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WARRANTY

"The seller warrants that each item furnished under this Order

will at the time of shipment be free from defects in materials
furnished and workmanship performed by the Seller. This warranty

is limited to either granting credit or repairing or replacing at
Seller's option with reasonable promptness after return to Seller
any articles or materials which are disclosed to Seller's satis-
faction to be defective, and only if said articles or materials

are returned to the seller promptly after discovery of such de-

fect and in no event later than 18 months from the date of

delivery thereof. Normal transportation charges in connection

with items returned shall be at the Seller's expense only if the
Seller is responsible under the terms of this warranty. This
warranty does not extend to any item which has been subject to
misuse, neglect or accident, nor does it extend to anything which
has been repaired or altered by other than the Seller. THIS WARRANTY
IS IN LIEU OF ALL OTHER WARRANTIES EXPRESSED OR IMPLIED, AND THE
RIGHTS AND REMEDIES PROVIDED HEREIN ARE EXCLUSIVE AND IN LIEU OF ANY
OTHER RIGHTS OR REMEDIES. 1IN NO EVENT SHALL SELLER BE LIABLE FOR
CONSEQUENTIAL DAMAGES."
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SECTION 1
INTRODUCTION & SPECIFICATIONS

1. INTRODUCTION

1.1 DESCRIPTION

1.2

The Efratom Model M-100 Rubidium Frequency Standard (RFS), Part Number
(P/N) 70502-1, is a sub-compact, light weight, atomic resonance-controlled
oscillator. The unit provides a pure and stable 10 MHz sinusoidal signal
from a 10 MHz voltage-controlled crystal oscillator (VCX0), which is ref-
erenced and locked to the hyperfine transition of Rubidium 87 (Rba7). The
reference element is an optically-pumped integrated rubidium vapor cell,
contained within the physics package. For the standard Model M-100 this
technique provides long-term stability of S_leo-llfmonth (£ 3.6x10°10 for
first year) improving to < leo-loiyr starting with the second year; if or-
dered with the low-drift option the long-term stability is < 1x107 1!

Short-term stability is rated at £ 3:{10_11 rms averaged over a one-second
period.

The M-100 was designed to be used by the military as a Master oscillator
in high-performance communication systems, frequency standard equipment,
advanced navigation equipment, and all other systems which require ex-
tremely precise frequencies and time intervals. With the proper input
power provided, and suitable cooling provisions, the M~100 can be used as

a free-standing secondary frequency standard for laboratory and testing
purposes.

MANUAL CONTENT

This manual contains all of the pertinent information concerning the
operation and field maintenance for the Model M-100, Efratom P/N 70502-1.
A Model M-100 with a Part Number other than 70502-1 is a modified unit.
If a modified unit differs operationally from the standard unit an adden-
dum will have been added. If an addendum has been added, it is important

to read the addendum prior to reading this manual.

If an addendum has not been added for a particular Efratom P/N, it can be
assumed that the unit modification did not affect the unit's operation.
The Efratom P/N is located on the nameplate label, between the 10 MHz
output connector Jl and the rectangular input/monitor connector J2.

1-1
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1.3

1.4

1'5

1.6

CONNECTORS

All necessary connectors for inputs and output/monitoring signals are
easily accessible from the cover of the M-100. The input power and signal
monitor connections are to the rectangular connector J2, P/N M28748/7-
DOOFlA, which mates with rectangular connector P/N M28748-/8-D10LIA. The
10 MHz output is from the SMA-series coaxial connector J1, P/N M39012/61-
3001, which mates with SMA-series coaxial connector P/N M39012/55-3006.

Mating connectors for Jl and J2 are supplied with each unit.

ELECTRICAL PROTECTION
The electrical protection features of the M~100 include internal diodes to
protect against reversed-polarity inputs and input-power transients (high

amplitude). The 10 MHz output and all monitor signal outputs have short-
circuit protection.

AVAILABLE OPTIONS

(a) Fast warmup, < 5 min to reach final frequency :_2x10-10 @ 25°C.

(b) Low-noise (5 MHz @ 1 vrms into 50 ohm load): > 125 dB @ 10 Hz
from carrier, > 155 dB @ 300 Hz from carrier.

(e) Low-drift, < lxlo-llfmonth.

(d) Heat sink, Efratom P/N 70577

SPECIFICATIONS.

The pertinent performance specifications for Model M-100 are listed in
Table 1l.1.
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TABLE 1.1. 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) > 135 dB at 1000-Hz from carrier
Harmonic Distortion: 30 dB Down

Non-Harmonic Distortion: 80 dB Down

10

Warmup: < 10 minutes to reach 10 MHz + 2x10 '~ 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 vdc (50 v, 50 ms transient).
Power: 10 watts max. at 25°C with 26 vdc input.

< 1);10-11 for + 10 Z input voltage change.

STABILITY

Long-Term Drift: < 6x10_11 for the first month after 14 days of continuous
operation. < 3.6 x 10-10 for the first year, total period;
£ 2x10ﬁ10 for the second year.
Short-Term Stability: oy(tr) = 3 x 164 5 (1"%) for 1 sec { t < 100 seconds
Magnetic Field: < 3 x 10"13/AM-1 worst case orientation (2.4 x 10_11/Gauss)

GENERAL
Frequency Trim Range Adjustment: > 3 x 10_9
Operating Temperature: < 3 x [0 Feon -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 1b max. without heatsink

4.5 1b max. with standard heatsink attached.
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SECTION 2
INSTALLATION

2. INTRODUCTION

2'1

2.2

2.3

2.4

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 foampacked container. The unit
was 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 connectors). If damage is discovered, or
if the unit fails the Operational tests, notify the carrier, and Ball
Corp., Efratom Division, 18851 Bardeen Ave., Irvine, CA 92715. Telephone
(714) 752-2891; Telex 685-635. Retain the shipping carton and the foam—

packing material for the carrier's inspection.

SHIPPING

If 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 foampacking 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 baseplate has been drilled and tapped to facilitate installa-
tion. Although the unit is shipped ready for installation, a heat sink
and sufficient airflow must be provided to ensure that the unit 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 using the supplied mounting screws, but the

mounting screws should not be allowed to penetrate the baseplate more than
0.2 inches (5mm).

2-1
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2.5

2‘6

2.?

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:

Ta = +68°C - Vi I, Ry

Where: Vs= Supply Voltage in volts.
IS= Supply Current in amperes.

R = 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 optimum signal-to-noise ratio the maximum ac ripple
voltage to the input of the unit must be less than 100 mV peak-to-peak
during normal operation. During the warm-up period a higher ac ripple is
acceptable, but at no time should the input voltage + ac ripple be higher/

lower than the input power limits stated.

MONITORING SIGNAL OUTPUTS.

Figure 2.1 illustrates the pin connections for the Winchester connector

J2, 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 (connected to enclosure)

0% OV Oos oOm 0"" os
O OT @* @- On 08 o

ey
FIGURE 2.1. Winchester Cdpnector\and Pin Arrangement.

INSTALLATION CONSIDERATIONS.

Whether the unit is to be installed in a system, or used as a freestanding
frequency standard, some consideration must be given to the operating
location. If the signal-to-noise ratio and/or non-harmonic distortion are
considerations, the unit should not be installed near equipment generating
strong magnetic fields such as generators, transformers, etc.

2-2
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3. INTRODUCTION

SECTION 3
OPERATION AND FUNCTIONAL TESTS

3.1 TEST EQUIPMENT

M=-100

The test equipment required to perform functionmal 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

DC Power
Supply

3.2 Digital
Multimeter

(DMM)

3.3

lator Test Set

3.4 Resistive Load

3.5 Timer

Atomic Oscil-

Output Voltage: 0 To 30 vde

Output Current: 3.0 amp

Voltage Range : 0 To 30 vdc
Accuracy: + 1.25% iv
Resistance Range: 0 To 150 ohm

Accuracy: N/A

Input Frequency: 10 MHz

Accuracy: _-I:_lxlO_11

Stability: parts in 1012

Feed-thru type 50 ohm

Capable of indicating 1 min to
15 min '

Hewlett—-Packard
6296A or 6433B

Fluke 8000A or
8020A

Efratom TS-105A
or TS-105

Hewlett-Packard
10100C or Pomona
Electric 4119-50

Any wristwatch

or wall clock

3.2 OPERATION

With the output connector J1 terminated with a 50—ohm resistive load, and

the required input power applied to the pins L (+) & P (=) of connector

J2, the unit will immediately begin producing a 10-MHz signal from the

VCX0.

be locked to the atomic reference frequency.

5=1

Within 10 minutes after application of input power, the VCX0 will
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500
@RES:STNE LOAD
W  a®
1
ADJ. o

M100

FREQ
ADJ

(o]
> Lt L+ D876+ 1.3Y0(]
- J

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 Winchester
connector J2; if the UUT has a different connector arrange-
ment, make the described conmections 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.

3. uur 3.2
D € POMER SUPPLY

DNM
P & H

D G TGJO ® 0
&

Figure 3.2 Test Setup for Atomic Resonance Lock Test

3.3.2 Adjust the dec power supply controls to obtain a 26 + 1.3 vdc indication

on the DMM. Note the time (item 2.5) 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.

3-2
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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 3.4 dotted-line
connection). Monitor the DMM indication during warm-up.
NOTE
During warmup 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 +3 and +17 vdec.

NOTE
If the DMM indication is not between +3 and +17 vdc refer to
Section 5, Maintenance, paragraph 5.13 steps 5.13.1.1
through 5.13.1.9 or 5.13.1.1 through 5.13.4.4, as necessary,

for the adjustment procedure.

3.4 OPERATIONAL FREQUENCY ACCURACY TEST

3.4.1 Connect the equipment as shown in Figure 3.4.

3.2 E:!i 1.1 3.3

ATOMI
DMM o be 0SCILLATOR
M-100 POWER TEST SET
SUPPLY
ey uuT
9P 9 ® O @
L =5

Figure 3.3 Operational Frequency Accuracy Test Setup.
3-3
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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: i_2x10_10 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 = 2):10"10 warmup
+/- last calibration accuracy, or 5x]0_11 factory setting at

*
shipment (whichever is applicable) + aging specification.

The UUT requires 1 hour stabilization time to obtain the
following accuracy: i.2x10-11 of final frequency or fre-
quency at turnoff (if turnoff was within 24 hours). 1f UUT
was in storage, the worse case error = 4 2x10711 warm-up +/-
last calibration accuracy, or 5x10—11 factory setting at
shipment, whichever is applicable + *aging specification.

£ Aging Specification:

Standard 4-100: < 6X10™'!/month; M-100 with high-stability option:

£y 24 i /month (refer to the Table 1.1, Specifications).

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-1ine 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 see Allan Variance test results).

3-4
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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.

( E

Miao
FREQ
42 ADJ
S R

Figure 3.4 Location of M-100 Frequency Adjustment

3.4.7.2 Using the appropriate alignment tool and monitoring the test set
indication, rotate the adjustment screw clockwise or counterclockwise as
necessary, until the test set display indicates the M-100 is within the
required tolerence (or + leﬁ_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,

Section 5, Subsection 5.14 or 5.15, as necessary.

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 3.5.1.

3.5.1 Connect the equipment as illustrated in Figure 3.4.

3-5
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3.5.2 Adjust the dc power supply controls to obtain a 26 + 1.3 vde indication
on the DMM.

3.5.3 Allow sufficient time for equipment to stabilize. See Note following
paragraph 3.4.3. :

3.5.4 1f necessary, press the test set's ADVANCE switch to unblank the
display, then press the RESET switch to obtain the READY message.

3.5.5 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 1.1.

3-6
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SECTION 4
THEORY OF OPERATION

4. GENERAL

4.1 THEORY OF OPERATION
The Model M-100 Rubidium Frequency Standard utilizes the ground-state hy-
perfine transition of the rubidium atom, at approximately 6.8 GHz. In
order to use this atomic transition, the oscillator incorporates a rubid-
ium cell, a rubidium lamp, and servo electronics to control the frequency
of a VCX0. The oscillator combines the performance of the basic quartz
crystal with a frequency comparison scheme to an atomic resonance fre-
quency, the hyperfine frequency. In this manner, the atomic standard
behaves like a crystal oscillator for time periods shorter than the servo
loop response time, and like an atomic oscillator for time periods greater
than the loop response time. The inherently stable atomic resonance is

therefore used to servo out the quartz crystal aging and a host of other
environmental effects.

The rubidium atomic oscillator is a passive device, meaning that the atoms
themselves do not produce a self-sustaining oscillation. The physics can
be viewed in its simplest form as a series-resonant tank circuit that is
resonant at the hyperfine frequency (approximately 6.8 GHz for rubidium
atoms). The voltage source driving the tank is the microwave input coming
from the modulator/synthesizer, and the LCR components are the rubidium
atoms. The atomic resonance is detected by optical means and involves a
process known as optical pumping, by which atoms are raised to a higher

state through absorption of light energy coming from the rubidium lamp.

The crystal oscillator (VCX0) is locked to the rubidium atomic resonance
at be = 6.834 682...GHz in the following manner. A microwave signal,
having a frequency in the vicinity of be, 1s synthesized from the nominal
10 MHz VCXO output. This microwave signal is used to resonate rubidium
atoms that are present in a sealed glass cell (the Rb resonance cell) in
the form of a vapor that is placed inside a low Q microwave 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.
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The frequency of the signal applied to the microwave cavity can be

maintained equal to f . by generating an error signal when the microwave
frequency differs from frp and using this error signal to servo the VCXO
via its control voltage.

The error signal is generated in the optical package (physics package) as
follows. Light from the rubidium lamp, produced by an rf excited plasma
discharge, is passed though the rubidium resomance cell where it interacts
with rubidium atoms in the vapor. After passing through the resonance
cell, this light is incident upon a photocell. When the applied microwave
frequency is equal to fry’ the rubidium atoms are resonated by the micro-
wave field in the cavity, causing the light reaching the photocell to
decrease, illustrated by the left, upper most curve in Figure 4.1, This
decrease in light, when the microwave frequency is equal to the very-
sharply-defined (Qgy 107) rubidium frequency, is then converted electroni-
cally to an error signal with amplitude and phase information that is used

to steer the VCXO via its control voltage and to keep it on frequency at
10 MHz.

When the light from the rubidium spectral lamp strikes the photocell, a
current proportional to the intensity of the light is generated. By mod-
ulating the rf signal injected into the resonator, the light striking the
photocell will vary at the modulation rate, and the photocell output

current will vary at the same rate.

The method of modulation used to locate the minimum photocell output
current and thereby lock the VCXO to the atomic reference frequency is to
frequency modulate the rf, at 127 Hz, prior to injecting the rf into the
resonator. The 127 Hz modulation results in an alternating output from the
photocell when the injected rf is not equal to frp+ When the rf is <fppe
the photocell current contains a component at 127 Hz ; likewise when rf is
>th a 127 Hz component is also present, but its phase i1s inverted. When
the rf being injected is exactly equal to fgb.the 127 Hz modulation varies
the light signal around the null point of the photocell current (minimum
light = minimum photocell current). When the light signal varies around
the photo current null point the photocell output varies at twice the
fundamental frequency, or 254 Hz, illustrated by the lower three curves

and the center curve in Figure 4.1.
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It is this 254 Hz signal which is used to generate the lock indicator
signal, indicating that the unit is operating normally. If the rf signal
drifts off frequency (rf < > be ) the photocell signal contains a 127 Hz
component which for small offsets is proportional to the offset. The
phase of the 127 Hz signal indicates if the rf is <fpy or >fpp and the
phase information is used to servo the VCXO in the proper direction until

the synthesized rf = be-

ALTERNATING
PHOTO [y
CURRENT COMPONENT OF

PHOTO CURRENT
& 127 Hz
11 '1

f\f\ 254 Hz

| f
2
|

| MODULATION (127 Hz)

ldF\'.b \'tlnb i>l'nb

A — -

‘ap=6834 GHz
Figure 4.1. Derivation of Modulation Signal

4.2 BLOCK DIAGRAM ANALYSIS
As illustrated in the block diagram Figure 4.2, the Model M~100 contains
the following five Assemblies:
(a) Servo board assembly Al.
(b) Physics package A2, (A2 includes the resonator, resonator thermostat
board assembly A2Al1, and the lamp board assembly A2A2).
(c) Power supply board assembly A3.
(d) Oscillator board assembly A4.
(e) Synthesizer board assembly AS5.

