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LIMITEDWARRANTY

"The seller warrants that each article of goods sold by it will at the time of shipment be free from
defects in materials furnished and workmanship performed by the seller. This warranty and seller's
liability are limited either to granting credit or repairing or replacing, at seller's option, with
reasonable promptpss after rctum to seller of any article which is disclosed to seller's satisfaction
to be defective, and only if said arricle is retumed to the seller promptly after discovery of zuch
defect and in no event later than 72 months (or zuch other time period as may be specified in writ-
ing as a wiuranty period for a particular article) from the date of delivery thereof. Normal transpor-
tation charges in cormection with an article retumed shall be at the seller's expense, but only if the
seller is responsible under the terms of this warranty. This waranty does not extend to any article
which has been subject to misuse, neglect or accident, nor does it extend to any article which has
been repaired or altered by other than the seller. THIS WARRANTY IS IN LIEU OF ALL
OTHER WARRANTIES EXPRESSED OR IMPLIED, INCLUDING ANY WARRANTY
OF FITNESS FOR A PARTICULAR PURPOSE. THE RIGHTS AND RBMEDIES
PROVIDED HEREIN ARE EXCLUSIVE AND IN LIEU OF ANY OTHER RIGHTS OR
REMBDIES. IN NO EVENT SHALL SELLER BE LIABLE FOR CONSEQUBNTIAL
DAMAGBS'I.

Ball Corporation, Efratom Division, will be happy to answer any application or usage questions
which will enhance your use of this unit. Please address your reguests or correspondence to: Ball
Corporation., Efratom Division, 3 Parker, kvine, Califomia 9nft-1ffi5, Attention: Sales
Departrnent, or call Ql4> 770-5000, Fax (714) 770-V463.

European customers may contact: Ball Efratom Elektronik GmbH, Fichtenstrasse 25, 8011
Hofolding, West Germany, Telephone: 49-8 1 -049040, Fax: 49-8 1 -0499 18.

@1989 Ball Corporation., Efratom Division. Alt rights reserved.
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SECTION I

INTRODUCTION AND SPECIFICATION

r.I INTRODUCTION.

The Efratom Model FRK-(H or L)LN Rubidium Frequency Standard (RFS) is a compact, atomic
resonance-controlled oscillator which provides an extremely pure and stable sinusoidal signal of 5 or
10 MHz, at I Vrms into a 50 ohm load (refer to Section 1.5 for other available options). The unit is
designed for use in high-perforrnance communication systems, frequency standard equipment, ad-
vanced navigation equipment, and all other equipment and systems which require extremellprecise
frequenciesltime intervals. With the proper input power provided and suitable cooling provisions,
the FRK-( )LN can be operated as a free-standing frequency standard for laboratory and testing
Pu4)OSeS.

NOTE
Throughout this manual the models FRK-HLN & FRK-LLN
will be referred to as model FRK-( )LN, indicating that the
text or diagram references both models. If only one model is to
be referenced, the full model designation will be printed out.

1.2 MANUAL CONTENT.

This manual contains information regarding the operation and field maintenance of the Model
FRK -( ) LN,5 MHz Rubidium Frequency Standard (RFS), with a Final Assembly No. 703-200-8.
A Model FRK-( ) IN with a Final Assembly No. other inannZ-200-8 is amodified unitproducing
a 10 MHz output, or has some other feature not standard to model 703-200-8. If a modified unit
differs operationally from the standard unit an addendum will be included with this manual describ-
ing the differences. Note the information in the addendum prior to reading the manual to determine
what qpecial qpecification or operation aspects may exist. If an addendum has not been included for
a modified unit, it can be assumed that the modification does not affect the unit's operation.

Sections I and tr contain general information conceming the unit. It is recommended that these
sections be read completely prior to attempting operation. Section III provides the general theory of
operation for the technician or engineer who requires a more thorough understanding of the unit's
operation. Section IV provides the required information for performing fretd maintenance on the
unit. An Outline Drawing, Schematic Diagrams, Assembly Drawings and Parts Lists are provided
in the Appendix.
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FRK-( )LN

1.3 CONNECTORS.

All necessary connectors for inputs, output and monitor signals are easily accessible from the outer
cover of the unit. The unit is manufactured using either a Winchester connector, P/N SRE-2gpJ,
which mates with SRE-20SI and a SMA-Epe coaxial connector. For other connector configurations,
refer to unit label for pin out information. (Other optional connectors are available; contact the
Efratom sales departnent).

1,4 ELECTRICAL PROTECTION.

The unit is protected against reverse polarity input power by both an intemal fuse and diode. The output
and monitor signals are short-circuit protected.

