-4 through 3-4.7, the Allan
Variance (AV) indications on the test set are valid. If 3-4

was not performed, continue with 3-5.l.
3-5.1 Connect the equipment as illustrated in Figure 3-3.

3-5.2 Adjust the dc power supply controls to obtain a 26 + 1.3 Vdc indication
on the DMM.

3-5.3 Allow sufficient time for equipment to stabilize.

3-5.4 If necessary, press the test set's ADVANCE switch to unblank the
display, then press the RESET switch to obtain the READY message.

3-5.5 Perform all necessary menu option selections and bring the READY
message back to the display. Ensure that "UUT 10 MHz" is part of the

bottom—line message.

3-5.6 Press the test set's RESET push button to begin the test. Allow the
test set sufficient time to obtain the UUT's AV indication for at least
the 10 sec AVR TIME. (The 100 sec FREQ OFFSET will have to update 10 times

in order to obtain the 10 sec AV test results.)

3-5.7 Allow sufficient time for the test set to indicate the UUT AV, as re—
quired. Verify that the UUT AV is within the tolerance limits for short-—

term stability, as stated in Table 1-1l.
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CHAPTER 4
THEORY OF OPERATION

INTRODUCTION. This chapter of the manual contains a general theory of
operation and circuit description of the Model M=100 rubidium frequency

Standard. Schematic diagrams and parts lists are included in the Appendix.

GENERAL THEORY OF OPERATION. The M-100 generates a frequency-stable 10 MHz
output signal from a Voltage—Controlled-Crystal—Oscillator (VCX0) which is
locked to an atomic frequency reference. The atomic frequency reference 1is
the 6.834 GHz ground-state hyperfine transition of 87Rb (rubidium). The
rubidium atoms which provide the atomic frequency reference are contained
in a resonance cell within a resonator assembly. The VCXO is locked to the
rubidium resonant frequency (be), at approximately 6.8 GHz, in the follow-
ing manner. A microwave signal near be is synthesized from the 10 MHz
VCXO0 output and used to excite the rubidium atoms contained within a micro-
wave cavity. The frequency synthesis scheme is designed so that the VCXO
frequency is exactly 10 MHz when the microwave frequency is exactly equal
to be. The frequency of the signal applied to the microwave cavity can be
maintained equal to be by generating an error signal when the microwave
frequency differs from be. This error signal is fed back and adjusts the
VCX0 with a control voltage (Figure 4-1) maintaining its frequency at
exactly 10 MHz.

The error signal is generated by the physics package which consists of the

rubidium lamp and the resonator assembly. Light from the rubidium lamp is
generated by an RF-excited plasma discharge and passes into the resonator
assembly where it interacts with the rubidium atoms contained in the
resonance cell. Some of this light reaches the photocell inside the
resonator assembly. When the applied microwave frequency is equal to th,
the rubidium atoms resonate with the microwave field in the cavity. This

causes the light reaching the photocell to decrease such that the photocell

4=1
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SIMPLIFIED BLOCK DIAGRAM OF RUBIDIUM ATOMIC STANDARD

(Atomic Standards DO NOT use nuclear radicactivity)

———— — —— — ——— — — — — — — — —— — — — — — — — p— — a—

Physics Package Functional
Equivalent Circuit
Atomic Frequency Referenc
®7Rb Atoms (Qv107)
Frequency Multipllar] 6.8 GHz _ be = 6.834687... GHz
(Microwave
Synthesizer frequency) @
A
10 MHz Error
Signal
It T i
Voltage Tunsable DC Correction Feedback Electronics r
Quartz Oscillator Voltage
(Servo)
{(vCXx0)
10 MHz Output
RUBIDIUM STANDARD PHYSICS PACKAGE
temperature—corntrolled metal housing Rubidium Light
(112°C) / Photocell
\ 2000 Glass Cell containing
Rubidium Atoms
- >=Electrical Error Signal
( to Feedback Electronics )
(@)
Rubidium V =
apor
Discharge Lamp
5 f—MIi::rt:mmvla\m Cavity Resonator

Temperature—Controlled (75°C)

4 Multiplied Frequency ( 6.8 GHz )

When the multiplied frequency equals the rubidium atom frequency, the error signal is zero. When the two frequencies
are different, an error signal is generated that is used to “steer” the Quartz Oscillator frequency to the correct value.

Figure 4-1. Simplified Block Diagram and Physics Package

4=2
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output current is a minimum at exact resonance (i.e., when the injected
microwave frequency is exactly equal to be; refer to Figure 4-1)., An
explanation of this phenomenon requires a detailed description of the
physics of rubidium atoms and their simultaneous interaction with light and
microwave radiation. This description is provided in section 4-2.1.2,
Optical Pumping. A microwave modulation technique is used continuously

to minimize the photocell current thereby locking the VCXO0 to be

(Figure 4-1).

To enhance understanding of the operation of the rubidium standard, it is
suggested-that the reader refer frequently to the Modulation Concept
(Figure 4-2), the Simplified Block Diagram (Figure 4-1), and the Detailed
Block Diagram (Figure 4-5).

4-2,1 Atomic Reference Frequency/Physics Package. The physics package consists
of a resonator section and a lamp section, each supported by additional
circuitry. The lamp section consists of a temperature—controlled
(thermostated) Rb lamp and an RF lamp exciter. The lamp exciter is
frequently referred to as the lamp oscillator. To maintain a sufficient
and well-defined Rb vapor pressure in the lamp envelope, the lamp
thermostat is set to approximately 115°C. A high—energy (™~ 1 W) RF-field
of approximately 80 MHz is generated by the lamp exciter. This field
starts and maintains an electrodeless plasma gas discharge in the lamp
envelope. The lamp light contains the desired spectral lines of Rb

necessary for the optical pumping process.

The resonator contains the integrated Rb cell, a photocell, a step recovery
diode (with coupling loop), and the C-field windings. The density of the
Rb atoms in the cell is thermostatically controlled in a manner similar to

that used for the lamp.

4=3
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Figure 4-2. Derivation of Modulation Signal
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A 60 MHz signal generated by the Multiplier printed circuit board (PCB) and
a 5.3125 MHz signal from the frequency synthesizer is fed to the step
recovery diode/coupling loop mounted in the resonator cavity. This circuit
generates radiation having frequencies given by the expression
(60n + 5.3125m) MHz, where n = a positive integer and m = an integer. The
microwave frequency (f) of interest here is that for which n = 114 and
m=-1:

114 x 60 MHz

- 5.3125 MHz
6 834.687 500 MHz.

The Rb resonance cell and the multiplication/synthesis technique are
utilized so that the microwave frequency is exactly equal to the ground-
state hyperfine frequency of 8?Rb (£Rb = 6834.687500 MHz) when the external
output frequency of the M-100 is exactly 10 MHz. Adjustment of the current
flowing through the C-field coil allows fine tuning (parts in lO9

and less) of the hyperfine transition frequency (via the second-order

Zeeman effect) and therefore the 10 MHz output frequency.

With the correct microwave signal generated in the cavity and the proper Rb
vapor pressure in the lamp and cell, the light intensity passed by the cell
will be a function of the microwave frequency. Figure 4-2 illustrates this
concept. The photocell output current is proportional to the intensity of
the light incident upon the photocell. When the injected microwave
frequency f is exactly equal to the frequency f . of the ground-state
hyperfine transition of 87Rb, maximum energy is absorbed from the pumping

light resulting in minimum photo current.

The “dip" in the photo-current—versus—microwave—-frequency curve of Figure
4=2 is very small: on the order of 0.l% of the total photo current. For
this reason, DC detection of the dip is not feasible and an AC detection
method is utilized. The AC method involves frequency modulating the
microwave radiation at an audio frequency fm (= 127 Hz for the M-100). As
shown in Figure 4-2, this modulation produces a corresponding modulation of
the output current from the photocell. When the microwave frequency is

exactly equal to the rubidium hyperfine frequency (f = be), the modulated

4-5
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photo current contains no AC component at the modulation frequency fm but

there is a component at twice the modulation frequency 2fm (= 254 Hz for
the M-100); the presence of this second harmonic of the modulation
indicates that the VCX0O is locked to the hyperfine transition. If the
microwave frequency is greater than the rubidium frequency (£ > be), then
the photo current will contain an AC component at the fundamental frequency
f, that is in phase with the original modulation at frequency f_. If the
microwave frequency is lower than the rubidium frequency (f < be), then
the photo current will contain an AC component at the fundamental frequency

£, that is 180° out of phase with the original modulation at frequency £ e

The DC error signal that is used to correct the frequency of the VCX0 is
derived from the AC component of photo current at the fundamental frequency
£ by synchronous rectification (demodulation) of the latter. As can now
be understood from the previous description of Figure 4-2, when the VCXO0 is
exactly on frequency (10 MHz for the M-100) there is no AC component of
photo current at the fundamental frequency fm of the modulation and
therefore no corresponding DC error signal (in this case, there is no need
to correct the VCX0 frequency). Should the VCXO frequency drift upwards,
the microwave frequency will also drift up and the condition f > be will
occur. Synchronous rectification of the AC component of the photo current
will, in this case, produce a positive DC error signal that is proportional
to the amplitude of the fundamental component. Conversely, if the VCXO
frequency drifts down instead of up, the condition £ < be will occur. In
this case, the synchronous rectification will produce a negative DC error
signal that is proportional to the amplitude of the fundamental component
of the photo current. (The sign reversal is due to the 180° phase change
in the modulated photo current when f < be)- The phase information
contained in the fundamental component of the photo current is used to
steer the VCX0 frequency and cancel the offset, therefore locking it to
fRb.

The above modulation scheme is implemented by phase modulating (at fm) the
30 MHz on the multiplier PCB which, when doubled by the doubler and
multiplied by 114 by the step recovery diode, produces frequency modulation
(at fm) of the 6.8 GHz microwave signal. The resulting AC photo current

is amplified and synchronously rectified on the servo PCB to provide the DC

4=6
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error signal. However,-iHSCead of routing the DC error signal directly to
the VCX0, it is electronically integrated and then routed to the VCXO.

This then completes the description of the servo loop. This type of servo
loop is commonly used in passive atomic frequency standards and is known as

a "frequency—locked loop.”

4-2.1.1 Electronic Analogue of Physics Package. The physics package of the
M—-100 is a passive device in the sense that the 87Rb atoms must be
"interrogated"” by externally-generated microwave radation; the atoms
themselves do not produce a self-sustaining oscillation at the atomic
hyperfine frequency. To a first approximation, the behavior of the 8}‘Rb
atoms in the resonance cell can be represented by an electrical analogue,
as shown in Figure 4-3. 1In this analogue, the atoms behave like an
ultra-stable, high Q (Q’nlo?), series—resonant RLC tank circuit that is
resonant at the hyperfine frequency (be = 6,834 ... GHz). The analogue of
the microwave signal derived from the 10 MHz VCX0 is a frequency-modulated
voltage source operating at £ = 6.8 GHz to drive the tank circuit.
Similarly, the analogue of the photocell is a square-law current detector

and a low—pass filter.

4-2,1.2 Optical Pumping. In the actual physics package, the atomic resonance
is detected by optical means, specifically by a decrease in the intensity
of the Rb light transmitted by the resonance cell when the frequency (f) of
the interrogating microwave signal is in the vicinity of the atomic
resonant frequency (f'beb). To understand why this effect occurs, it is
necessary to consider the atomic physics phenomenon known as "Optical
Pumping”. In this section, an oversimplified description of the optical
pumping process is given that serves to illustrate the basic principle
involved in the detection of the atomic resonance. In all that follows, it
is important to note that the frequency f0 of any atomic resonance transi-
tion is related to the difference in the energies E0 of the two atomic
energy levels, between which the transition occurs, by the fundamental
equation of physies,

fo(Hz) = Eo(jouligifh,

Where h = Planck's constant = 6.6262 x 10 joules/Hz.

4-7
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Figure 4-4 is a simplified diagram of the energy levels involved in the
optical pumping process. The two lower levels, A and B, are the two
ground-state hyperfine levels. In the absence of light from the rubidium
lamp, the rubidium atoms in the resonance cell will be equally divided
between these two levels, as indicated in frame 1 of Figure 4-4. If the
atoms are irradiated with microwave energy at the hyperfine frequency, then
those atoms in level A will make a transition to level B and vice-versa,
without changing the number of atoms in each of the two levels (both levels
still equally populated), and the transitions will not be detectable.
However, if a method can be found to create a difference in the atom
populations of the two states A and B, then the transition can be detected
(as will be explained below). The method used to create a population
difference is called "optical pumping"” and in the case of the M-100 it is
used to transfer (or “pump”) atoms from level A to level B. As the name
implies, the pumping is donme indirectly by optical means and involves a
third energy level of atom labelled C in Figure 4-4. (For the 87Rb atom,
the energy spacing between level C and level A is approximately 55,000
times greater than the spacing between levels B and A, therefore, the

diagram is not to scale.)

Level C is an optically—excited state of the atom which is normally vacant;
for rubidium, this C level state is excited by infrared light energy of the
proper wavelength from the rubidium lamp. Transitions to level C are known
as "optical transitions” and can occur from either of the two hyperfine
energy levels A or B. If only the spectral wavelength corresponding to one
of the hyperfine levels is introduced (no microwave radiation is present),
only the atoms in that hyperfine level will make transitions to level C.
This condition can be realized by removing the spectral wavelength
corresponding to the hyperfine level B using the method of optical
hyperfine filtering. (In the M-100, the filtering process is carried out

in the resonance cell itself using 87Rb atomse.)

If the light energy injected into the resonance cell corresponds to the
wavelength required for level A to C transitions, the rubidium atoms at the
A level will absorb some of the light. As indicated in frame 2 of Figure
4=4, this absorption of light raises those atoms to the higher C level
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energy state. After a short time (" 30 ns) the atoms which were raised to

the C level will emit a photon of approximately the same wavelength as that
which raised the atoms to the optically—excited state; they then return to
the ground-state hyperfine level, redistributing themselves approximately
equally between levels A and B (frame 3). The atoms which return to level
A will again absorb the light and be raised to level C, where they will
again remain for a short time before emitting photons and again redis-—
tributing themselves between the two hyperfine energy levels A and B (frame
4). By this optical pumping method, a population difference is produced
between the two hyperfine levels whereby all of the atoms are pumped from
level A into level B (frames 5-7). Once this idealized condition exists,
there are no atoms left in level A to be excited to level C and the light
is not the proper wavelength to excite the atoms in level B to level C
(frame 7). Thereafter, no light attenuation occurs when the light passes

through the resonance cell.

1 2 3 4
C C 2 (o  —— ¥
Seee B B asssee | p B
—  __Sasaa A A A

(EB - EA)Ih = 6.834 GHz

6 : I 8

5
———————[ﬂ c —————=2 ¢ c c
sssssse

. p assssas asssases B B
A A A

Figure 4-4. Optical Pumping Process Illustrated.

a—a e X

>0

[

When a microwave field corresponding to the hyperfine frequency is now
applied simultaneously with the pumping light, the atoms in level B make
transitions to level A and are then available for excitation to level C by
the light beam. Since each optical excitation of an atom from level A to
level C requires the absorption of a light photon, the net effect of
applying the microwave field is to cause attenuation of the light beam with
the attentuation being greatest when the frequency, £, of the microwave
field is exactly equal to the hyperfine frequency, th = (EB - EA)/h°

This behavior explains the origin of the "dip" in Figure 4-2.
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M-100
4-2,2 Detailed Block Diagram / Support Electronics. Figure 4-5 functionally

illustrates the physics package and associated circuitry that encompass the
operation of the rubidium frequency standard.

4-2.2.1 Power Supply PCB (Assembly Drawing No. 70509-1). The power supply

provides filtered and regulated voltage (20 VDC) to the M-100 electronics.
It also provides filtered voltage to the lamp heater and an unregulated
voltage to the resonator and crystal heater elements. A float regulator is
provided to assure in-spec performance (if a ripple voltage is superimposed
on the supply voltage) and feeds a clean voltage to the lamp thermostat.
The resonator thermostat and crystal thermostat are operating directly off
the input power. The electronic power is dependent on the input voltage to

the power supply, however, current drain is nearly constant.

4=2,2,2 Crystal Oscillator PCB (Assembly Drawing No. 70512-2). The crystal
oscillator PCB consists of a 10 MHz third overtone crystal oscillator, a
buffer that provides the 10 MHz output frequency, and 10 MHz to the
Synthesizer/Mutiplier PCB.

4-2.,2.3 Synthesizer/Multiplier PCB (Assembly Drawing No. 70515-2). The
synthesizer/multiplier is driven by a 10 MHz signal from the crystal
oscillator PCB and is phase modulated by a 127 Hz signal from the servo
PCB. 1Its 60 MHz output stage is amplitude modulated by a 5.3125 MHz
signal synthesized from 10 MHz. The multiplier drives the step recovery
(snap) diode which is part of the physics package (section 4-2.1). The

multiplier PCB alsoc contains the C—field adjustment components.

4=2,2.4 Servo PCB (Assembly Drawing No. 705-153-1). The primary function of
the servo PCB is to lock the crystal oscillator to the atomic hyperfine
transition. This is accomplished by amplification of the 127 Hz error
signal from the photocell followed by synchronous rectification
(demodulation) and subsequent integration which generates a DC error

signal that is routed back to the crystal oscillator.
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The servo also contains the 127 Hz modulation generator and the lock

detector. Lock detection is similar to the 127 Hz detection (synchronous
rectification) of the main loop, but at twice the modulation frequency
(Figure 4=2 and section 4-2.1). In addition, the servo contains a
sweep/search circuit that repetitively sweeps the output frequency of the
crystal oscillator within 40 seconds over its entire trim range until
atomic resonance can be detected and normal operation of the servo PCB

can begin.

4=2.2.5 Physics Package. Refer to section 4-2.l1.

4—-3 DETAILED CIRCULT DESCRIPTION. (Refer to Appendix for schematics and

parts lists. Schematics contain key voltage levels.)

4-3,1 Resonator Assembly. (Schematic Drawing No. 70522-2). The function of
the resonator assembly is to compare the multiplied and synthesized
output frequency of the crystal oscillator to the ground—-state hyperfine
transition frequency of 8?Rb. It also provides a 127 Hz error signal to

the servo board to lock the crystal frequency to the atomic transitiom.

4=3,1.1 Microwave Cavity. The microwave (resonator) cavity is constructed of
silver plated copper and housed in a mu metal shield. It contains the
rubidium resonance cell. The photocell is mounted on the 1lid of the
cavity and placed behind the Rb glass cell, directly in the light path of
the Rb spectral lamp. The step recovery diode with coupling loop and the
condenser assembly are located at the other end of the cavity. Cavity
temperature is maintained by the resonator thermostat (4-3.1.5). The
C-field coil is wound on the outside of the copper cylinder. The 1lid on

the cavity contains the photocell.

4=3.1.2 Step Recovery Diode. The 60 MHz signal from the multiplier and the
5.3125 MHz from the VCXO are summed on the multiplier/synthesizer board
and then applied to the step recovery diode. This diode, CRl, produces
radiation having frequencies given by the expresssion (60 n + 5.3125 m)
MHz, where n = a positive integer and m = an integer. The diode is part

of a tuned coupling loop, tuned to the ll4th harmonic of 60 MHz (n=114);
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both are part of the microwave cavity that is tuned to the same

frequency. The bandwidth of the microwave cavity assembly is wide in
comparison with the bandwidth of the atomic tramsition (< 1 kHz), so
that the atoms function as a narrow—band filter for the microwave

signal.

4=-3,1.3 Photocell. The DC component of the photocell current corresponds to
the total light incident on the photocell CR2. The AC signal components
result when a microwave field corresponding to the Rb hyperfine frequency
is applied simultaneously with pumping light (Figure 4-2). This signal
is amplified by the servo PCB. The input stage of the servo PCB is

configured as a low—noise, current—to-voltage converter.

4-3.1.4 C-Field Coil. The C-field coil is wound on the microwave cavity and
provides a DC magnetic field (the C-field) within the resonator cavity.
This magnetic field allows fine tuning of the 10 MHz output frequency by
shifting the Rb frequency hyperfine transition by the second order Zeeman
effect. The "C-field" strength is determined by current from three
sources:
e TFIXED: R37 on the synthesizer board (70516) supplies current

directly to the coil, increasing the hyperfine frequency below the

lower end of the trim range.

e MANUALLY-ADJUSTABLE: The 20 turn frequency adjustment potentiometer,
R35 on the synthesizer PCB, supplies an adjustable current to the

C-field coil, fine tuning the output frequency over i_lxlO_g.

e TEMPERATURE/FREQUENCY COMPENSATION: The power to heat the microwave
cavity increases approximately 60 mW for every degree centigrade
decrease of the ambient temperature. This results in a current
change through Q5 and Q6 which are part of the resonator assembly
and through R21 on the resonator thermostat assembly (70522-2). The
voltage across R21 is routed to R28 on the same assembly and to the
C-field coil. R28 determines the degree of temperature

compensation.
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4-3,1.5 Resonator Thermostat Assembly. (Schematic Drawing No. 70522). The
resonator (microwave cavity) thermostat maintains the temperature of the
resonator precisely at the set temperature of approximately 75°C. This
temperature assures proper Rb vapor pressure in the Rb resonance cell.
The thermostat is of analog design. A thermistor senses the temperature
of the microwave cavity, which holds the heater transistors Q5 and Q6
and acts as a heat spreader. Heater transistors Ql and Q2 provide very
efficient heating of the resonator since the voltage drop across is only
about 300 mV (less than 1.5% of the supply voltage). Thermistor RTl is
part of a balanced bridge circuit consisting of R2, R3, R7, R8, and the
temperature select resistor R9. For a given resistance value of R9, the
op amp will drive the resonator heaters until the desired temperature is
attained. At this point, the bridge will be in a balanced condition.
Operational amplifier Ul functions as an integrating amplifier, Ql and
Q3 are emitter followers providing sufficient base current to the two
heater transistors. During warmup Q2 is turned on by the current-
dependent voltage drop across R21 and the supply-voltage—dependent drop
across R25 and R19. This feature eliminates the dependence of the
warm-up time on the input voltage by providing nearly uniform warm—up

power independent of supply voltage.