In order to more easily understand the operation of the M-100, the fol-
lowing is written in the logical order-of-operation (with the exception of
the power supply which is covered last), and not in the numeric order of

the assemblies.

4-3



Section 4 M-100

4.2.1 Oscillator Board Assembly A4,

The 10-MHz voltage-controlled crystal oscillator functions as the ref-
erence oscillator to provide a stable 10 MHz signal to the output con-
nector and to the input of the frequency synthesizer assembly AS5. A
control voltage from the servo assembly is applied to a varactor diode to
shift the frequency over a range of approximately l.5x10_6 to maintain a
10 MHz output. The oscillator board contains a 10 MHz quartz crystal
~mounted in a thermal oven, the heater controller, an oscillator cireuit,
and output buffer amplifier.

The VCXO crystal is ovenized to improve its natural stability, and fre-
quency locked to fpy primarily to improve its long-term stability. The
temperature coefficient of the crystal is minimized by elevating its
temperature to approximately 80°C, and holding that constant with the
crystal heater controller circuitry. After atomic lock is obtained, the
frequency of the oscillator is slaved to the atomic resonance of the

rubidium atom via the VCXO control voltage from the servo assembly.

The output buffer amplifier provides isolation for the oscillator cir-
cuits. The buffered 10 Mz signals are transformer coupled to the output

connector J1 and to the synthesizer assembly AS.

4.2.2 Synthesizer Assembly AS5.

The synthesizer assembly produces the 6.834 682...GHz signal, from the
VCX0 10 MHz output, which is compared to fp, within the physics package.
The VCX0's control voltage is determined by the results of the comparison

between the synthesized rf and the fp, Signal developed in the physics
package.

The 10 MHz signal from the VCXO is applied to both a tripler circuit and a
sinewave to TTL conditioning circuit on the synthesizer assémbly. The 10
MHz signal which was multiplied to 30 MHz by the tripler circuit {is phase
modulated at 127 Hz rate, and then applied to a doubler circuit which
produces a 60 MHz signal, modulated at the 127 Hz.

The 10 MHz signal which was conditioned into a TTL signal is divided and
recombined to produce a 5.3125 MHz TTL signal. This signal is combined
with the phase-modulated 60 MHz signal and coupled by coaxial cable to a
harmonic generator/step recovery diode within the physics ﬁackage.

4-5



Section 4 M=100

In addition, the synthesizer assembly provides control over the strength
of a magnetic field around the resonator cavity, called the C-field. The
C-field is used as the fine tuning for the Rb output frequency. The C-
field control is temperature-compensated as a function of the resonator

temperature, reducing the temperature coefficient of the M=100.

4.2.3 Physics Package A2.

The function of the physics package is to provide the correct signal to
the servo board in order to control the frequency of the VCX0. The
physics package contains the components required to produce the atomic
reference frequency (6.834 682 ... GHz) to which the 10 MHz VCXO output
is referenced and locked. The physics package consists of the resonator
cavity, the resonator thermostat board A2Al, the Rb lamp oscillator board
A2A2, and the Rb lamp and lamp housing assembly.

The 60 MHz and 5.3125 MHz signals from the synthesizer board are applied
to a harmonic generator/step recovery diode (CR1). When CRl conducts it
produces the harmonics of the 60 MHz and 5.3125 MHz signals. The funda-
mental frequency and the harmonic frequencies are fed to the resonator
cavity (resonant cell) via a resonant loop. The resonant cell and loop
are tuned to select the 114th harmonic of 60 MHz minus 5.3125 MHz, which
corresponds to the resonant frequency of the rubidium. The response of
the atoms is detected by the photocell which supplies the correcting

signal to the servo board from E13 and El4 located on the resonator
thermostat board.

Resonator Cavity.

The resonator cavity contains the Rb cell, and a photocell (CR2). The Rb
cell is a specially designed glass cell which contains a mixture of rubid-

ium isotopes and various gases which are used to provide the reference
frequency.

The photocell is a silicon photodetector. The photocell is placed behind
the Rb cell, directly in the light path of the Rb spectral lamp. The
photocell detects variations in the Rb light intensity which are < 0.1% of
the overall intensity of the light. If the synthesized microwave signal
is not exactly equal to be indicating that the VCXO output is not exactly
10 MHz, the photocell output signal is electronically converted into an
error signal which is used to steer the VCXO to exactly 10 MHz.
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The temperature of the cavity is elevated and maintained at approximately
75°C by two heater transistors and a thermistor mounted on the resonator,
operating in conjunction with the circuits on the resonator thermostat
board. A coil wrapped around the resonator cavity provides a magnetiec
field around the resonator cavity. This magnetic field is called the

C-field. The adjustment of the C-field is used for fine-tuning the output
frequency of the M-100.

Resonator Thermostat Board AZAl.

The resonator thermostat regulates the temperature of the resonator cavity
by regulating the power to the heater elements mounted on the resonator
cavity. A thermistor mounted on the resonator cavity acts as a temper-

ature sensor and forms part of the feedback network for the thermal
control circuit.

Lamp Oscillator Board A2A2.

The Rb lamp oscillator board consists of the lamp exciter circuits and
lamp-housing heater circuits. The function of the lamp oscillator board
is to ignite and maintain ignition of the Rb spectral lamp, and to provide

control of the required heating necessary to maintain the lamp housing at
approximately 115°C.

The lamp exciter circuit provides an rf excited plasma discharge which

ignites and maintains ignition of the RS spectral lamp. The lamp exciter
circuit is a tunable oscillator, operating at approximately 80 MHz. The
actual frequency of oscillation is determined by a tuned LC tank circuit,

with. the L component being a coil permanently mounted in the lamp housing.

Rb Lamp Assembly.

The Rb lamp assembly consists of the specially fabricated Rb spectral
lamp, the Rb lamp oscillator coil, and the lamp heater and temperature
sensor elements. The Rb spectral lamp produces light of the proper wave-
length to interact with the rubidium atoms contained within the Rb reso—
nant cell. The Rb lamp coil is permanently mounted within the Rb lamp

housing in such a way that it surrounds the Rb lamp when the lamp is
installed into the housing.
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4.2.4 BServo Assembly Al.

The primary function of the servo assembly is to translate the photocell
output signal into the correct control voltage for the VCX0 in order to
maintain the precise 10 MHz oﬁtput frequency. The control voltage is
derived by comparing the phase of the 127 Hz modulation signal with the
phase of the photocell output signal. The 127 Hz modulation signal, a 127
Hz reference signal, and a 254 Hz reference signal originate in the servo
assembly. The secondary function is to provide the monitoring signals for

the Rb lamp operation, the atomic resomant lock circuit, and the VCXO

control voltage monitor.

A CMOS oscillator/divider on the servo assembly provides the 127 Hz modu-
lation signal for the synthesized rf introduced into the resonmator. The

oscillator frequency of 8.128 KHz is divided into the required 127 Hz and
254 Hz reference signals. The 127 Hz modulation signal is waveshaped into

a2 sinewave on the servo assembly, and coupled to the synthesizer assembly
to modulate the rf.

The photocell output from the physics package is routed to a dual stage
current amplifier on the servo assembly. The photocell output signal is
254 Hz when the unit is in the locked mode of operation, or 127 Hz while
the unit is obtaining lock. The first stage of amplification conditions
the photocell signal, and provides the lamp voltage monitor signal avail-
able at the output connector J2 pin B. The output of the second stage of
amplification is used for the phase comparison.

The phase detector is a triple two-channel CMOS analog switch which func-
tions as a synchronous demodulator. The 127 and 254 Hz reference signals
control the synchronous switching of the two switches, while the third

switch is controlled by the level of signal from the lock monitor circuit.

4.2.5 Power Supply A3.

The internal power supply accepts +22 to +32 vdc input power and provides
+20 vdc filtered and regulated power for the M-100 electromics, +21 vdec
filtered, and floating power for the Rb lamp heaters; in addition to pro-
viding the unregulated, filtered voltages for the oscillator heater and
resonator heaters. The input voltage line is fuse and diode protected

against reverse-polarity inbuts.
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SECTION 5
MAINTENANCE

5. INTRODUCTION.

This section of the manual provides detailed procedures and instructions
for performing all maintenance 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).

5.1 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. 1In
the event that the required test equipment or a suitable substitute is not
available it is recommended that the unit be returned to the factory for
service.
Table 5.1 REQUIRED MAINTENANCE TEST EQUIPMENT
Item Minimum Use Specification Test Equipment f
5.1 DC Power Supply Voltage: 0 to 30 vdc Hewlett Packard
Accuracy: Output monitored 6296A or 6433B
Current: 0 to 3 ade
Accuracy: Output monitored
5.2 Digital Voltage: 0 to 30 vdc John Fluke
Multimeter Accuracy: + 1.257 iv 8600 opt 01
(DMM) Current: 0 to 3 ade
(2 required) Accuracy: + 1% iv
Resistance: 200 ohm range
“Accuracy: N/A
5.3 Reference Qutput: 10 MHz EFRATOM FRT-H
Frequency Accuracy: S_lxlo_ll/month,
Standard long-term drift
5.4 Linear Phase Comparison range: 1 part Tracor 888
Recorder in 10? to 1 part in 1011
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Table 5.1 REQUIRED MAINTENANCE TEST EQUIPMENT {cont.)

M-100

Item

Minimum Use Specification

Test Equipment

5.5 True RMS

Voltmeter

5.6 Spectrum Analyzer

5.7 Multifunction

Counter

5.8 Strip Chart

recorder

5.9 Oscilloscope

5.10 Resistive Load

5.11 Atomic Oscillator
Test Set

Range: 0 to 1 vrms
Input Frequency: 10 MHz

Accuracy: * 3%

Range: 20 Hz to 100 MHz
Bandwidth: 300 KHz

Perform time interval
measurement using external
time base.

Periods Averaged: 1. to 105

Provide Data output

Span Range: 1 mV to 1 V

Range: DC to 100 MHz

Type: Feedthrough
Impedance: 50 ohm

Accuracy: + 0.5 ohm

Input: 10 MHz
Accuracy: :_leO_ll

Hewlett Packard
3403c¢C

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

Fluke 1910A-02

Hewlett Packard
7132A or

Texas Instruments
PRIMAl6AFR

Tektronix 465 or

7704 MOD 129F with
7A26 Vert. P/1 and
7B53A Time Base P/I

Pomona Electric
4119-50 or
Hewlett Packard
101004

Efratom
TS-1054
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5.2

3.3

5“‘

5'5

M-100

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.
Calibration of the M-100 is accomplished by performing the tests described

in Section 3, in addition to the tests in subsections 5.6 through 5.15 (as
required).

TROUBLESHOOTING.

In the event that a major section or the complete unit is inoperative,
troubleshooting will be necessary. Table 5.2 lists the most common
malfunctions and the recommended checks. In general, internal adjustments
have only a limited range and are designed to compensate for minor varia-
tions 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
section.

Since the operation of some circuits is dependent on proper operation of
other circuits, troubleshooting must be performed in the sequence given.
If the trouble indicates a possible malfunction of a specific board,
perform the troubleshooting procedure on that board. If the trouble
cannot be found by any other means, perform the measurement tests
described in Tables 5.3 through 5.7 in sequence until the trouble is
located. 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,
and that the results of the performance tests be made a part of the per-
manent 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.
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NOTE
If the UUT has a heatsink attached, remove it prior to be—

ginning the test sequence.

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

5.6.1 Connect the equipment as shown in Figure 5.1

50 ohm
5.1 L. (t g:19 ATOMIC OSCILLATOR TEST
DC POWER SUPRLY wuT 6.11
ot 42
L4 L
+O O o cr—l
_.
!
* - * -
- DMM 1 oMM 2

Figure 5.1. Warmup Current, Frequency Accuracy, and Input Power Test
Configuration.

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 5 hours.

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

Also, continuous operation of the atomic oscillator test set

is preferred over warmup.

5.6.4 Ensure that the atomic oscillator test set has been operating at ambient

temperature for at least 2 hours, press the RESET push button to begin the
test.
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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.

11

If the indicated offset is greater than i_SxIO— s, adjust the UUT Fre=-

quency Trim potentiometer (as described in Section 3, steps 3.4.7.1 and

3.4.7.2) to obtain an in tolerance indication. If an in tolerance indi-

cation is not possible and the UUT frequency is too low, perform sub—

section 5.14; if the UUT frequency is too high, perform subsection 5.15.

5.6.7 Adjust the DC power supply for minimum output (0 vde), and note the

turn-off time. Allow a minimum of 2 hours before proceeding.

5.6.8 Monitor DMM#1 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.

5.6.9 Record the DMM #2 maximum current indication during the UUT 10 minute

warmup period.
NOTE
The UUT current normally reaches maximum within 2 minutes

after input power is applied.

5.6.10 Verify that the UUT maximum warmup current is £ 2.2 ade.

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 i_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.
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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 setup.
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%,

5.7.4 Press the RESET push button on the Atomic Oscillator Test Set to begin
the Allan Variance tests.

5.7.5 Allow the Atomic Oscillator Test Set sufficient time to display the

Allan Variance for averaging time of | and 10 seconds.
5.7.6 Verify that the Allan Variance for ! second averaging time is

5.3x10-11, and that the Allan Variance for 10 seconds averaging time is
o 1x10”H as indicated on the atomic oscillator test set.
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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 5_3x10'12.

5.7.7 1If 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).

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 Frequency Offset indication.

5.8.5 Locate the UUT frequency adjustment screw access hole (refer to Figure
3.4 if necessary).

5.8.6 Using the appropriate adjustment tool, rotate the UUT trim potenti-
omenter fully clockwise and verify that the frequency offset indication on

the test set increases lelﬂ'_9 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> leU_g of the uut nominal output. Record
the shift from nominal.
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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

Where: Af/f Max = f max - f (test set ref)
f (test set reference)

Af/f Min

5.8.9 Verify that the UUT trim range is 2_3x10_ .

= f (test set ref) — f min

f (test set reference)

9

M=100

5.8.10 Adjust the UUT trim potentiometer to a position which returns the UUT

as close to 10 MHz as possible :_leo-ll.

5.9 OUTPUT LEVEL TEST.

5.9.1 Connect the equipment as shown in Figure 5.2.

i LR TRUE RMS VOLTMETE
D( POWER SupPLY 5.5
8.1 2 n
. - (" (L OVTPUT WPUT
C 0 Q0 Q - ~®
Leb

Figure 5.2. Output Level Test Configuration.

5.9.2 Adjust the DC power supply output controls to obtain a 26 + 1.3 vde

indication on the DMM.

5.9.3 Allow a minimum of 10 minutes warmup 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,

item 5.6,
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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.

5.11 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. Long-term stability is usually expressed as the ratio Af/f, for a
given period of time. A widely accepted method of measuring long-term
stability uses a linear phase recorder to measuring loﬁg-term stability to
plot the phase difference of the UUT versus that of a reference standard.
The slope of the trace on the chart is the frequency offset between the
UUT and the reference standard. The daily offsets can be plotted to show
the long-term stability.
NOTE
Ensure that the UUT has been operating 14 days continuously
prior to beginning this test.

5.11.1 Connect the equipment as shown in Figure 5.3.

uuT 50n 10 FREQUENC; ] . ;
MHZ DIVIDER 2: MHZ Linear
D C PUWER Qutput p
SUPPLY 2o ee{solgre R0 feoarser
e ]
Q0 Q0 ®
6.3
: Reference
UMM 4 . Freauency
by Standard

Figure 5.3. Long-Term Stability Test Setup.
- 5"9
&
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5.11.2 Set the linear phase recorder controls as necessary to obtain a full
scale chart width of 1 usec (phase difference).

5.11.3 Using the following formula, compute and record the average fractional

frequency offset every 24 hours over a period of at least 7 days.

Af = 11-1»

T
Where: Af/f = Average fractional frequency offset.
T1 = Initial phase difference indication.
To = Final phase difference indicationm.
T = Elapsed time between indications.

NOTE
It is recommended to plot the daily offset graphically and
use this plot to estimate long term aging. If less than 30
indications are taken, the long term stability may be

calculated for a 30 day period.

5.11.4 Based on the test results of step 5.11.3 verify that the long-term
stability is < 6x10_11/month.

5.11.5 1f no further tests are required, adjust the DC power supply for

minimum output and disconnect the test setup.