1.5 AVAILABLE OPTIONS

(a) Extemal (remote) Frequency Adjustment Option.

(b) AdditionalMagneticShielding.

(c) Low Operating Temperarure Option:

FRK-HLN < 4E-10 from -55oC to +65oC
FRK-LLN < 6E-10 from -55"C to +65oC

r.6 SPECIFICATIONS.

Pertinent performance specifications for the Models FRK-LLN and FRK-HLN are listed in Table l.l.
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Table 1.1. Specifications

*Highcst operating temperature as measured at the baseplate. The highest ambienr ten{terature the unit may be

operated in is depcndent on the beat transfer befween the unit's baseplate and the ambient.

CHARACTERISTICS MODELFRK-L(LIO MODELFRK-H (L}O

Output 5 or lO MIIz sine wave 1.O Vrms into 50 ohms, floating ground (not floating with

fi.lter connector).

AccuracY Factory set to 5.0 MHz +5E-ll at shipment.

Signal to Noise
(SSB I Hz BYr)

125 dB at lOHz and 155 dB at 100 Hz from carrier. (5 MIIz)

120 dB at lO Hz and 147 dB at IOO Hz from carricr' (lO MlIz)

Input Power 13W at 24Ydc,25"C ambient;22to32 Vdc; peakduring warm-up, 1.8A.

Warm-up Cbaracteristic s < l0 minutes to reach 2E-10 at 25oC ambient.

Retrace rzB-ll

Long-term Stability <4E-1|lmonth <lE-1l/month

Sho*-Term Stability 3 E - 1 1  t = l s e c
l E - l l  t = 1 O s e c
3E-L2 r = 10O sec

l E - I l  t = l s e c
4E-12 r = l Osec
lE-12 r = 100 sec

Trim Range >2F.-9

Voltage Variation < lE-lLllOVo change (within input power limit noted above)

* Operating Tenrperature < 3E-lO from -25"C to +65oC <1E-10 from -25oC to +65"C

Storage Temperature -55"C to +75"C

Magnetic Field < 4E-13lAM-' (3E-1 1/0. 1 millitesla)

Altitude < 1E-13/mbar (sea level to 2l,000m)

Humidity 95%MIL:|-5422F

Shock MILSTD-81OC, Method 516.2, Procedure I

Vibration MILSTD-8I0C. Method 514.2, Procedure I

Size lfi)mm x 99 mm x 112 mm (3.9 in x 3.9 in by 4.4 in')

Weight 1.3 Kg Q9lbs); 1.55 Kg (3'5 lbs.)' with optiqnal tosaf sink

t-3
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SBCTION II

INSTALLATION AND OPERATION

2.T INTRODUCTION.

This section of the manual contains information regarding the installation and operation of the Efratom
FRK-( )LN. It is recommended that this section be read carefully prior to attempting operation of the
unit.

2.2 SHIPPING AND RECEIVING INFORMATION.

The Model FRK-( )LN is packaged and shipped in a foam-packed container. The unit was inspected
mechanically and electrically prior to shipment. Upon receipt of the unit, athorough inspection should
be made to ensure that no damage has occurred during shipping. If any damage is discovered, contact
Ball Corporation, Efratom Division, 3 Parker,Irvine, CA.92718-1605. Telephone (7L4) 770-5000;
Telex 685-635. European customers should contact BaIl Efratom Elektronik GmbH, Fichtenstrasse 25,
8011 Hofolding, West Germany, Telephone 08104190 40. 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 foam-packing is recommended.

2.3 MOUNTING.

The unit's baseplate has been drilled and tapped to accommodate installation. The unit should be
mounted with the aluminum thermal baseplate in contact with a flat metal surface. Mounting screws
must not be allowed to penetrate the baseplate more than 0.2 inches (5mm). It is recommended that the
mounting surface be designed to permit free access to the unit's frequency adjust potentiometer. Refer
to outline drawing 703-203-l in the appendix for mounting dimensions.

The heat transfer characteristics of the mounting surface must be adequate to timit the rise of the unit's
baseplate to < +65t. The maximum allowable environmental temperature (Ta), for this mounting is:

Ta=654C- (V . x I " x \ )

Where: V- = Supply Voltage in volts

I" = Supply Current in amperes

q = Thermal Resistance between unit and ambient, (eC/watt).

2-l
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NOTE
An add-on heat sink is an available option from Efratom;
order Model 70223, Air Cooled Heat Sink.