4=3,2 Lamp Assembly. (Schematic Drawing No. 70507) The lamp assembly
consists of the lamp oscillator circuit, the lamp housing assembly, the

lamp thermostat circuit and the rubidium lamp.

4-3,2,1 Lamp Oscillator. The lamp oscillator ignites and maintains an
electrodeless plasma gas discharge in the rubidium lamp that is mounted
inside the oscillator's tank circuit L3, C5. The oscillator is a
modified Colpitts oscillator operating at approximately 85 MHz. The
active element is the RF power transistor, 2N3375 (Ql).

C5 is adjusted for optimum lamp ignition characteristics. The remaining
passive elements provide RF filtering for the power input and DC bias to
the RF power transistor. LZ is one of the frequency determining

elements of the Colpitts oscillator.
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4-3.,2.,2 Lamp Thermostats The lamp thermostat maintains the lamp housing
temperature and therefore the lamp temperature at 115°C. It is
configured as a linear temperature controller. Ul functions as the
active gain element. Heater transistors Q5, Q6 and thermistor RTl are
directly mounted to the lamp housing. Q2 and Q4 are emitter followers
providing sufficient basedrive to the heater transistors. The maximum
current during warm—up is limited by R28 and Q3. R29 and R25 change the
maximum warm—up current as a function of the supply voltage, providing

warm—up time independent of supply voltage changes.

4-3.3 Servo Board Assembly. (Schematic Drawing No. 705-154). The prime
function of the servo circuit is to lock the crystal oscillator
frequency to the "atomic reference”. A secondary function is to provide
a "Lock Monitor" for the user. These functions are accomplished by
providing a 127 Hz modulation signal to the multiplier/synthesizer
assembly and processing the signal from the photocell to provide a

crystal-control voltage and the lock—-monitor signal, respectively.

Refer frequently to the Block Diagram (Figure 4-5) and the Modulation
Concept illustration (Figure 4-2) while reading this section.

4=3,3.1 Preamplifier. The signal from the photocell is on terminals E3 and
E4. Ul is configured as a low noise current to voltage converter. If
the lamp is ignited the DC voltage on Ul pin 6 is above 5 VDC,
indicating normal operation of the Rb lamp. U2, pins 1, 2, and 3
function as an inverting amplifier with a gain of about 1000 and an

upper corner frequency of less than 300 Hz.

The signal at TPl (Figure 4-6) is for normal operating conditioms a
254 Hz sinewave with a very small 127 Hz component. The nominal

amplitude is between .2 and 1.5 Vpp. This signal is referred to as the

TPl signal.
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If no hyperfine transition is
detected, the maximum noise level
on TPl is less than 100 mVpp.
Excessive noise can be caused by
a noisy 20 VDC supply or a faulty
lamp assembly as well as a noisy
photocell or preamplifier Ul and
will result in reduced short—term
stability of the M-100.

Figure 4-6., TPl: .2V/DIV.; 2 ms Time/Div.

4=3.3.2 Reference Signal Generation. CMOS oscillator/divider U3 on the
servo board provides the 127 and 254 Hz reference signals. The 127 Hz
reference signal (TP5, Figure 4-7) is needed for synchronous
rectification of the fundamental AC component of the photocell signal
and for modulation of the microwave frequency. The 254 Hz reference
signal is needed for synchronous rectification of the 2nd harmonic of
the modulation signal, indicating atomic lock. The oscillator
frequency of 8.128 kHz is determined by Cl7, R35 and select—in-test
resistor R36. The divider portion of U3 divides the oscillator
frequency into the required 127 and 254 Hz signals. The 127 Hz
reference signal is routed from U3 pin 4 to pin 1l of synchronous
demodulator U4, and alsoc to the input of U6 pin 2 through-the RC network
R55, C28. The RC network R55, C28, in addition to the feedback network
R56, C30 and the output RC filters (R57, R58 and C31 on the servo board;
R3, C2, and Cl2 on the synthesizer board), serves to filter and phase
shift the 127 Hz square wave signal to provide a sinusoidal voltage that

is used to modulate the 60 MHz on the multiplier PCB.
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Figure 4-7. TP5: 5V/DIV; 2ms Time/DIV.

Figure 4-8. Test Point E8: 2V/DIV; 2 ms/DIV.
The 254 Hz reference signal is routed from U3 pin 5 to pin 9 of syn—

chronous demodulator U4. The 254 and 127 Hz reference signals control

the timing of the synchronous demodulators.
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4=-3.3.3 127 Hz Signal Processing. The preamplified photocell signal is
applied to the notch filter U2 pin 12, 13, 14, which in turn provides a
gain of approximately 80 for the 127 Hz signal component (TP2, Figure
4_9) .

Figure 4=9. TP2: .5V/DIV.; 2ms Time/DIV.

Under normal operating conditions the signal at TP2 will have an
amplitude of not less than 1 Vpp. The signal will appear as a 254 Hz
sine wave, with a noticable 127 Hz component. The signal is then
capacitively—coupled to the synchronous demodulator IC, U4 pin 12 where
it is synchronously demodulated (rectified) by ome of the three pairs of
analog switches of U4. The output of the demodulator will show a
positive or negative DC offset depending on the phase of the 127 Hz
input signal (TP4, Figure 4-10).

If the crystal oscillator is locked to the hyperfine transition and does
not require a change in its control voltage, the signal at TP4 (Figure
4-10) will be equal to the reference voltage (6.0 VDC nom) to the

integrator.

4-19



M-100
After passing through another CMOS switch, the signal is integrated by

U5. The function of the other CMOS switch is outlined under "sweep
circuit™ in paragraph 4-3.3.4. The output voltage of U5 changes at a
rate determined by the differential input voltage. As an example, an
input differential of 500 mV causes an output voltage change of -500 mV
per second. The changes will continue until the differential input is
nulled by bringing the crystal back to center frequency, or until the op
amp reaches its maximum output voltage. The output of integrator U5 is
the crystal—-control voltage that steers the frequency of the VCX0 via a
varactor diode (CRl, crystal oscillator PCB). A portion of the
integrator output is also routed to the sweep control circuit at U6,
pin 5. The crystal-control voltage can be monitored at the M—-100 main

connector, J1, pin F.

The following pictures in Figure 4-10 show the signal at TP4 for three
different operating conditions. Frame A shows normal locked operation.
Frames B and C show strong fundamental signals caused by frequency

offsets of several parts in 10'8-

Frame A

Figure 4-10. TP4 Phase and Amplitude Characteristics
(Sheet 1 of 2)
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Frame C

Figure 4-10. TP4 Phase and Amplitude Characteristics
(Sheet 2 of 2)
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4-3.3.4 Lock Circuit. The TPl signal is also amplified by the 254 Hz notch
filter U6 pins 8, 9, and 10. The output of U6, pin 8 is then
synchronously demodulated by the third pair of analog switches of U4
(TP7). 1If atomic lock exists, a negative DC offset on C33 will drive
the output of U6, pin 14 high. R60, R62 provide a threshold of 200 oV
for U6 to avoid triggering the lock indication by a marginal lock
signal. Ql buffers the signal and generates the "Lock Monitor™ signal at

the M-100 output connector. U6, pin 14 also controls the sweep circuit.

O o e O 6

IIIIIII'IWHM.
U |V [V VU
e e
P AT

Figure 4-11. TP7: 2V/DIV.; 2 ms/DIV.

4=3,3.5 Sweep Circuit. 1In order to be able to compensate for several years
of crystal aging in addition to frequency offsets of the crystal caused
by environmental changes (e.g., temperature changes) the trim range of
the oscillator is very wide compared to the width of the atomic
resonance. To ensure lockup of the crystal, its frequency is swept over

its trim range until atomic resonance can be detected.
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This is accomplished by U4 connecting the integrator input (U5, pin 2)

to U6, pin 7 as long as U6, pin 14 stays low (no atomic lock). U6, pins
5, 6, 7 functions as high hysteresis voltage comparator. The trigger
points are controlled by R44 and R55 and the voltage reference. The
lower trigger point is approximately 1.5 VDC, the higher trigger point
is approximately 16 VDC. If the output of U5 is equal to or lower than
the lower trigger point, U6's output becomes O VDC, resulting in a .7 V
differential to the integrator. With R50 = 1 M and C22 =1 uF its
output will rise .7 V/s until the upper trigger point of 16 VDC is
reached. At this point, U6's output will go high, resulting in an
approximate 1 VDC offset at the integrator input. This will decrease
U5's output by 1 V/s, resulting in a sweep time of about 40 s. Due to
the fast sweep, atomic resonance can be detected for only 100 ms at a
time during each sweep cycle. Reliable transition from sweep to locked

operation is facilitated by CR9.

4-3 .4 Power Supply. (Schematic Drawing No. 70510). The internal power
supply provides the unregulated voltages for the oscillator thermostat
and the resonator thermostat. The supply voltage for the lamp
thermostat is electronically filtered to improve the immunity to low
frequency conducted interference. The supply also provides filtered and
regulated voltage to all subassemblies of the M-100. The input voltage
line is diode protected against reverse polarity inputs. A transient
voltage suppressor of 1.5 KW peak power rating triggering at not less

than 44 VDC protects the M—-100 from power line spikes.

4=-3,4,1 +20 Vdc Regulated Power Supply. The +20 vdc Power supply consists
of Q1 thru Q9 and Ul along with their respective components mounted on
the power supply board. Pass transistor Q9 is heat sinked to the frame
assembly. Ql and R7 limit the maximum supply current to approximately

.5 A. The supply is set to (20 + .5 vde).

4-23



M-100

4-3,4,2 +21 Vdc Floating Power Supply. The floating power supply consists of
Ql0 through Ql6 and supplies the lamp thermostat. In normal operation
its output voltage is 5 VDC less than its input voltage. During warm—up
when maximum heater power is demanded, its output is within 2 VDC of its

input voltage.

4=3.5 Crystal Oscillator (VCX0) Assembly. (Schematic Drawing No. 70513).
The function of the 10 MHz oscillator is to provide a clean 10 MHz
signal at the M-100 output. The 10 MHz signal is also multiplied, as

~well as synthesized to 5.3125 MHz. The VCXO is temperature controlled
and operated at the turning point of the crystal to improve short—term
stability and to limit its maximum frequency deviation due to changes in

the ambient temperature well inside its trim range.

4=-3,5.1 Crystal Oscillator. The crystal oscillator consists of Y!, a 10 MHz
3rd overtone AT-Cut crystal, Q2 as the oscillator transistor, Ql as the
first Buffer stage and Q3 providing automatic gain control. Variable
capacitor CR1 with C3 and C4 fine tune the oscillator frequency over
approximately 1.5 x 10_6 as the tuning voltage changes from 1.5 to
16 VDC. C5 and C6 set the center frequency, however changing the center
frequency will affect the trim range and vice-versa. Generally, an

increase in center frequency will increase the trim range.

Cl0, L6 and L2 are set above the fundamental mode of the crystal and
prevent oscillation of the crystal in this mode. C9 and Tl are tuned to
10 MHz.,

The automatic gain control can be checked at TP3 using a DVM. The
nominal voltage is around 1.l VDC. This voltage will increase to > 2
VDC if Q3 fails or if insufficient amplitude is generated by the

oscillator.
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4-3,5.2 Fault Location, Crystal Buffer Section. The crystal buffer is part
of the oscillator assembly and consists of Q4, Q5 and Q6. It is driven
by a 10 MHz signal of 1 to 1.5 Vpp at TP4. Since Q4 is an emitter
follower, the signal amplitude at TP5 is about 95% of the TP4 amplitude.
Q5 provides about 2 Vpp drive to Q6 which in turn drives the primary of
transformer T3. This transformer is tuned to 10 MHz and transforms the
output impedance of Q6 to approximately 50 ohms (E7). Q4's collector
drives T2 which is tuned to 10 MHz. The secondary of T2 provides about
3 Vpp to the multiplier (E5).

4-3 .,5.3 Crystal Thermostat. The analog thermostat maintains the crystal at
its upper turning point of approximately 80°C. Thermistor RT1 (27K ohm
nominal at 25°C) is mounted on the thermostat assembly which houses
crystal Y1 and is heated by QlO. RTl is part of the bridge circuit
consisting of R29, R30, R31, R32 and select resistor R33. The latter is
selected for the bridge to be in a balanced condition when the operating
temperature is reached. Ul is the active gain element of the loop, Q7
and Q9 are emitter followers providing base drive to the heater

transistor Ql0.

During warm—up the maximum heater current is limited by Q8, which is
turned on by the voltage drop across R48 and R47. The voltage drop
across R48 is almost entirely dependent on the heater current. The
voltage across R47 is a function of the supply voltage. This feature
eliminates the dependence of the warm—up time on the supply voltage. A
functional check of this circuit can be performed by increasing the
supply voltage to the M—100 while the heater is in a current-limiting
mode. An increase of 20% of the voltage will result in approximately a

20% decrease of the heater current.
4-3.6 Synthesizer A5. (Schematic Drawing No. 70516). Synthesizer assembly

(A5) contains the multiplier section and the synthesizer section in

addition to the C-Field tuning elements.
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4-3.6.1 Multiplier. The 10 MHz signal from the crystal oscillator is applied
to the input of a frequency tripler consisting of Q3, Q4, and associated
circuitry. C9 and L3 are tuned to 30 MHz, R12 limits the Q of the tanmk
to about 30. The 30 MHz signal is capacitively coupled through Cl3 to
transformer Tl. At this point, the 127 Hz from the servo assembly
modulates the rf signal via varactor CR6. The interaction of CR6 with
the tuned tank circuit on the primary of T! serves to phase modulate the
rf at a 127 Hz rate. The seccondary of Tl is center tapped to provide a
split phase signal which drives the bases of Q5 and Q6. The result is a
60 MHz signal which is amplified by Q7, Q8. Cl7-L5; C20-L8 and C27-L10
are tuned to 60 MHz. Q7 and Q8 are class A inverting amplifiers. The 60
MHz signal at E6 drives the snap diode in the physics package through a
coax cable. €27, C29 match the coax—cable to the driver stage. R3l and

R34 provide the bias voltage for the snap diode.

NOTE
All LC circuits are of low Q and retuning during the life
cycle of the M—~100 is not necessary, except if components
need replacement. Change of select resistors R31 or R34
change the microwave level in the cavity. Retuning requires
experience and should be done with the internmal crystal

9 of center frequency. The test

oscillator held at + 5x10°
point TPl on the Servo PCB should be monitored with a scope
and R31 or R34 should be selected for a broad maximum signal

on TPl.

Any change of R31, R34 may change the temperature coefficient of the
M-100. Typical values of R31l plus R34 are 400 to 2100 ohm.
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4-3.6.2 Synthesizer. A portion of the 10 MHz signal from the crystal
oscillator is applied to the base of Q2. Q2 converts the sinewave to a
TTL compatible trigger signal. Power for the TTL circuits is provided
by the voltage regulator VRl. VRl is a 3 pin, +5V regulating IC. The
10 MHz TTL signal is divided down by U2 and U3 to 312.5 KHz. Ul is
configured as an exclusive OR GATE and mixes the 312.5 KHz and the 5 MHz
signals, resulting in a TTL signal of 4.6875 and 5.3125 MHz. The 4.6875
MHz component is suppressed by Lll, C30 tuned to the upper TTL
frequency. The 5.3125 MHz signal is mixed with the 60 MHz output of Q8,
and routed to the step recovery diode in the resonator circuit,

(paragraph 4-3.1.2).

4=3,6.3 C-Field Tuning. The C-Field tuning is outlined in detail in sectiomn
4-3 .l 04.
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CHAPTER 5
MATNTENANCE, TROUBLESHOOTING AND REPAIR

INTRODUCTION. This chapter provides detailed procedures and instructions
for performing all maintenance and repair functions on the M-100,
including incoming acceptance tests, performance tests, calibration,
troubleshooting and repair. Throughout the test procedures the M-100 will
be referred to as the UUT (Unit Under Test).

5-2 REQUIRED TEST EQUIPMENT. The required test equipment to properly service

the UUT is listed in Table 5-1. Test equipment other than the items
listed may be used provided that they meet or exceed the Minimum Use
Specification stated in Table 5-1. In the event that the required test
equipment or a suitable substitute is not available it is recommended that

the unit be returned to Efratom for service.

Table 5.1 REQUIRED MAINTENANCE TEST EQUIPMENT

it Item Minimum Use Specification Test Equipment
5.1| DC Power Supply Voltage: 0 to 30 vdc Hewlett Packard
Accuracy: Output monitored 6296A or 6433B
Current: 0 to 3 adc
5.2| Digital Voltage: 0 to 30 vdc John Fluke
Multimeter Accuracy: + 1.25% 8600 opt 01
(DMM) Current: 0 to 3 ade
(2 required) Resistance: 200 ohm range
5.3| Optional Reference|Output: 10 MHz 1. EFRATOM RGR
Frequency Accuracy: 5:-;10-12 2. Cesium Standard
Standard Stability: parts in 1012 3. EFRATOM H-Maser
4. EFRATOM MVLF
5.4| True RMS Range: 0 to 1 vrms Hewlett Packard
Voltmeter Input Frequency: 10 MHz 3403cC

Accuracy: + 3%
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Table 5.1 REQUIRED MAINTENANCE TEST EQUIPMENT (cont.)

#

Item

Minimum Use Specification

Test Equipment

5.5

5.6

5.7

5.8

5.9

5.10

Spectrum Analyzer

Strip Chart

recorder

Oscilloscope

Resistive Load

Atomic Oscillator

Test Set

Phase Noise

Test Set

Range: 20 Hz to 100 MHz
Bandwidth: 300 KHz

Span Range: 1 mV to 1V

Range: DC to 100 MHz

Type: Feedthrough
Impedance: 50 ohm

Accuracy: * 0.5 ohm

Int. Ref. Freq.: 10 MHz

Accuracy: i_leO-ll

Stability: Parts in 1012

Input Frequency: 10 MHz
Bandwidth: > DC to 25 KHz

from carrier

Hewlett Packard
141T Display with
8552 IF section and
on 8553B RF section

Hewlett Packard
7132A or
Texas Instruments

PRIMA16AFR

Tektronix 465 or

7704 MOD 129F with
7A26 Vert. P/I and
7B53A Time Base P/I

Pomona Electric
4119-50 or
Hewlett Packard
10100A

Efratom TS105 or
TS=105A

Efratom Model MNT

5-3 TEST PROCEDURES. The test procedures described in subsections 5-6 through

5=11 can be used to check performance for incoming inspection and periodic
unit evaluation. These tests can be performed without removing the unit's
outer cover. Calibration of the M-100 is accomplished by performing the

tests described in Chapter 3, in addition to sections 5-6 through 5-16.
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5=-4 TROUBLESHOOTING. In the event that a major section or the complete unit is

inoperative, troubleshooting and/or repair will be necessary. Flowcharts
at the end of this chapter will isolate the fault and provide instructions
for repair. In general, internal adjustments have only a limited range
and are designed to compensate for minor variations in circuit components;
seldom, if ever, will an internal adjustment restore operation. The test
procedures in subsection 5-6 through 5-13 will serve as an aid in further

isolating a trouble to a specific circuit sectionm.

Since the operation of some circuits is dependent on proper operation of
other circuits, troubleshooting must be performed in proper flowchart
sequence. ILf the trouble indicates a possible malfunction of a specific
board, perform the troubleshooting procedure on that board. If the
problem is found to be in the physics package return the unit to the
factory. The physics package is not field repairable.

EQUIPMENT HISTORY. It is recommended that an Equipment History be
maintained for each unit, so that the results of the performance tests can
be made a part of the permanent record for the Equipment History. A blank
sample Performance Check List is included at the end of this section for
your convenience. The blank sample check list may be reproduced as

necessary to provide a permanent record.

5-6 WARM-UP CURRENT, FREQUENCY ACCURACY AND INPUT POWER TESTS.

5-6

.1l Connect the equipment as shown in Figure 5-1l.

6.1 wuT | :> 5.2 5.9 5.2

DC
POWER SUPPLY DMM

= @ =

TS-106A DMM

gl 19'e

o

+)r
O
®

)

Figure 5-1. Warm—up Current, Frequency Accuracy, and Input Power Test

Configuration.
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5-6.1.1 Set the DMM #1 controls for voltage measurements in the 30 vdc range.
5-6.1.2 Set the DMM #2 controls for current measurements in the 3 adc range.