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 + 0.1 vde.

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.
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5.12.5 Adjust the DC power supply controls to obtain a 28.6 + 0.1 vdc
indication on the DMM. Allow the UUT to operate at this input voltage for

at least 15 minutes.

5.12.6 Determine and record the UUT output frequency. Verify that it is
within i_lxlO—ll of the reference frequency of step 5.12.10,

5.12.7 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.

5.12.8 Determine and record the UUT output frequency and verify that it is
within + 1x10~ 1 of the reference frequency of step 5.12.10.

5.12.9 Adjust the DC power supply controls to obtain 26 + 0.1 vde indication
on the DMM. Allow the UUT to operate at this input voltage for at least
15 minutes and record the UUT output frequency.
NOTE
The UUT average output frequency is the Referency Frequency
for steps 5.12.6 and 5.12.8.
5.12.10 Determine and record the average UUT output frequency from the

frequencies recorded in step 5.12.4 and 5.12.9.

5.13 CRYSTAL AGING COMPENSATION.

5.13.1 If the crystal control voltage approaches the end of the control range

of +3 to +17 vdc, 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.

vurt Q
a
5.1
0 C MMER SUPPLY
5.2 P oL OF.H i
sunn i ¢ ? q‘;_?@u SN
90 t l X,
N |
f ‘Jr——"'-—‘
l-r ————————— -

Figure 5.4. Crystal Aging Compensation Test Setup.
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5.13.1.2 Set DMM #1 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 #1 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 1 hour, ensure that DMM #2
indicates approximately 120 ohm and maintains this indication throughout
the remainder of the test. (This indicates that the UUT has locked onto

the atomic resonance frequency.)

5.13.1.7 Refer to Figure 5.5 to locate the UUT crystal trim adjustment (C5).

500
@ RESISTIVE LOAD

Eo 6
TRI
ADJ. 2
M100
FREQ
ADd
o
o{P—  L+Dhpr szna
.

Figure 5.5. Crystal Trim Adjustment Location.

5.13.1.8 Usihg the proper adjustment tool or insulated screwdriver, slowly
rotate the crystal trim adjustment to obtain a voltage indication, on DMM
#2, of approximately +9 vdc. 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 with

the crystal trim adjustment proceed with step 5.13.2.

5=12
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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.

connector end of the outer cover.

Then remove the four (4) screws and related washers from the

outer cover.

5.13.3 Locate C8 on the oscillator board assembly A4. Refer to Drawing No.

70512

5.13.3.1 Locate and remove adjustment capacitor A4C6+ from the synthesizer

board

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 C6 on the oscillator
board. The compensation capacitors are designated A4C6+ and
A4C6- (4if two (2) were necessary) and are located on the
synthesizer board assembly A5. 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 (<+3 vdc) perform
Subsection 5.13.3, if the crystal control voltage was found
to be too high (>+17 vdc) DO NOT perform subsection 5.13.3,

but perform subsection 5.13.4.

-2.

assembly.

Carefully slide the UUT out of the

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 approximately

the center of its range.

5.13.3.4

readj

5.13.4 Locate C6 on the oscillator board.assembly Ab. Refer to Drawing No.

70512

Using the method described in steps 5.13.1.1 through 5.13.1.9

ust the control voltage to approximately +9 wvde.

-2¢
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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 C6 is set to approximately

the center of its range.

5.13.4.4 Using the method described in steps 5.13.1.1 through 5.13.1.9

readjust the control voltage to +9 vdec.

5.13.4.5 Secure the UUT outer cover by reinstalling all of the screws and

washers removed in step 5.13.2.

NOTE
If during the performance of Section 3, Subsection 3.9,
Operational Frequency Accuracy Test, or Subsection 5.6
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 5x10q11
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 and synthesizer schematic Drawing No. 70516
as required 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, perform the required steps in subsection 5.14 and
omit subsection 5.15. If the UUT output frequency was found
to be too high after adjusting R35 fully counterclockwise,

omit subsection 5.14 but perform subsection 5.15.
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5.14 UUT OUTPUT FREQUENCY LOW COMPENSATION.

ri?-#(! .r'll)dMMA!. JUMPER"®
¥ R37 A

7 N4
o’} 38 :

[#]

. R35

E18 E15 Ei4 EI3/ EIZ E

o ¢ o 1‘ e ©°

o-—b---0z--b.uu0--u0
<

H“* E10

Figure 5.6. Location of Frequency Correction Compensation Jumpers on

Synthesizer Board Assembly.

5.14.1 Remove the UUT from its outer 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.

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 E16, E15, or El4, perform subsection
5.14.3. If a jumper is connected between E10 and either El6
or E15 omit subsection 5.14.3 but perform 5.14.4. 1I1f E10 is
jumpered to El4, omit subsections 5.14.3 and 5.14.4 but

perform subsection 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, as necessary.

9=15
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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 E10 terminals, and
carefully solder the jumper in place.

5.14.3.4 Replace the UUT outer cover and secure with two (2) screws and

washers removed in step 5.14.1.

5.14.3.5 Perform the steps in subsection 3.9 to adjust and verify that the UUT
output frequency is 10 MHz + leo'll.

5.14.3.6 Secure the UUT outer cover by reinstalling all of the screws and

washers removed in step 5.14.1.

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

5.14.4.1 Remove the existing jumper between E10 and either El6 or E15

terminals.

NOTE
Moving the jumper from EIO/El6 to EIO/E15 or EIQ/E15 to
E10/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. I

5.14.4.3 Lay the jumper across the EI0/E15 or E10/El4 terminals as illustrated

in Figure 5.7 and carefully solder the jumper in place.

5.14.4.4 Replace the UUT outer cover with two (2) of the screws and washers

removed in step 5.l14.1,

5.14.4.5 Perform the necessary steps in subsection 3.9 to adjust and verify
that the UUT output frequency is 10 MHz i_leO-ll
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5.14.,4.6 Secure the UUT outer cover by reinstalling all of the screws and

washers removed in step 5.14.1.
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:

5.14,5,1 Locate and determine the value of R37 on the synthesizer board

assembly. Refer to Appendix B, Drawing No. 70515.

5.14.5.2 Calculate the new required value for R37 using the following formula:

40
R37new = Af + 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 outer cover and secure with two (2) of the screws and

washers removed in step 4.15.1.

5.14.5.6 Perform the necessary steps in subsection 3.9 to adjust and verify

that the UUT output frequency is 10 MHz + 51{10"ll

5.14.5.7 Secure the UUT outer cover by reinstalling all of the screws and

washers removed in step 5.14.1.
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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.

r fz.c&x’ %wmg “JUMPER"
£

ek
. 83; r;

E18 E15 E14 E13/ETZ ET]
o ¢ o }(u -]

/

i
\./.
R35

O=— ‘---G.::- ot - EEEY - 1

T
-
-
-

@
E10
Figure 5.7 Location of Frequency Correction Compensation Jumper on Synthesizer
Board Assembly.
NOTE

Terminal E15 is normally jumpered to E10 at the factory,
(dotted-line connections in Figure 5.7). If a jumper is
installed between E10 and either El4 or E15 perform sub-
section 5.15.3 and omit subsection 5.15.4. If a jumper is
installed between E10 and E16 omit subsection 5.15.3 but
perform 5.15.4. It may be also necessary to perform 5.15.5).
If E10 is not jumpered to either El4, E15, or El6 omit

subsection 5.15.3 and 5.15.4 but perform subsection 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
longo

5.15.3.2 If EIO/El4 are jumpered, remove the existing jumper and lay the new
Jumper wire across the E15 and corresponding ElO terminals. If E10/ELS
are jumpered, remove the existing jumper and lay the new jumper wire
across the E16 and corresponding E10 terminals.
5-18
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5.15.3.3 Carefully solder the jumper wire in place.

5.15.3.4 Replace the UUT outer cover and secure with two (2) of the screws and

washers removed in step 5.15.1.

5.15.3.5 Perform the necessary steps in subsection 3.9 to adjust and verify
that the UUT output frequency is 10 MHz + 5x107 .1

5.15.3.6 Secure the UUT outer cover by reinstalling all of the screws removed
in step 5.15.1.

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 irom, remove the jumper across the
E10/E16 terminal.

5.15.4.2 Replace the UUT outer cover and secure with two (2) of the screws and

washers removed in step 5.15.1.

5.15.4.3 Perform the required steps in subsection 3.9 to adjust and verify

that the UUT output frequency is 10 MHz i_leO_ll.

5.15.4.4 Secure the UUT outer cover by reinstalling all of the screws and

washers removed in step 5.15.1.

5.15.5 If no jumper exists between E10 and El4, E15, or E16 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:

40
R37 new = A f 40
f + R37 Original
Where: Af = Anticipated negative frequency shift in parts of 10“9.
f
R37 = K ohms



Section 5 M-100

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 outer cover and secure with two (2) of the screws and

washers removed in step 5.15.1.

5.15.5.4 Perform the required steps in subsection 3.9 to adjust and verify

that the UUT output frequency is 10 MHz i_leO—ll.

5.15.5.5 Secure the UUT outer cover by reinstalling all of the screws and

washer removed in step 5.15.1.

5.16 SOLDERING TECHINQUES.
SN63WRMAP3 solder, per QQ-5-571, 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. 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.

5=-20
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Table 5.2 Troubleshooting Guide

Malfunction

Suggested Checks

Unit completely
inoperative (no 10 MHz
output, VCX0 = 0 Vdc).

Verify input Voltage = 22.5 to 32 Vdc

Check connections at J2.

Check A3 power supply for +20 Vdc at the
collector of Q9 (mounted on frame assembly,
see drawing 70570,  Use standard circuit
tracing techniques to isolate trouble to a
specific stage or component.

Weak 10 MHz output
or no output.

Check J1 connections to A4.
Check oscillator circuit (schematic 70513).

Mo atomic resonance
locked operation.

Check lamp for correct ignition voltage.
AITP1 4.5-11Vdc (when lamp is ignited)
A1TP1 2.1 Vdc (before lamp ignition)
Ignition in the wrong mode (indication is
similar to a hot lamp). Restore to normal
mode by turning input power off and then on.

Check +20V input current to lamp. 135-155 ma
is normal and can be adjusted with A2A2C5
(drawing 70507).

Check Synthesizer circuit (schematic 70516).
E3 10 MHz 2.2V nom. (Check Oscillator circuit
per schematic 70513).

E5 127 Hz 300-500mV p-p (Check Servo-circuit
per schematic 705-138).

TP9  5.3125 MHz.

E7-E8 60 MHz 15-25V p-p.

Check Servo circuit (schematic 705-138).

TPl 4.5-11 Vde (Check Optical Path per Physics
Package schematic 70519).

E8  127Hz £ 1 Hz 300-500mV p-p.

U3 pin 7 15 Vdc.

U7 pin 7 12 Vdc.

E6 2.5 to 16.5Volts, 8 Volts nominal.

Verify resonator operation at A5SE6,E7 with 10KQ
in series with DVM. 1.5-2.8 normal (see drawing
70519).
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Table 5.3 Servo Board Al Test Measurements

Test Point Test Frequency Typical
To Ground Parameters Range Waveform
El +20 = 0.2 Vdc

E2 Ground

TP1 4.5-11 Vdc

TP2 250 mV p-p min. 254 + 2 Hz Sine Wave

TP3 2.5V p-p 254 + 2 Hz

VARV

TP4 2.0V p-p 127 + 1 Hz _J\,_J\r__

TPS 2.0 Vdc for
return sweep
7.0 Vdc¢ for
normal sweep

TP6 4.0V p-p 254 + 2 Hz Sine Wave

7 4.0 V p-p 254 + 2 Hz _\’_J_‘.U_

Typical Best

E6 2.5 - 16.5 Vdc
9V Nominal
E7 < 1K@ to Gnd Atomic Locked operation
only
E8 300-500 mV p-p 127 £+ 1 Hz Sine Wave

322
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Table 5.4 Synthesizer A5 Test Measurements
Test Point Test Frequency Typical
Parameters Range Waveform
El +20 + 0.2 Vde
E2 Ground
E3 2.0V p-p min. 10 MHz Sine Wave
ES 300-500 mV p-p 127 £+ 1 Hz Sine Wave
TP1 2.5 V p-p nom. 10 MHz Sawtooth
M o
TP3 6.0 V p-p 30 MHz /rIJ/WU/ﬁL/fIJ/rI//]3d1st1nct
peaks
TP4 2.0 V p-p 30 MHz Sine Wave
TPS 4 V p-p nom. 60 MHz Sine Wave
TP6 8.0 V p-p 60 MHz Sine Wave
TP8 15 V p-p nom. 60 MHz Sine Wave
P9 800 mV p-p nom. M
Ul, Pin 14 4,7-5.3 Vdc
Ul, Pin 5 & 13 3.0V p-p 5 MHz Square Wave
Ul, Pin 1,2,4 3.0 V p-p 312.5 KHz Square Wave
ul, Pin 8 3.0 V p-p 5.3125 MHz Square Wave

5723
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Table 5.5 Oscillator Board A4

Test Measurements

M-100

Table 5.6 Power Supply A3
Test Measurements

Test Point

Test Parameters

Test Point

Test Parameters

El
E2

20+02VDC
Gnd

El
516 22¢ 5"32de

24+ 1.2VDC (5%)
26 £1.3 VDC (5%) (Fast warm-

E3 22.5-32vdc Specified nominal input voltage up only)
E4 2.5-16.5 VDC QscC 20 +0.1VDC
TP2 100-200 mv p-p Ul26.2+0.2vdd 6.5+£0.2VDC
TP3 1-10 VDC Ul-6 10 £ 1 VDC (Dependent on
TP4 1.2 V p-p load and input supply)
TPS 1.2 v p-p QIC < 0.6 V normal load
E5-E6 2.0 V p-p min. QiC = 1,7 V minimal overload
E7-E8 +30% El5 18.0-28.3v

0.5Vims _,,o Into 509 CR4 Anode 19+1VDC

leoad
Table 5.7 Lamp Board A2A2
Test Measurements
Test Point Test Parameters

El +20 = 0.2 Vdc
E3 18.0-28.3 Vdc (depen-

dent on Input Voltage
El at A3El

135-155 ma Input current]
CRI Anode \8ed 8ol

Temp at Base
of lamp

1.0-1.9 vde

112-116°c(Note: RF
affects reading on most
meters).
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5.17 SAMPLE TEST DATA SHEETS.

Model: Efratom M-100 Rubidium Freguency Standazd

M=-100

Serial No: Date:
Manual ; MEASURED VALUES |9 Tolerance Limits
ng? FUNCTION TESTED NOMINAL FARST NUN L 5EC0RD RUN TOL
(1) (2) (3) (4) (5 (8) (7)
3,3 Atomic Resonance Lock-on
3.3,2 [ Time Input Power Applied Note Time:
3.3.6 Time to Lock-on < 10 min < 10 min.
3.3.8 Control Voltage 3 to 17vdq >3 < 17 vdc
3.4 Operational Freq. Ac:uraci
3.4.7 Frequency Offset 10 MHz % 5:x 10722
-39 Short-Term Stability
3.5.6 1 Second Averaging _ 10 MHz +3x 10t
10 Second Averaging 10 MHz £ 1x 107
5.6 Warm-up Current, Frequency Accuracy|and Inpufl Power Tedts
. 5.6.2 DMM #1 Indication Note exact DMM#1 Ind,
5.6.6 UUT Frequency Offset Record Offset
5.6.7 Turn-off Time Note Turn-off Time
~.6.8 Turn-on Time > 2 hr Note Turn-on Time
5.6.9 DMM #2 Ind. at 10 min Record
5.6.10 |UUT Max. Warm-up Current |< 2.2 Adc
5.6.11 |UUT Frequency Offset Record Offset
5.6.12 |0ffset Difference 2.2 % 10720
5.6.14 |pMM #1 Note Indication
5.6.14 |pMM #2 Note Indication
5.6.16 |> 1 hr operation power < 18 W
S.7 Short-Term Stability
5:7.6 1 Second Averaging 10 MHz + 3 x 1011
10 Second Averaging 10 MHz tofuge 1 11
5.8 Trim Range Test
5.8,6  |Trim Pot Fully CW Increase 21 x10”°
5.8.7  |Trim Pot Fully CCW Decrease 21x10°
5.8.9  |Trim Range 3x 10 23310°
5.9.6 Output Level Test
5.9.4 OQutput 0.5 Vrms 0.45 to 0,65 Vrms
510 Harmonic/Non Harmonic Distlortion Tesgts
{_$J10 Harmonic Distortion > 30 dB Down
5.10 Non Harmonic Distortion > 80 dB Down
5-25 PAGE 1 oF 2
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Médel: Efratom M-100 Rubidium Frequency Standard

_M-IUO

—

Serial No: Date:
Manual : MEASURED vaLues _ 1¢ Tolerance Limits
Dara FUNCTION TESTED NOMINAL o
No. FIRST RUN |SECOND RUN
(L) @ (3) ) (s () n
5,11 Long=Term Stahility
5,.11.4 10 MHz ¢t 6x 107t
5.12 Voltage Varjation Test
5,12.4 126 +0,1 vdo I Rgcord
SR e Recorgeg * IxI071! of Ref,
5.12.6 28.6 * 0.1 ¥dc Input UUT Freq Step 5:}3.10
ord + 1x10 of Ref.
5.12.8 | 23.4 + 0.1 vde Inpur HfFF.q Stap-5.12.16
5.12.9 |26 £ 0.1 vde Input 6598
M_Ane:ageimmngr_nf-&aps—s—lz“ jand 5,12,19 Use as Ref.
PAGE 2 OF
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M | REV PER ECD-350 8-5-80 | 1w/
M| REY PER ECO - %) 9- 15 €& “‘} £,
P| REV PER EC0 434 4-3-51 | &
R | REN PER _ECO- 4// L-1Fg) | W
7| RY PR ECO 464 /-7 g-7-£1 | v
U REVISED PER Eco 477 49/ Ivo-Fz | dhto »
REYISED PER EQ 583A B-883 | s
REV
!I-lll-T
rev starus | REY LY NLP
OF SHEETS SHeet / 2 3

CONTRACT NO.