2.4 POWER REQUIREMENTS.

The Model FRK-( )LN requires an extemal power source capable of providing between +22 and +32
Vdc, with a minimum of 1.8 ampere output. The positive input voltage for the unit is to pin L with the
negative return voltage on pin P of the connector.

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

2.5 INSTALLATION CONSIDERATIO NS.

Some considerationmust be givento the operating location of the unit regardless of its application. To
minimize frequency offsets and/or non-harmonic distortion, the unit should not be installed near
equipment generating strong magnetic fields such as generators, transformers, etc.

CAUTION
CARE MUST BE TAKEN TO ENSURE THAT THE MAXIMUM
OPERATING TEMPERATURE Is NoT EXCEEDED, (+65"C AS
MEASURED ATTHE I'NIT'S BASEPLATE). IN ADDMON, THE
UNIT'S OIITER COVER IS A SPECIALLY DESIGNED MAGNETIC
SHIELD; DAMAGE TO THE OUTER CovER COULD CHANGE ITS
SHIELDING CHARACTERISTICS.

2.6 FREQUENCY AND MONTTORTNG SIGNAL OUTPUTS.

Figure 2.1 illustrates the standard Model FRK-( )LN coaxial connector Jl with Winchester connector
12, and Presents a brief functional description of the pin connections. Figure 2.2 ptesents the same
information for the optional 8-pin, wirewrap or press-fit connector with coaxial connector.

Jl 5 or l0 MHz OUTPUT
J2 A. Optional remote frequency adjust

C. Optional remote frequency adjust
D. Rb LAMP VOLTAGE SIGNAL
F. TTAL CONT VOLTAGE SIGNAL
H. RESONANCE LOCK SIGNAL
L. +22 TO +32 VDC INpI-rf
P. GROUND (connected to enclosure)
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(Viewed rotated 180o so pin callouts are readable)

6" @:e':::i::iiisi^@
,J2

FIGURE 2.1. Winchester Connector and Pin Arrangement
Aszro
r,or llttrfz
c.<,l{x* 1. 5 or 10 MHz OUTPUT

t \ c- 2.5 ot l0 MHz GROUND (isolated from enclosure)
Bt-Ftcx 3. GROUND (connected to enclosure)
Ld'{t4tL 4, +22TO +32 VDC INPUT
sRtshl 5. RESONANCE LOCK SIGNAL

I{ C 6. XTAL CONT VOLTAGE SIGNAL
N c 7. Rb LAMP VOLTAGE SIGNAL

VEu.uot^}8. Optional remote frequency adjust
RED 9. Optional remote frequency adjust

e@@@@@o@@

nrV

FIGURE 2.2. optional 8-Pin, Connector with coaxial connector and pin
Arangement

NOTE
Although Figure 2.1 illustrates the ouq)ut signal (10 MHz)
from the coaxial connector Jl, the unit can be wired to
provide the output signal to the Winchester connector, thus
eliminating the need for tle coaxial connector. For that
configuration the oulput signal is to pin W, and the shield to pin T.

2.7 NORMAL OPERATION.

When the unit's output is terminated with a 50 ohm resistive load, and 28 Vdc is applied to J2 pins L
(+) and P (-), the unit will immediately begin producing a l0 MHz signal from the crystal oscillator.
Within approximately l0 minutes after application of input power, the unit will "lock". At that time
the crystal is stabilized by the atomic resonant frequency.

2-3



DC POWER
SUPPLY

HP5371A

UUT

FRK-( X-W

2.n FUNCTIONAL OPERATION TEST EQUIPMENT.

The test equipment required to functionally test the unit is listed in Table 2.1 . Test equipment other than
those items listed may be used provided that the performance equals or exceeds the MIMMUM USE
CHARACTERISTICS as stated in Table 2.1.

TABLE 2.1. Functional Operation Test Equipment

PARA# ITEM MIIYM{JM USE C HARACTERISTICS TEST EQUIPMENT

2.1

2.2

2.3

DC Power Supply

DMM (Digital
Multimeter)

Freq. & Time
Interval Analyzer

Output Voltage: 22 to 30Ydc
Output Curenr: 2.0 Amps Min.

Voltage Rurge : 0 to 30 Vdc
Accuracy: + l.25%o
Resistance Range: 0 to 150 ohm.

Intemal Ref. Freq: 10 MHz
Accuracy: t 1E-12
Stability: parts in l0r2

Hewlett-Packard 64338
or 6296A

Fluke 8020A or 80004

Hewlett-Packard 5371A
Frequency & Time
Interval Analyzer and
HP5371A Software Kit

NOTE
Throughout the test procedures in this manual the Model FRK-( )LN
will be referred to as the Unit Under Test, (UUT). All
connections described or illustrated pertain to the standard Winchester
connector; if the UUT has a different connector arrangement, make the
described connections to the appropriate pins as described :ui.2.6
or the pin diagram accompaning the UUT.