5-6.1.3 Ensure that all test equipment is operating and has had sufficient

warm—up time.

5-6.2 Adjust the DC power supply controls to obtain a 26 + 1.3 vdc indication
on DMM #1. Note the exact indication; it will be required in step 5.6.6.

5-6.3 Allow the UUT to operate at ambient temperature for at least five hours.

NOTE
The maximum temperature fluctuation must not exceed + 2°C.
Also, continuous operation of the atomic oscillator test set

is preferred over warm—up.

5-6 .4 Ensure that the atomic oscillator test set has been operating at ambient
temperature for at least two hours, press the RESET push button to begin
the test.

5-6.5 Allow the atomic oscillator test set sufficient time to display the UUT
Offset for the 100 seconds averaging time.

5-6.6 Record the UUT offset as indicated on the atomic oscillator test set.
If the indicated offset is greater than i_leO_ll, adjust the UUT Fre-
quency Trim potentiometer (as described in Chapter 3), to obtain an
in=tolerance indication. If an in—tolerance indication is mnot possible
and the UUT frequency is too low, perform section 5-1l4; if the UUT

frequency is too high, perform subsection 5-15.

5-6 .7 Adjust the DC power supply for minimum output (0 vdec), and note the

turn-off time. Allow a minimum of two hours before proceeding.

5-6.8 Monitor DMM#l and DMM #2 while adjusting the DC power supply for the

exact voltage noted in step 5-6.2, and note the turn—on time.
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5-6.9 Record the DMM #2 maximum current indication during the UUT 10 minute
warm—up period.
NOTE

The UUT current normally reaches maximum within 2 minutes

after input power is applied.
5-6.10 Verify that the UUT maximum warm—up current is £ 2.2 adc.

5-6.11 At the end of the 10 minute warm—up, press the atomic oscillator test
set RESET push button and record the UUT frequency offset for 100 seconds

averaging times.

5-6.12 Verify that the UUT frequency offsets recorded for steps 5-6.6 and
5-6.11 differ by no more than :_leo‘lo.

5-6.13 Allow the UUT to operate continuously for at least 1 hour.

5-6.14 Note the voltage indication on DMM #1 and the current indication on
DMM #2.

5-6.15 Using the following formula and the data from step 5.6.14 determine the

UUT power comsumption.

Power Formula: P =1 E

Where: P = Power
I = Current
E = Input voltage

5-6.16 Verify that the UUT power consumption after > 1 hour operation is

£ 18 watts.

5-6.17 If no other tests are required, adjust the DC power supply for minimum

output and disconnect the test setupe.

5=5
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5-7 SHORT-TERM STABILITY (Allan Variance).

5-7.1 Ensure that the equipment is connected as shown in Figure 5-1, (DMM #2

is not required for this test).

5-7.2 Adjust the DC power supply controls to obtain a 26 + 1.3 vdc indication
of DMM #1.

5-7 .3 Ensure that the UUT and the Atomic Oscillator Test Set have had
sufficient stabilization time. (The UUT requires 1 hour stabilization).

NOTE

The maximum temperature fluctuation must not exceed + 2°C.

5-7 .4 Press the RESET push button on the Atomic Oscillator Test Set to begin

the Allan Variance testse.

5-7.5 Allow the Atomic Oscillator Test Set sufficient time to display the
Allan Variance for averaging time of 1 and 10 seconds.

5=7 .6 Verify that the Allan Variance for 1 second averaging time is §_3x10_11,

and that the Allan Variance for 10 seconds averaging time is S_lxlO_ll as

indicated on the atomic oscillator test sete.

NOTE
If the UUT is not within the stated tolerance it may be
necessary to continue the test in order to obtain a 100
second averaging time indication. If a 100 second averaging

time indication is required the tolerance is < 3x10-12.

5=7.7 1f no further tests are required, adjust the DC power supply for minimum

output and disconnect the test setup.

5-8 TRIM RANGE TEST.
5-8.1 Ensure that the equipment is connected as shown in Figure 5-1, (DMM #2

is not required for this test).
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5-8.2 Adjust the DC power supply controls to obtain a 26 + 1.3 vdc indication
of the DMM #1.

5-8.3 Ensure that the UUT and the atomic oscillator test set have had

sufficient time to stabilize. (The UUT requires 1 hour to stabilize).

5-8.4 Determine the UUT nominal output frequency from the Atomic Oscillator
Test Set's Frequency Offset indication.

5-8.5 Locate the UUT frequency adjustment screw access hole (refer to

Chapter 3,Figure 3-4 if necessary) and remove screw.

5-8.6 Using the appropriate adjustment tool, rotate the UUT trim potentiometer
fully clockwise and verify that the frequency offset indication on the
test set increases Z_IXIO-Q of the nominal output. Record the shift from

the nominal.

5-8.7 Rotate the UUT trim potentiometer fully counter clockwise and verify
that the frequency decreases 2_1K10_9 of the UUT nominal output. Record
the shift from nominal.

5-8.8 Using the following formula and the data recorded in steps 5-8.6 and
5-8.7, compute the UUT trim range.

Trim range (Af/f range) Af/f Max + Af/f Min

]

f max — £ (test set ref)
f (test set reference)

Where: Af/f Max

f (test set ref) — f min
f (test set reference)

Af/f Min

5-8.9 Verify that the UUT trim range is 2_3x10_9.

5-8.10 Adjust the UUT trim potentiometer to a position which returns the UUT

as close to 10 MHz as possible I_leo_ll. Replace screw in access hole.
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5-9 OUTPUT LEVEL TEST.
5-9.1 Connect the equipment as shown in Figure 5-2.

5.1 uuT [—C 5.2 5.4

DC TRUE RMS
VOLTMETER

® DMM
POWER SUPPLY)| COAX

L INPUT

o @ |c¢ ® © 9
~ L

Figure 5-2. Output Level Test Configuration.

5-9.2 Adjust the DC power supply output controls to obtain a 26 + 1.3 vdc
indication on the DMM.

5-9.3 Allow a minimum of 10 minutes warm-up time for the UUT.

5-9.4 Verify that the UUT output level as indicated on the RMS voltmeter is
between 0.45 and 0.65 VRMS.

5-10 HARMONIC/NON-HARMONIC DISTORTION TESTS.

5-10.1 With the equipment connected as shown in Figure 5-2, disconnect the
RMS voltmeter, and connect the UUT output to the spectrum analyzer input.

5-10.2 Set the spectrum analyzer controls for 100 MHz sweep 300 KHz bandwidth.

5-10.3 Adjust the 10 MHz fundamental to REF on the spectrum analyzer display.

5-10.4 Measure the highest amplitude harmonic (in dB) below the REF.

5=10.5 Verify that the UUT Harmonic Distortion is at least 30 dB down from

reference.
5-10.6 Measure the highest amplitude on Non-Harmonic signal up to 90 MHz.

5-10.7 Verify that the Non—-Harmonic Distortion is at least 80 dB from the

reference.,

5-8
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5-11 LONG-TERM STABILITY TEST.
Long-term stability refers to slow changes in the average frequency over
time, due to secular changes in the UUT physics and/or electronic cir-
cuitry. Using the test set—up provided in Figure 5-3, it is recommended
that daily readings be taken from the Efratom TS—105A and plotted
graphically to estimate long-term drift (aging). Measurement periods
should be a minimum of 30 days to obtain meaningful results. It is also
important that the daily readings are taken at approximately the same time

to minimize the effects of temperature fluctuations.

NOTE

During long-stability testing, the UUT
should be placed in an environment with
stable temperature, barometric pressure,
and magnetic fields. Refer to
specifications to estimate effects of
environment on stability. Also ensure
that the UUT has been operating l4 days

continuously prior to the test.

5-11.1 With the equipment connected as shown in Figure 5-3, and the required
stabilization time allowed, press the test set's RESET pushbutton to begin
the test.

5-11.2 Allow sufficient time for the test set to display the data required and
begin recording readings daily. After a minimum of 30 readings are
plotted graphically, verify that the UUT long—term stability is within the
tolerance listed in Table 1-1, SPECIFICATIONS.

5.1 wr D 5.2 5.9 5.3
BC CO.AX ATOMIC OSC. REFERENGE
POWER SUPPLY DVM TEST SET | < |FREQUENCY

L uuT

LD

O @% @O 50 @
| L

Figure 5-3. Long-Term Stability Test Setup.
5=9
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5-12 VOLTAGE VARIATION TEST

5-12.1 Connect the equipment as shown in Figure 5-1.

NOTE
The ambient temperature should not vary more than + 1°C

during performance of this test.

5-12,2 Adjust the DC power supply controls to obtain a 26 + 0.l vdc.

5-12.3 Allow the UUT and the Atomic Oscillator Test Set sufficient time to
stabilize (the UUT requires 1 hour min.).

5-12.4 At the end of the stabilization period, determine and record the UUT

output frequency.

5-12.5 Adjust the DC power supply controls to obtain a 28.6 + 0.l vdc
indication on the DMM. Allow the UUT to operate at this input voltage for

at least 15 minutes. Determine and record the UUT output frequency.

5-12.6 Adjust the DC power supply controls to obtain a 23.4 + 0.1 vde
indication on the DMM. Allow the UUT to operate at this voltage for at

least 15 minutes. Determine and record the UUT output frequency.

5-12.7 Adjust the DC power supply controls to obtain 26 + 0.l vdc indication
on the DMM. Allow the UUT to operate at this input voltage for at least

15 minutes and record the UUT output frequency.

5-12.8 Calculate the average reference frequency by utilizing the following
formula:
f = f(from step 5-12.4) + £ (from step 5-12.7)
2

5=12.9 Verify that the frequencies obtained in steps 5-12.5 and 5-12.6 are

within i_lxlﬂ-ll of the reference frequency obtained in step 5-12.8.

5-10
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5-13 CRYSTAL AGING COMPENSATION.
5-13.1 If the crystal control voltage approaches the end of it's range
(+2 to +15 wvde), a correction of the crystal oscillator base frequency

must be made.

5-13.1.1 Connect the equipment as shown in Figure 5-4, but do not make the
dotted—line connection until instructed to do so.
CAUTION
If the UUT output frequency is > 10.000050 MHz after normal
warm—up times, a check of the crystal thermostat at ambient
temperature is mandatory. DO NOT attempt to reset crystal
trim range as if this condition exists, the adjustment will

not be effective.

5.1 uuT_ 5.2 5.2
DC i
|POWER SUPPLY = O DMM # 1 DMM #2

EES =0 H

® 0| [0000| |¢© ® O

Figure 5-4. Crystal Aging Compensation Test Setup.
5-13.1.2 Set DMM #l1 controls to measure dc voltage in the 30 vdc range, and
DMM #2 to 200 ohm range. (Do not use auto range for this test).

5-13.1.3 Adjust the DC power supply output for a 26 + 1.3 vdc indication on
the DMM #1,

5-13.1.4 Disconnect the DMM #l positive (+) lead connected to the DC power
supply positive output connector. (Do not disturb the positive input to
uuT) .

5-13.1.5 Set the DMM #1 controls to measure DC voltage in the 20 volt range,

and connect the positive lead to the UUT J2 pin F connection.

5-13.1.6 After the UUT has operated a minimum of ! hour, ensure that DMM #2
indicates 120 ohm and maintains this indication throughout the remainder
of the test. (This indicates that the UUT has locked onto the atomic

resonance frequency.)

5=11
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5-13.1.7 Refer to Figure 5-5 to locate the UUT crystal trim adjustment (C5).

Remove screw to access crystal trim adjustment.

(o o]

Figure 5-5. Crystal Trim Adjustment Location.

5-13.1.8 Using the proper adjustment tool or insulated screwdriver, slowly
rotate the crystal trim adjustment to obtain a voltage indication, on DMM
#2, of +9 vde (+ 1V). Clockwise rotation decreases the control voltage,

counterclockwise rotation increases the control voltage.

5-13.1.9 If the crystal control voltage cannot be adjusted to +9 volts (+ 1V)
with the crystal trim adjustment proceed with step 5-13.2.

5.13.2 Remove the UUT outer cover by first removing the twelve (12) screws and
related washers from the outer cover sides near the baseplate end of the
UUT. The remove the four (4) screws and related washers from the
connector end of the outer cover. Carefully slide the UUT out of the
outer cover.

NOTE
The UUT comes supplied with either one (1) or two (2) spare
capacitors to be used as necessary to compensate for crystal
aging. The number of capacitance value(s) has been deter-—
mined by the preselected value of Cb on the oscillator
board. The compensation capacitors are designated A4C6+ and
A4C6b- (if two were necessary) and are located on the
synthesizer board assembly. Refer to the final assembly
drawing, Drawing No. 70500-1, top cut-away and Note (5) for
further information and physical location. If the crystal
control voltage was found to be too low (<+2 vdec) perform
section 5-13.3, if the crystal control voltage was found to

be too high (>+15 vde) perform section 5-13.4.

5-12
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5-13.3 Locate C8 on the oscillator board assembly. Refer to Drawing No.

70512-2.

5-13.3.1 Locate and remove adjustment capacitor A4C6b+ from the synthesizer

board assembly.

5-13.3.2 Connect the adjustment capacitor in parallel to C8 on the oscillator

board.

5-13.3.3 Ensure that the crystal trim adjustment C6 is set to the center of

its range.

5-13.3.4 Using the method described in steps 5-13.1.1 through 5-13.1.9

readjust the control voltage to 8 vdc (+ 1V).

5-13.4 Locate C6 on the oscillator board assembly. Refer to Drawing No.

70512-2.

5-13.4.]1 Locate and remove adjustment capacitor A4C6- from the synthesizer

board assembly.

5-13.4.2 Remove C8 from the oscillator board and connect A4C6— in its place.

5-13.4.3 Ensure that the crystal trim adjustment C6b is set to the center of

its range.

5-13.4.4 Using the method described in steps 5-13.l.1 through 5-13.1.9
readjust the control voltage to 8 vde (+ 1V).

5-13.4.5 Secure the UUT outer cover by reinstalling all of the screws and

washers.

5=13
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NOTE
If during the performance of Chapter 3, Operational Frequency
Accuracy Test, or section 5-6 in this chapter (Frequency
Accuracy portion), it was found that the Frequency Adjust
potentiometer (R35) did not have sufficient range to adjust
the UUT output frequency within the required 5x10‘11 it will
be necessary to adjust the C-field current through the

resonator coil.

An increase in C-field current will increase the UUT output
frequency, whereas decreasing the C—field current will
decrease the output frequency. Refer to synthesizer assembly
Drawing No. 70515-2 and synthesizer schematic Drawing No.
70516 to facilitate the correction compensation. If the UUT
output frequency was found to be too low after adjusting the
UUT frequency, adjust potentiometer R35 fully clockwise and
perform the required steps in section 5-14. If the UUT
output frequency was found to be too high after adjusting R35

fully counterclockwise, perform section 5-15.

5-14 UUT OUTPUT FREQUENCY LOW COMPENSATION.

5-14,1 Remove the UUT from its cover by removing the twelve (12) screws and
related washers from the outer cover sides near the baseplate end of the
UUT. Then remove the four (4) screws and related washers on the connector
end and carefully slide the UUT out of the outer cover.

NOTE
The C—field current is adjusted by
changing pre-selected jumper wires on the
synthesizer board assembly. Refer to

Figure 5-6.
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25.4 K NOMINAL
37) /“JUMPER"

o—[_R_4/—|—e R38

i \./ © R35 3

£l 15 e/ &/
K &r of 25

1€}
(@] (U] Qo (@] o}

ek
EIO Eg]

S
Figure 5-6. Location of Frequency Correction Compensation Jumpers on

Synthesizer Board Assembly.

5-14.,2 Locate the compensation jumper connections on the synthesizer board.
NOTE

Terminal E15 is normally jumpered to E10 at the factory,
(dotted=line connections in Figure 5-6). On some UUT's the

jumper was not required. If the UUT does not have a jumper
between E10 and either El6, E15, or El4, perform section

5-14.3. 1If a jumper is connected between E10 and either El6

or E15, perform 5-14.4. If E10 is jumpered to El4, perform

section 5-14.5.

5-14,3 Using a 35 to 40 watt soldering iron and SN63WRMAP3 solder, (Federal
Specification QQ-S-571E), perform the following:

5-14.,3.1 Locate terminal El6 and the corresponding E10 connection on the

synthesizer board, refer to Figure 5-6.

5-14.3.2 Select a piece of uninsulated 24 gauge wire approximately 1/8 inch

long.

5-14.3.3 Lay the jumper across the El6 and corresponding E10Q terminals, and

carefully solder the jumper in place.
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5-14.3.4 Replace the UUT outer cover and secure with four (4) of the screws

removed in step 5-14.1.

5-14.3.5 Perform the steps in section 3-9 to adjust and verify that the UUT

output frequency is 10 MHz i_leO-ll.

5-14.3.6 Secure the UUT cover by reinstalling all of the remaining screws

removed in step 5-1l4.l.

5-14.4 Using a 35 to 40 watt soldering iron and SN63WRMAP3 solder (Federal
Specification QQ=S=571E), perform the following:

5-14.4.1 Remove the existing jumper between El0 and either El6 or El5
terminals.
NOTE
Moving the jumper from E10/E16 to ELO/E15 or ELO/El5 to
ELI0/E14 will increase the UUT output frequency by

approximately 1x10_9.

5-14.4.2 Select a piece of uninsulated 24 gauge wire approximately 1/8 inch

long.

5-14.4.3 Lay the jumper across the ELO/EL5 or ElO/El4 terminals as illustrated
in Figure 5-7 and carefully solder the jumper in place.

5-14.4 .4 Replace the UUT cover with four (4) of the screws removed in step
5_14-1-

5-14.4.5 Perform the necessary steps in section 3-9 to adjust and verify that

the UUT output frequency is 10 MHz i_leO_ll.

5-14.,4.6 Secure the UUT cover by reinstalling all of the remaining screws

removed in step 5-1l4.l.
5-14.5 If it was found that the E10/El4 terminals have a jumper installed it

will be necessary to recalculate the value of R37 and replace the old R37

with a resistor of the new calculated value. Proceed as follows:

5-16
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5-14.5.1 Locate and determine the value of R37 on the Synthesizer assembly.
Refer to Appendix, Drawing No. 70515-2.

5-14.5.2 Calculate the new required value for R37 using the following formula:

R37 new = 40
LE + 40
f R37 Original
Where: Af = Anticipated positive frequency increase in parts of 10-9.
f

R37 = K Ohms

5-14.5.3 Using a 35 to 40 watt soldering iron and SN63WRMAP3 solder (Federal
Specification QQ-S-571E), remove resistor R37 and the jumper across
E10/El4.

5-14.,5.4 Replace R37 with a resistor of the calculated value from step
5_14.5 .2.

5-14.,5.5 Replace the UUT cover and secure with the screws removed in step
4-15-10

5-14,5.6 Perform the necessary steps in section 3-9 to adjust and verify that

the UUT output frequency is 10 MHz i_leO-ll.

5=14,5.7 Secure the UUT cover by reinstalling all of the remaining screws

removed in step 5-1l4.l.

5-15 UUT OUTPUT FREQUENCY HIGH COMPENSATION.

5-15.1 Remove the UUT from its outer cover by removing the twelve (12) screws
and washers from the outer cover sides located near the baseplate end of
the UUT. Then remove the four (4) screws and related washers on the
connector end and carefully slide the UUT out of the outer cover. The
"C=field" current is adjusted by changing pre—selected jumper wires or
recalculating the required value of R37 and replacing R37 if necessary.
Locate the compensation jumper connections on the synthesizer board.

Refer to Figure 5-7.

5—17
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Figure 5-7 Location of Frequency Correction Compensation Jumper on Synthesizer

Board Assembly.

NOTE
Terminal E15 is normally jumpered to E1O at the factory,
(dotted-line connections in Figure 5-7). If a jumper is
installed between El10 and either El4 or El5 perform section
5-15.3. If a jumper is installed between El10 and El6
perform 5-15.4. (It may be also necessary to perform
5-15.5). If El0 is not jumpered to either El4, El5, or El6

perform section 5-15.5.

5-15.3 Using a 35 to 40 watt soldering iron and SN63WRMAP3 solder (Federal
Specification QQ-S-571E) perform the following:

5-15.3.1 Select a piece of uninsulated 24 gauge wire approximately 1/8 inch

long.

5-15.3.2 If ElO0/El4 are jumpered, remove the existing jumper and lay the new
jumper wire across the E15 and corresponding E10 terminals. If E10/ElS5
are jumpered, remove the existing jumper and lay the new jumper wire
across the El6 and corresponding E10 terminals.

5-15.3.3 Carefully solder the jumper wire in place.

5-15.3.4 Replace the UUT cover and secure with four (4) of the screws removed

in step 5-15.1.

5-15.3.5 Perform the necessary steps in section 3-9 to adjust and verify that

the UUT output frequency is 10 MHz i_leD_ll

5-18
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5=15.3.6 Secure the UUT cover by reinstalling all of the remaining screws

removed in step 5-15.1l.

5-15.,4 If it was found that the E10/El6 terminals have a jumper installed,

perform the following steps.