APPROVALS

DATE

< EFRATOM

APYD

o dilhinec |17 PARTS L/ST -
N bty 0 78 FINAL ASSEMBLY

APVD

S$IZE [ CODE IDENT NO,

A | 55761

DRAWING NO.

FL 70500-] | ¥

37

SHEET /

or %

FORM NO.0OS

8/77

M-100
+




2. EFRATOM e
<@ il | PARTS LIST [ss761) pLzns0p-
LIST TITLE:  pinal ASSEMBLY . CONTRACT NO. | SHEET
M-100 1.30F§.

ITEM| QTY | FSCM PART OR IQENT DESCRIPTION

NO. |[REQD| .NO. NUMBER REFERENCE
1 1 J05-183-1 SERVO ASSY Al

2 1 70518-3 PHYSICS PACKAGE ASSY A2
auelh 70509-1 POWER SUPPLY ASSY | A3

v 70512-2 OSCILLATOR ASSY A4

s |y 70515-2 SYNTHESIZER ASSY AS

6 1 70570-1 . FRAME ASSY

7 1 70525 SHIELD, OUTER COVER

8 1 70526 SHIELD, OUTER LID

9 1 70571-1 BASEPLATE ASSY

10 1 70535-1 NAMEPLATE LABEL

11 [REF 70549-1 OUTLINE DWG

12 |REF 70548-3 WIRING DIAGRAM

13 |REF 70501-1 SCHEMATIC DIAGRAM

14 |REF 70502-1 SPECIFICATION

15 1 70569 SUPPORT, LAMP HOLDER

16] 2 70425-3 SCREW, M2x6

171 6 70414-4 WASHER, FLAT, M2

18] 6 70414-13 WASHER, LOCK, M2

19 NOT USED

20} 39 | 70425-8 SCREW M2.5x5

21] 8 70425-9 SCREW M2.5x6

22| 4 70425-11 SCREW M2.5x10

23| 4 2 70426-34 SCREW, BRASS M4x8

241 55 | 70414-6 WASHER, FLAT M2.5

25| 4 70414-9 WASHER, FLAT, BRASS M4

26] 55 70414-14 WASHER, LOCK M2.5

27| 4 70425-4 SCREW M2x8

28| 4 70588 BLOCK NUT

29] AR MIL-W-16878,TYPE E WIRE, 24 AWG, STRANDED

30| AR SN63WRMAP3 SOLDER

31| REF ATP 70500 TEST PROCEDURE




Z. EFRATOM g
W it | PARTS LIST |ss7e1/PL_z0500-1
LIST TITLE:  FINAL ASSEMBLY : CONTRACT NO. SHEET
M-100 3or3_
No. |rReap| ‘NO. Plﬂ:u?“ll';l:ENT DESCRIPTION REFERENCE
32 | AR 70424-3 POLYURETHANE FOAM
33| 4 70425-12 SCREW M2.5 x 12
| 34| 1 M39012/55-3006 CONNECTOR COAX (MATING PLUG) P1
35 ) M28748/8DI0L1A CONNECTOR (MATING PLUG) P2
6 AR 70424-9 FOAM. POLYESTER
7| 1 CCROSCHERBOR ° CAPACITOR, 6.8PF A4C6+
38| AR CCROSCXXXXXR | CAPACITOR, SELECT VALUE A4C6-
39| AR 70424-5 EPOXY
80| 1 M39014/01-1572 CAPACITOR 6800 PF c3
al . NOT USED _
42| 1 M$35431-1 LUG, SOLDER
43| AR M17/93-RG178 CABLE, COAX
aa| AR 70422-2 TUBING, SHRINK, 1/8
45| AR 70422-3 TUBING, SHRINK, 1/4
a6 | AR 70414-24 WASHER, INSULATING, FLAT
47 | 2 70414-25 WASHER, E.T. LOCK
48 HOT USED
49 | NOT USED
50 NOT USED
51 NOT USED
52 | 1 70593 FOAM SEAL - RESONATOR
53 [ 1 70595 INSULATOR, FOAM - OSCILLATOR
54 | AR {M39014/01-1572 CAPACITOR 680OPF
55 | AR LOCKTITE NO. 222 . ADHESIVE SEALANT (PURPLE) MI1-S-46163




APPLICATION RIVISION
NIXT ASSY USED ON LTR DESCRIPTION DATH APPROVAL
A | RELEASED £o0-5834 520 -27 |
B | ReviseD £0-598 103)-83 | o
C | REVISED FER £0 6374 121243 g7
REV
SHEET
riv starus | *Y |CIC I BIA
OF SHEETS
sunar | /1 213 14
CONTRACT MNO.
7 N
APPROVALS DATI <v EFRATOM
,%Mr-zaﬂ - FARTS LIST-
e : : STANDARD SERVO ASSY
APYD iz CODE IDINT NO. | DRAWING NO.
A 55761 PL 705-153-1]

SHEET |/

or &

FOrm NO.00S

8/77



EFRATOM FSCM NO.
wss1 manoeen ave | PARTS LIST |55761| PL 705-153-1
IRVINE, CAL., 92718
LIST TITLE: CONTRACT NO. SHEET
SERVO ASSEMBLY 4
e = I T e
1 1 705-155 PRINTED WIRING BOARD
2 12 CCROS5CG101JR CAPACITOR 100 PF c17
3 |1 M39014/01-1353 CAPACITOR 560' PF €10
4 |2 M39014/01-1357 CAPACITOR 1000 PF cs,7
515 M39014/01-1572 CAPACITOR 6800 PF €1,2,3,20,21
6 |1 M39014/01-1575 CAPACITOR .01 UF C30
7 |1 M39014/02-1356 CAPACITOR .22 UF c33
8 | 12 M39014/01-1593 CAPACITOR .1 UF C6,33,27-29,35-40,42
C R M39014/02-1419 CAPACITOR 1 UF C34
10]1 M39003/1-3006 CAPACITOR 10 UF c4
1] 4 M83421/01-1142S CAPACITOR .047 UF C24,25,26,31
12| 4 M83421/01-1171S CAPACITOR .l UF €13,14,15,16
13| 2 M83421/01-1252S CAPACITOR 1 UF cs,22
14 3 RCRO7G220JS RESISTOR 22 % w R54,73,74
15 NOT USED
16| 2 RCRO7G3331JS RESISTOR 3303 w R77,78
1711 RCRO7G915JS RESISTOR 9.1 MEG 1 W R63
18| 5 RCRO7G105JS RESISTOR 1 MEG ¥ W R37,50,51,56,61
19 2 RCRO7G475JS RESISTOR 4.7 MEG } W R6S,76
201 RNC55H2740FS RESISTOR 2741 1/10 W RS
211 RNC55H4640FS RESISTOR  -46411/10 W R67
22| 1 RNC55H4990F S RESISTOR 499M1/10 W R2
23|11 RNC55H6810FS RESISTOR 681Nl 1/10 W R6
24| 2 RNC55H1001FS RESISTOR ix 1l/10w R8, 49
25| 1 RNC55H2211FS RESISTOR  2.21K 1/10W R75
26 NOT USED
271 RNCS55H3011FS RESISTOR  3.01K 1/10W R3
28| 2 RNC55H3481FS RESISTOR  3.48 K 1/10 W R20, 66
29 |1 RNCS5H3571FS RESISTOR 3,57 x 1/10W R28
30| 2 RNC55H9091FS RESISTOR 9.09k  1/10W R21,29
31| 4 RNCS55H1002FS RESISTOR 10k 1/10W R24,60,13,52




EFRATOM

18851 BARDEEN AVE
IRVINE, CAL., 982715

PARTS LIST

FSCM NO.

58761 | PL

705-153-1

LIST TITLE:

SERVO ASSEMBLY

CONTRACT NO.

SHEET
3. _4

NO. [REQD| NO. "R:ui\naé:“.r PESCRIFTION MEFERENCE
a2z RNC55H1502FS RESISTOR 15K R4

33| 1 RNCS55H1872FS RESISTOR 18.7K R1

34| 1 RNC55H2743FS RESISTOR 274K R62

35|51 RNC55H2742FS RESISTOR 27.4K R48

36| 2 RNCS55H3322FS RESISTOR 33.2K R17,46

37| 1 RNC55H3922FS RESISTOR 39.2K R47

38| 1 RNCS55H4752FS RESISTOR 47.5K R42

39| 2 RNCS55HS622FS RESISTOR 56.2K (R58 NOMINAL) R18,58

40| 3 RNCS55HB252FS RESISTOR 82.5K R27,57,45
41| 10 RNC55H1003FS RESISTOR 100K R7,9,11,25,32,38,43,79, 4
42 NOT USED

43| 1 RNC55H3323FS RESISTOR 332K RS5

44| 1 RNCS55H4223FS RESISTOR 422K R35

45| 1 RNC55H1004FS RESISTOR 1MEG R59

46| 1 RNC55H2004FS RESISTOR 2MEG R12

47| 5 RNC55HXXXXFS RESISTCR SELECT VALUE R19,22,23,30,36
48| 1 RWRB0S1000FS RESISTOR 100JL 2w R68

49 NOT USED

50 NOT USED

S11°d JANTXIN4153 DIODE CR9

52| 2 70412-2 INDUCTCR 2.2UH 11,2

53 NOT USED

54| 1 JANTX2N5662 TRANSISTOR Q1

55 2 M38510-10703BXC VOLTAGE REGULATOR VR1, VR2
56| 1 70495-1 INTEGRATED CIRCUIT (883/4053BC) v4

57| 1 70496-1 INTEGRATED CIRCUIT (#A725HMWB) Ul

58 NOT USED

59 NOT USED

60| 1 M38510-10104BGX INTEGRATED CIRCUIT us

61| 2 M38510-11005BCX INTEGRATED CIRCUIT (LM124J/883B) U6, U2

62| 1 CD4060BD/3 INTEGRATED CIRCUIT U3

4,t




v

EFRATOM

18851 BARDEEN AVE
IRVINE, CAL., 92718

FSCM NO.

PARTS LIST [s5761

PL 705-153-1

ITEM

LIST TITLE:

SERVO ASSEMBLY

CONTRACT NO.

FECM PART OR IDENT

No. |REGD| NO. NUMBER DESCRIDTION REEERENCE
63| 31 SE16XC02 TERMINAL-TURRET

64| 1 70418-1 MOUNTING PAD XQ1

65| AR 0Q-W-343, TYPE § WIRE ,TINNED COPPER 24 AWG

66| 2 M38527/4-03N MOUNTING PAD XU1,XUS

67 NOT USED

68| 4 70417-1 STANDOFF-PEM

- |ReF 705-154 SCHEMATIC




REVISIONS
TOME | LTR DESCRWPTION E'I'l APPROVED
A | RELEASED PER _DRN _71i08 : 32-12 [ e
B | REVISED PER_ECO THTl £-7-77 st
c | REV PER ECO ™M-209 WeIE-TR| can
D | REVISED _FER ECO 357 BLLBO |7 ww
E REVISED /TEM-il ECD=-3Tl o~ 0.9 b
mEm(i3) 2 PLAGES F I RCSED PER ELD'S 4t 46y . | 878 |
it G | Y. CONNECTOR SCREW POSITIONG ') 2 1] 2 | Mo
W | AEViSED PER ECD - 500-A 41480 |
T | REVISED PER ECO - 395hA 5-11-82 |
h K | REVISED PER E(0-514, 517 340-83 | <&
’ T L | ADDED 1RBULATION __ EO-La8® vicwe | ow

DETAIL A
NO SCALE

ITEM 1T TO BE
MIUNTED FLAT

To mTHIN 2.0/0

=3 PLLS 275

L PLLS

o N

| — SPAAY INSIDE
MTH MOLD RCLEXL
{(ITEM=I1%). BAKE
AT LD°C FOR
112 HR

0090

JNPER WIE
SEE SEPARATE PARTS LIST NO. 70570-M8B

w | 705707 | !

LR SEE DETAIL A
A | On DesCRIEToN | I
TABULATION s o ST e PARTS LIST
INL| THL| SPECIFIED (COMTRACT MO,
PART 0. | DESCRIFTION i [ PortRances M EFRATOM  SISTEMS CORP
70570-1 | LBE CONN PLATIE ASSY T0598-1 SONS | pee - e == v
REX
70570-2 | USE CONN PLATE ASST 70598-2 b e (a2 FRAME ASSEMBLY
2 i la g (72 7T
FINISH SIIL | CODE IDENT HO [DRAWING WO ALY
70500 | MI0D [ |55761 70570-TAB| L
HEXT ASSY USED 0N '
APPLICATION DO NOT SCALE DRAWING st 7| Jsueer 7 06 1

& e 7 Q 4 ] I 1




v

APPLICATION REVISION
NEXT ASSY USED ON LTR DESCRIPTION DATIE APPROVAL
500 Mmoo A L AELEASED PER DRN D08 772719 | 4~
B | FEVISED PER ECO 711 76m 5-29-72
C | #evisep Pere Eco 21132 7579 ¥
21/-13 9
D | fEisED pae e w200 Juxul mys L Fo
£ | REVISED PER EFC(0 357 F-2230 | i
F REVISED ITEM-IL ECD 376 2,360 R
G| KeviED R L0 Fdwe7 | 4T | v
H | ADLED 70400 H)S ITEWN 16,12 7-.3-%) <~
J [ EEMIZED: FER & = FEVISA £-15-272 LW
K | REVISED PER E(D-524, 527 3-10-83 | o~
REV
SHEET
REV STATUS REV K J
OF SHEETS
sneer | /12
CONTRACT NO.
APPROVALS DATE <¢ EFRATOM
MN AW PRRTS LIST —
CH L= r
“gv 3282 FERAME ASSEMBLY
w’?//!(.ef,}nv.-.a. _?'//" ’1.?
APYD SIZE CODE IDENT NO. | DRAWING NO.
: !
x |sste1 Pl 705701 |k
sHEtT /  or 2_