2.9 OPERATIONAL FREQUENCY ACCURACY TEST.

2.9.1 Connect the equipment as shown in Figure 2.3.

Figure 2.3. Operational Frequency Accuracy Test Serup.
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FRK-( )LN

2.9.2 Adjust the DC power supply controls to obtain a28 + 1.4 Vdc indication on the DMM.

2.9.3 Allow sufficient time for equipment to stabilize.

NOTE
The UUT requires 10 minutes stabilization
to obtain the following frequency
accuracy: + 2E-LA of the final frequency
(calibrated frequency), or the frequency
before turn off, (if tum off was within
24 hours and at the same environmental
temperature). If the [[.IT was in storage,
the worse case enor = + 2E-10 warm-up +
+ last calibration accuracy or + 5E-10
factory setting at shipment, whichever is
applicable + *aging specification.

The UUT requires I hour stabilization
time to obtain the following accuracy:
+ 2E-11 of final frequency or frequency
at tum off (if tum off was within 24
hours and at the same environmental
temperature). If LruT was in storage, the
worse case error = + 2E-11 warm-up +/-
last calibration accuracy or + 5E-11
factory setting at shipment, whichever is
applicable + *aging specification.

* Aging Specification: FRK-HLNS 1X10'tt /month
FRK-LLN S 4X10-tt /month

2-9-4 Follow the instnrctions in the FIP5371A Frequency and Time Interval Analyzer Operation
Manual to begin the test.

2.9.5 Allow sufficient time for the HP5371A 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
2.9.3.

NOTE
If the UUT is not within the stated tolerance limits.
perform the Frequency Adjustment procedure, paragraph
4.6.5.1 through 4.6.5.2.

2-5
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2.10 SHORT.TERM STABILITY TEST (ALLAN VARIANCE)

NOTE
If you have just completed 2.9 through
2.9.5, and the Allan Variance indications
(as displayed by the HP5371A) are
of the required averaging times, the test
results as indicated are valid. It2.g
was not performed continue with 2.10.1

2.10.1With the equipment connected as shown in Figure 2.3, andthe required stabilization time
allowed, (refer to NOTE following 2.9.3), begin the test.

2.10.2 Allow sufficient time for the HP537IA to display the required data for the averaging times, and
verify that UUT Allan Variance is within tolerances listed in Table l.l SPECIFICATIONS.
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SECTION III

THEORY OF OPERATION

3.1 INTRODUCTION.

This section of the manual contains a general theory of operation and circuit analysis of the Model
FRK-( )LN Rubidium Frequency Standard. A block diagram, (Figure 3.2) has been included to help
clarify the text. Schematic diagrams are included in the Appendix.

3.2 GENERAL THEORY OF OPERATION.

The unit's highly frequency-stable 5 or 10 MHz output signal is obtained from a 5 or 10 MHz
Voltage Controlled Crystal Oscillator (VCXO), whose frequency is referenced and locked to the
atomic "Resonance Frequency" of Rubidium (f*r).

3.2.1 ATOMIC REFERENCE FREQUENCY.

The atomic reference frequency is provided by the 6.834 GHz ground-state hyperfine transition of
the Rb87 (rubidium). The VCXO is locked to the f"o at approximately 6.834 GHz, by synthesizng a
microwave signal, from the 10 MHz VCXO output, having a frequency in the vicinity of f*r. The
microwave signal is used to excite the rubidium atoms that are contained within a microwave cavity
(resonance cell). The frequency synthesis scheme is designed so that the VCXO frequency is ex-
actly 10 MHz when the microwave frequency is equal to f*0. The frequency of the signal applied to
the microwave cavity can be maintained equal to f by generating an error signal to servo the
VCXO through its control voltage.

3.2.2 RUBIDIUM LAMP.

Light from a nrbidium lamp is generated by anrf excited plasma discharge. The light passes
through the resonance cell, where it interacts with the mbidium atoms contained therein. Some of
the light is incident upon a silicon photo detectorphotocell within the resonance cell. When the
applied microwave frequency is equal to the f*r, the rubidium atoms resonate within the microwave
field in the cavity; this causes the light reaching the photo detector to decrease. This behavior is
illustrated by the left, uppermost curve in Figure 3.1.