5-15.4.1 Using a 35 to 40 watt soldering iron, remove the jumper across the

E10/E16 terminal.

5-15.4.2 Replace the UUT cover and secure with four (4) of the screws removed

in step 5-15.1.

5=15.4,3 Perform the required steps in section 3-9 to adjust and verify that

the UUT output frequency is 10 MHz i_5x10_11.

5=15.4.4 Secure the UUT cover by reinstalling all of the remaining screws

removed in step 5-15.l.

5-15.5 If no jumper exists between ElO0 and El4, E15, or El6 it will be
necessary to replace R37 with a recalculated valued resistor. To

recalculate and replace R37 perform the following steps.

5-15.5.1 Calculate the required increased resistance value for R37 using the

following formula:

R37 new = 40
Af 40
f + R37 Original
Where: Q% = Anticipated negative frequency shift in parts of 10_9'
R37 = K ohms

5-15.5.2 Using a 35 to 40 watt soldering iron and SN63WRMAP3 solder (Federal
Specification QQ-S-571E) remove the existing R37 resistor and install a

new R37 resistor with the resistance value calculated in step 5-15.5.1.

5-15.5.3 Replace the UUT cover and secure with four (4) of the screws removed

in step 5-15.1.
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5-15.5.4 Perform the required steps in section 3-9 to adjust and verify that

the UUT output frequency is 10 MHz i_SXLO_Il.

5-15.5.5 Secure the UUT outer cover by reinstalling all of the remaining

screws removed in step 5-15.1.

5-16 PHASE NOISE TEST. Using the equipment setup in Figure 5-8, the
Efratom MNT Phase Noise Test Set can be used to measure the
"close-in" single side—band (SSB) phase noise [{(f)] of the UUT.
Refer to detailed procedure in the MNT manual for Calibration to

the UUT and actual Phase Noise measurements.

5.7 5.10 5.5

PHASE NOISE SPECTRUM e
DSCILLOSCOPH TEST SET ANALVZEHR

1ST 2ND UUT

AMP AMP  IN

[P % LY
Lo D - s

iy

Figure 5-8. Phase Noise Measurement Test Set—up.

5-17 TROUBLESHOOTING AND REPAIR. A series of Fault Isolation
Flowcharts are provided to aid the techmnician in the repair of a
faulty board or part. The flowcharts are presented in logical
fault isolation order and must be performed in the proper sequence
given. The troubleshooting/repair procedures are designed to
isolate a fault in the resonator (physics package) as soon as
possible as this part of the M-100 is not field repairable. If
the fault isolation flowcharts lead to a physics package fault,

return the entire unit tc Efratom for proper repair.
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NOTE
The fault isolation flowcharts are designed to
quickly isolate the fault or adjustment. The
technician is then referred to the detailed
circuit description (chapter 4) and to the
schematics following the flowcharts which
include key voltages and indications for
component troubleshooting and replacement.
Using standard circuit tracing techniques, the
detailed circuit descriptions, and key
indications on schematics, the mean time to

repair or adjust the unit is less than ! hour.

5-17.1 TROUBLESHOOTING / REPAIR TURN-ON.

5-17.2 Remove the UUT outer cover by first removing the twelve (12)

screws and related washers from the outer cover sides near the
baseplate end of the UUT. Then remove the four (4) screws and
related washers from the connector end of the outer covers.

Carefully slide the UUT out of the outer cover.

5-17 .3 Connect the equipment as shown in Figure 5-9.

§0 OHM LOAD
5.1 5.2
pC J1®
|POWER suPPLY '-":;T DMM
P L H
® O XcXe) ®
/l
/
/

Figure 5-9. Troubleshooting / Repair Setup

M-100
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5-17.4 Adjust the DC power supply controls to obtain a 26 + 1.3 vdc
indication on the DMM. Allow the UUT a minimum of !0 minutes

warm—up time.

5-17.5 Fault Isolation and Repair. When performing the
troubleshooting procedures contained in the fault isolation
flowcharts (Figures 5-10 through 5-14), it is suggested that the
technician follow the troubleshooting/repair procedures contained
in the flowcharts in the given sequence. Each question or
procedure will narrow the possible functional area of fault and
refer the operator to the appropriate repair, adjustment or
realignment, as required. Once the flowcharts have isolated a
specific board, the operator should refer to the proper schematic
following the flowchart section. Each schematic illustrates key
points on the board and their corresponding signal, amplitude and
voltage levels. This information will isolate the board fault to a

specific component part for replacement or adjustment.
5-18 REPAIR, REPLACEMENT, AND REASSEMBLY TESTING.

5-18.1 SOLDERING SUGGESTIONS. SN63WRMAP3 SOLDER, per QQ-S-571, and a
35 to 40 watt soldering iron should be used to accomplish the
majority of the soldering done on the M-100. If a higher wattage
soldering iron is used, excessive heat can cause the etched

circuit wiring to separate from the board material.

5-18.2 HIGH FREQUENCY CONTACTS. If it becomes necessary to solder in
the general area of any of the high frequency contacts in the
unit, clean the contacts immediately upon completion of the

soldering.
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5-18.3 REPLACEMENT PARTS. The parts lists located in the appendix

following this chapter contain information that identifies
electrical and some mechanical components for the purpose of
ordering replacement parts for the M-100. Each parts list
includes the following information as a minimum under the column

headings listed:

a. ITEM NO. The item numbers listed sequentially on each parts

list.

b. QTY REQD. Indicates quantity of each item required for the
applicable sub—assembly or assembly. A/R is an abbreviation

for "as required".

c. PART OF IDENT NUMBER. This column indicates the MIL-SPEC,
Efratom, or manufacturer's part number to be used when ordering

required replacement components.

d. DESCRIPTION. Included in this column is a brief description of
the part indicating the type of component as well as mechanical
dimensions or electrical characteristics as applicable. All

abbreviations used are in accordance with MIL-STD-12.

e, REFERENCE. Reference designators are listed in accordance with
the applicable schematic and assembly drawing. This column
also includes the manufacturers name as might be required to
order replacement parts.

5-18.4 ORDERING INFORMATION. To procure replacement parts, address
order to the Ball Corp., Efratom Division, Attn: Marketing

Department. As a minimum the request shall include parts list

number, item number, part number, and quantity required.

5-19 REASSEMBLY TESTING. The adjustments, repair, or alignments
required in the fault isolation flowcharts (Figure 5-10 through
5-14) should be followed by the retesting of the procedure which
led to the fault isolation to ensure the unit is functioning as
required. Reassembly of the UUT can be accomplished by
reinstalling the screws in reverse order from section 5-17.2. It
is recommended that the operator subject the UUT to the checks in
chapter 3 after repair or adjustments.
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FAULT ISOLATION SEQUENCE

A) GENERAL

B)

1-
2.

3.
4,
5.
6.
T

.

Heater checks

Check power supply, if power supply is defective, repair
and repeat heater check.

Warm—up as required.

Check Lamp Volts as required.

Check Crystal Trim Range as required.

Refer to Main Fault isolation flowchart.

Individual Fault Location.

SPECIAL CONDITIONS

1.

2'

3.

Refer To
Normal lock indication after warm—up, [Crystal Assy
No or low 10 MHz output signal _Buffer Section
Stable 10 MHz output (in-spec) [ Servo
No lock indication _Lock indication
Output frequency > 10.000050 MHz Check Crystal
after warm-up Thermostat
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TURN-ON

MONITOR CURRENT

START ) N FOR 3 MIN. AFTER

TURN OFF POWER TO UNIT IF
CURRENT DOES NOT DROP TO

<< .8 AMP WITHIN 8 MINUTES
FROM TURN-ON

(UUT WILL DEVELOP PARTS
FAILURE PAST 8 MINUTES)

CAUTIONI

1.4 TO 1.8 AMP FOR
3 MIN. MINIMUM
& 5 MIN.MAX

< .8 AvP

INDICATION
AFTER 8 MIN.

-

NO FAULT
IN HEATER

Figure 5-10. Heater Checks Fault Isolation Flowchart

M-100
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CHECK FOR CHECK PHOTOCELL CHECK
YES oK s OK SERVO PREAMP
C START —>LAMP voLTs <3V = VISUAL LAMP - PHOTOCELL Bl Lo
= IGNITION >200mmp 4-3.3.1
o NO
NO
y
y v
; REPLACE Rb LAMP @TURN TO EFRATOM )
LAMP VOLTS PHYSICS PACKAGE FAULT ok
YES

*3aeYyoMOT4 uof3leTOoST 3Tnej sitop dweq °[[-G 2an3T4

oK - < 14vpe
Y
NO
OK GEI'UFIN TO EFHAT@
Y
CHECK
oK < BEFYO PREAME NO FLOWCHART ASSUMES:
\ *HEATER 0.K.
*POWER SUPPLY 0.K.
@‘“’“NTO '3:“”@ *MINIMUM 10 MINUTE WARM-UP
NO PHYSICS PACKAGE FAULT TIMES ARE MET

9Z-S

A
(RETLHN TO EFFIAT@

00T-H



L2T-S

*3IBUYOMOTJ UOTIETOST 3ITNBA SITOA Te3sL1)/e8uey WAL °TI1-G 2i1n814

Com

XTAL CONTROL

VOLTS STABLE

NO

FREQUENCY SWEEPS
THRU 10 MHz

UUT LOCKED
YES FREQUENCY WITHIN | YES -
+/-1 x 1078
NO
YES SEE MAIN LOOP

NO

RESET XTAL

TRIM RANGE

SEE NOTE

FLOWCHART

XTAL VOLTS
BETWEEN .6 AND 1.5

i OR 12 AND 17VDC

YES

RESET XTAL

NO

A

SEE FREQUENCY
STABILITY
FLOWCHART

FLOWCHART ASSUMES:

*LAMP VOLTS 0.K.
*POWER SUPPLY 0.K.
*HEATER 0.K.

*MINIMUM 10 MIN. WARM-UP

TIMES ARE MET

Y

TRIM RANGE

SEE NOTE

NOTE: CHECK XTAL THERMOSTAT PRIOR TO RESETTING XTAL RANGE

00T-H



XTAL VOLTS XTAL FREQUENCY SYN
10 MHz SWEEPING SYiEcninG T
YES .1 1.6 TO 16VDC IN 40 [ES YES
il SECOND PERIODS THRU 10 MHz
NO NO
Y
RESET XTAL
NO
TROUBLESHOOT
XTAL TUNING RANGE
OSCILLATOR ASSY
4-35.1
TR
LOCK INDICATOR :
UNLOCKED
IN-SPEC
TROUBLESHOOT
YES N9 SERVO SWEEP
CIRCUIT
3
4-33.5
TROUBLESHOOT
SERVO LOCK CIRCUIT
4-3.3
FLOWCHART
* POWER S
‘ * LAMP VO
TROUBLESHOOT SERVO PREAMP * HEATER
* MINIMUM

4-3.3

MODULATION LOCK CIRCUIT




R ASSY

NT E6

IDC

[YES

Y

iHOOT
IER

1ES:
0K

S

5.3125 Hz

AT SYNTHESIZER
TP9

200mVpp MINIMUM

YES .|

NO

i

TROUBLESHOOT
SYNTHESIZER
4-3.6.2

[NUTE WARM-UP TIMES ARE MET

M-100

YES

MODULATION AT E5 SERVO ASSY TP1
127 Hz FUNDAMENTAL SIGNAL
= YES | AS XTAL SWEEPS
300mVpp MINIMUM
i THRU 10 MHz
NO
Y
TROUBLESHOOT NO
SERVO ASSY
REF. SIGNAL
GENERATION
4333

REMOVE LAMP FROM LAMP ASSY
& SHINE LIGHT FROM AC POWERED
LAMP INTO RESONATOR AND

TROUBLESHOOT SERVO :

OBSERVE TP1 SIGNAL

~>10Vpp AT 120 Hz

TROUBLESHOOT
SERVO

127 Hz SIGNAL
PROCESSING

4-3.3.2

4-3.3.1

NO
YES
3 b
TROUBLESHOOT GETURN 5 EFRATOB
SERVO PREAMP

Figure 5-13.

Main Fault Isolation Flowchart.

PHYSICS PACKAGE FAULT
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*33BYOMOTJ UOFIBRTOST 3ITneJ 33s3J0/L3ITTTqe3lS Lousnbaig °41-¢ 2ansy

( o

LOCK

MONITOR LOCKED

YES

)

NO

f

SEE MAIN LOOP
FLOWCHART

ST
(SHORT-TERM ADJUST
IN-SPEC) YES _
< 1x 1079 TRIM RANGE
NO
CHECK SYNTHESIZER S.1.T.
STABLE RESISTORS R36,R37
0
FroETS OF ER S CHECK VOLTAGE LEVELS
_<_ 1 x 10-8 TO C-FIELDTUNING
4-3.1.4
oK
NO 4
RETURN TO
EFRATOM
\ (PHYSICS PACKAGE FAULT)
OFFSETS FLOWCHART ASSUMES:

> 1 x%.10°°

*

MINIMUM 10 MINUTE WARM-UP TIMES ARE MET
HEATER OK

POWER SUPPLY OK

LAMP VOLTS 5.5 TO 14.0 VDC

XTAL VOLTAGE 1.5 TO 12 VDC,(NOT SWEEPING)

* ok ¥k *

00T-H
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SAMPLE TEST DATA SHEET

MODEL M-100 RUBIDIUM FREQUENCY STANDARD
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U]

FUNCTION TESTED
@

NOMINAL
@

MEASURED VALUES

FIRST RUN
@)

SECOND RUN
®) .

out
OF
ToL

(6)

TOLERANCE LIMITS

)

Page

OF
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& EFRATOM RECHND-
W oo ewoess e | PARTS LIST 55761 PL_70500-1
LIST TITLE:I FINAL ASSEMBLY CONTRACT NO. SHEET
M-100 303
ITEM| QTY | FSCM PART OR IDE:T- ek R A
NO. |[REQD| NO. NUMBER DESCRIETION REFERENCE
32 | AR 70424-3 POLYURETHANE FOAM
33| 4 70425-12 SCREW M2.5 x 12
30 q M39012/55-3006 CONNECTOR COAX (MATING PLUG) P1
‘35 1 M28748/8DIOL1A CONNECTOR (MATING PLUG) P2
36| AR 70424-9 FOAM, POLYESTER
v CCRO5CT6R8DR CAPACITOR, 6.8PF A4C6+
38| AR CCRO5CXXXXXR CAPACITOR, SELECT VALUE A4C6-
39| AR 70424-5 EPOXY
40[ .1 M39014/01-1572 CAPACITOR 6800 PF c3
afine NOT USED
42| 1 MS35431-1 LUG, SOLDER
43| AR M17/93-RG178 CABLE, COAX
44| AR 70422-2 TUBING, SHRINK, 1/8
45| AR 70422-3 TUBING, SHRINK, 1/4
46 | AR 70414-24 WASHER, INSULATING, FLAT
147 | 2 70414-25 WASHER, E.T. LOCK
48 | ! NOT USED
49 A
50 ¥ =
51 NOT USED
52 70593 ' FOAM SEAL - RESONATOR
53 | 1 70595 INSULATOR, FOAM - OSCILLATOR
54 | AR M39014/01-1572 CAPACITOR 6800PF
55 | AR LOCKTITE NO. 222 , ADHESIVE SEALANT (PURPLE) Al
5
i
3
4
REVISION STATUS OF THIS SHEET g,_eq.:.:i_‘_i
LETTER A B c D = i G A F /< e .
DATE  |524-79| 61-19| 1-5-19 | 701-9| 91719| 2212 | IFI6 D | 1239 |- 13 g0 |&-5-50 | 4527 | ¢
ECO NO. [w-e7 7N-107 |\ M-133 | 71-152 | 71)-188 Mi;:; ) 'f_,if;:” meEmfz |\ Th-381 35 454 N




<‘ EFRATOM
18851 A N A
v IRVINE.BC:EEEgz71\5'E

©

PARTS LIST

FSCM NO.

55761

pL 705-/53—|

LIST TITLE:

SERVO ASSEMBLY

CONTRACT NO. SHEET
2,4| -

e o e ey
/| 705- /55" PRINTED WIRING BoARD

z |/ CCRO5CGI0ITR. | CAPACITOR. 100FPF cl7
EET M39014/61-1353 [} 560PF Clo

¢ 2 M39014/01-1357 /ooo PF c5,¢7
5|5 MmD9014-/61-1572 ¢ 300 PF €, 2,3 20,2
6| ! M39014/61-1525 .0l UF c30
= M39014/07 <1350 L2 JF £33 -
el n M39014/01-1593 A UE 06,354,283 20,28 2242
2.1 Mm39014/02- 1419 | VF €3¢
10 | / M39003/) -30006 /10 UF CE
|4 MB342| fo1-1425 .04 UF €24.25,26,3 |
12| 4 M83421/o1-11T13 | VF (13,14,15,16
13 | 2 M83421/o1-12525 |capacitoR IVF (3, (22

& 3 RCROTG-2203D RESISTOR 224 YaW ASE, 73,74
15 | + NOT USED A = Zo:

16| 2 RCRONG-331.35 330 YW P77, 78
Y721/ RERC7G 9/5 5,5 GIMES V9 W K63

13 | RCRONG-105T3 Imec. Vaw R31,50,51 5¢ ¢!
12 | 2 RCRONG-475 5 47 mee- T4 W R¢S, 76

20 | | RNC 55 H2740FS 2140 VW R5

2\ | ! RNCSS HELF0FS 443 R67?

| RNCSSH 4990FS 499n k2

|1 RNCSSH(ERIOFS {3l Ré

% | = ANCSSH 1001FS | K R3 42
25 | !/ RNETEH2211I' FS 1 295 25

2% | = MOT USED : -

27 | 1 RNCSSH3011L F§ 3.01K. R3

2% | 2 RNCSSH348I FS 3,.48K R20, 66

29 ! ENCSSH3571FS 3,57K R28

30| 2 RNC55H9091 FS 209K 4 R2) 29

3) | 4 RNCSSHI002 FS | RESISTOR 10K YW Meol3 S

REVISION STATUS OF THIS SHEET

LETTER | A B =

DATE e-2oR3 | 10383 |/=2-rz-8=

ECO NO. | ¢ | 598 |&574




FSCM NO.

& EIRATOM. |PARTS LIST |ss7e1|pL_7057/%7 -]

IRVINE, CAL., 92715

LIST TITLE: SERVO ASSEM® LY CONTRACT WO, SHEET
. 3or S

)

TR R e
3|/ RNCSSH1502FS  |RESISTOR ISK RE
33 |/ RNCSSH /872 F$ 187K R\
4|/ RNeSSH2743E€s 274 K R6L
35 | ! RNC55H 2742 F3 22.4¥K R48
3|2 RNCS5H 3322 F5 33.2K R17 R4
37|/ RNCSSH2922FS 39.2X R47
3% | | RNCSSH4752FS 475K R42
39 |l RNCSSH S622FS L A N e
40 |3 RNCSSH 8252FS 825K R17.57, 45
41110 RNC55H 1003F3 looK. R729,11,25,32,|38,43,77, 44, ¢
2| — = ’ NoT USED >
43|/ RNCSSH3323FS 332K R55
44|/ RNCSSH4223FS qK R35
45 | 1 RNCSSHI004 FS | mee R 52
26|/ RNCSSH 2004FS5 : 2Lmee RIZ
47| 5 RNCSSH XXX FS RESISNL , SELECT VALVE R19,22,2330,36
811 RWRBOSI000FS | RESISTeR  lbon 2W RLY
49 | — NOT USEL _
so | — NOT USED :
51|/ Jamix IN$I 53 _D\ODE e )
se| 2 M5T5084—4 JNDVCTOR, 22VH L2
53| - NoT USED S
sq | /7 | & [IsNTx2N350]. TRANSIS TOIZ. Qal
55| 2 M33510-10203BXC. | VoLTACE REG.~ VRI, VFE
s61/ 70495-| JNTEGRATED CKT (383/20538¢) | ¢
571/ 70426~ | (A7254maB ) (U 5
2= NeT USED :
52| — WeT vSED -
6o | / M31510- 10104 BCX = = e
= M38510 - 1005 BCX (tmn43/3833) | V6,2
62|/ (D40608D/3 INTECRATED CKT L3 £

REVISION STATUS OF THIS SHEET
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FSCM NO.

- — EFRATOM | oA pTS |LIST |55761| PL_705-153 -1
IRVINE, CAL., 92715 H
UST TILE: - S o0v0 ASSEM G LY CONTRACT NO. SHEET
jOFi

refare [ rscn [ amn on 06T | pescairion
63[2/ SEILXC02 TERMINAL -TVRRET
¢¢| 3 70418 | MOUNTING PAD R QI XYFH Xy
65 AN | BB-W-343.TVPE S WIRE, TINNED LOPFPER Z4AWG
66| = m33522/¢4-03nR MovrTING PAD . XU,. Xv5
&7 | 10 704/6=3 TERMINAL s BIFYRES TEL
(3 | ¢ 70417 -1 STAMD OFF — PEM
w9 | | RNC55HGBIZFS RESISTOR L& K R5%
— |REF 705-15F: SCHEMATIC

WHEN JANTX2N3501 IS NOT AVAILABLE,
USE JANTX2N5662 OR 704=262 AS AN

ACCEPTABLE ALTERNATE.