FORM NO.0OOS

6/77




1Y FECA ND
& LA, PARTS LIST 155?61 PL_70570-1_
VINE CAL..982715%
LIST TITLE  FRAME ASSEMELY CONTRACT NC SHEET
20f ¢
! i
e T O | ereneics
i g 70524 | FRAME, ALUMINU:
p g 70531 | BLOCK, ANGLE ?
) 1. 70538 _ i CONKECTOR PLATE ASSY
4 ! 1 70592-1 PLATE, MTG_WINCHESTER CONKN, ASSY
5. i 3 70425-8 | SCREW 2.5 mr
R ETE 70425-9 i SCREW 2.5 m:
7ol 70414-6 WASHER, FLAT 2.5 mm
g - l 14 | 70414-14 WASHER, LOCK 2.5 mm
gy 2 70425-11 ; SCREW 2.5 mm |
0! 2! . 70415-8 L NUT 2.5 mr
AT M38527/8-23P  INSULATOR J
12; 2 i 70414-2 WASHER, SHOULDER
13, ¢ l MS35431-] i LUG, SOLDER
145 118 JANTX2K3740 f_T_R_AESISTOR (MAY USE JARTX2N3741) G2
15, 11 JANTY.2N5662 . _TRANSISTOR a7 L1015
160 1 ] 70420-5 | HEAT SINK  (WITH HARDWARE) | X015
1744 3% 7052 BLOCK.MTG T3 |
18, 2 [ 70414-23 H WESHER-FLAT
16! AF i 70424-11 | MOLK RELEASE  (TFE-20) ;
20| 5 MS35489-4 | GROMMET ;'
215 ] 70410 | CAPACITOR, FEED-THRU, 1500PF C1,C2
220 1 70821-4 LUG, SOLDER _
23] 1! MS35489-1 GROMMET
241 AP 70411 THERMAL JOINT COMPOUND
25| 4 70414-25 WASHER,LNCXING TOOTH
| SRV S 5 g B
SERSa e _.1[.._ o T L :
REVISION STATUS OF THIS SHEET
T T T e I e N R
DATE $i " | T8 | e R0 019208006 g | £ 0 | L7 F | 340-83
[Eco No. ] =32 :;:",f;; B T 307 ;370,4 A R I ] N N




v

APPLICATION REVISION |
____ler ASSY USED ON LTR DESCRIPTION DATHE APPROVAL |
70500 .. miloo A | AELERSED PER &E¢o T7//-/127 §-20-729 | Lo |
B | REY FER ECD 7//+/89. 711-193.711-195] 9-10-79 | Jav |
C | Pev PR Eco i-129 9-2¢79 | e !
D |REV.PERECO 71-Z3/ N-le?o | Ca |
E|EEV PeR. ECco 711260 \-29 %o [ << '
F | REY PER ECO 11-262 2-19-80 | 4w |
G| REV. PEr £CO 111-269 4-18-30| LA
H | REV _Per o 353 /0-1-gv o
| J | REVISED PER ELD /2 1-29-81 |
K | REVISED PER ECH 40)725,%92| 8-10-8] | 0
ADDED PL TABULATION . '
L | REV PER ED-541A i | Earoul
TRABULATION
PARTS LIST R7 R35
PL70515~| 2.74K RTRIZDYI0ZR
PL70515-2 2.74K RJV2FY202 | 10 MHZ UNIT
PL 70515-3 499K RIIZFY 202 | 5mHZ uNT
REY
SHEEY
riv starus | REY LD LT
OF SHEETS Mo / 2 3 4
CONTRACT NO. .
APPROVALS DATE <v EFRATOM
ORON U hsiTrmae 121379 . PARTS LIST
NE 2L useacd 2-1-37 SYNTHESIZER ASSY
APVD 3P 5
APYD L1k 4 CODIE IDENT NO, | DRAWING NO.
A 55761 PL 70515-ms| L
- Mmoo SHIIT | oF &

FORM NO.OO3 ¢/77




FSCM NO.
@ ESE??;%?{‘ PARTS LIST |55761|PL_70515- ms
LIST TITLE:  SYNTHESIZER ASSEMBLY CONTRACT NO. | SHEET
2ok
ool rsen | mamron e | oescmerion
11 70517 PRINTED WIRING BOARD EFRATOM
2311 CCROSCH4R7DR CAPACITOR  4.7PF 13
< | CCROSCH120JR CAPACITOR 12PF c10
2.9 CCRO5CA1500R CAPACITOR 15PF c21
g | 2 CCROSCG220JR CAPACITOR 22PF (C27 NOMINAL) |cCi19, C27
6 | 1 CCRO5CG330JR CAPACITOR 33PF c23
7ol ] CCROS5CG390JR CAPACITOR 39PF c17
gl CCRO5CGA70JR CAPACITOR 47PF c18
9 1 CCROSCG750JR CAPACITOR 75PF c9
10| 2 CCROSCG101JR CAPACITOR ~ 100PF (C28 NOMINAL) | C14,C28
nl 1 CCROSCGXXXJR CAPACITOR  SELECT (47-120PF) 29
12] 1 CCRO5CG272JR CAPACITOR  2700PF €30
13] 1 M39014/01-1340 CAPACITOR  q00pF C16
14] 16 M39014/01-1572 CAPACITOR  6800PF €1,C3-8,11,15
- — €32,20,24,24,25,26,31
15 2 M83421/01-1142S CAPACITOR __ .047UF €2,C12
16] 5 JANTX1N4148-1 DIODE CR1-CR5
v | -JANTX1N5146A DIODE, VARACTOR CR6
18] 2 70412-1 INDUCTOR .15UH_(MS75083-3) L6,L10
19] 1 70412-2 INDUCTOR _ 2.2UH (MS75084-4) L1
| 201 & 70412-4 INDUCTOR 6.8UH (MS75084-10) 14,7,9,12,13
5 H [ 70412-5 INDUCTOR 18UH_(MS75084-15) L2
Llo] 2 70406-3 - INDUCTOR VARIABLE (RED-YEL) L5,L8
Eaaitio 70406-4 INDUCTOR VARIABLE (GRN-YEL) L3,L11
24| 1 JANTX2N2219A TRANSISTOR Q1
| 25| 5 JANTX2N2369A TRANSISTOR Q2-6
| 26| 2 JANTX2N3553 TRANSISTOR qQ7-8
Lol 2 RNC55H56R2FS RESISTOR 56.20 R24,28
28| 2 RNC55H1000FS RESISTOR 1000 R14,19
29| 1 RNC55H1500FS RESISTOR 1500 R13
30| 1 RNC55H4750FS RESISTOR 4750 R27




FSCM NO.
& oM. [PARTS LIST |55761|PL 70515 me
RVINE, CAL., 92715
LIST TITLE:  cYNTHESIZER ASSEMBLY CONTRACT NO. | SHEET
Iios&_
oo Tret | rnmnT | sescamon
3Nl 1 RNC55H6810FS RESISTOR 681 R2
32| 3 RNC55H1001FS RESISTOR 1Ko RS, 40,30
33| 1 RNC55H1871FS RESISTOR  1.87Kq R16
34! 6 RNC55H3401FS RESISTOR  3.4Kn rR8,| 11,12,18,23,41
35| 1 RNCS5H5231FS RESISTOR  5.23Kn R9
36| 1 RNC55H5621FS * | RESISTOR __ 5.62Kg R10
37] 1 RNC55HE191FS RESISTOR  6.19K2 R17
38| 1 RNC55H1002FS RESISTOR 10KQ R6
39| 1 RNC55H1003FS RESISTOR  100Kq R3
40| 4 RNC55HXXXXFS RESISTOR  SELECT (1002-12kQ) R31,-34,37,33
41 1 RNC65H1 330FS RESISTOR 133 R29
42| 2 RNC65H1001FS RESISTOR 1K R21,22
43| 1 RNC65H1501FS RESISTOR 1.5k R26
44| 1 RNC65H1871FS RESISTOR  1.87KQ R15
a5( 1 RNC65H2741FS RESISTOR  2.74KQ R1
46| 1 RNC70H4750FS RESISTOR 4750 R25
47] 1 RNC70H6810FS RESISTOR 6812 R20
48| 1 | RWRB152740FS RESISTOR 2748 R4
49| 1 70406-7 TRANSFORMER _ (6-PIN) 1
50| 1 JM38510/30001 /BCX INTEGRATED CIRCUIT ul
51] 1 70494-1 INTEGRATED CIRCUIT u2
] JM38510/00201/BCX - | INTEGRATED CIRCUIT U3
53| 4 70416- 3 TERMINAL, SOLDER  (BIFURCATED)
| 54 1 70420-1 HEAT SINK
55{ 2 70418-1 MOUNTING PAD (T0-5) XQ1,7
56| 5 M38527/3-02N MOUNTING PAD (T0-18) XQ2-6
57| AR SN63WRMAP3 SOLDER QQ-S-571
58] 1 70561 WASHER ,MYLAR X08
59
60| AR MIL-1-46058 TYPE UR | POLYURETHANE (CONFORMAL COAT)
61] 1 RNC55H2740F S RESISTOR 2740 R42




<¢.

EFRATOM

FSCMm NO.

18851 BARDEEN AVE PARTS LIST 55761

IRVINE, CAL., 92715

PL_70515-18

LIST

TITLE: - SYNTHESIZER ASSY

no. |rean] No. PAH;UiHléI;EHT DESCRIPTION REFERENCE

62] 1 RJ12FY202 POTENTIOMETER 2KQ R3S (72Z17°%

63| 4 70417-1 STANDOFF

64 [REF 70516 SCHEMATIC

65 |, NOT USED ) _

66| 1 RNC55H3321FS RESISTOR _3.32K NOMINAL R36

671 1 RNC55H1301FS RESISTOR  1.30K R38

8l 1 RNC55H221 1FS RESISTOR  2.21K R39

69 1 RNC55H8450F S RESISTOR  845Q R32

70| 31 SE16XC02 TERMINAL ,SOLDER

7111 RNCS55H2741FS RESISTOR 2.74 K R7 (70515-2)
S22 RNC55H4991FS RESISTOR 4.99 K R7 (70515-3)

ACTUAL

PART MAY VARY DUE TO AVAILABILITY. SEE ECO 711-260 FOR ALTERNATE VALUES




e
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REVISIONS
TomE | LTR DESCRNFTION DATE APPROYED
. : A | RELEASED PER DRN 71110 [ 31379 |'iafferce..
B | REVISED PER_ECO 712 T4579 Pl —n
124 K AOMINAL C | REVISED PER_ECO 7180 LT3 | P
(r317) “JUMPER® Z PLLS D | REVISED FPER_ECO_11-iZ7 2073 |
£ | REVISED PER _E(D_NI-189 s w | D
oyt £ | ADDED NOTE -8 9-21-73 | ik
_4]%_ G | REVISED TERMINALY R £r0_J83 10-1-80 | dad
= W | AREVISED_PER ECO ™= /2 1-2%-81 | s
! T | AEVISED ER PWS REVDIT 7-3-0 e
ADDED NOTE-2 L TASULATION -
! | Per_£0-5914 il il (8
]
] .
22 Pues, ]
C
-+ TRIM LEADS O MAX
. |
! H
i 4 PLACES
' | '
(]
= X
[ e 14 TABULATION
‘\@ PAAT N0, | DESCRIPTION 7 0
. SPECIEIED —=1.38 MAX F0515-1 | USES WIRE wounD PoT R35 (1K A 274K 9}
NOTES-UNLESS OTHERWISE CONPUIENT 05152 | USES CEAMET PoT R33 (2¢) 214K O
I. FOR SCHEMATIC DIAGRAM\ SEE DWG No. 705lb. HEIGH oo [ VsEs ceRmiT FaT RIS (IKY__|49K ~~
2. REFERENCE DESIGNATORS ARE FOR REFERENCE ONLY AND el
MAY NOT APPEAR ON THE COMPONENT PAAT. T
3. INSTALL COMPONENTS PER MIL-STD-275, INCLUDES B
SWACING OF SOLDER TERMINALS.
4 SOLDER PER REQT 5 OF MiL-STD-45%. SEE SEPARATE PARTS LIST NO. 70515-TAB. —
5. CONFORMAL COAT BOTH SIDES PER MIL-I-#4058, 7€ UK. (S0 S | womenam. | O DRsCIPTION | |
MASK OFF ALL SOLDER TERMINALS AND MOUNTING HOLES. =N PARTS LISt .
S S AR HCPCS e
4 TEST PER EFRATOM TP 705/5. DIMERSIONS, ARE Q EFRATOM
> MARK * 55701 ASSY 10515 REY _PER MIL-STD-130. SRSV RS & e e o
A BowD COMPONENTS (2,C12,R1,12,,15,25,26.1% 3320 T OV o ichere |27 SYNTHESIZER ASSEMBLY
UsinG TRABOND 24T . CURE 35 MINUTES mINIMUM CRECRD () o mpeel 3472 A
AT LO D T0°C. £
RESISTOR VALUE OF R7 IS #.99K onN (N0 TINISH Silt [ CODE IDENT MO |ORAWING NO. RV
A=A 0w NOISE OSCILLATERS ™ ASSY 70515~3 . 70500 MO0 o
NEXT ASSY usED on i iC 5576l ?OSISﬁ’] K
APPLICATION DO NOT SCALE DRAWING scoae 2/ | areso0 Jsueer 1 o 4
| - & ~ | 1




REVISIONS
JONE | LTR CESCRIFTION DATE APPROVED
A | RELEASED PER DR~ T1i08 3-5-19] WK
‘—‘“ = B | REVISED PER _ECO 127 72 | et
_+ C | REV. PER ECO TN-263 ¢ mno | B
A A D | REVISED FER £r0-312 , 383 53080 | v
. TR LEADS .06 MAX D\ neviokD MR £Co-17 2080}
| Seese———m e T | F| REVISED PER_ECD 457 ges | g
S Y + - = 18 G| REVISED Per &£co- 47+ | B | e |
. i — 2] e H | REY PER ECO-475 - 3-11-82 | e
“’ﬂﬁ?gﬁ'}r i === : £ J | IEY FER ED-59F B-8-83 | Y
=1 are =T e i i |
Ty — .

MSTALL K33 AT LocaTioN oF L3

— 4races (G INSTALL LB AT LXCATION OF RIS
ON -3 ASSEMBLY ONLY.
Y JH A D) =2 {2 [0 ] (7¢) 23 PLACES
OB, (T O]
" ARAPRES
et
S s )
-ﬂ) ¢ E ¢y |, —O + MACES
VDR T TG 1 O o
_ @,elm -“® |
oy L 1
G ~ER Lo Jl {]
Lo @@ - -y
@._ J .:.nr S o OE L - L
€= -Oemidf
an
DO T RIUTE USE STRANDED WHE WHEN USING THE CRYSTAL WITH
Loyl : WIRE LEADS, THE LEADS ARE TO
NOTES-UNLESS ATHERWISE SPECIFIED TERMINALS BE SLEEVED AND LAYED DOWN
I. FOR SCHEMATIC DIAGRAM 3EE DWG NO. 70513. FLAT AGAINST THE BOARD
2. REFERENCE DESICNATORS ARE FOR REFERENCE ONLY AND AssmaJ‘Flﬁiﬁﬂm o VIEW A-A
T PART. !
PONLNET AETEAR Ol CTHEC COMIONER. [z (e — [Z43A[ser 1008 ROTATED 1B0°
3. INSTALL COMPONENTS PER MIL-STD-275, INCLUDES (705723 (Ve 13Y) CHUN | — | 2634|6991 |
SWACING OF SOLDER TERMINALS.
PRR IS R e e SEE SEPARATE PARTS LIST NO. 70512-2.-3 |
5. CONFORMAL COAT BOTH SIDES FER MIL-I-4L058, 7YPE UR. : :
MASK OFF ALL SOLDER TERMINALS AND MOUNTING HOLES. 8] 2% | wammie | O e sch TN | |
PARTS LIST
6. TEST PER EFRATOM TP 70512 . TR T T T I ET R ETE

7. MARK 55761 ASSY 7051t-__REV_. " PER MIL-STD-130 . TOLCRANCES ARE: < EFRATOM

FRACTIONS  DECIMALS ANGLES

c__ wien e OSCILLATOR BOARD ASSEMBLY
3 AR 2.0 VeaddFmos, | 3579
ML CHECKED, 73 o frsemuee | 7% 77
TINISH SIIE | CODE IDENT HO | DRAWING MO v
70500 Mmoo i
NEXT ASSY UYED ON \ 3 C 55?6[ 7051 2 _(IHB] J
APPLICATION DO NOT SCALE DRAWING saw ¥, | gmosaa [aecr 7 ot
B e~ 3 1 = A T
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APPLICATION REVISION
MNEXT ASSY USED ON LTR DISCRIPTION DATE APPROVAL
70500 M100 A RELEASED PER DRN 71108 3-6-79 | 4w
| B | FEVISED PER Fo 164, 71185 F29-79 | jJh
C | AEVISED PR gto 711103 -6-79 | 4o
D |KEVISED PER £co 711 -14] 7-16-79 | Q2
E | REVISED PER E(D M#L17,133,95 | 9-10-79 | <o
F | REV PER E£¢0 11-199 92679 | o
G | REV PER Eco 711-212,-213 10-31-79 | Mt
H | REV.PEE £CO 7/1- 2 20 n-16-79| g2
I | ey Pee eco =259 71-200] \-28-80 | cc
Jd | REY PER ELD 711-243 2-19-80 | K
K| REV. PER ECO 711-249 -4.18-80 | Lh)
L | REV. PER ECD 711- 345 7-15-80| e
M_| REY. PER ECO 7- 368 |G- Sn_QE,
N | REVISED PER Eco 372,383 | 9-30-%0| e ]
P| REVISED &co ¢ |-29-8) | e
R | REV PER EC0-447, -453 L=1-81 |
| T REY PER ECO 466 . iaki g E-0-6l | thr
W Raloseod =3 fcrf-ﬁ}i 452 42 2-24-g/| sw
V | REV PER ECo0-533 340-83 | o
WI| REV PER FE0 25 12-6-83| 2y
REY
SHIET
rev starus | MV WS F
OF SHEITS
SHEERT .I 2 3 4
CONTRACT NO.
=] @ EFRATOM
OMON ) hitmew | 3-¢-79 ' PARTS LIST -
WS, L)z |77 OSCILLATOR BOARD ASSEMBLY -
[aPve ( (Boarp 4)
APVD S1Z1 CODE IDENT NO. DRAWING NO.
A | 55761 PL 70512-2 | W
mioo SHEET | or 4

FORM NO.OOS5 /77




FSCM NO.