3-L
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3.2.3 OPTICAL PUMPING. The rubidium oscillator is a passive device, meaning that the atoms
themselves do not produce a self-sustaining oscillation. Nevertheless, the atoms can be viewed in
their simplest form as a high-Q, (Q -10t) series-resonant tank curcuit that is resonant at the hy-
perfine frequency (-6.8 GHz for rubidium atoms). The voltage source driving the tank is the
microwave input coming from the Modulator/Synthesizer, andthe LCR components are the rubid-
ium atoms contained in the optical package. 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
the absorption of light energy.

The two lower levels, A and B, are the ground state hyperfine levels. Statistically speaking, the
rubidium atoms will be equally divided between these two levels. If the atoms are irradiated with
microwave energy at the hyperfine frequency, then those atoms in level A will make a transition to
level B and vice- versa, without changing the overall distribution between the rwo levels (statisti-
cally). [The hyperfine frequency (f *r) is related to the hyperfine energy level separation E (oules)
= h'f 

", 
(Hz) where h = Plank's Constant = 6.6226 x 10-3a joule/Flzl. A third and higher energy

state exists which is referred to as level C.

Level C is an optically excited state of the atom which is normally vacant; (for rubidium, this C
level state can be excited by infrared light energy at the proper wavelength). Transitions to level C
are known as "optical transitions" and can occur from either of the two hyperfine energy levels A
or B. If only the spectral wavelength corresponding to one of the hyperfine levels is introduced,
only the atoms at that hyperfine level will make the transition to level C. This condition can be
generated by filtering out the spectral wavelength corresponding to one of the hyperfine levels.

If the light energy injected into the resonance cell corresponds to the wavelength required for level
A to C transitions, the rubidium atoms at the A level will absorb some of the light. The absorption of
light raises those atoms to the C level energ-y state. After a short time the atoms which were raised
to the C level will ernit a photon of the same wavelength that caused the energy level to increase;
they then retum to the ground state hyperfine level, redistributing themselves (statistically) equally
between level A and B. The atoms which retum to level A wiil again absorb the light and be raised
to level C, where they will remain for the short time before emitting the photon and again redistrib-
uting themselves between the two hyperfine energy levels A and B. By this means, Optical Pump-
ing can be used to produce a population difference between the two hyperfine levels, whereby alt of
the atoms are pumped into one hyperfine level (for the preceeding situation, level B). Once this
condition exists, there are no atoms left in level A to be excited to level C and the light is not the
proper wavelength to excite the atoms in level B to level C, therefore the light is unattenuated after
passing through the resonance cell.

As discussed earlier, if a microwave field corresponding to the hyperfine frequency were applied,
the atoms at level B would make a transition to level A and be available for excitation to level C by
the light beam. Since each excitation of an atom in level A is accomplished by the absorption of a
light photon, the net effect of applying the microwave field is to cause attenuation of the light beam.
Figure 3.3 pictorially illustrates the Optical pumping process.
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d i s t r i bu ted  equa l lY
b e t w e e n l e v e l s A & 8 .
Level C is much higher;
the t ransi t ions A-C and
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' in  the opt ica l  Par t  of
the spectrum

They w i l I  remain  there  fo r  a
shor t  t ime (as  l i t t1e  as  ten
m i I I i o n t h  o f  a  s e c o n d )  a n d
then emi t  energy ,  d ropp ing
back  e i ther  to  the  A or  B
5 L d L E .

I r radiat ing a sample of  atoms
with a l ight beam from which
the spectral l ine BC has been
filtered , causes photons to
excite atoms in level A but
not in 

' level 
8. Atoms excited

out of A absorb energy and
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Figure 3.3. Optical Pumping Process Illustrated

If the overall energy level were to remain constant, there would be no way to generate an error
signal for VCXO frequency correction. By frequency modulating the microwave signal, the light
from the rubidium lamp appears to vary in intensity at the same modulation rate. This variation in
the light intensity is effective at < 0.lVo of the overall intensity of the light. The photocell, within the
cavity, detects the variation in light intensity; the Servo Board uses this signal to indicate atomic
lock and to generate the correction signal for the VCXO if the VCXO should drift off frequency.

3.2.4 RESONANT SIGNAL/LOCK SIGNAL LOGIC.

When light from the Rubidium lamp strikes the photocell contained within the resonator, the photo-
cell generates a curent proportional to the intensity of the light. By modulating the rf signal in-
jected into resonator, (at 127 Hz), the light striking the photocell will vary at the modulation rate,
(127 Hz), and the photocell output crurent will vary at the same modulation rate, (127 Hz).