REVISION STATUS OF THIS SHEET

T=r A A T/Gé/ V)25

LETTER | A V4 c Do lrE
DATE (52013, 2-1787 J-1-88 _443-&% 5-4-%3
CIHE 1203 T 1528




NOTES : UNLESS OTHERWISE SPECIFICD.
I SLEEYE ALL WIRLS RUNNING UNDER BORRD
ASST Al WITH 78" DIA SLEEVING TIPE ANF-I00.
2. STAKEL WIRES NLATLY T# BOARDS AS NECESSARY
TO MREVENT DAMAGE BY FLLXING USING RTY-10B
CLEAR SIICONE RUEBER ADHESIVE.

COAX CONN

___70548-13 7

s | e |
| # | #visen

T on [ e

FER E0 5834

T

COAX FREM

2 ase

EENTRY WIRE _LIST
NG, | FRIM 0 COLOE NO, | FROM T0 (0LOR MO | FROM T COLOR
AIEL_|A3EiZ 5 (ME2 | JzP | BLU | ASEl | MET | KD |
AIEZ_|AIEN 0 (A3 |Cz2-GND| BLU 37 'MSEZ | A B
AlET | A BLU U [ A%l | (| ORN (38 | AL A [CoAX—] &SY AIA
3 [ AIES__[AATER [ (72 TAJA%E | G9F | GRN — [ ASET _[rsomnes = ASSY AZAL
[ 5 [ae T2-F_| GRA 23 143078 | G5B 1 37 [ASFR 1AZA BLK
b [NEC |Ad4E4 | YEL 4 14 | |40 | A ] T T ey |
[ [AET [ J2-n | waT 75 | GSE N 41| ASEID_|AZA) R S R o
2 _|NES_ | ASE5 |WNI/cRn o 14 CosE | vl ; - -
9 AIE9 B |wal/B| [27 ] aisc ﬂ% K e EFRATOM
10_[AZAIET_| A3 RE 25 | Q9 |JIMPER e s | s
(17 TWAET [ AIES T BLU 73 CZ-]_1 XD ::. i | st WIRING DIAGRAM —
1Z_|AIAIES | AJE3 | DAN (30 | ASET | A3EID | RED T e i
ALEL - R 121 ] A8 | BLU /" GcihFore \¢1203|  RUBIDIUM OSCILLATOR
4 |AIAEL | BLU _% | A4E3 ORN | | —— oo n
LALESS |C1-cHDUGT BLD F5_ 14 LOAX — : = — =
o |—— |————| 34 | A4EG [AGE ‘-_SHHD—-?-' e unts om _,,-'-""--. it d557‘; 7054¢8-3 K
I; |.|l.3El EJI??-IL DR}?' j_ ;I«:[? CND TTRH | ”5 f APFLICATION DO MOT ECALE DRAWMG wos Zx | [omaer 7
8 | 7 | 6 | 3 | 2 1 !




5 4 4 3 | 2 ! 51
REVISIONS.
T Font | Lm BESCAIFTION [ ePACWED
g A | ZZ_EASED PEF ECO I8 PE T
B |Rev PER Eco 711-268 Tiofo | Wt
I &6l
D
MIUNTING NARDWARE
a METRIC G55T-MESX /2
SUFPPLIED WITH HERTSINE
i e 2
= L o
1 T o, 70223~ B
MATING COMNECTDR = = =/
(5] AT camenm 5 SI o’ 70577
WATING COAX (ONY SIS S=S
SUPPLIED oj;- rete e
TYPE SMA, MIL-C-3902 i
' @ e " 1
t 330 — 25[3) mmm'm"“" I = C
2.55%2% MANTING RATE 2.944
CATITAL ek
e =
LOAX CONNECTOR JACK
L) ) e h N\ 7ee sma, mit-c-3902 'ﬂ
— = ‘1_: et \ ;_ 2, 2
: \g @-—-—‘-—; ¢ ho | 7 -+ + .
= i o
e el ! q i !
" 194 | H L : | ht—
| | ' MAMEPCATE LAML |
I .
I 1 :
! : ' @J I ' {t
I
| S0
L} i : 1
1 ] t [ .
< ot ] e 5
BASEPLATE MAUNTING HOLE PATTERN o
25 I- METRIC THREAD (8 PLACES) e
o r9s2s | 28/ M2.5 X 0.95 &j
i 250 INCHES DFFFP 5
CONNECTOR FER Mil-C-28798 ' .21 (weurcore wsmu) e
NL M2EH4E 7 T- DOOFIR pc.?
1 NOTES - UNLESS OTMERWISE SPECIFIED NATES — CONTINUED F 7
L FOR SPECIFICATIONS SEE DRAWING 5. FOR ASSEMBLY DRAWINGS, SCHEMATICS,
No. T0502-1 . AND DETAIL PARTS OF THIS UNIT, SEE
PREFERRED CLEMANCE AROUND UNIT EFRATOM MASTER DRAWING LIST NO.
FOR SHOCK AVD YIBRATION. MDL 70500-1 .
— s WO RCLATURL ]
PREFERRED THAXNESS OF MOUNTINC THE WAMEPLATE LABEL IS MRRKED WITH LES L
SURFACE. EFRATOM PART No. AND SERIAL NO. PARTS US|
LWLES. OTHER W, CIFIED.
[&) conmecror wirag. 3ATA : s ARG < EFRATOM
oI ___ Jome oUTPUT ¥ T
JZ-L__+225 10 432 YDC imnPUT bR S g Fwzs| IUTLINE AND MOUNTING - A
J2-P__ CROUND ilornmeee 3072 ) RUBIDIUM FREGUENCY STANDARD
J2-F__ CRISTAL CONTROL YOLTAGE SIGNAL et MODEL M-100
o2-H __ RESONANCE LOGK SIGNAL — [ i T T [ [ ook ot v [oeamie e
J2:B__Rb LANP VOLTAEE SyCMAL —— 70500-1 | =
e | oo 1D |55761 70549-1 |B
APPLICATION DO WOT SCALE DRAWING scut /1| | ]
F e A
B E _7_._______l;___ 6 L - 5____ T L L. 4 __._..l = 3 e _2 = : | b o _1_ SRl f"




@[:0005003
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" 1 3 l 2 1
AEVIMHONS
MINIMUM VALVE OF ; A | RELEASED £8-1 | o8
- TRIM LEADS JUMPER WIRE RIB 15 47.5K0 fr;; ??chﬁr:ﬁ- e L 8 | AEVISED PER ED 583A _ [8-3-83 | —
06 MAX s lbies A C |REVISED PEREO927 |USRC | ynu
; D | REVISED FER ED I35 2-13-87 | thd D
b ; L £ | RevISED PER E0-132)  |Ys/e7 | Hho
1
I
o @ m
151 ADD WIRE FRoM R73 T R
(¢] oN REAR OF ASSEMBLY
0ol
o0
RImli ~ CUT CIRCUIT AT #13
B GGl AS SNoOWN
2]
! @
! Cc
L]
A
5
5

4—
B al ° 00 o o us F
© © o] czz §
178 74 O] ‘?@
= i ~
@ i ol i f 3
e ol L S5 hiAY o ;,ST"EiS’T LA ASSEMBLY W
COMPONENT 15 SHOWN T05-153-2 » 705-153-3
HEIGHT
TABULATION
ASSEMBLY NO. | R44 |R45 | R46 | R47 | RGO | RGS | R76G |ramon | R42 |'TTL
NOTES: UNLESS OTHERWISE SPECIFIED. TO5-153~| I00K | 82.5K 332K [392 K | IOK  |4ATMEG |4.TMEG| "A” 415K NO _t
). FOR SCHEMATIC DIAGRAM SEE DWG NO. T707-154. TOS5-153-2(LN) [47.5K 221K | I5K [22.1K [279K [2DMEG [20MES| “B™  [B2.5K | ND
1. REFERENCE DESIGNATORS ARE FOR REFERENLCE [105-153-3TTL(LN) [47.9K |22IK 15K 221K [27%K [2OMES [20MES| 8" [82.5K | YIS ma
ONLY AND MAY NOT APPEAR ON THE COMPONENT PART, T05-153-4 TTL 100K [B2.5% [33.2K [39.2K | 10K [47MEs[ATMEs] A" | 4150 | YES
3. INSTALL LOMPONENTS PER MIL-STD-175
4. SOLDER PER REAT 5 OF MIL-STD-45+
5. CONFORMAL CDAT BOTH SIPES PER MIL-I-46058, TYPE UR.
MASK OFF ALL SOLDER TERMINALS AND MIOUNTING HOLES, SEE SEPARATE FPARTS LIST MO, TL 5173 g
&. MARK PART NO. AND REV LETTER FPER MIL-5TP-130. —Fﬁ_l-_? PR | o] | |
7. BOND COMPONENTS 4 8,3-16,22,24-24,3) VSING TRABOND Z1IZ. T
CURE 35 MINUTES MIN AT &0 TO TO*C. o oAt W0
DO bl AR W el
e < EFRATOM A
T e ASSY- SERVD BD.
P it TE | FICM MO, REY.
e e s ] 2051538 | &
APPLICATION DO HOT SCALE DRAWING | scaLeE ]'_J'll Miop Fﬁ(n ]




o | 1
REVISIONS
X i LTR DESCRIPTION DATE APPROVED
i L t i B | REVISED PER ECD 711iDI 5719 | 4o
t— " " t C | REVISED PER ECD 11-13le 1812 | w
' TRM LEADS D | Rev PErR ECO T11-177 FETETIN
.06 MAX
1 ' E| ReV PER ECO T -250 12-3-7% (&
F | REV__PER ECO 711-304 sea| wo | D
= G | REVISED FER ECD-351 £-5-80 ] Jw.)
H | REV PER ECD 3¢3 (/TEM-57) 22080 | o
J | REVISED PER ECO-2312, 382 93080 | v
K| RLVSED &ce /2 1208 |
L | REVISED PER ECD-391-A 1108 | da-
Ml REV PER Ef0)-959 L-i:d-81 [y
. N | REVISED PER ECO-527A 3-1093 | ww
i P | REVISED PER ED &53 161 | Vet N
K | EWSED ADOED TABULATHN 8-29-85 | s
R32 S | RENISED PER EO Bat 12-18-85 | PtV
SEE TADULATION T | REVISED PER ED 914 5/39/%6 | 1o
T 26VOC
3" LONE ORN
\.1&5:55
D0 NOT ROUTE
i WIRE BETWEEN
TERNUNALS C
] (USE STRANDED WIRE )
FAONT VIEW - COMPONENT LAYOUT as, Q6 & al
PIN ORIENTATION
REF
G1) A1v seaL [
= FOAM SEAL ——
s
w
4 REQD @
SPACER (9]
'8 Q
WA, =
NOTES- UNLESS OTHERWISE SPECIFIED o Afrn "FE‘E"f_?:ﬂ
I. FOR SCHEMATIC DIAGRAM SEE DWG NO. 70507. ol el el
2. REFERENCE DESIGNATORS ARE FOR REFERENCE ONLY MICA WINDOW
AND MAY NOT APPEAR ON THE COMPONENT PART. @ SIDE _VIEW ROTATED $0° CCW
2 RACES (58) suLAToR B
3 INSTALL COMPONENTS PER MIL-5TD-275. @
4 SOLDER PER REQT 5 OF MIL-STD-454. ﬁ}.
5. TEST FER EFRATOM TP 70500. SEE SEPARATE FARTS LIST NO. PL 70506-2 |—
. MARK PART NO. AND REV LETTER PER MIL:STD-130. [ ] 255 | wcmno | HOMEHCHATURE: | |
A\ DVAING THE ASSEMBLY AGING PERIDD USE A FLAT WASHER PARTS LisT
IN PLACE OF ITEM 41, SIRING WASHER. AT FINAL UNLESS orﬂt:msta SPECIFIED [COMTRACT NO
ASSEMBLY. INSTALL SPRING WASHER AND PUT LOCTITE, ?&fﬁﬁ"& ARE N IHCHES
| FRACTIONS  DECIMALS ANGLES
l-Trm i 0:\r rf cgiwr-;”i?f:. IN. LBS Y oo s i e =
BrevE: Glass 2 et o LY & S T LAMP BOARD ASSEMBLY
TABULATION CHECKED, £} o, o, J5-c-77 A2AZ A
PART ND. DESCRIPTION D esnh e
70%06-1 | OBSOLETE 70518-5  |(FAST WARM-UP) S W e oty . (roven &)
050L-2 | STANDARD ASSEMBLY T0518-4 (HOT CELL) |"™™sH EFRATOM Bz | CODEIDENTINDN | DRARIEEND,
_ . e e - o il
10506-3 | FALT WARM-UP (AP M32.05.4¢) | 7:::!*85“3 Um“;ﬂi I mmmw@w’ LEe5576] 70506-TAB | T
= APPLICATION DO NOT SCALE DRAWING seae 7 | Mioo [sweer 7 of ¢
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VRO
e Fomm | ey P T D s
iy ¥ [ A | meitAsto G0-533A _ e | Fer
5] Rev (Al Was Tk ] PER E090 oo
C| REVISED PER ED LI7A n-n | e
D | REVISED PER EO 227 Liyfee | Jn
8.0 VDG NOM. E| REV PER 1528 5Ly | )
¥ (5.6 to 156 VDC OK)
7
o 0K
A - R4 Tr. €.0 vDC
P SH oM
(TIPS fcior AN
: 4 5 1000 FF
HIX 2 0ir csan i
Lz [l o .1 UF
Sk 71 k=S £
Loy <490 I Ly 100¥
1 FL) TO 4454 (vED)
15 maT XTAL CONT VALTAGE
i 8
A 115KMan $ Uz IMEG I M -
(raane-1) ¥ Hoos AAA- g
(UTID)) 2 S RCROT = A = WA—n M . Q) T@
Rl g = +-—AAA *—'& : 18
oK > 24k
6.0 VDG
\"I o £ L TPE 5 TO JE-F (GRY)
ca < ik JFT Y MONITOR- XTAL 05C
13 1
X [ CRHO) | CRHN ELI g
wis L r2E L oen .
K18 Ky
asw 5.09
e T0 J2-H (WHT)
M1, e a5 < Lew | MES AR MONITOR- RES LONT OFER
I s 1 HEG L prRm Ve [z
= i UG
= LM 1Ze T/8833
NOTES: UMLESS OTHERWISE SPECKIED. | 7 1]
L CAMCITOR VALUES ARE IN MICROFARADS (UF) OR A\NSEE TABULATION FOR COMPONENT VALUES, L0 0F| SIN SO SN v s 7y decr
PCOFARADS (PF). THE TILERANCES ME AS SHONN [E] 7R STANDARD MODEL M5 COMNECTS To al - A 7N
AND THISE NOT MARKED ARE =I0%. e G T.omwr
N, R48 CONNECTS TO A, UL-L CONNECTS . U
MIL-C-20, STYLE CCRO5 (TEMF COME, CERAMIC) gl = CRHol T el0¥
TO A . FOR LOW NOISE MODEL Rt§
MIL-C-39014, STYLE CHRDS (CERAMIC). CONNECTS 7D "8° , #48 CONNECTS TO 2% x W
Wi M-39003 , STYLE CSRI3  (TANTALUM). W Ut CONNECTS TD B, LA
MIL-M-B3421, STYLE CRHO)  (METALLIZED FILM). o =
CAPKCITOR STYLES ARE AS SHOWN AND THOSE & SYVBOL < INDICATES SOLDER TERMINALS.
2 RESISTON VALUES MRE IN OHMS (2). THE TRERNCES SR R VOLTAGES ARE NOMINAL FOR NORMAL, L
AE AS SHOWN ANO THOSE NOT MARKED ARE AI%.. 2 FOR ASSEMBLY DRAWING SEE DWG No.' 705153 : it LOCKED OREHAHOMN
WL-R-33007, STYLE RWABO (WIRE WOUND) 2W. ’
MI:R-3100B, STNE RCADT (COMPOSITION) L/AW. EE A S T
MILR-SSIBL, STILE ANCSE (METAL FUM) viow. [ a8t eiig, | TS AT ! i
RESISTOR STYLES ARE AS SHOWN AND THOSE NOT |ZE3CRIFTION | 7 R4E | Re2 | CRI0 |RGO | ) ST sriTres CamaE v
SERVD 2N | A7 J415K [MIruXD | mer vsEp| 10K e ! %
; M‘MED‘W RNCSS. " ) *LN" SERYD 22‘,}% "8” |BZ.5K | 0T VSED | MIT LSED | 274K M‘-:}-m seLin . EPBATOM
OTHER COMPONENTS ARE AS SAECIFIED 08 (ONTROLLED|LI SERvD TTL| 7R [ "B- [Bese| 10K |95 |24k ! .t P o =
8Y THE FOLLOWING  SPECIFICATIONS B kals AL D RESNEVAZS g2 [oos i o= P M
- 43
MIL-5-19500, DIODES AND TRANSISTORS (JANTX). i o ” ki = Al
MIL-M- 38510, NTEGRATED CIRCUITS. i i i e —
MIL-C - 5305, INDUCTORS. e e f D| 557l | - J05-15% ’E-;'-
] APPLIEATION B WOF SCALE DAAWING s [ M | SO
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L e
(s 4 oM ura DISERFTION DATE AEROVED |
o £ | C |REVISED AND REMAWN FER E7D GTEAT | g
|.D | REy PER &ro 7y, 7222 | et
E [REV PER ECO  T1-2534 2o 12T9| ev
17.6 VDC F | REV. PER EcO Tii-304 5280 | fois.
o a o g SN AN . i = | REV PER ECO-¥#Lls An At
o r_'u]_ A2 ¢ L | W | REV (CZ WAS 3300FF) ED-615 | Wwnmy| » I
2.2U0R i 200 1000pF T T [ RV R18 VALUL WAS.S0bn ED 151 | 2raas | B4
15K "“’“]E'F RWREL 5% K |REVISED PER ED 714 5/30/86| )
AWREZ b o L | Rev PEM Eo-iny £iefse | gt
v @l ]
JANTX 70 to BO M
FLEEY]S Hz
= )
L, | L
IN4148-
[} |
= £800 R3| |
HASSIS GND PF O L
MominAL SELELT |
(1872 =279 & Mns) |
= L3
GROUNDED AT €1 |
= | |
FVSDIUm IM’I ¢
| J
: 1
15 to 28 VDC | ¢£.rs ]
+11 VDL INFUT (£3 l =m
FRUM CI-2 |
| |
18.0 VDO
420VOC INPUT @ AAA : ! l
FROM C2-2 A% "3 L Ri0 ot | t
M3n Sk S mSK |
[ < < | <
80D gy < ' | @5
FF- 17 az 0573 |
2K 5% INZTITIA | |
NOTES - UNLESS OTHERWISE SPECIFIED 3}}33 J_ |
I CAPACITOR YALUES ARE W MICROFARADS (VE)
0R PICOFARADS (PF). THE TOLERANCES ARE AS 20 o |
SHOWN AND THOSE NOT MARKED ARE 210%. J;K' My |
MIL-C-20, STVLE CCROS,(TEMP (OMP CERAMIC). Prs
MiL-C-3201%, STYLE (xR0, (CERAMIC), =z | |
[APACITOR STYLES ARE AS SHOWN AMD THOSE  cgnp
MOT MARKED ARE CKROS. |
392 o Rig | - THERMOSTAT 7
7. RESISTOR VALUES ARE N owms(n). THE MOMINAL L Erlg ASSEMBLY E
TOLERANCES ARE AS SHOWN AND THOSE NOT™ o
MARKED ARE ZI% . i
MIL-R-55182, STTLE RNCSS (METAL Fim) e, | 1 1 5 c :
Mit-R-33008, STYLE RIROS ((omPOSITION) Ya W. | i
STYLE Rean? (Tompisiin) % w. .
Mit-R-39007, STYLE AWKE] (WIRE weenD) | w. | T
STIYLE AWRBE (wIRE waumD) I w. |
RESISTOR STYLES ARE AS SHOWN AND THOSE f
NOT MARKED AFE RNCSS. jJ—L_ & =
3. OTHER C[OMPONENTS ARE A3 SPECIFIED B8R
CONTROLLED E¥ THE FOLLOWMNG SPECIFICATIoNS.
MiL- S-S50, DIODES AND TRANSISTORS { JANTX).
MIL-M=-3B510, INTEGEATED OIRCUITS
MIL-C- 5305, INDUCTORS I l-ml [ I ww{agm i wmr% I
L e
PARTS LIST
4 SYmBOL M WDWATES SOUDER TERMINALS . G G SrEs e
5 FOR ASSEMBLY IRAWING SEE 70506 . Tt Rancrz AR P4 Efratom Division
FRACTIONS  DECIMALS ANLLES
= z APEROVALS DATE
[£] muz usep ow FasT waem-uP oMLY, N - - o 73| SCHEMATIC - y
B LAMP BOARD
&, Meneoaf n!y A2AD
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FSCM NO