% g:%gﬁ;%’ﬁe PARTS LIST |s5761|PL 70512-2
LIST TITLES  1SCILLATOR BOARD ASSEMBLY (A4) CORTRACT NG, i) SHEEY
ITEM|QTY | FSCM PART OR IDENT
NO. |Rean| No. NUMBER BESCRIRTION REFERENCE

Jas{an] 70514 PRINTED WIRING BOARD

pEiEY 70572 CRYSTAL THERMOSTAT ASSY

< ol 1 | CCRO5CHSR6DR CAPACITOR 5.6 PF (NOMINAL) €29

4 |1 CCRO5CG620JR CAPACITOR 62PF co

s 1 2 CCROSCGIB1JR CAPACITOR  180PF €16,C21

6 | 2 CCRO5CGS1TJR CAPACITOR _ S1OPF C11,C10

y A NOT USED

gl 3 CCROSCGXXXJR CAPACITOR  SELECT VALUE €3,C6,C4

917 M39014/01-1340 CAPACITOR  100PF €25

10 M39014/01-1357 CAPACITOR  1000PF C17

111 13 M39014/01-1572 CAPACITOR  6800PF €1,2,7,13,14,15,18,19
el s 20,23,24,27,28

1281 M39014/01-1575 CAPACITOR .01UF 38

130 1 M39014/01-1587 CAPACITOR .047UF 26

4| 2 M39014/01-1593 CAPACITOR  .1UF 12,022

15] 1 PC26J140 CAPACITOR, VAIRABLE 1-14PF 5

16/ 1 |- JANTX1IN5148A DIODE, VARACTOR ‘ CR1

i d 70412-2 INDUCTOR 2.2UH (MS75084-4) L2

18 NOT USED -

9! 1 70412-4 INDUCTOR 6.8UH (MS75084-10) | L6
20| 4 70412-6 INDUCTOR 180UH (MS75085-10) L1,4,5,7

211 3 JANTX2N2484 TRANSISTOR Q1,2,3

22|. 2 [JaurggﬁggjsA TRANSISTOR Q9

2313 JANTX2N2222A TRANSISTOR 05.7,8

S2ali= JANTX2N3635 TRANSISTOR Q6

25 1 RNC55H2000FS RESISTOR 200 9 (NOM. SELECT) R51

26| 3 RNCS5HS6R2FS RESISTOR 56,29 R17,19,25

271 1 RNC55HIORIFS RESISTOR  90.90 R15

| 28] 6 RNC55H1000FS RESISTOR 1002 (R32 NOMINAL) R32,7,9,12,22,50
29 2 RNC55H2430FS RESISTOR  243q (R18 SELECT) R26 . R18
30 1 PNCS5H3320FS RESISTOR 3320 R16




B8

4. EFRATOM

FSCM NO.
P& 235! BARDEEN Ave PARTS LIST |55761|PL 70512 -2
IRVINE, CAL., 92715
LIST TITLE:  SCILLATOR BOARD ASSEMBLY (A4) CONTRACT: o/ | CSHEER
3 oed

ool rsem | mamronietnt{ pescmprion
3] RNC55H3920FS RESISTOR 3920 R28

32| - NOT USED RESISTOR

33| 2 RNCS5H6810FS RESISTOR 6810 R20 ,R53
3l NOT_USED RESISTOR

35| — NOT USED RESISTOR : .

36l 1 RNC55H1181FS RESISTOR 1.18K2 R34

371 1 RNC55H1871FS RESISTOR 1.87K2 R21

38] 1 RNC55H2001FS RESISTOR 2.00K2 R13

39 2 RNC55H4321FS RESISTOR 4.32k0 R27,40

40| 4 RNC55H5621FS RESISTOR 5.62KQ R1,5,6,14

411 1 RNC55H1242FS RESISTOR 12.4Kq R30

42| 1 RNC55H1652FS RESISTOR 16.5KQ R31

43| 1 RNC55H4022FS RESISTOR 40.2KQ R29

44! 3 RNC55H4752FS RESISTOR 47.5K2 R35,R36, 38

45| 1 RNC55H5622FS RESISTOR 56.2KQ R11

46| 3 RNC55H1003FS RESISTOR 100KS2 R3,4,39

47| 2 | RNCSSHXXXXFS RESISTOR SELECT VALUE R2,33 °

48| 1 RCRO7G101JS RESISTOR 1000 RA7

49| 2 RCRO7G241JS RESISTOR 24090 R37,43

50| 2 RCRO7G471JS RESISTOR 4709 R45 .23

511 1 RCRO7G132JS RESISTOR 1.3k R42

52| 1 RCRO7G272JS RESISTOR 2.7KQ RA1

53| 2 RCRO7G103JS RESISTOR 10KR R44,49

54| 1 RNCS5H3323FS RESISTOR 332K R10

55| 1 RNC55H4991 FS RESISTOR 499K NOMINAL RS

56| 1 RNRB1S1R82FS RESISTOR 1.829  IW R48

57| 1 RWR8155110FS RESISTOR 511 W R46

58| 2 70406-5 TRANSFORMER (RED-GRN-BLU=WHT) 12,13

59| 1 70406-6 TRANSFORMER (GRN-RED-WHT-YEL) T1

60| 1 M38510/10103B6X__ INTEGRATED CIRCUIT, OP-AMP ul

61| 6 70416-3 TERMINAL, SOLDER (BIFURCATED)




FSCM NO.
2 A OM . IPARTS LIST |s5761| PL 70515,
IRVINE, CAL., 92715
LIST TITLE:  0SCILLATOR BOARD ASSEMBLY (A4) CONTRACT NO. I SHEET
4 ord_
%
T B = BT T e
g2! 2 70418-1 MOUNTING PAD (T0-5) XQ6,9
63| 7 M38527/3-02N MOUNTING PAD (T0-18) XQ1-5,7,8
| 54| 1 M38527/4-03N MOUNTING PAD (8-PIN) XUl
651 4 70425-3 | SCREW
61 4 70414-18 WASHER, SPRING
67| 4 _70414-4 WASHER, FLAT
68| 4 70414-1 WASHER, FIBER
69| AR 0Q-w-343,TYPE S WIRE, TINNED COPPER, 30 AWG
70| AR MIL-1-22129 SLEEVING, TEFLON, 30 AWG
711 AR SN63WRMAP3 SOLDER
72| AR MIL-1-46058, TYPE UR| POLYURETHANE, CONFORMAL COAT
73 |REF 70513 SCHEMATIC DIAGRAM
74 |REF TP 70512 TEST_PROCEDURE
75| AR MIL-W-16878,TYPE E | WIRE, STRANDED, 30AlG, TEFLON
76 | 27 SE16XC02 SOLDER TERMINAL (TURRET)
77| 1 RNC55H1780FS RESISTOR 1780 NOMINAL R24
78| 1 RNC55H82R5FS _ RESISTOR 82.52 NOMINAL RS2
ACTUAL PART MAY VARY DUE TO AVAILABILITY. SEE ECO 711-260 3 2
FOR ALTERNATE VALUES.




REVISIONS
TonE] LTR DESCRIFTION DATE | AFFPROVED
B | REVISED PER _ECO 21199 &=1-79 | kit
C | 7”£v_PER £C0_T-173 -1 | gd
D | ADDED NOTE -8 711-77 | gt
E | REV PER ECO_Ti1-251 12-3-19 | ce
1 $2) 7 PIAES F | gRev PER EcO 377 -5 [ D
ORIENT SLOT 3 max — o & | REVISED S P 1-19-51 s
APFROK AS SNOMN COMPONENT '
WEIGNT
LS5 — [ N
N 3 ._i_— =
-,,$.- Ry ] N 8_ = 4}
: r@",-‘ RIT .'g @
I C
4 l -
—o] fm— TRIM LEADS TABULATION
0k MAX i—in]
PART AD. DESCRIFTION
70509-1 ADD JUMPER BETWEEN “£1" E£1L° d
3
370509-2 N0 JUMPER AT “EILT d’)§
Q
MNOTES-UNLESS OTHERWISE SFECIFIED o)
I. FOR: SCHEMATIC DIAGRAM S5EE DWs NO3T0510. o
2 AEFERENCE DESIGNATORS ARE FOR REFERENCE oNLY [
AND MAY NOT APFEAR 0N THE COMPONENT FART. ™M
3 INSTALL COMPONENTS PER MIL-5TD-275 ., —
4 SOLDER PER REAT 5 OF MIL-5TD=-434. B
5. CONFORMAL CDAT BOTH SIDES PER MIL-T-+46058, TYPE UK.
MASK EF ALl SOLDER TERMINALS AND MOUNTING WOLES.
_ SEE SEPARATE FPARTS LIST NO.370509-1 =]
é. MARK PART NO. AND REV LETTER PER MIL-5TD-130. Hﬂl o0k | PART OR | NOMENCLATURE | l
7. SOND COMPONENTS CI,3,9,5, CRI L1,2,3,%, L B Ll JOEHTIFYIG 1), > oA ESORETION
15)NG TRABOND ZIZ . CURE 35 MINUTES MINIMIA T 5 T L= ARTS LIST
reomi0°C. DIMENSIONS ARE iy INCHES : @
Q. JLEEVE (R!@ TD PREVENT TwE BsDY FROM I‘;imi A::'};m EPRATOM
TOUCHING- THE EROUND CIRCYIT. e mox = APPROVALS DATE
TR A e XN L ot 479 POWER SUPPLY ASSEMBLY
PR /) or o o< 77 A
4 L-r2
ek e Lfirs
TiMISH L SUTE | CODE IDENT NO. |DRAWING MO
72300 Hi-100 {C |5576l 370509-m | G
NEAT ASST Usio
APPLICATION DO NOT SCALE DRAWING seme 24 | o : Jser + o8 4
§ L a ] 2 4 " l 1
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APPLICATION REVISION
NEXT ASSY USED ON LTR DEISCRIPTION DATE APPROVAL
E | REDRAWN NO CHANGE 7-18-19] OA
F | REV PER £CO 11~ 173, 711-/193 2-10-79 Hw
| & _|REV. PER EDO 711-229 11679 | L4
H | EEV PER ECO 711-25® 9n-200 \-28-8 | cc
J | KEBY Per ECO 71-251+ 239 |2-12-80| <
K| REV. PER ECOTII-269; 2TI |4.18-30 | Jjud
L| REV. PER ECO 711-327 T-14-80 AL
M| REV PER ECO 347 9-12-80 |
N RENKED &0 %/ 1-29-B! | A
P| REVISED Eco-+4) 8T | Wy
R | REV PER ECO-513 340-33| L
REY
SHEET
Riv starus | REV RK'R
OF SHEETS s ’ 23
CONTRACT NO. A
e Tl @ BFRATOM
SR fos | PARTS LIST - |
CHK V1840
e ’ POWER SUPPLY A%8Y
APYD SI1Z1 CODE IDINT NO.

A | 55761

DRAWING NO,

L 70509- R

sHIer |

or 3

FORM NO.QOS

&/77

f




FSCM NO.
S B RATOM |PARTS LIST Is5761| PL 70509-1
. IRVINE, CAL., 92715
LIST TITLE:  pOuER SUPPLY ASSY A3 CONTRACT NO. | SHEET
._z_.OFl..
i aen | et orscmemon
yaili 47 70511 PRINTED WIRING BOARD
2¢1] 9 M39014/01-1330 CAPACITOR _ 33PF c2
6 M39014/01-1572 CAPACITOR __ 6800PF C7,'8,9.10,11,12
4 | M39014/01-1593 CAPACITOR ___ ,1UF cé
18 M39003/01-2951 CAPACITOR __ 2.2UF C1,C5
gl M39003/01-2848 CAPACITOR __ 4.7UF ca
;] ey M39003/01-3026 CAPACITOR  22UF c3
8 | 1 70428 DIODE __ (INS5650A) CRI
9 | 1 JANTXIN825 DIODE CR2
10] 1 JANTX1N4150-1 DIODE R3
11] 1 JANTX1N5301 DIODE CR4
1] .3 JANTX1N5807 DIODE CR5-7
13 2 70412-8 INDUCTOR __ 4.7UH (MS75101-3) L1,L2
0 70412-7 INDUCTOR _ 3.3UH (MS75101-1) L3
15| 1 70412-9 INDUCTOR __ 4.7UH (MS91189-21) | L4
16| 8 JANTX2N2222A TRANSISTOR 02, 14,6,7,8,10,13,14
17) 6 JANTX2N2907A TRANSISTOR Q1,3,5,11,12,16
18 NOT USED
9 NOT USED
20 NOT_USED
21 1 RNC55H1000FS RESISTOR 1000 R27
22| 1 _ RNC55H1540FS RESISTOR 1542  (NOMINAL) R4
23 RNC55H1301FS RESISTOR 1.30KQ R3
| 24| NOT USED
25| 1 RNC55H3241FS RESISTOR  3.24KQ R2
26| 2 RNC55H4321FS RESISTOR  4.32KQ R16,17
271 1 RNC55H2211FS RESISTOR  2.21KQ R23
28] 1 RNC55H3012FS RESISTOR _ 30.1KR R24
| 29| ¢ RCRO7G100JS RESISTOR 100 R18,20,30,31
30| 2 RCRO7G2704S RESISTOR 279 R8,10
3| 3 RCRO7G101JS RESISTOR 1009 RS, 25,28




FSCM NO.
e E,';'Eﬁﬂ%s PARTS LIST |55761|PL 70509-1
IRVINE, CAL., 92715
HST TITLES  DOMER SUPPLY ASSY A3 PAUTAACT Na:iE IR eHRRY
30r3_

o] v | AN ] oscaierion
3240 RCRO7G821JS RESISTOR 820 R6

33| 2 RCRO7G182JS RESISTOR 1.8K R26, R1

| ] R07G222JS RESISTOR 2.2K R9

35| 2 RCRO7G472JS RESISTOR 4.7x R12,13

36| 1 RCR07G682JS RESISTOR 6.8K R19

37203 RCRO7G103JS RESISTOR 10K R11,15,22

38| 1 RCRO7G183JS RESISTOR 18K R14

39( 1 RWR81S1ROOFS RESISTOR 1.0 W R7

30| 1 RWRB0S1R30FS RESISTOR 1.30Q0.2 W R21

41| 1 M38510/101038G X OP AMP U1

42| 7: 70416 -3 TERMINAL, SOLDER (BIFURCATED)

43| 14 M38527/3-02N MOUNTING PAD (70-18)

44| 1 M38527/4-03N MOUNTING PAD (8 PIN)

45| 18 SE16XC02 TERMINAL, SOLDER (TURRET)