When the rf being injected into the resonator is exactly equal to fRb, the 127 Hz modulation varies
the light slgnal around the null point of the photocell curent. (minimum light = minimum photocell
current.) When the light slgnal varies around the photo crurent null point, the photocell output varies
at twice the fundamental frequency,or 254Hz.Itis this 254llzsignal which is used to generate the
lock indicator signal. The lock indicator signal is the primary indicator that the unit is operating
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normally. If the rf signal, (which is synthesized from the 10 MHz VCXO), drifts off frequency (rf

indicatis if the rf is < f"o or > f*o and this phase information is used to servo the VCXO in the
proper direction so that d= f*r. This principle is illustrated in the lower three sine waves labeled
MODLJLATION (127H2), in Figure 3.1.

3.3 RESONATOR (Schematic Drawing No.703-221)

The function of the Resonator is to provide the correct signal to the Servo board in order to control
the frequency of the crystd oscillator.

3.3.I STEP RECOVERY DIODE.

The 60 MHz and 5.3125 MHz signals from the Synthesizer board are applied to a Step Recovery
Diode, CRl. When CRl conducts, it produces the harmonics of the 60 MHz and 5.3125 MHz
signals (mixed). The fundamental frequency and the harmonic frequencies are input to the resonant
cell via a resonant loop. The resonant cell and loop are tuned to select the l l4th harmonic which
corresponds to the resonant frequency of nrbidium. The "Reqponse of the Atoms" is detected by
the photocelt CR2 which supplies the correcting signal to the servo board.

3.3.2 RESONATOR COIL.

The resonator coil provides a magnetic field around the resonator cavity. This magnetic field is
called the "C-Field". The strength of the C-Field is controlled by the voltage divider network on
the power supply board comprised of R19 through R22. The adjustment of the C-Field is used for
fine tuning of the FRK's output frequency.

3.3.3 RESONATOR CAVITY.

The resonator cavity temperature is elevated and maintained between 75oC and 78oC depending
upon actual requirements of the particular FRK.

3.3.4 RESONATOR THBRMOSTAT.

The operation of the resonator thermostat is typical of the heater conffol circuitry used in the unit.
The resonator thermostat circuit consists of Ql and Ul along with associated circuitry mounted on
board 6, part of the resonator assembly, in conjuction with the resonator heater ffansistors, Q2 and
Q3 and resonator thermistor mounted on the resonator assembly, and select resistor R15 mounted
on the power supply board.

Ul is an op amp with a resistive bridge network on its inputs. The elements of the bridge network
are Rl, R5, and the thermistor. In one leg of the bridge is the thermistor sensing the temperature of
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the resonator; in the other leg of the bridge is select resistor R15.

For a given resistance value of Rl5, the Op Amp will drive the resonator heaters until the clesired
temperature is achieved. When the desired temperature is achieved, the bridge network will obtain a
balanced condition. With the bridge in balanced condition, the op amp begins to regulate the power
to the heater transistors, effectively maintaining the resonator at the proper temperature. In order to
control the temperature overshoot, aportion of the oulput from Ul, pin 1 is fed back to the input,
this slows down the rate of change sensed at the input by the changing resistance of the thermistor.
Transistor Ql functions as a cunent limiter for the heater circuit. Ql senses the current through the
heater by detecting the voltage drop across R13. If the heater curent becomes too high, Ql begins
to conduct which causes the bias to the heater to decrease. Rll limits the heater current when
higher input voltage are present so that the maximum heater power is approximately constant.

3.4 SIMPLIFIED BLOCK DIAGRAM.

As illustrated by the simplified block diagram Figure 3.2,the Model FRK contains a servo board
assembly, the lamp board assembly, a power supply assembly, a crystal oscillator assembly, the
synthesizer board assembly, and the physics package (resonator assembly, Rb lamp, etc.).

3.5 SERVO BOARD, ASSEMBLY Al. (Schematic Drawing No. 100120).

The primary function of the servo circuit is to provide the crystal control voltage at E8 for the 10
MHz VCXO. The control voltage is derived by comparing the phase of the L27 Hzmodulation
signal with the phase of the photocell signal at El and E5. The secondary function is to provide the
monitoring signal for the Rb lamp operation atB4, the atomic resonant lock circuit at E7 and the
VCXO monitor control voltage atBg.

3.5.I127 AND 254H2 REFERBNCE SIGNALS.