%Emtom PARTS LIST |55761| PL _7o0s0e-2

Division
LIST TITLE: CONTRACT NO. SHEET
LAMP BOARD ASSEMBLY 2

fehLam [eseh o e S B e
Sl |l 70508 PRINTED WIRING BOARD

28 | 70596 WINDOW, MICA

3 |1 |moreR | 705-142 TRANSISTOR, CUT OFF (JANTX2N3375) o1

4 |1 70576 THERMOSTAT ASSEMBLY

Blal|t 70597 SEAL, FOAM

6 |2 CCRO5CG332JR CAPACITOR  3300PF, 50V c3,c8
7|3 M39014/01-1340 CAPACITOR 100PF c9

8 |4 M39014/01-1572 CAPCITOR 6800PF c1,6,7,11
9 |1 705-141 POST, TRANSISTOR MOUNT

1O8| S M39014/01-1587 CAPACITOR, .047UF cl10

11|11 70403 CAPACITOR, VARIABLE, 1.5-14PF cs

12 |1 JANTXIN4148-1 DIODE CRL

131 70412-2 INDUCTOR  2.2UH (MS75084-4) Ll

14 |1 70412-1 INDUCTOR .15UH (MS75083-3) L2

15 |1 70425-15 SCREW, METRIC, M3x6

16 | 2 JANTX2N2222A TRANSISTOR 02,3

17 |1 JANTX2N2219A TRANSISTOR 04

18 |1 RNC55H1000FS RESISTOR 100 1/10W R30

19 {1 RNCS5H2430FS RESISTOR 243 11/10W R4

20 |2 RNC55H3920FS RESISTOR 392 1/10W (R14,NOMINAL)RS,14
20 RNC55H1051FS RESISTOR 1.05KL 1/10W R9

22 |2 RNC55H4321FS RESTSTOR  4.32KR 1/10W R7,18

23 |1 RNCSSHS111FS RESISTOR 5.11KL 1/10W R6

24 |2 RNCSSH1652FS RESISTOR 16.5KSL 1/10W R5,10

25 | 2 RNCS5H4752FS RESISTOR 47.5kSL 1/10W R11,12

26 |2 RNCS55H1003FS RESISTOR 100K SL  1/10W R16,17
27 1% RNCS5SHXXXXFS RESISTOR SELECT 1/10W R13

28 |1 RCROSG101JS ' RESISTOR 100 2 1/8W R25

29 |2 RCRO5G241JS RESISTOR 2405  1/8W R15,21
30 {1 RCROSG471JS RESISTOR 470  1/8W R23

311k RCROS5G132JS RESISTOR 1.3k%+ 1/8W R20

REVISION STATUS OF THIS SHEET :

LETTER M

DATE 820/

ECO NO. | (/5




FSCM NO..
BAsuen | PARTS LIST |55761) PL e
LIST TITLE: CONTRACT MO. SHEET
LAMP BOARD ASSEMBLY ' 3 0F 3
ke eees T S i
32 11 RCRO5G272JS RESISTOR 2.701/8W R19
3311 RCRO5G103JS RESISTOR 10K 1/8W R22
34 11 CRO7GLO3JS RESISTOR 10K 1/4W R29
35 | 3 RWR81S1ROOFS RESISTOR 100 /2 R26,27,28
36 | — NOT USED —
37 |2 RWRSLS19R6FS RESISTOR 19.6JL R2,3
g |1 RWRS0S5110FS RESISTOR 5115L R24
39 | 1 RWRB0S1501FS RESISTOR 1.5K L R1
40 | 1 M38510/10103BGX INTEGRATED CIRCUIT Ul
41 | 2 70425-4 SCREW (M2x8mm LG S.S.)
42 | 2 70414-19 WASHER, SPRING
43 | 4 SE16XC02 TERMINAL, SOLDER
44 |1 705-110 RUBIDIUM LAMP ASSEMBLY
45 | AR LOCTITE #222° ADHESIVE SEALANT (PURPLE)TYPE II GRM MIL-S-46163
46 | 1 RNCS5H2000FS RESISTOR, 20042 1%W NOM SEL R31
47 |1 70418-1 MOUNTING PAD X04
48 | 2 M38527/3-02N MOUNTING PAD X02,3
4o |1 M38527/4-03N MOUNTING PAD XUl
50 | AR MIL-W-16878 TYPE E |WIRE, 24 AWG, STRANDED
51 | AR 70424-7 SILICONE RUBBER-RTV
52 | AR SN63W-RMAP-3 SOLDER
53 | REF 70507 SCHEMATIC
SEl= NOT USED =
55 |2 70573 TRANSISTOR Q5,6
56 |4 70414-1 WASHER, FIBER
57 {1 70421-1 LUG
s8 |1 70559 INSULATOR
59 |AR 70411 THERMAL JOINT COMPOUND
60 |1 CCROSCGL02JIR CAPACITOR, 1000PF, 100V c2
REVISION STATUS OF THIS SHEET
LETTER y BE
DATE ?/bei'é 1
[£co No. [/0/) ik \ |

p——




l, 2 1
REVISIONS
IONE | LTR DESCRIPTION \al DATE APPROVED
B | REVISED FER ECO 71127 £4-12 | W0
C | REv _PER ECO 711-173 2-11-77 | i)
T | ADDED NOTE -8 71119 | gl
E | REV PER ECO Tl -25! 12-3-19 | ce
; i Sl = F | rRev PER Eco 3777 11-50 | e~ D
ORIENT SLoT G| REVISED  &re #/2 1-29-§1 b e
ﬁppﬂgx _:5" SHOWN f:ﬂalfgpgﬁnéﬂ;- = H | REVISED TABULATION B-29-8¢ | #
SETEIT J | REVISED PER EQ 113G 2-13-87 | 4~
I "~— INSTALL JUMPER
. @ PER TABULATION
o 2
=
o
ta— TRIM LEADS TABULATION
.06 MAX | —
% FART ND. DESCRIFTION =
20509-1 STANOARD ASSEMBLY .
ADD JUMPER BETWEEN E1"2 Elb' T
s "SEPANATE HEATER FPOWER" OFTION 1
70509-2 NO JUMPER AT EIG (0))
TRRE L3 L WITH JoMEeR._VALUE OF Q
NOTES-UNLESS OTHERWISE SPECIFIED 70509-3 A2l 70 BE -604-N.. JUMPER AT E) 9]
I. FOR SCHEMATIC DIAGRAMY SEE DWG NO. 70510. T @)
2. REFERENCE DESIGNATORS ARE FOR REFERENCE ONLY 0509~ 4 ﬁﬁf@gmm N
AND MAY NOT APPEAR ON THE COMPONENT PART.
3. INSTALL COMPONENTS PER MIL-STD-275 . o
4 SOLDER PER REQAT 5 OF MIL-S5TD-454. 8
5, CONFORMAL COAT BOTH SIDES PER MIL-T-46058, TYPE UR.
MASK OFF ALL SOLDER TERMINALS AND MOUNTING- WOLES.
6. TEST PER EFRATOM TP 70509 . SEE SEPARATE FPARRTS LIST NO. 70509- ===
7. MARK PART NO. AND REV LETTER PER MIL-STD -130. QY | CODE PART OR NOMENCLATURE
III‘EQDI IDENT 1 IDENTIFYING NO. I_ OR DESCRIPTION | l
8. BOND COMPONENTS C/\3,9,5, (R L1,2,3,4, PARTS TIoT
USING TRABOND ZNZ . CURE 35 MINUTES MINIMUM b= gt =
55 OTHERWISE SPECIFIED (CONTRACT NO.
AT 6070 70°C. DYERSNS A% cics < EFRATOM
9. SLEEVE CRI TD PREVENT THE BODY FROM B il TANGLES
TOUCHING- THE GROUND CIRCUIT. + aX o= x APPROVALS DATE
FRTERTIT AR RN T &9-79 POWER SUPPLY ASSEMBLY
CHECKED /2 oorr cmea| G 40- 25 A
_ 4+ -7
A L84
FINISH Y SIZE | CODE IDENT NO. [DRAWING NO. REV
70500 HUSODUTY et L 1C |5576l 70509-ms | I
NEXT ASSY USED ON
AOOL I A TIAM Y MAT CrALE BDAWING eralE /. 1 Yeuser 7 0 1




b 7 6 eSS 5 v 4 3 | ? | !

REVISIONS
B om | LTR D SO TN DATE APPROVED
i fiks A | RELEASED PER ECD =122 F18-79 | Lt
E_@ME ECO _T1-I7Z. 91079 | e
ClRev PEr ECO FI-ZS} € 224 Z2-17-80] €&
ATR PWR NP @ _D| REV_PER ECO 71/ - 28B4 __‘4..-‘.3_6?__ b
e e § ~ 70 AYE3 £ FEV FER Ecd 711-321 51280
10 J2-R 25.1V I A7 I :jw F| REV. PER EC0 7ii-327 11450 |
i INSBOT L =0 Mazin K21 & | REV P -481 AEEL | e
+2L VDL @ S # PRAR Laoore]en -I"'r't” s L;an L& | ER £CD-48 31k
70 J2-L CRS /5 L] =) = RWRED
*27om 1v5807 PRl Lon ae 25.0y p—(E3) 70 AzaED
c RERDT KWRE N | . L3
\.mn_‘_L ’ 2244':3‘}; 2907A 24,7V 23un
AW 239V 25
. 24.2v
ai ‘{i/} &R Rio “— Azs
ZNT3DTA 2TA L Tiatst 1000 5%
RCAOT  RCROT 20.0 V 2o 4V / 19.?3“’
18.2 Vv % 24,7V
23.7V q
aa
INTIHD
e SO, P rime s o
INTFOTA INLAOIA ot 70571 INTIITA i ekl
INSeL2
o C2-1 19.77V PART OF FRAME ASSY
T;zimcw 21.5V P 0571
ATAZE!
241 V I 8.09 V
23.2V = g'_gg v % TU Ci-t
I ¥ 4y Sem— + 21 vDC
+20VDC "
! : 2 Saur e (70 azmers As wcep)
18.61 V o Azain CiRi3 0 LAMP BD A2A2€3
aoarse| o e o
Rik0T A Mz fily
47K 255 & ISR 70 ASEI
ACROT & AtkoT 21.2v
e Nk ~onied 23.8v
€Al 70 AIEI 32K 1A
a4 ats 4
pan:mfﬁ mu‘}n N 50| KT USER ia
8.22 30.0%
|, 8.35 v +— 18.81 V o
INSES0A 4 9.94 y W50 ®
Ry RIS = =
Rl L) ks < ks | €3
220 35V 227k msu RIRGT RIMJS TR
5813 87V S Amo7 L
. es | +
INSEDT t?;‘:'f
(e R a1 CROUND TERMINALS
INZTT PLERTELY 2 -
CROUND (ED) 1 DD |
T Jz-P = =
R
A
R X% g
R BB RGZ
NOIES -UNLESS NTHERWISE SPECIFIED NOTES = iNTINUED
I CAPACITOR VALUES ARE IN MItROFARADS (UF) 3. OTHER COMPONENTS ARE AS SFECIFIED O€
MR PICOFARADS (FF). THE TOLERANCES ARE AS CONTROLLED 8 THE FOLLOWING SPECIFICATIONS. SMALL LETTEHED VALUES:
SHOWN AND THOSE NOT MARKED ARE =%, . Mit- 5-19500, WODES NND mnnssrms,(mnrx)
MIL-C-39014, 3TYLE (KROS5, (PERAMIC). MiL-m-38510, INTEGRATED CIRCLITS
MIL-£-39003, STYLE €513, (TANTALUM). MiL=C-15305, INDUCTORS
CAPRCITOR SIYLES ARE AS SHOWN AND THOSE
MT MASKED ARE  CKROS. 21 V FLOATING REGULATOR/ DURING WARM-UP
2. ymBoL B INDICATES SOLDER TERMINALS
2. RESISTOR VALUES ARE IN ONMS () THE TOLERANCES R s o= STl ' [
ARE AS SHOMN AND THISE MOT MARLED ARE %1% . 5. FOR RSSEMBLY DRAWING SEE 70509 . cooL FART OR ST
MILR-55182, STYLE HNCSS, (METAL FILM) e W. _nggi = [ e | PARTS LIST I
:r':‘::m%{’,r ir"‘;"‘; ::';‘:1— gﬁ;’mﬁ) ;‘: THE "HERTER FOWER WWPUT™ (S NOT USED IN ALL APPLICATIONS. TR G SO T s
i 'shrie AWRS I, (Re woowp) w. WHEN “J2-R" I5 MOT USED, A JUMPER WIRE witL BE APDED TOUERANCES ANT: % BPB.ATOM
' * L = i FRACTIONS  DECHAALS  AMLLES
RESISTOR STYLES ARE AS SHOWN AND THOSE WOT BEDTEEN, “EVAND T Ells s, p ax - AFPROVALS ATE
MARKED ARE ANCI5. T TR 7 2/raf13 SCHEMATIC —
* e s, POWER SUPFPLY
A3
1
‘wa;..' "FUE | COGE FOENT WO, | ORANING (O
W-100 ! {D| 5576l 70510 =
WEXT ASSY USED OM
APPLICATION DO NOT SCALE DRAWING seute —— | BO0ARD No. 3 femi—or —
O R P T - I - I E 4 a | 3 2 | 1



FSCM NO.
@& o |PARTS LIST |55761|PL_70509-1
IRVINE, CAL., 92715
LIST TITLE: " poWER: SUPPLY ASSY A3 CONTRACT NO. | SHEET
2083
— = =
o mranl ore ] NumGERE Ll BESORIBTION
] 1 70511 PRINTED WIRING BOARD
20l M39014/01-1330 CAPACITOR 33PF C2
o T M39014/01-1572 ‘ 6800PF €7,18.9,10,11,12
4 M39014/01-1593 J1UF Cé6
50 2 M39003/01-2951 2.2UF C1,C5
6] ] M39003/01-2848 r 4.7UF c4
e W M39003/01-3026 CAPACITOR 22UF c3
8 1 70428 DIODE (IN5650A) CR1
gl 71 JANTX1N825 CR2
105 T JANTXTNAT50-1 CR3
1] 1 JANTX1N5301 1 CR4
12| 3 JANTX1N5807 DIODE CR5-7
13] 2 MS7510/=3> - INDUCTOR 4.7UH (MS75101-3) 100,12
14| 1 MET7510)-1.7 INDUCTOR 3.3UH (MS75101-1) L3
15| 1 ME21182-2/ INDUCTOR 4.7UH (MS91189-21) L4
16| 8 JANTX2N2222A TRANSISTOR - 02,14,6,7,8,10,13,14
17] 6 JANTX2N2907A TRANSISTOR 01.,3.,5,11 12816
18 NOT USED
19 NOT USED
20 NOT USED
211 1 RNC55H1000FS RESISTOR 1009 R27
22| 1 RNC55H1540FS * 1542  (NOMINAL) R4
23| 1 RNC55H1301FS 1.30KQ R3
24| NOT_USED ; 1 '
25 1 RNC55H3241FS RESISTOR  3.24KQ R2
26| 2 RNC55H4321FS RESISTOR  4.32KQ R16,17
2l < RNC55H2211FS 2.21KQ R23
28| 1 RNC55H3012FS 30.1KQ R24
29| 4 RCRO7G100JS 100 R18,20,30,31
300 2 RCRO7G270JS 3 270 R8,10 .
31 3 RCRO7G101JS RESISTOR 1009 R5,25,28
REVISION STATUS OF THIS SHEET
LETTER E F @ JE I< L
DATE 1829 | 9-109 | 2-12-80 |4 1¢ 20 | 7. 12.80| 3-13-82|/2-+87
ECO NO. | N/¢ | 71193 |ji1-2502d 70-201 | 7-327 | 481 | 1393




: FSCM NO.
% Ea‘;‘ﬁf%E;%E PARTS LIST |55761|PL 70509-1
IRVINE, CAL., 92715
HSTTITEES  DOWER SUPPLY ASSY A3 CONTRACT N0, S| SSHE BT
30F3_
=
ITEM| QTY | FSCM PART OR IDENT DESCRIPTION AEEn e
NO. | REQD NO. NUMBER
32| 1 RCR07G821JS RESISTOR 820 R6
39l 2 RCRO7G182JS | 1.8K R26, Rl
34| 1 RCRO7G222JS 2.2K R9
35| 2 RCRO7GA72JS 4.7K R12,13
36| 1 RCRO7G682JS 6.8K R19
37| 3 RCRO7G103J5 10K R11,15,22
38| 1 RCRO7G183JS 18K R14
39| 1 RWR81S1ROCFS { 1,008 i R7
40| 1 RWRBO S /R3CFS RESISTOR 1.300_.2W R21
41| 1 M38510/10103BGX . OP AMP U1
42| 16: 70416 _3 TERMINAL, SOLDER (BIFURCATED)
43| 14 M38527/3-02N MOUNTING PAD (T0-18)
44| 1 M38527/4-03N MOUNTING PAD (8 PIN)
45| 5 SE16XC02 TERMINAL, SOLDER (TURRET)
~ ACTUAL PART MAY VARY DUE TO AVAILABILITY. SEE ECO 711-260 FOR
ALTERNATE VALUES.
REF 70510 SCHEMATIC
REVISION STATUS OF THIS SHEET
LETTER E F G H J ¥ L M 4 ‘P R
DATE HBND | FHOD| WD | 1-28-80 |2-12-80 |2, 1222 7-14. 80| F-22-50 | 1-27-77 | 3-18-82] 3-n€3
ECO NO. |~N/e -173 | Mm-222 | 111-159 ?;,’;_125;.? Tezel \m-327 | 47 | 42 FE( | 513




| 3 ! 2 1
REVISIONS
ZOME | LTR DESCRIPTION DATE APPROVED
A | RELEASED PER DRN 71I08 3-5-19| e
. . B | REVISED PER ECO 7197 6-6-7F e
i 1 C | REV. PER ECO THh=-263 §.18-80 | Mo
D | REVISED FER £rp-372 ,383 9-30-80 |
ol oA T ARRe 0e : E| REVISER _£c0 #12 12981 o~ | D
i e - = e § F| REVISED PER _ECD 452 B-tgl |
ﬂMﬂl e = ¥ 1 18 G| REVISED Per sco-477 B-12-Bl |
Y i =) = AL H | REV _PER ECD-475 301-32 | ww
caﬂgfggr : Q ] f L | WY _FiR ED-59F 5983
(1) — =) K | REVISED PER EO 931 S/5/%0 | o
| i _/ T ) i - i L | REVISED PER £D 1148 7-13-87 | 4o
INSTALL R93 AT LOCATION OF L3
4 PLACES (68 /_ INSTALL LB AT LOCATION OF RI8 ==
ON -3 ASSEMBLY ONLY.
21 PLACES
(&) G PLACES.E] THRU Ecs
ORIENT §LOTS AS SHOWN
D) @?/‘@ 4 PLACES C
I ‘
i
_|
' =
al =
WHEN USING THE CRYSTAL WITH i
DO NOT ROUTE y USE STRANDED WIRE
2 "% WIRE LEADS, THE LEADS ARE TO a')
NOTES-UNLESS OTHERWISE SPECIFIED TERMINALS BE SLEEVED AND LAYED DOWN 8
I. FOR SCHEMATIC DIAGRAM SEE DIWG NO. 70513. FLAT AGAINST THE ROARD |\~'
2. REFERENCE DESIGNATORS ARE FOR REFERENCE ONLY AND Eoa LBTAEI';"—:T";T; R — VEW A-A
MAY NOT AFPPEAR ON THE COMPONENT PART. e A —TmanlEee Ala G oR|Eoa s ars IR
3. INSTALL COMPONENTS PER MIL-STD-275, INCLUDES 70512-3 (Vo=10V) |6.BuH| — [2430 [ICOONOM | 6781 i
SWAGING OF SOLDER TERMINALS. B |
. -5TD-454 .
: 501’5::!“;152“::50;; z;s;mr;e MIL-I-44058, TYPE UR e Al s t8 NO 703127 )
. CON 0 -I- ; ! ,
MASK OFF ALL SOLDER TERMINALS AND MOUNTING HOLES. [ ] ok | wetheewo. | R |
PARTS LIST
7. MARK *5576I ASSY 7051~ REV_.*" PER MIL-STD-I30. TOLERANGES MECT = @
; 5 - XX =02 = APPROVALS DATE
e AW 2579 O5CILLATOR BOARD ASSEMBLY
CHECKED) 7053 50 vmyeees 1325 7P A
[Fimis SIZE | CODE IDENT HO. [DRAWING NO. v
70500 00 \ € |5576 70512-hB)| L
NEXT ASSY USED ON