ACTUAL PART MAY VARY DUE TO AVAILABILITY. SEE ECO 711-260 FOR

ALTERNATE VALUES.
REF 70510 SCHEMATIC




.4 | 3 2 l
REVISIONS
J ; A = 2-toms }| Periome B | REVISED PER _ECD_771i0] C5-75 | S
! y ¥ i * C | REVISED PER ECD TNI-13le Ti18-19 | W
' TRIM LEADS D | REY _PER ECO T11-177 2473 |
! 0l MAR EIl REV PER ECO 71l -250 12-3-7% | ¢
D : RiA : D F | REV. PER ECO TH-304 s-12-80] D
= @- (11 Q} G | REVISED FER_ECD-35] 5-5-80 | e
-.~
Sall0N ay W | ReEv PER_ECD. 363 (/TEM-57) #1130 | o
X (A : © J | RevisED PER ECO-372 , 382 93080 | W
& ‘\ o Al H| REWMSED £ce €/P i-xrel | W
2 < L2 L [ revisep per eco-39ia FETETH
Y FPER E(D-45% Z-10_§f At
M | AEVISED PER E(0-527A 3-10-33 | dhus
P | REVISED PER_ED L53 [ el al |
+ 26VOC
3°LONe ORN
Do MOT AoureE
| i WIRE BETWEEN
c TEAMMIALS C
' (USE STRANDED WIRE)
FA VIEW - YouT as, ae & al
ONT_VIEW - COMPONENT LAYOUT =7 d3. a6 %
REF
\
a-
FOAM SEAL '-m-
1
<0}
4 REGD O
3PFACER 9]
- '
WAy, (f
NOTES- UNLESS OTHERWISE SPECIFIED nG_YiEW OF Ek,E7,E8
NO ICALE
I FOR SCHEMATIC DIAGRAIN SEE DWE& NO. 10507.
2. REFERENLE DESINATDRS ARE FOR REFERENCE ONLY MICA WINDOW e
AND MAY NOT AFPEAR ON THE COMPONENT PART, n SIDE _VIEW ROTATED 38° (CW A B
3 INSTALL COMPONENTS FER MIL-3TD-275. %, Pk (58) msuLa
¢ SOLDER PER REQT 5 OF MiL-STD-454. &
5 TEST FER EFRATOM TP 7050L. SEE SEPARATE PARTS LIST NO. A 7050L-2 [—
6. MAAK PRAT NO, AND REV LETTER PER MIL-STD-/30. |,§{§"°‘ fove | e AT o8 I NORENCLATURE | I
OVRING THE ASSEMBLY AGING PERMD USE A FIAT WASHER PARTS LIST
IN PLACE OF ITEM 91, SIRING WASHER. AT FINIL UNLESS OTHERWISE SPLCIFILD CONTRACT MO,
RSSEMBLL. INSTALL SPRING WASHER AND PUT LOLTITE, ?g::&i ARE, 1t INCHES
FRACTIONS DECIMALY ANGLES
ITEM 45, ON SCREW THAEADS. n oecm . — —
RAK E:
e Ufh Lo |6°5-79 LAMP BOARD ASSEMBLY
A CHECKED, . ) - R A2R? A
A (wonsp )
FIMISH SIZTE | CODE IDENT HO. |DRAWING NO
7O518-3 M-100 EFRATOM = ;
NEXT ABSY USED ON A BiIVISMON or:on v C 5576' 70508 2 P
APPLICATION DO NOT SCALE DRAWING semt 2/ | Moo Joener 7 or ¢
& e a ] - Iy P l
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APPLICATION REVISION
MNEXT ASSY USED ON LTR PEISCRIPTION DATE APPROVAL
T051%-3 MI00 AC IREVISED ITEM 42 845, ED 653,440 12-20-34 P
REV
SHEET
rev starus | 2Ev JACIM (W
OF SHEETS "
sueet | 112 (3
CONTRACT NO.
A
APPROVALS DATI <V' E PRATO M
bt 31929 PART LIST -
IS i lorage ] 2:09:75 LAMP BOARD ASSEMBLY
APYD %zéz(
APVD 7 | SIZE | CODE IDENT NO. | DRAWING NO.
A 55761 A 70506-2 AL
M0 SHEET | oOF

FORM NO.OOS5 o/77

+




FSCM ND
& i RLTON  PARTS LIST [55761| PL 20506-2
INE, CAL.. 92715
LIST TITLE: | AMP BOARD ASSEMBLY CONTRACT NO. | SHEET
2o0f3.
~ —u
119 70508 PRINTED WIRING BOARD
2 11 70596 WINDOW, MICA
3 | 1 |MOTOR. 705-154 TRANSISTOR, CUT OFF (JANTX2N3375) { 01
1 70576 THERMOSTAT ASSY
B 70597 SEAL FOAM
6 | 2 CCROSCG332JR CAPACITOR  3300PF , 50V 3,8
y 20l a M39014/01-1340 CAPACITOR _ 100PF .| €9
g | 4 M39014/01-1572 CAPACITOR __ 6800PF Bl 6:7:10
i 705-141 POST, TRANSISTOR MOUNT
101 1 M39014/01-1587 CAPACITOR  .047UF €10
S0 I | 70403 CAPACITOR, VARIABLE, 1.5-14PF €5
12 a JANTXINA148-1 DIODE CR1
13] 1 70412-2 INDUCTOR 2.2UH (MS75084-4) L1
14 1 70412-1 .15UH (MS75083-3) L2
151 | 70425-15 - SCREW, METRIC, M3X6
16] 2 JANTX2N2222A TRANSISTOR Q2,3
1721 1 JANTX2N2219A TRANSISTOR Q4
8| 1 RNC55H1000FS RESISTOR 1002 1/10W R30
191 1 RNC55H2430FS RESISTOR 2432 " 1/1CW R4
20| 2 RNC55H3920FS RESYSTOR _ 39201/10MR14, NOMINAL)| R8,14
21| 1 _RNC55H1051FS RESISTOR 1.05kQ  1/10W R9
| 22| 2 RNCS5H4321FS RESISTOR 4.32Kg  1/10M R7,18
23] 1 ‘| RNC55H5111FS RESISTOR 5.11KQ 1/10W R6
24| 2 RNC55H1652FS RESISTOR 16.5KQ 1/10W RS,10
25| 2 RNC55H4752FS RESISTOR 47.5KQ 1/10W R11,12
26| 2 RNC55H1003FS RESISTOR 100K 1/10W R16,17
27| 1 RNC55HXXXXFS RESISTOR SELECT 1/10W R13.
28| 1 RCRO5G61019S RESISTOR 1009 1/8W R25
291 2 RCRO56241JS RESISTOR 2409 1/8M R15,21
30! 1 RCRO5G471JS RESISTOR 4709 1/8M R23
31 1 RCRO5G132JS RESISTOR 1,3k 1/8MW R20




€l

. EFRATOM Sl
& iy sihe | PARTS '—’ST]WG‘ PL_70506-2
LIST TITLE: | AMP BOARD ASSEMBLY CONTRACT NO. SHEET
3ord
ITEM QTY | FSCM PART OR IDENT & ==
NO. ‘REOD NO. NUMBER DESCRIPTION REFERENCE
32| 1 RCRO5G272JS RESISTOR  2.7K2  |/gu R19
23| 1 RCRO5G103JS RESISTOR 10K 1/8W R22"
38| 1 RCRO7G103JS RESISTOR 10K 1/4W R29
5] 2 RWRB151ROOFS RESISTOR 1.00q R26,27
A RWRS1SREIEFS RESISTOR .806 g R28
71 7 RWR81S19REFS - RESISTOR  19.6 @ R2.3
38| 1 RWRB0S5110FS RESISTOR 511 g - -| R24
39| 1 RWR80S1501FS RESISTOR 1.5Kq R1
80| 1 M38510/10103BGX INTEGRATED CIRCUIT Ul
nl 2 70425-4 SCREW (M2 x &m LG. S.S.)
42| 2 70414-19 WASHER, SPRING
43| 4 SE16XC02 TERMINAL, SOLDER
44| 1 705-110 RUBIDIUM LAMP ASSEMBLY
45, ap LOCTITE _#222 ADHESIVE SEALANT (PURPLE) MNhES11% B8 v
46| 1 RNC55H2000F S RESISTOR, 200 1%W R31
47| 1 70418-1 MOUNTING PAD XQ4
48| 2 M38527/3-02N MOUNTING PAD Q2,3
49| 1. | M38527/4-03N MOUNTING PAD XU
50| AR MIL-W-16878, TYPE E | WIRE, 24 AWG, STRANDED
51| AR 70424-7 SILICONE RUBBER-RTV
52| AR S63W-RMAP-3 SOLDER
53| REF 70507 SCHEMATIC
54| — NOT USED — ,
- 55/ 2 70573 TRANSISTOR (JANTX2N3997) Q5,6
56| 4 70414-1 WASHER, FIBRE
87.1 70421-1 LUG
58] 1 70559 INSULATOR
59| AR 70411 THERMAL JOINT COMPOUND
60 1 CCRO5CG102JR CAPACITOR, 1000 PF, 100V c2
ACTUAL PART MAY VARY DUE TO AVAILIBILITY. SEE ECO 711-260
FOR ALTERNATE VALUES.
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TRIM LERDS

APPLICATION REVISIONS
NEXT ABSY USED OM REV. DESCRIPTION DATE APPROVED
A | RELFASED PER ECQ 777-223| IFIZ-79 Wi/
B | REV.PERE.O.7/1-272 4_14.80 | M)
C | REY PER ECD-492 3-11-82 | ww
G PLACES

.06 MAX

SEE SEPARATE PARTS LIST NO. PL 70521-2

&"mm DENTRNGT A
== < EFRATOM
T st ey i RESONATOR THERMOSTAT ASSY
e - M“R_/W #H2-79
™ "Z&@m //-/.7- APSIZE [FSCM NO. DWG. NO. REV.
g . A| 55761 7052]-2 C
- |oo NOT sCALE DRAWING SCALE 2/, " | sHEET

® BISHOP GRAPHICS, INC.
REORDER NO. 20507

4
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APPLICATION REVISION
NEXT ASSY USED ON LTR DESCRIPTION DATE APPROVAL
A | RELEASED PER ECO 7//-224 | IH219 e/
B | eV VPerR Eco's 711-257.2;8,2.:50'\-2%-80 L
¢ | REV. PER _ECo 711-269,-295 |4.18.80 | wize/ )
D | REY PER ECO 466 E-N-E£! | P
E REY PER ECO-477 -492 3-/)-82 W/
F | REV“R28* PER EO-549 63-83 | dw
REY
SHEET
mev starus | *Y |FIC:D
OF SHEITS
sweer | /1213
CONTRACT NO. ‘
APPROVALS DATH <v EFRATOM
i 7% 219 ~ PARTS LIST -
e #HIRESONATOR. THERMOSTAT ASSY
R )7/
APYD : $I1ZE | CODI IDENT NO. | DRAWING NO,
A | 55761 [PL 70521-2 |F
sSHEET / or

FORM NO.0O5 /77

f
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FSCM NO.
& EFRATOM |PARTS LIST |s5761|PL_70521-2
IRVINE, CAL., 92718
LIST TITLE:  RESONATOR THERMOSTAT ASSY CONTRACT NO. —;“55;
OF 2_
l::;\ ::‘;D Fng PA";J:L:;EHT DESCRIPTION REFERENCE
1o 70587 PRINTED WIRING BOARD
gl M38510/10104BGX 0P AMP U1
-3 2 M39014/01-1340 | CAPACTTOR 100PF £4.c5
4 | 5 M39014/01-1572 CAPACITOR 6800PF €1,2.9,10,11
5 NOT USED :
6 | 1 M39014/01-1587 CAPACITOR L047UF c6
A 705-129 CAPACITOR 1UF c3
81|52 JANTX2N2222A TRANSISTOR Q1.02
T JANTX2N2219A TRANSISTOR 03
10 NOT USED
RN RNC55H2430FS RESISTOR 2430 R1
12304 RNC55H3920FS RESISTOR 392Q RS
131 RNC55H1181FS RESISTOR 1,182 R6
14| 1 RNC55H4321FS RESISTOR 4,32kQ R4
15| 1 . |RNC55H1542FS RESISTOR _ 15,4KQ R3
16| 1 RNC55H1652FS RESISTOR 16, 5KQ R7
370 RNC55H4992FS RESISTOR 49,9KQ R2
18 NOT USED RESISTOR
19| 1 RNC55H7503FS RESISTOR 750KQ R13
20| 1 RO7G206JS RESISTOR 20 MEGQ R12
211 2 RCRO7G101JS RESISTOR 1009 . R19,R26
22| 2 RCRO7G241JS RESISTOR 2409 R11.R17
23| 1 RCRO7G471JS RESISTOR 4709 R24
24| 1 |rRcrO7627235 RESISTOR 2.7k R16
25| 1 RCR0O7G562JS RESISTOR 5.6KQ R15
26 | 2 RCRO7G103JS RESISTOR 10KQ R18,R25
27| 1 RWREOSRBOGES RESISTOR 806 0 2W R21
28| 1 RWRB153480FS RESISTOR 3480 1W R20
29 NOT_USED '
130 ] 1 70412-7 INDUCTOR 3.3UH (MS75101-1) |11
31| 1 70412-4 INDUCTOR 6.8UH (MS75084-10) | L2




& NERATON: | PARTS LIST [55761| PL 70521 -2

IRVINE, CAL. 92715

LIST TITLE:  RESONATOR THERMOSTAT ASSY CONTRASEMNOS ARl
':? :ET;o F:gf" "“:ui"";;“' DESCRIPTION REFERENCE
32| 1 RNC55HA021FS RESISTOR, NOMINAL VALUE 4.02K | ros
33| 1 RNC55H2000FS RESISTOR, NOMINAL VALUE 2000 - |R8
| 34|26 _70416-3 1 TERMINAL, SOLDER
x| a 70417-1 STANDOFF,. SELF_CLINCHING
k! 2 RNCSS ar RCRO7 RESISTOR, SELECT (FS or JS) R9, R29
375 _NOT USED
% NOT USED
39] 1 70418-1 | MOUNTING PAD X03
40| 2 M38527/3-02N MOUNTING PAD X01.X02
41| 1 M38527/4-03N MOUNTING PAD XUl
42 | AR SN63WRMAP3 SOLDER
43 | AR MIL-1-46058, TYPE UR | CONFORMAL COAT
a4 | 2 RNC55H1503FS RESISTOR 150K R10,R27
BIME RWRB0S1R82FS RESISTOR 1.82a  2W R22
ORI RWRBOS1RQOFS RESISTOR_NOMINAL VALUE, 2W (1omin) |R23
47| 1 M39014/01-1593 CAPACITOR .1UF_"SELECT" c12
48| 1 M39003/01-2848 CAPACITOR __ 4.7UF “SELECT" c12

(:] ACTUAL PART MAY VARY DUE TO AVAILABILITY. SEE ECO 711-26Q FOR ALTERNATE VALUES

REF TP70521 TEST PROCEDURE
REF 70522 SCHEMATIC
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APPLICATION REVISION
MNEXT ASSY USED ON LTR DESCRIPTION DATE APPROVAL
A | RELEASED PER E(D 71-237 H-211% |
E| ReV. Pek Ec.c =279 | 4-1g-e0 | JAD
[ e| REN, PERECE TU-225  19-0FE5] Mo
D|{ RCV PER ELD 3¢0 | B-il-B0] Yo
E REVISED FPEE ECO 272 9-30-80 i
F 1 REVIEED FPEL (0 4Z¢ 4-3-Fi v
G | ALL: ., 73e7=-1) Th JTEN:.-45 8-ib-ki et
H | RLLIL ITEN.<4S PRI £CO- 45 CX N
REV 1757 Fro £79-477
J | REVISED PER ECO-529 §-4-13 | ¥~
REV
SHEET
rev starus | €Y (3D | |
OF SHEETS
sueer | ] 12 (3

CONTRACT NO.

APPROVALS

DATE

<4 EFRATOM

OIIGNw‘ #

CHK

l-ﬂ-?z‘

APVYD

" PARTS LIST =~
FHYSICS PACXAGE ASSY

APYD

SILE CODE IDENT NO,

A | 55761

DRAWING NO.