CMOS oscillator/divider U3 on the servo board, provides the 127 and254Hz reference signals and
the l27Hz modulation signal for the rf introduced into the resonator. The oscillator frequency of
8.128 KHz is determined by Cl7,R19 and Select-in-test resistor R20. The divider portion of U3
divides the oscillator frequency into the required 127 and254 Hz signals .The l27Hz reference
signal is routed from U3, pin 4 to pin I I of synchronous demodulator U4; and to the input of U6,
pin 2 through the RC network R37-C24. The RC nerwork Ft37-Cz4plus the feedback network R38-
C25 andthe output RC filters (R39, C26,F.40 on the servo board, andC2 andCl2on the synthe-
sizer board) serve to waveshape the 127 Hz signal into the sinewave which is coupled to the synthe-
sizer to modulate the rf.

The 254 Hz reference signal is routed from U3, pin 5 to pin 9 of synchronous demodulator U4. It is
the 254 Hz reference signal and the 727 Hz reference signal which control the timing of the synchro-
nous switch U4.
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3.5,2 PHOTOCELL OUTPUT SIGNAL.

The photocell ouqrut, (DC bias together with 254 Hz when the unit is in the normal locked mode of
operation, or 127 Hz while the unit is obtaining a lock), is routed to E1 and E5 on the servo board
A1. El and E5 tie to the input of dual stage amplifier Ul at pins 5 and 6 respectively. The output of
the first stage of amplification is capacitively coupled to the input of the second stage of amplifica-
tion U1, pin 8 and routed to E4. B[ provides the Rb Lamp Monitor signal to the front panel connec-
tor.

The output of the second stage of amplification is capacitively coupled to the input of the lock-
monitor circuit, pn 12 of U6; to the input of the 127 Hz Filter, pin 3 of lJz.lJz,pins 5,6, and 7 set
the conditions for the power supply to switch from+22 Vdc to +17 Vdc after the Rb Lamp obtains
"conect mode ignition". When the unit is operating in its normal,locked condition the output of
pin 1 of the 127 Hz filter is a254 Hz sinewave. This oulput is coupled to pin 12 of the synchronous
demodulator U4.

3.5.3 SYNCHRONOUS DEMODULATOR. U4.

U4 is a triple two-channel CMOS analog switch which functions as a synchronous demodulator.
The 127 and 254H2 reference srgnal at pins 11 and 9 respectively, control the synchronous switch-
ing of two of the switches, while the third switch is controlled by the level of signal atlJ4,pin 10,
from the lock monitor circuit, U6. h addition to the reference signals at U4, pins 9 and 11, the filter
output atU4 ptn L2, and the output of the lock monitor amplified at U4 pin 5, the synchronous
demodulator also has a 6.8 volt reference level applied to pins 5 and 13 from the dividing/regulating
network on the +17Vdc line at 82,83.

3.5.4INTEGRATOR U5.

U5 functions as an integrator. It's output voltage changes at a rate determined by the differential
input voltage. For example, an input differential of -200 mV causes an output voltage change of
+200 mV/sec. The change will continue until the differential input is nullified, (crystal retums to
center frequency), or until the Op amp reaches it's maximum ouq)ut voltage. The output of the
integrator U5 is the crystal control voltage used to control the frequency of the VCXO via varactor
A4-CR3. Part of the integrator oulput is also routed to the sweep conffol circuit at U6, pin 5.

3.5.5 SWEEP CONTROL CIRCUIT, U6.

U6 pins 5, 6, and 7 function as a comparator which controls the up/down sweep. When the unit is
not locked to the atomic resonance, the output of U6 at pin 7 is fed back to the input of U5 via the
synchronous demodulator U4, pin 2. This feed back signal causes the integrator U5 output to
sweep the entire voltage range about once every forty seconds; this sweeps the VCXO frequency
until atomic resonance lock is achieved.
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3.5.6 LOCK MONITOR CIRCUITS.

As stated rn3.4.2, a portion of the photocetl signal is applied to an input of the Lock Monitor circuit
at U6, pin 12. U6 pins L2,13 and l4,with associated circuitry, form a second harmonic amplifier to
provide a254 Hz signal at pin 3 of the Synchronous demodulatorlJ4. The254Hz atpin 3 is
chopped at the 6.8 volt reference level from U4, pin L3, at the 254 Hz rate, controlled by the 254 Hz
reference signal atU4,pin 9.The resultant signal atu4 pin 4 is coupled to U6, pin 9. With the unit
locked to f*, the signal at U6, pin 9 will cause the output at U6 pin 8 to increase. This increase
provides the positive signal atU4 pin 10 which removes the sweep control signal from the Integrator
U5; and also biases Ql into a conduct mode which provides the Lock Monitor signal at the front
panel connector.

3.6 LAMP BOARD A2. (Schematic Drawing No. 703-209)

The lamp board contains the lamp exciter circuits and lamp-housing heater circuits. The function of
the lamp board is to ignite and maintain ignition of the Rb lamp, and to provide the required heating
necessary to maintain the lamp housing at approximately 115"C.