e i T



| 6 5 v 4 | 2 | 1
N BEVISED FER EO G25..y, ¥ |HG-B3] 'if REVISIONS
dont | Lm DESCEPTION GATE APERGYVED
M% REVISED PER 0 931 | A | RELEASED PER ECO A-ZT | &89 ¥
B | REV PER ECO TH-ILT 16 21077 | *
C |REV PER ECO 70i-21Z Z-18-19] ce
|O| REv PER ECR 71-2L3 2.0-B0 e
| E| REV. PER EcO_T1-321 S5 | v |
Lt L7 FI REV._PER_ECO 7H1- 345 s o | D
180 Wy 1eouN | &| REV FER ELO0-3&8 o-1-10 ™
H| EB was SHEWN_CROUNTED 87 /SNT_| et 10 |
L | Aol 1% | 5071 B
6800 PF | K | Rev per Ecos 471,375,480 452 TIFRE | M
| L| REv PER EcD-533 3-i0-53 | a—
Rl Tz L | REV PER ED- 5944 FEE3 | W
562K I0117-5 3.
9 = = - TO ASE3
C1PFisL 1
conos se.2a 10 MHE  QUTPUT
- TO SYNTHESIZER. BD
RS ==
silka o s R21 at0 o WAL
10.0 VDC 13 Mu 10 L8Tka czgw: 3
OSCILLATOR CONTROL f 2 mvVpp 1.4 .
VOLTAGE INPUT 701 + =
- ZNZ4Es Al
TO AlEG vDC §
€3 42K
1.5 to 16 VDC| 4 coRos o e 3 pye
SELECT Y
.42Ka Rz
3 2 i m i &R00rE: Qi G
:w:. suﬁﬂf e - :."[i-iu | 7K 03635
Vi 1r 1t AU M
SELECT gl sipprssy  CiZ
25 REQD az 73
RZ Ul CRL T\ R4 £ e 2N2agh coRas e a3 AT .5 Vrms INTO 50 OHMS
SEL £E00T ﬂmﬂi\ik-r 1 e Aes et cip L te Lz ZNZ4E4 AT 7 TO Ji
T e Qe sweessi ﬂ",;' 3 2200 e €8 fz0 fw_l_ c2/ £ 2 R92
bt St n — efla 18OFFIST— . 10 MH
+26VDC INFUT ! 1 ca0orF I.MPF]- ccros R, 2 QUTRUT
i 4
2 2
rames ) L Ly &
cz8 B
[
+20VDC WPUT R
™ A3ED @ l —V\V\ 19,7 VDG
IHE mosy R
T b5 35
SBO0PF 7. 5K
GND INFUT = \- e
T BIED, RZ7 24 ?I.‘?:ﬁ;z
3200 cf? 5.8 V Cmf—' S
—gm < ReL : B
PF 'ét . ux;s; I
RIRO
oz iy | =
[ A0 > wa. 1 = e
s lige g (75 Ta0 PF 2201 = | —
;33 CKROS THERMOSTAT ASSEMBLY
1;&? FOR CRYSTAL (Y1) -
A48 | o
.82 | ""‘"80 C TABULATION 8
4P i RSSEWBLY | LB | W | AW | nea =51 =
LiBKA = = I h TOTILL (o SEZIL | 178 03 NOW | DB IL
4 | = 0513 Weul WY 2930 lioonvomlem8an
L NS [ | [
@ L.
! !
Hﬁaﬁi‘-‘ x:f’:i d:#i‘::?SE SEF:T;FMW (wr) NATES - CONTINUED 1| II
2 Yol AE. AN i) 3. OTHER COMPINENTS ARE AS SPECIFIED OR '
OR PIOFARRDS (PF). THE TOLERANCES ARE AS CONTROLLED BY THE FOLLOWING SPECIF ICATIONS. = A o TR ] T
’MWNMffi ::“-;r;"g &':':f?mﬁf r::vi‘r_mmc) MiL-5-19500, DODES AND TRANSISTORS (JANTX). o EENTEIROL i m""“"T
~C- - MIL-M -36510, INTEGRATED CIRCUITS ,
Mit-c- mm STYLE cKkRoS (CERARMIC ) —C-15105 T, U 55 DTMERMEL SPLCIED
MIL-C-19%09, STILE PCl6 (CENAMIC TRIWER (RFACITTE). WS C=RReri T aKTeRS Tt M EFRATOM
CRPACITOR STYLES ARE AS SHOWN AND THOSE NOT + SYMBOL - INDICATES SOLDEE TERMINALS . = 2 = AFFEINALS oaTE == A
MARKED. ASE_ CRROS. E* ROINTS AND "TEST POINIS® ARE SOLDER R TN, E) ggnghLdﬁ¥E:R
TEAMINALS WITH THE EXCEPTION oF (ES, Ei0, £is). G e
2. RESISTOR. VALUES ARE in ONMS (). THE TOLERANCES Ad
ARE AS SHOWN AND THOSE NOT MAREED ARE /% . 5, FOER ASSEMBLY DRAWING =EE J05I1Z-2 OR 70501-1. )i d gl vy,
MIL-R-S5IBZ, STHLE ANCIS ?wm.-. Hm};r. W. A : s 7 L | CODL 1DLNT WO, [ORAWIYG 0. L3
MIL-R-39008, STYLE ACAOT (FOMPESITION) % W. FOR COMPONENT VALUES SEE TABULATION, FETT !
MiL-R- 39661 STTLE AWRE! (WiRE nowD) | W, :ﬁ:o;, USED ON I ; {D 55?61 705|3 m
s.esm'm s'rr.:iicmt.' AS SHOWN AND THOSE NOT APPLICATION DO NOT SCALE DRAWING st NONE | BOARD NO. 4 Jomesr 1 o )
R T
il 72 7 [ 6 1 5 1 4 3 2 1




FSCM NO.
- f;ﬁ'ﬁﬂﬂ% PARTS LIST |s5761|pPL 70512-1
VINE, CAL., 92715
LIST TITLES  SCILLATOR BOARD ASSEMBLY (A4) SONTRACHENO Sl S HEET
' 2 0t
———————— ——— e
ITEM| QTY FSCM PART OR IDENT
NO. |[REQD| NO. NUMBER DESGRIETION REFERENCE
|1 70514 PRINTED WIRING BOARD
2 1014 70572 CRYSTAL THERMOSTAT ASSY
3ol CCRO5CTSRODR | CAPACITOR  56PF NominAL | €29
4 | 1 CCRO5CG620JR CAPACITOR 62PF c9
5 | 2 CCRO5CG181JR | 180PF C16,C21
6 | 2 CCRO5CG511JR 510PF C11,C10
3 NOT_USED
8 | 3 CCRO5CGXXXJR SELECT VALUE €3,C6,C4
g 1 M39014/01-1340 100PF €25
10] 1 M39014/01-1357 1000PF 17
11113 M39014/01-1572 6800PF . €1,2,7,13,14,15,18,19
| i 20,23,24,27,28
245 M39014/01-1575 _01UF c8
13| 1 M39014/01-1587 1 .047UF 26
14| 2 M39014/01-1593 CAPACITOR  .1UF 12,622
150 1 PC26J140 CAPACITOR, VAIRABLE 1-14PF c5
16] 1 JANTXINSI48A DIODE, VARACTOR {:.i..., CRI
17] 1 M575084-% INDUCTOR 2.2UH (MS75084-4) L2
18] 1 70412-3 INDUCTOR 3.9UH (MS75084-7) L3
19| 1 MS73508%+0 INDUCTOR __ 6,8UH (MS75084-10) L6
20| 4 M575085 =10 INDUCTOR 180UH_(MS75085-10) L1,4,5,7
211 3 JANTX2AI 2484 TRANSISTOR Q1,2,3
22| 1 JANTX2N2219A TRANSISTOR Q9
23| 5 JANTX2N2222A TRANSISTOR 04,5,7,8
24| 1 JANTX2N3635 TRANSISTOR Q6
25 1 RNC55HA7R5FS RESISTOR _ 47.5Q R18
26| 3 RNC55H56R2FS ‘ 56.20 R17,19,25
271 2 RNC55H90RIFS 90.92 (Rs/.. popnas)| RIS, RS/
28] & RNC55H1 000FS 1000 L2 220 N NRIZ, 7,912,250
29 1 RNC55H2430FS 2430 R26
30| 1 RNC55H3320FS RESISTOR 3329 R16
REVISION STATUS OF THIS SHEET _
LETTER A B C 0 E = G M T K
DATE 52472 6-5-72 | 7-10-99| 31019 | 10-31-19 2.)9-80 | - 3~.84 18! |5-/13-57 |7271-57
ECO NO. |53 |03 | 2114 ;’”_:;g‘ N2 | T)-26D |9 \-24,8 E?'J;Z /234 | 1293

Uy




FSCM NO.
@ o |PARTS LIST |55761|PL 70512-1
IRVINE, CAL., 92715
LIST TITLE: OSCILLATDR BOARD ASSEMBLY (A4) CONTRACT NO. SHEET
3ot
s e
e e o
31| 1 RNC55H3920FS RESISTOR 3929 R28
32| 1 RNC55H4750FS ) 475q R23
33| 1 RNC55H6810FS 6810 R20
A s NOT USED
35| = __Not UsSeED Ce= :
T RNC55H1181FS 1.18K2 R34
37| 1 RNC55H1871FS 1.87K R21
8l 1 RNC55H2001FS 2.00KQ R13
39| 2 RNC55H4321FS 4.32KR R27,40
40| 4 RNC55H5621FS 5.62K R1,5,6,14
nl| o1 RNC55H1242FS 12.4K R30
42| 1 RNC55H1652FS 16.5Kg R31
43| 1 RNC55H4022FS 40.2KQ R29
44| 3 RNC55H4752FS 47.5k2 R35,R36, 38
5] 1 RNCS5H5622FS 56.2KQ R11
46| 3 RNC55H1003FS 100K R3,4,39
47|° 2 RNC55HXXXXFS SELECT VALUE R2, .33
48] 1 RCRO7G101JS 1009 R47
49| 2 RCRO7G241JS 2409 R37,43
50| 1 RCRO7G471JS 4709 R45
51] 1 RCRO7G132JS 1.3KQ R42
52| 1 RCRO7G272J5 2.7KR R41
53| 2 RCRO7G103JS 10K R44,49
54| 1 RNC55H3323FS 332k R10
55| 1 RNC55H4991FS 499K NOMINAL RS
56| 1 RWR81S1RB2FS v 1.820 W R4S
57| 1 RWR8155110FS RESISTOR 5110 1 R46 r
58| 2 70406-5 TRANSFORMER (RED-GRN-BLU-WHT) T2,T3 i
59| 1 70406-6_ TRANSFORMER (GRN-RED-WHT-YEL) T ;
60| 1 M38510/10103BGX INTEGRATED CIRCUIT, OP-AMP u1 £
61| 16 70416-3 TERMINAL, SOLDER ( B/FurcareD) ;
REVISION STATUS OF THIS SHEET &
LETTER A B c D E F G H T K L :
DATE 52499 (-579 | 91019 | 92679 | 0-3199| 119 -26-80| 2-19-80 |41 85 |7- 1580 | pr-go| -
ECO NO. |4 |-03 |JIF06 | 7199 |02 1230 | 1n1eh |26 |=-20¢] 70-345] 232 P




FSCM NO.
& oo | PARTS LIST [55761| PL 7051221
VINE, CAL., 92715
LIST TITLE:  1SCILLATOR BOARD ASSEMBLY (A4) CONTRACT NO. | SHEET
4 ord_
— = =

G B T R L e
62| 2 70418-1 MOUNTING PAD (T0-5) XQ6,9

63| 7 M38527/3-02N MOUNTING PAD (T0-18) XQ1-5,7,8

64 1 M38527/4-03N MOUNTING PAD (8-PIN) - XU1

65| 4 70425-3 SCREW

661 4 70414-18 WASHER, SPRING

67| 4 70414-4 WASHER, FLAT

68| 4 ~ 70414-1 WASHER, FIBER

69 | AR 00-w-343,TYPE S WIRE, TINNED COPPER, 30 AWG

70 | AR MIL-I-22129 SLEEVING, TEFLON, 30 AWG

71| AR SN63WRMAP3 SOLDER

72| AR MIL-1-46058, TYPE UR| POLYURETHANE, CONFORMAL COAT

73 |REF 70513 SCHEMATIC DIAGRAM

4 |REF TP 70512 TEST PROCEDURE
75 |AR M= W-16878 , TTPE E | WIRE, STRANDED, 30 AW, TEFLON
76|21 SEICX<O2 SOLDER TERmMINAL (rereeT)’
ZZ ) RNCS5HI0RO [lEestGr  JO0a  Nowsral K24
78| | RNCSTHBIRS F.3 RESISTOR 82,510 NIMINAL K5
ACTUIAL PART MAY vArY DUE TO AVAILABILITY, SEE ECO mM=sg TR
ALT-eNATE ' VALUES. r

REVISION STATUS OF THIS SHEET

LETTER A B & D £
DATE - 23020 | /-29.6 | 176,87 | 2-r3-87
ECO NO. (7230 | 37272 419 | ¢25 |li¢5




4 | 3 v % | !
REVISIONS
ZIOME | LTR DESCRIPTION DATE APPROVED
A | RELEASED PER DRN 71110 3H3712 |Llid...o..
B | REVISED PER ECO 7IliZ 31599 | 1os
124 X MIMINAL C | REVISED PER_ECO 7100 s T
(*37) UUMPER" 2 PLLS D | REVISED PER_ECO 11127 62079 | o
/— £ | RENISED PER ECO T1I-189 91879 v | D
. —l F | ADDED NOTE -8 2-21-72 |
AOICNEAD VA il _H1. G- | REVISED TERMINALS FER £C0 383 w0-/-80 | au
o R40 AYE) =| H | REVISED PER ECO = #/2 12381 | A~
o A7 - 2 : J | REVISED FER FWB REV"DI™ 333 b
[ =/ | T i e
£ Ef sy en/s0 £ ' L} REVISED FER ED BSD o-5-Blo
o s /o:}'R_QH M | REV PER ED 1497 == ;ﬁ_,_":_,__
]
: :
s@ i
sl 8
:
Qe !
ofI7Jo _ ez O ezrus, ]
OCNiIN,C) 2 (&
OFO -P- 2 [0 % H—7rm 12805 .00 max
0| , |
2 1 \
i 4 PLACES )
1 i
: ! |
E 7 ac =N e
¥ = =
Ll TABULATION ‘
\@ FART NO. DESCRIPTION R7 w
—{ .38 MAX }=— "705/5-1__| USES WIRE WOUND POT R35 (IK)| 279K o)
NOTES-UNLESS OTHERWISE SPECIFIED ca}z}ggﬁﬂr 75152 | USES CEAMET POT A35 (2X) | 274K ‘@-
I. FOR SCHEMATIC DIAGRAN\ SEE DW6 NO. 70516. T0515-3_| UsES CeRmeT PoT R35(2<) |497K] [3)
2. REFERENCE DESIGNATORS ARE FOR REFERENCE ONLY AND il
MAY NOT APPEAR ON THE COMPONENT PART. ;
3. INSTALL COMPONENTS PER MIL-STD-275, INCLUDES B
SWACING OF SOLDER TERMINALS.
4 SOLDER PER REQT 5 OF MIL-STD-454. SEE SEPARATE PARTS LIST NO. 70515-TAB -
5 CONFORMAL COAT BOTH SIDES PER MIL-I-14058, TYPE UR. [R] 8% | omimarno. | S [ |
MASK OFF ALL SOLDER TERMINALS AND MOUNTING HOLES. o PARTS LIST
UNLESS OTHERWISE SPECIFIED !CONTRRCT NO.
G. TEST PER EFRATOM TP 705/5. DRRARONS ANy piae < EFRATOM-
7. MARK *55741 ASSY 10515 REV _*PER MIL-S7D-130. bt B o ilbati o o
8. BOND COMPONENTS (2,C12,R1, 22,1115, 25, 26,29, 35,20, e PN plimns  |3-272 SYNTHESIZER ASSEMBLY
USING TRABOND 2112 . CURE 35 MINUTES MINIMUM CHECKER, + ). e | 3-00-77 A
AT 460 70 70 °C . o
RESISTOR VALUE OF R7 IS 4.99K ON (N0 T S2E TCOOETOENT 0. ToRAWING 7. T
© T "LOW NOISE OSCILLATSRS “ ASSY 70515~3 . 70500 PAI00 | 1 C |5576l 7o5|5{§;§] M.
NEXT ASSY USED ON 1 1 A |




L] I F 6 5 i 3 2 1
g ',1 REVISIONS
AL DESCRPTOM. OATL APPROVED
20.0 VDC | A | RELEASED PER ELD TIIHZZ 64577 | fus
’;Zf,:if £l B | REVISED PER ECD WI-127 2079 | wo
£l Rl INTERNAL To 4241 £10 AS READ L2 V_FER ECR 7n-2iz 12-18-19] <
“wI :hur;« 274 5 - FAEQ *WQ D| REV PERECO i1-262 2-19-80| e
& Anegt : E| REV. PER E C0. T1-321 S2-80| ded
E 14.0|voc |} (s4t3007) J Fmadd Aoy Rez .2VDGC [ [ REV_rER ECO sz 438 |
& 2N 19A — ! 3 ol = G | REV "R7" PER EO-5IA 23 | e
£A0UND " 3 wWv—o~8) H | REV_PER EOE50 e
5| [g]r3s | RE P )
0 A3EL L ] e (] +20 VOC £ag ; C-FIELD COIL
R2 LEOD 5.0 VbeC seaorn
EE 5 -\ —-—||—I——-¢:) 10 ATAIEY
A : ~ 312.5 KHz| ] ¢
—J 4 Vpp SELELT 2
CRI
Lkt B f"“%‘:ﬁ’
AL ] L N—@
Mrrien-1 e T0 A2l E5 AS REGD
w3 & Zioo TP7
ware8-1 T OFF =
T rRe =
INSI9E-1 ’ 5 MHz -
3.8 Vpp
Lz L+ LT R3o
{5472.7) i 180K C.BUH 6.8 UH 1Ka
L
= (20
LoD L8
3 PF 2l [5PFst—T 702713 e
il +—leemes cagorr  5.8126 MHz
_L_” = Ci5 . TF5 80D mVpp
= (8 L3 €BOOTF 5 1Y 24K Y
€800 ~ 800 I AN —de
42 PF o 7sPres% oh o 60 l,v-lz o~
. o7 39F 5t | rpsd VPRS [k 21.325“ Lil
0.0 VDC 30MHz s U G L ciros e
5.13Ka RiZ 34n 6.0 Vpp 1l =
4 2.5 Vpp q19 0193 20PFes%
T3 TP4 T gy TSRS
Ril Y o 4rF 5% N
S b @-ﬁ—.:r:g
i) CCROS F1 5 3
To ASES 3 2.0 Vpp 00a.S ;:‘71: L - "BA es ﬁ‘w f}m RESOHATOR ASIT
G-E3— | 13.2 vDC JT'!D T oIS d i S
10MNZ 4 RI3 1504 a4 R CCADS [} vq G .
c800 ZNZ369A WETTLA s o5 A3l n3z
T ATEL L L RS LETEA f"_ & ZHI3EIA [ SELE AEs
= = 12.5|VDC 3¢ ar
TANCGS OATUF |r7% y €800
CRHOI T Fiz
1 A7 i i R34 R33
127 Hz T €1l GBOOPF &19KA = A0, = o S SELECT 500 -00
500mVpp F3 6.0 VDC 3 i (NOT USED
100 K Y exRo3 e N seLErr NOMINAL)
wiwé (€5 WA ULEES LR : @—J
SténaL B} NOWINAL i
TO AIES I €T =
= ONTUF £2%
CRHOI
NAOTES— UNLESS OTHERWISE SPECIFIED NOTES - FONTINUED NOTES- CONTINUED
I CAPRCITOR VALUES ARE IN MICROFARADS (UF) 2. CONTINUED
OR FICOFARARS (FF). THE TOLERANCES am(F A3 RESISTOR STTLES ARE AS SHOVIN AND THASE @ RESISTOR YALUE OF R1 IS5 4.23K ON LND
SHOWN AND TMOSE MT MARKED ARE * 10% . NST MARKED ARE ANCSS. "LOW NOISE OSC/LLATORS™ ASSY 70515-3. FOMTACATURE
MIL-£-20, STRLE coRoS, (TEMP (P reRamic ) o BESCRTION I I
MiL-€-39014, STTLE (xRo5 (cemamic) 3. :;:i:n f:;;ﬂ:rﬂ;:f fufﬁwfﬂﬂf‘:gms PRATS 1151
MIL-M-83921, STILE (ANOI (METALLIZED rim) i SPEC .
FAPACITOR STYLES  ARE AS SHOWN AND THOSE MIL-5-19500, DIODES AND TRANSISTARS (WANTA) ’ EPB.ATOM
MOT MARKED ARE (KROS. MIL=M-38510, INTECRATED CRCUITS
Z RESISTOR VALUES ARE m oams (o). MIL-C~15305, INDUCTORS B e | ‘:;—r;, SCHEMATIC -
THE TOLERANCES ARE AS SHOWN AND THIGE S e SYNTHESiZER
NOT MARKED ARE *1%. + simaoL 4 satDER Ls, /"“Eé A
MiIL-R-55182, STYLE ANC fs,ﬂansnm m:s)k- w. “E*POINTS AND"TET POINTS® ARE SOLDER TEAMINALS. 7 5
STYLE ANCGS, (WETAL FHM) % W.
sTYE Anc 7, ?'rm M) ¥ow. 5 FOR ASSEMBLY DRAWING SEE M). 70515. R e e E T e 70516 Y
Mit- R-33007, STYLE RWRAI, (WIRE WouvD ) # W, I
WLA-290/5, SIC ATEIE. MANSECME W), L) KT AJSENIS sAnwc A0 PAATS LT ok R ,[55?65 05l H
MIL-R-22097, STVLE RAJIZ, VARIRBLE (CEXMET J 1 W. APPLICATION 00 NOT SCALE DRAWING scul — | S04RD WO S fsnier oF )

8 7

! 6

3

2 | 1

70516 |H]



FSCM NO.