PL 70518-3

P

SHEET [

or 8

ForM NO.QOS5S

/77




FSCH NO

<& EYKATOM | o) pro | 1ST 56761 | pL 70515 )
IRVINE, CAL.. 92715
LIST TITLE  pUYSICS PACKAGE ASSEMELY (A2) RRETRACT N ‘ :””I
OFf ~
lLi:Mi:eT;o Ff‘g"‘ ““:UTB;?"’ DESCRIFTION I REFERENCE
| ] | i
T 70588 MOUNTIKG PLATE ASSY ﬁ;
s 70527 | SHIELD, INNER, MU-METAL CA%
L e . SRR Js HIELD, INNER, MU-MFIAI 110 ___. | 45 ST oY
|4 0 0 | 70550-1  ___ RESOKATOR CEVITY ASSY. NG Ny P LN S |
A 70560-1 _ CONDENSER ASSY
S e 70568 _ LNUT, INSWLATING |
7-1 2 | | 70873 | TRANSISTOR (JanTx 2N3927 ) a1.0:
g ' gl | 704853 | SCREW, 85 2MM x GMM
9 | 3° 70566 - NUT, HEX, CONE HEAD
10112 _ 70414-13 . WASHER, LOCK 2 mr
g = NOT USED ) : ' o
V2 AR 704 79 - 14 " PLIVETHER FoRNM. (3500 H )
153} AR | 70424-3 |_POLYURETHANE FOAM _
16| AR SNG3WRMAP3 | SOLDER Sy
15 ! | MIL-W-16878. TYPE E_: WIRE, 24 WG, STRANDED g
__1_5% L | 70402 RRTOE e B __?cm
i 2 T S AL 1) o S R DS DIODE s o Do S S S =
| JBREF . 70519 _lscHEwATIC.._ f
[ om g i - e == ML
hionll 9. ¢ . 70506-2 ! |ANP BOARD ASSY | poas
2% REE. - ‘33u9g — — 8, 1T ol TeBa 2 5
22 | — ' NOT USED !
931k 70425-5 | SCREW._ 2 mr_x 10mm
24| 15 _ 70414-4 WASHER, FLAT 2 mm
25| 4 70426-28 SCREW 3 m X 16 mm
26| 4 70414-7 WASHER, FLAT 3 mm
27| 4 70414-15 | WASHER, LOCK 3 mm
28| 4 .. _70825-11 | SCREM 2.5mm x 10mm
29] 4| . | . 70814-6 | WASHER, FLAT, 2.5 mm
30 1. 4 70521-2 | THERMOSTAT BOD ASSY _ A2A1
N 4 70414-14 WASHER, LOCK, 2.5 mm :
REVISION STATUS OF THIS SHEET
[LETTER B iR © g g . < R
DATE i B S o A = T S aee
ECO NO 3 i-l-'— 2 15'2"7 _F




e A ——— . e
<v',d§!|g_ 18551 BARDEEN AVE PARTS LIST 586761 | PL_ 70518 -2
IRVINE, CAL.. 92715 i
ST TITLE  bUYSICS PACKAGE ASSEMELY (A2) SPMIBRSTING (JSHEnT
Por

ITEMHOTY FSCm : FART OR IDENT } !

NO iFiEOD NO NUMBER ! DESCRIPTION REFERENCE

; | |

.3 MS35485-1 GROMHET

33% | NCOT USED e

34l - NOT USED _ ___i- -
B 70414-1 ' WESHER, FIBRE

36 | ! NOT USED e

37; 4 | 70417-2 | SPACER, FIBRE (.115 1.D.)

3 4 70417-3 \ SPACER, FIBRE (.140 1.D.)

|

39 i AR : 70424-1 EPOXY ADHESIVE

20! AR | 70411 | THERMAL JOINT COMPOUND

R . NCT USED b

A2v i | ' NoT usep .-

43§ - E ' NOT USED ' -

450 ar | | 70424-7 ' SILICONE RUBBER

45 5 i 20590 ! SPACER

sl 1 | ' 70592 | GASKET U '

74 1 | B 70612-2 ‘ INDUCTOR 2.2 UH (M$75084-4) L3

78 1AL | | Fesld  MolD REEESE  (TrE-2e) ;

3 | ] 4 oy L | e
Eene {0 _\lockTiTE wo. 722 Lo S0 AF ZERSERT  Fisk = e
? i el L
|
|

REVISION STATUS OF THIS SHEET

BEE [ N T Ran e =i |

e el . 4 a7 1 - .y e | Sy i | e
A s AR :

ECO NO , e mny ' : | | | g

" | Lt d =]




APPENDIX C

M-100 SPECIFICATIONS



APPLICATION REVISIONS
MNEXT ARSY USED ON Y. DESCR¥TION DATE APPROVED
70500~ MI00-) L | REYISED PER ECO-549 4-.18-85 | W
®** NOTE: Changes from previous issue. The margins of this document
are marked with an asterisk to indicate where changes from
the previous issue have been made.
e EFRATOM
m“-w CONTRACT WO. A DIVISION OF [o g CORP
TOLERANCES ARE: |
FRACTIONS DECRMMALS ANOLES
o = — RUBISIZ‘E;}%F?’%Z/U%:& STANDARD
e et IR MODEL MI100
et _ Wethrre |#-R-33 sz Tracu o, DWG. NO. REV.
. . [ Al 55761 70502-1 | L
DO NOT SCALE DRAWING SCALE SHEET / oF &
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1.0 SCOPE

2.0 APPLI

2,1

RUBIDIUM FREQUENCY STANDARD

l.1 Purpose This specifcation establishes the general

requirements for a full military rubidium frequency standard.

CABLE DOCUMENTS

Issue of Documents The following documents of the issue in

effect when the order is placed from a part of this
specification to the extent specified herein.

MIL-E-5400-=-Electronic Equipment, Airborne, General
Specification for, (used as guide)

MIL-E-14072--Finishes for Ground ﬁlectronic Equipment
MIL-I-45208-~Inspection System Requirements

MIL STD-130--Identification Marking

MIL-STD=~202--Test Methods for Electronic Component Parts

MIL-STD~454--Standard General Requirements for Electroniec
Equipment

MIL-STD-46l--Electromagnetic Interference Characteristics
Requirements for Equipment

MIL-STD-810--Environmental Test Methods

MIL-HDBR-217~Reliability Prediction of Electronic Equipment

3.0 PERFORMANCE CHARACTERISTICS

+30

3.1 Qutput 10 MHz Sine Wave, 0.5 -10 2% VRMS, 50 ohms output

impedance; frequency set at 10 MHz % 5x10 !l at shipment. (5
MHz Low Noise Option available)

Signal to Noise (SSB 1 Hz BW)
>120 dB at 100 Hz and > 135 dB at 1 KHz from carrier:

>95 dB at 1 Hz and " 155 dB at 300 Hz from carrier (Low
Noise Option)

SIZE | CODE IDENT NO.| DWG NO.
EFRATOM A 55761 70502-1
RUBIDIUM OSCILLATOR M-100 REv L SHEET 2

FORM NO. 006

8/77 $




3.3 Harmonic/Non-Harmonic 30 dB down, 80 dB down.

3.4 Power On/0ff Cycling Retrace within parts 10711,

3.5 Input Power +22.5 to +32 VDC (50 V, 50ms transient)

18W max. at 25°C ambient and +26 VDC.

3.6 Warm=up Characteristics < 10 minutes to reach 2x10 !0 a¢
+25°C ambient. < 25 minutes to reach 2x10 10 at =55°¢
ambient. Peak current during warm-up, ~ 2A at +26 VDC, +25°¢
ambient. (Five minute warm=up option available, peak current
during warm-up, “ 4A at +26 VDC, +25°¢ ambient).

** 3.7 Long-Term Drift 6x10" !  for the first month after 14 days _
of continucus operatiom. 3.6x10 10 ¢or the first year; 2x10

per year, starting with 2nd year. (1x10 per month option
available).

10

** 3,8 Short Term Stability oy(t) = 3x10 !} (17%)

1l sec <t < 100 sec

3.9 Trim Range Adjustment 3x10” 3 frequency standard.

3.10 Voltage Variationm < 1x107!! for # 10%Z input voltage change.

** 3,11 Operating Temperature < 3x10° 10 from -55°¢C (ambient) to
+68°C (baseplate) (Meets MIL=-E=-5400, CLASS I; parts in 1079
offset at +?1°C).

*% 3,12 Storage Temperature (Non-Ops) -62°c to +85°c. (Meets
MIL-E-5400, Class I).

** 3.13 Magnetic Field < 3x10'13lau'1 worst case orientation.

(2.4x10" 11/GAUSS)

3.14 Altitude (=) <7x10" ! from sea level to 12,000m (40,000
ft.).<1lx10 /mbar.

SIZE CODE IDENT NO.| DWG NO.

EFRATOM A 55761 70502-1

RUBIDIUM OSCILLATOR M-100 Rev L sHEET | 3

FORM NO. 006 /77 ?



*% 3,15
3.16
**% 3,17
*% 3,18
3.19
3.20

3.21

3.22

3.23

Bumidity 100Z relative humidity.

Acceleration < 4x10 !2 /g worst case orientation.

Vibration (Ops) 0.02g2/Hz, 20 to 500Hz; Allan Variance
Av1x107 for 1 = 1 sec; < 0.2 usec/hr error. (Improved
vibration performance options available).

Reliability Level B QPL or Equivalent parts, derated to 60%
stress level, calculated at +68°C baseplate. Per
MIL-HDBK-217B

> 34,000 hours, ground, stationary environment.
>19,000 hours, airborne, inhabited transport environment,
>11,000 hours, ground, mobile environment.

Size See Outline Drawing No. 70549-1 (~ 4x4x5 inches).

Weight Four pounds maximum; 4.5 pounds maximum with standard
heatsink.

Electrical Protection An internal diode protects against
reversed polarity; 10 MHz output short circuit protected.

Radiation Hardening Hardness level information supplied at
request. (Hardemed to a ground tactical environment).

EMI Compatibility MIL-STD-461, Notice 3, data supplied at
request.

4,0 PARTS SCREENING/QUAL LEVEL

MIL-M-38510-==---- QPL, INTEGRATED CIRCUITS

MIL-STD=202====---PASSIVE COMPONENTS, MIL-ER-LEVEL

MIL-STD=750===~—~= TRANSISTORS & DIODES, TX LEVEL
MIL-STD=883~====—— INTEGRATED CIRCUITS, LEVEL B
MIL-STD-19500==~-- QPL, TRANSISTORS, DIODES, TX LEVEL
MIL=C-39012-~===-- CONNECTORS, COAX

MIL-C-28748~--~--~~CONNECTORS, RACK AND PANEL

IN-BOUSE SPECS FOR NON-QPL PARTS SCREENED TO ABOVE LEVELS

EFRATOM

SIZE CODE IDENT NO.| DWG NO.

A | 55761 | 70502-1

RUBIDIUM OSCILLATOR

M-100 REV | SHEET 4

FORM NO. 006

&/77 f
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5.1

5.2

5.7

6.1

5.0 ACCEPTANCE TESTS CONDUCTED (Each Unit)

Warm-up and Lock Test

Qutput Level Test

Short-Term Stability Test

Frequency Variation vs Temperature (-55°C ambient to +68°¢

baseplate).

Trim Range Test

Temperature Cycling (Non-Ops)

(=55 ¢C

to +70 C ambient, l-hour dwell, 10 cycles).

Burn-In and Long-Term Drift Test (7 days at ambient).

Vibrati

6.0 QUALIFICATION TESTS (Qual Unit Only)

on—-Sine

6.1.1

6.1.2

Vibrati

Sine, Test #1 (Non-Ops)

MIL-STD-202E, Method 204C, Test Condition-A, (10g peak
0.3* inch double ampl; 10 Hz to 200*Bz; 12 cycles.
Three axis, total of 36 times).

Sine, Test #2 (Non-Ops)

(10g peak, 0.005 inch double ampl; 200 Hz to 500 Hz, 1
cycle, 3 axis, total of 3 times).

on=Random

6.2.1

Random Test #3 (Operational)

0.02g 2/Hz, 20 to 50 Hz falling linearly to 0.001g2 /Hz
at 500Hz (Vertical plane only).

SHORT TERM STABILITY SPEC WAIVED,

EFRATOM

SITE CODE IDENT NO.| DWG NO,

A 55761 70502-1

RUBIDIUM OSCILLATOR

M-100 REV | SHEET §

FORM NO.QO6

&/77r
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6.3.1 Shock Test #1 (Non=Ops)

MIL-STD-202E, Method 213B, Test Comndition-J (30g peak

11 msec, 1/2 Sine, 6.8 ft/gec, 3 shocks, 3 axis, 18
shocks).

6.,3.2 Shock Test #2 (Non-0Ops)

(10g peak, 16 msec, 1/2 Sine, 3.28 ft/sec, 4000
shocks).,

6.4 Altitude MIL-STD-810C, Method 500, Procedure I (Expanded to
a soak of 15,000m (50,000 ft)*; then 3,000m (10,000 ft) and
operate unit; return to ambient non-ops).

6.5 Hi-Temp HIL-STD g1o0c, Hethod 501, Procedure II (Expanded to
9°c*, *68°¢C %mhient, 49° C*, three 12-hour cycles, non-ops;
stabilized 68 C operational test).

6.6 Low Tem MIL-STD- BIOC Method 502, Procedure I (Soak at
-60 C ambient* or -18° C baseplate*, whichever 1s colder: then
-40%C ambient*; operate during last 2 hours).

*% 6.7 Humidity MIL- STD -810C, Method 507.1, Procedure II (Dry at
-54°C, then +23° C ambient, 50% humidity, then cycle with
dwells between 0°C and +49°C total of five 48-hour cycles; at
last cycle operate unit).=*

6.8 Magnetic Field Subjected to field strengths of 50 to 250 A/M
in a Helmholtz coil, from which an average fregquency
deviation is determined.

6.9 Toppling Test (Tip to each of the four sides).

6.10 EMI MIL-STD-461A (test data available upon request).
Tested to 461A, Notice 3, CEOL, 02, 03, 04, CsO1, 02, 06,
RE02, RSO1l, 02, 03.

7.0 DOCUMENTATION CONTROL

FOR ASSEMBLY DRAWINGS, SCHEMATICS AND DETAIL PARTS OF THIS
UNIT, SEE EFRATOM MASTER DRAWING LIST MDL 70500-1. DRAWINGS
ARE PREPARED IN ACCORDANCE WITH MIL-D-1000, FORM 2, CAT E,.
(DOD-D=1000, LEVEL 2).

*Alteration to methods or procedures called out in referred-to
specification.

L1F 41 CODE IDENT NO.| DWG NO.

EFRATOM A 55761 70502-1

RUBIDIUM OSCILLATOR M-100 REV | SHEET 6

FORM NO. 006 6/77 ?



TrHrITMODTU

IN

Color
White
Brown
Green
Red

Black

Function

Rb Lamp Signal

Xtal Cont Voltage Signal
Resonance Lock Signal

+22.5 to +32 VDC Input power
Ground (connected to Enclosure)



CORBY DAWSON ELECTRONICS-SPECIALIZING IN REPAIR AND CALIBRKALION OF

CESIUM AND RUBIDIUM FREQUENCY STANDARDS
1204 PRIMROSE CT. LOMPOC, CA. 93436 805-736-0288

N

M100

—_—

The following notes will answer some of the most common questions regarding the care and feeding of the M100 rubidium
unit. '

-The unit should be mounted on a metal chassis to provide heat sinking,
-Initial current draw is no greater than 1.9 amps @ 26VDC dropping down to <800ma after approx. 10 minutes.
-I recommend running the unit on 24 to 28 VDC

-The lock pin (H) can be tied thru an LED and 2.7K resistor to the + supply volts providing a visual indication when the unit is
locked.

-If you are wanting to control the frequency externally you must modify the upit as follows. The original frequency adjust pot
is still in circuit and adjustable.

1. Remove the cc ‘er

2. Identify connections E8 and E9 on the synth. Board

3. Connect a wire from the inside solder pin D of the J2 multipin connector to E9 on the synth. board
4. Connect a 274 ohm 1% resistor between two short lengths of wire and cover with heat shrink tubing.
5| 1sert the resistor/wire between inside solder pin A on J2 and E8 on the synth board

6. Replace cover

The unit can now be externally controlled in frequency by application of a control voltage between pins A and D

-

D

27419

()
)

17e.

RTN
)3

+L6Y

EXT,
CONT,
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