VA Eggl%?%%e PARTS LIST |55761|PL 70515 -:=
, % 15
LIST TITLE:  SYNTHESIZER ASSEMBLY GONTRACYING. Sy SHEE L
2084
=
ITEM| QTY | FSCM PART OR IDENT
NO. |REQD| NO. NUMBER DESCRIFIION REFERENCE
T elE 4 70517 PRINTED WIRING BOARD EFRATOM
2 1 CCRO5SCG4ART7DR CAPACITOR 4.7PF c13
3 NOT UYSED J
1 CCRO5CHI50JR 15PF c21
Bt 21 CCRO5CG220JR 22PF (C27 NOMINAL) : C19, C27
6 | 1 CCRO5CG330JR 33PF c23
7ol CCRO5CG390JR 39PF c17
8 | 1 CCRO5CGA470JR 47PF c18
ool " | CCRO5CG750JR 75PF c9
10l 2 CCRO5CG101JR 100PF - (C28 NOMINAL) | C14,C28
e CCRO5CEXXXJIR ) SELECT (47-120PF) €29
12| 1 CCRO5CG272JR (APACITOR  2700PF | €30
13 ' NOT USED
14|17 M39014/01-1572 CAPACITOR _ 6800PF €1,C3-8,11,15.16
- |— £32,20,24,24,25,26,31
15| 2 M83421/01-11425S CAPACITOR _ .047UF 2,012
16| L JANTXINA148-1 DIODE CR1-CR5,CR7
17 -JANTXINS146A DIODE, VARACTOR CR6
18] 2 M375085 > INDUCTOR _15UH_(MS75083-3) L6,L10
19 NOT USED
20| 5 M575084-10 INDUCTOR ___ 6.8UH (MS75084-10) 14,7,9,12,13
21| 1 MS75084-15 INDUCTOR 18UH (MS75084-15) L2
o 70406-3 INDUCTOR VARIABLE (RED-YEL) L5,L8
g3l 2 70406-4 INDUCTOR VARIABLE (GRN-YEL) L3,L11
24| 1 JANTX2N2219A TRANSISTOR Q1
25| 3 JANTX2N2369A TRANSISTOR Q2-4
26| 2 JANTX2N3553 TRANSISTOR Q7-8
27| 4 RNCS5H56R2FS RESISTOR 56.20 R24,28,19,20
28| | RNC55H1000FS RESISTOR 100Q R14
29| 1 RNC55H1500FS RESISTOR 1500 R13
30| 1 RNC55H4750FS RESISTOR 4759 R27
REVISION STATUS OF THIS SHEET
LETTER A B & D E F G H I
DATE 6-20-99 | 91099 | 2-19-80 | §-17-8/ | c-5-2 | 5387 |I12-T-87 | 4-14-88 (0.2_43‘3'
ECO NO. |7mm27 |J103% | 7262 |eo-mvz | s50 | ]734 1599 1497 | Is52




FSCM NO.

& TTRNoM: |PARTS LIST [55761| PL 705151
IRVINE, CAL., 92715

LIST TITLE:  SyNTHESIZER ASSEMBLY CORFEACIINO.L |[=HEET

3ol
ILZM :;’QYD F:gM PAR:U(:.‘RBIDENT DESCRIPTION EEsame
: i ER

3l RNC55H6810FS RESISTOR 6810 R2

32Ul-5 RNC55H1001FS A 1Ko R5, 40,30

33| 1 RNC55H1871FS 1.87Kg R16

|5 RNC55H3401FS 3.4KQ R8,| 11,12, 23,41
35| 1 RNC55H5231FS 4 5.23Kg R9

36| 1 RNC55H5621FS RESISTOR  5.62Kg R10

37 NOT USED

38| Z RNC55H1002FS RESISTOR 10K R6, I8

39| 1 RNC55H1003FS A 100Kg R3

40| 4 RNC55HXXXXFS SELECT (100Q-12K2) R31,34,37,33
41| 1 RNC65H1330FS 1330 R29

121 2 RNC65H1001FS 1K R21,22

43| 1 RNC65H1501FS 1.5KQ R26

44| 1 RNC65H1871FS 1.87K R15

45| 1 RNC65H2741FS ¥ 2.74K R1

46| 1 RNC70H4750FS RESISTOR 4759 R25

47 NOT USED :

48] 1 RWR8152740FS RESISTOR 2749 R4

49| 1 70406-7 TRANSFORMER _ (6-PIN) T

50 1 M28510/30502 BCY | INTEGRATED CIRCULT Ul

g1 1 M38510/32702BCX | INTEGRATED CIRCUIT U2

52 M38510/00201 BCX ., | INTEGRATED. CIRCUNT u3

53| 4 70416-.3 TERMINAL, SOLDER _ (BIFURCATED)

54| 1 70420-1 HEAT SINK

55| 2 70418-1 MOUNTING PAD (T0-5) Xals7 2

56| 5 M38527/3-02N MOUNTING PAD (T0-18) XQ2-6

57| AR SN63WRMAP3 SOLDER QQ-S-571

58| 1 70561 WASHER ,MYLAR XQ8

59| 2 JANTX2ZN?Z222A TRANSISTOR 5.0

60/ AR MIL-I1-46058 TYPE UR | POLYURETHANE (CONFORMAL COAT)

61| 1 RNC55H2740FS RESISTOR 2749 RA2

REVISION STATUS OF THIS SHEET

LETTER A B & D E F = H J A L
DATE 62019 | 9-1029 | 22629 |79 | 1-2580 | 2-19-80 | £./B.Eq 1o-]-§> 1- 358/ | & yo-51 | 62-33 |
ECO NO. |7/F127 gg;;;fg W22 |23 | 76| M-262 | 700 -2285) 383 g9 |46/ | 54/A

4z8




.

FSCM NO.
& .0 | PARTS LIST [55761|PL 705157
LIST TITLE: SYNTHESIZER ASSY CONTRACT NO. SHEET
iOFi

ITEM| QTY | FSCM PART OR IDENT S e _HEFERENCE
NO. | REQD| NO. NUMBER

62| 1 RJ12FY202 POTENTIOMETER 2KQ R35 (79252
63| 4 70417-1 STANDOFF

64 [REF 70516 SCHEMATIC

65 |i : ; ;

66| 1 RNC55H3321FS RESISTOR '3.32K NOMINAL R36

67| 1 RNC55H1301FS RESISTOR _ 1.30K R3S

68| 1 RNC55H2211FS RESISTOR  2.21K R39

69| 1 RNC55H8450FS RESISTOR 8450 R3?

70| 31 SE16XC02 TERMINAL , SOLDER

i ] RNC55H274) FS KESISTOR 2.74 K R7 (70515-2)
22| | RNC55H999)FS | ReSIsSIR. 497K R7 (70515-2)
ACTUAL PART MAY VARY DUE TO AVAILABILITY. SEE ECO 711-260 FOR ALTERNATE VALUES

REVISION STATUS OF THIS SHEET

LETTER | 4 B ¢ D E F | H J
DATE t2099 | 2109 | 19029 | 12929 2-19-80 | Ip-i-%0 | 1-29-5/|55 7 |6-2-83
ECO NO. |7m27 |2MH89 |%r23) | 1 -2ud| -262 | 382 | 4/ 26/ 541A.




REVISIONS

J0521%3

-| ADD R30 .5000L

FAST WARM -UP

= APPLICATION
gn
MNEXT ASSY ’ USED ON REV. DESCRIPTION DATE APPROVED
g‘ A | RELEFEASED PER ECO 7//-224 | /I-1Z-19 e/
B | REV. PER E.O.7II-272 4_14.80 | M
0 € | REV PER ECD-49& 3-4/-32 | W
;5 D | REVISED ADDED TABULATION | 8-28-85 | v/
i
o
8 R30 SEE TABULATION
l\-
oN
S
g 4 PLA CES
o _ e §
(o] o 2|
ez :
(o] o
o 9
2
D
& O
o
T@ Eid
—> 3 .4_:9 st
Bl
\ 2 2 |Fi--
TABULATION TRIM LEADS—— =~
PART NO. | DESCRIPTION .06 MAX
I0521-2 STANDARD ASSEMELY

SEE SEPARATE PARTS LIST NO. PL 7052|-TAB

)

DEADNER NN

MNENT

UNLESS OTHERWISE SPECIFIED | CONTRACT NO. -
2 EFRATOM
Ll <> 0
= RESONATOR THERMOSTAT ASSY
L~ oeAN WH2-79
FINISH %'Kff?««ad-.- ossely [~/ T~ APSIZE | FSCM NO. DWG. NO. REV.
S S A| b5761 70521-TAB | D
DO NOT SCALE DRAWING SCALE 2/, SHEET / :
BISHOP GRAPHICS, INC. A




8 7 6 5 ! 4 3 2 1

REVISIONS
iy e 7onE [ U DESCAETION DAL | APPROVED
; A| RELEASED FER ECO TH-iiZ 71619 | W
8| REV PER Eco Tu-Ii5 2 Brs | e
C| 2evw vev Eco Mi-TET 1-1hBn) cL
D| REV. PeR E.LO TH-235 4.18.80| A
E| RE¥ PER E.CD. 7iI-302 5.09.-80 s
F| REV rER ECU-4Lb % s D
| & | REv_PER EcD-977 ER O
H | REV "R1B" PER EO-58 [R5 [
| TIREV 011 vALUE WAS _80eq [0 751 |z@e5 | 4 & |

3 nm

F26VOC INPUT ®_'m__‘[_(w 100 VG =
T cronre / 1 !
= I 3
&8 B n I
+20 VDL INPUT \- / c3 2908 5% a7 20 | ; ¢
o Al r.lJ_ R 1UF fEhoE 240a15% 740 I :
1930 cHRoe = it T
CROSPF croorf] I o AROT AWAB! 1
GROUND @:)—_‘ i 7 | 18 mes. 0 75% at 1.2 VDC !
“ 2 ReAdT s JANTA ZVELTIA o . !
i 32K LK 5L ! |
. o | i ANTAZNELIRA l
5.0 T (1ato4) i
G e H _—FAAT IF RESONATOR
| |.- SHOWN FBR REFERENCE
Pl 3 44 ! SEE SCHEMATIC 70519
¥ LM 8]
P A (5 e | o -
il < = :~7 5 c
PF < RS g,
= 9ia SELECT A IO'IOT CELL: "'"'850 Cc )
NOTES - UNLESS OTWERWISE SPECIFIED & i |
I CAPATITOR wuu:fs ).ue N MICROFARADS (UF) “"; 2
OR FICOFRRADS (PF). THE TOLERANCES ARE AS Ao LEC
SHONN AND THOSE NOT MARKED ARE 2 10% . L8 K [ E9) T0 AS EID AS REQD
MIL-C-32014, STYLE (KROS5 .(CERAMIC). = = )
LSTIE (MROG, (TEAAMIC), 1,L_‘\-|-\--—-.—-.___‘--|- B
MiL=C-39003 | STALE C5R13, (TANTALUM), ~ !
CAPACITOR STYLES ARE AS SHOWN AMD THOSE 3t | |
T MARKED ARE CKRDS. caoorF | 3 H =
=l " F)
2. RLSISTOR VALUES ARE IN OWMS (.n). THE TOLERMICES :JI _! =
AAE AS SHOWN AND THOSE WOT MARKED BRE ¥ 1%. T0 ASER SOLDER TERMINALS | S R
MIL- R-55182, STILE ANCSS, (WETAL FiLm) ‘4 W . FOR RESONATOR A o
Mil- R-39008, STYLE ACAOT, (romPonTIoN) vaw. ™ AIEIS i u
NIL- R=39007 ,STYLE AWRED, (WIEE WAIND) © W. n_;"’ REan 12y =
JSTILE AWRAT, ( WIRE WaLWD) W, SELECT iz EE SCHEMATIC T0512 =
RESISTOR SITLES ARE A5 SHOWN AVD THESE MIT MARKED vrsmif:”
ARE RNCSS. d=%
CAROS O (5F13 LA
3. OTHER COMPINENTS ARE RS SPECIFIED oR
CONTAOLLED BY THE FOLLOWING SPECIFICATIONS,
MIL- §-13500 , TNODES AND TRANSISTARS (JANTX). 2Fun
NIL-M-1851D, INTEGRATED CIRCUITS
MiL- C- 15305, INDUC TORS 70 AIE4
mmcar.
4. SMEAL 4 NDICATES SOLDER TERMINALS . =] | oo PART HOMLHCLATURL
“E" FOINTS ARE ALSD SOLDEE TERMINALS. | 5] 885 | cottiiiine | R [ EF
5. FOR ASSEMBLY DRAWING 3SEE  TOSRI . URILESS DUES OMISE SPECWILD [CORTRACT MO
[OVENSIONS ARE N
RESISTOR RZE MINIMUM VALUE IS 402K FOR : R Ehas g THHL <€ EFRATOM
STANDARD UNITS, 243K FOR "FAST WARM-UP UNITS. el N — e A
XK 2 G ETES SCHEMATIC -
AT
= s L 3 RESONATOR THERMOSTAT
AZ Al
| = S | COOLIDENT NO. [DHAMING NO.
160 D | 5576l 705222
. NEXT ASSY VD ON
APPLICATION DO NOT SCALE DRAWING tcue — [ EoRD MY & [rter="oe— "
e
e 7 1 6 5 1 4 3 2 | 1




cle

FSCM NO.
% Eaglﬁﬂg;glﬁa PARTS LIST |55761|PL _70521-2
IRVINE, CAL., 92715
HIST TITLE:  pESONATOR THERMOSTAT ASSY CONTRACT NoO. ! SHEET
20F3_

I-LEOM F?ET;D FggM PAR;UiRB::‘ENT DESCRIPTION REFERENCE
Tadh 1 70587 PRINTED WIRING BOARD

gl M38510/10104B6X 0P_AMP Ul

e M39014/01-1340 CAPACITOR 100PF C4,C5

4| 5 M39014/01-1572 CAPACITOR 6800PF 1.2,9.10,11
5 NOT USED '

6 | 1 M39014/01-1587 CAPACITOR .047UF C6

7ol 705-129 CAPACITOR 1UF c3

8 | 2 JANTX2N2222A TRANSISTOR 01.02

9 | 1 JANTX2N2219A TRANSISTOR Q3

10 NOT USED

e RNC55H2430FS RESISTOR 243q RT

12| i RNC55H3920FS 1 3920 RS

13 ] 1 RNC55H1181FS 1.18KR R6

14| 1 RNC55H4321FS 4.32K9 R4

15| 1 RNC55H1542FS 15.4K9 R3

16 | 1 RNC55H1652FS 16.5K9 RY

37 1 RNC55H4992FS 49,9kQ R2

18 NOT USED

19] 1 RNC55H7503FS 750K0 R13

20| 1 RCRO7G206JS 20 MEGQ R12

21| 2 RCR07G101JS 1000 R19,R26
22 |2 RCRO7G241JS 2400 R11,R17
23] 1 RCRO7G471JS 4709 R24

24| 1 RCRO7G272JS 2.7k R16

25| 1 RCRO7G562JS 5.6K R15

26| 2 RCRO7G103JS 10KQ R18,R25
i I RWRBOSROD4TS - L0492 U R21

28 | 1 RWR81S3480FS RESISTOR 3480 1W R20

29 NOT USED

30| 1 MS57510/=] INDUCTOR 3.3UH (MS75101-1) |L1

31| 1 MS 15084--10 INDUCTOR 6.8UH (MS75084-10) | L2

REVISION STATUS OF THIS SHEET

LETTER A B c B

DATE 1-28-%0 | g-1-27 |3-1r82. | 2-15-55|/2-4-87

ECO NO. |qii-2s¢ [#66 | 492 | 5] 15955




FSCM NO.

LIST TITLE: RESONATOR THERMOSTAT ASSY CONTRACT NO. SHEET
!iOFg’._
S —_—
o] o | om0 pecnmon
32T RNC55H4021FS RESISTOR , NOMINAL vawve 402K R28
33| 1 RNC55H2000FS _ RESISTOR, NOMINAL VALUE 2000 R8
34 | 26 70416-3 TERMINAL, SOLDER
35| 4 70417-1 STANDOFF,. SELF CLINCHING
36| 2 RNC55..0r RCRO7 RESISTOR, SELECT (FS or JS) R9, R29
VA NOT USED
38| - NOT USED
39 70418-1 MOUNTING PAD XQ3
40 2 M38527/3-02N MOUNTING PAD X01.X02
41 1 M38527/4-03N MOUNTING PAD XUl
42 | AR SN63WRMAP3 SOLDER
43 | AR MIL-I-46058, TYPE UR | CONFORMAL COAT
44 | 2 RNC55H1503FS RESISTOR 150K R10,R27
45| 1 RWRBOSTR82FS RESISTOR 1.82n 2U R22
46 | 1 RWRBOS1ROOFS RESISTOR, NOMINAL VALUE, 2W (19min) | R23
471 1 M39014/01-1593 CAPACITOR s 1UFE “SEL ECT" cl12
48 | 1 M39003/01-2848 CAPACITOR 4.7UF "SELECT" C12
ACTUAL PART MAY VARY DUE TO AVAILABILITY. SEE ECO 711-260 FOR ALTERNATE VALUES
REF | ~ TP70521 TEST PROCEDURE
REF | ~ 70522 SCHEMATIC
REVISION STATUS OF THIS SHEET
LETTER A B & D
DATE [-28-45 | 9. 18-20| 3157 | £-3-83
ECO NO. [1a51 i35 | 277 | 5¢2




=5 | 3 2 et 1
S REVISIONS
9 EﬁWD (‘f?}’ﬁmé TG ﬂﬂUjfﬂG ZONE | LTR DESCRIPTION DATE APPROVED
/ AIR GAF A | RELEASED PER DRN 71108 3-14-79 | o
' /_ ‘ B | REVISED PER ECD 71194 6679 | W
] (& C | REV., PER ECO T1/-30T7 s.12-80 | W
RTV@ D | REVISED PER. ECO-403 2-26-81 | o
E | REVISED PER ELD'S 452,463 | 8-0-81 | o
F | ADDED -2 PER ECO-257 -2 | o
G | ADDED -3 PER ECO-537 2-19-33 | YW
H | REVISED PER ED Gl14 10-21-83 |-\
J | REVISED TABULATION 8-29-95 | 94
- THERMISTOR BODY MUST STICK ouT it
TABULATION
PART NO, "DESCRIPTION
T0572- 10 MHZ CRYSTAL
W572-2 | £ MHZ SC CUT CRYSTAL
: § MHZ SC COT CRYSTAL .
70572-3 3% /0% -_
705724 | 3 MHZ SC CUT XTAL €3xI0-%a
WITH FAST WARM-UF TSTR

ORIENT TERMINALS AS SHOWN

NOTES—UNLESS OTHERWISE SPECIFIED
I. BOND CRYSTAL TO HOUSING USING
JTEM =2. :
CURE AT Z HOURS AT 60°C TU W°C,
OR 24 HRS AT ROOM TEMPF,

LOCATE THERMISTOR NERR SURFACE
AS READ

(¢) 2 PLAceS
AS READ

SEE SEPARATE PARTS

L/IST NO. 70572-7%s -

UNLESS OTHERWISE SPECIFIED

DIMENSIONS ARE IN INCHES
TOLERANCES ARE:

FRACTIONS DECIMALS ANGLES

* XX & =~

XXX &

m“1m/

T uhkimes 11872 |  rpySTAL THERMOSTAT ASSY

CHECRED Lo evovarnsl 7-06-791

X
o5- /e mico-e N SIZE | CODE IDENT NO. |DRAWING NO REV |
o512 e T B | 55761 70572-%| T
MEXT ASSY USED ON L z
APPLICATION DO NOT SCALE DRAWING scale %/ ISHEET I of |
@) SEni S A A 2 A o ]— 1



FSCM NO.

D oo |[PARTS LIST [55761| PL 705721

IRVINE, CAL., 92715

LIST TITLE:  cRYSTAL THERMOSTAT ASSY CONTRACT NO. ‘ SHEET
: 20F2_

A S e

1 1 70543 HOUSING, CRYSTAL

2 - = NOT USED

3 1 70408 CRYSTAL

4 1 © 70573-1 TRANSISTOR (.. ... Q10

5 1 70498-2 THERMISTOR, RUGGEDIZED RT1

Gt 2 70276 TERMINAL,, HERMETIC

7 1= NoT vSED

8 | AR 70424--15 SCOTCRWELD 2Zib

9 | AR 70424-4 ADHESIVE

10| AR 70411 THERMAL JOINT COMPOUND

11| AR 70424-13 STLICONE RIIRRER-BTV-734 -DOM_CORMTNG

REVISION STATUS OF THIS SHEET

LETTER | A B e Dl It s ~ & | H J Kol

DATE 6699 | 7599 | 219.99 | 11199 | 22051 | 51481 | 821581 | 6-13-83 | 11]20/8) (02T | 9-1-B7

ECO NO. |7/-94 |7132 |2Fi9¢ |71-235 | 403 | 443 | | 564 | 1093 | 1194 |13/9