3.6.1 The Rb lamp excitation circuit consists of an adjustable 79 MHz oscillator. Transistor Q2 is
the active element, and the tank circuit lA,CLl maintain optimum lamp ignition.

3.6.2 The Rb lamp is mounted in a temperature-controlled housing. Q3 is mounted on the housing
and acts as the heating element. Thermistor RTI is the temperature sensor and forms part of the
feedback network for the thermal control circuit Ul and Q1. Refer to paragraph 3.3.4 RESONA-
TOR THERMOSTAT for a more complete analysis of the Heater Controller operation.

3.7 POWER SUPPLY A3 (Schematic Drawing No. 703-254).

The intemal power supply provides the unregulated, filtered voltages for the Rb lamp heaters,
Oscillator heater and Resonator heaters; in addition to providing the filtered and regulated voltage
for the units operation. The input voltage line is fuse and diode protected against reverse polarity
inputs.

The Power Supply board accepts the +22to +32 Vdc input voltage atE2, and provides +22Ydc,
until the Rb lamp ignites, at which time the power supply is switched to +17 Vdc. The switching
occurs when U2-8, on the Servo board, senses that the Rb lamp is ignited, in the correct mode, by
the positive increase at pin 5. The output of ll2-B is routed to the power supply board atB}9.The
positive voltage increase provides reverse bias for CR6, effectively removing R24 from the circuit
and setting the condition for the power supply output to be lowered to the +17 Vdc required for the
internal circuits of the unit.

3.7.1+17 Vdc REGULATED POWER SUPPLY. The +17 Vdc power supply consists of Ql and
Ul along with the components in their respective circuitry mounted on the Power Supply board and
pass transistor Ql mounted on the baseplate.

3-9



FRK-( )LN

The +22 to +32 Vdc input is routed across the 3 amp fuse Fl to the voltage divider circuit consisting

of R5, R7. The input voltage is dropped to approximately 3 Vdc which is coupled through CR3 to

Ul pin 2. Before power is applied, Ul pins 2,3, and 6 were at ground potential. With 3 volts at

Ul, pin 2 and U1, pin 3 still at ground potential, the resultant offset causes Ul, pin 6 to go low,

tuming on the power transistor Ql. The *17 volt line is fed back through CR4 and R9 to the

reference zener diode, CR5. CRs develops approximately 6.3Vdc at Ul, pul'2. In addition,the 17

volt line is fed back to the voltage divider consisting of R6, R8 and R10 to apply a voltage to Ul,

pin 3. The voltage divider determines the voltage ratio of the 17 volt line to the voltage reference

diode CR5, thus sefting the voltage level of the 17 volt line.

Transistor Ql on the power supply board functions as a crurent limiter by sensing the voltage drop

across R14. If the current through the pass transistor becomes excessive, Ql begins to conduct

decreasing the emitter-base bias on the pass transistor, thus limiting the current flow.

3.8 OSCLLATOR BD, A4 (Schematic Drawing No.703-103 ).

The purpose of the Oscillator board is to provide a stable 5 or l0 MHz signal (depending on con-
figuration) to the ouput connector, and a 10 MHz signal to the synthesizer board. The Oscillator
board consists of the 5 MHz or 10 MHz Voltage Controlled Crystal Oscillator CVCXO), the crystal
oven and thermal control circuitry, and a buffer amplifier.

3.8.1 VCXO HEATER. The 5 or 10 MHz VCXO crystals are mounted in a temperature controlled
oven. The oven is heated by the heater transistor Q9. The crystal heater controller operation is basi-
cally the same as discussed lul.3.3.4, with RTI acting as the temperature sensor, balancing out R37
and Select Resistor R42. Transistor Q8 is a current limiter which senses the current through the
heater by detecting the voltage drop across R49.

3.8.2 5 MHz or l0 MHz VCXO. The oscillator consists of the 5 or 10 MHz SC-Cut crystal Yl, and
transistors Ql and Q2 with associated circuitry. Q2 is the actual oscillator circuit, with Ql setting
the gain of the oscillator by controlling the bias at the base of Q2. The frequency of oscillation is de-
termined by the capacitive tuning network consisting of C5, C6,C7 and varactor CRl. The 5 MHz
signal from the VCXO is the driving signal for the Field Effect Transistor (FET) Q3. FET Q3
provides the feedback for the oscillator circuit and is used as a low-noise linear amplifier to drive the
ouQut buffer (Q4,5).

3.8.3 Buffers

3.8.3.1 5 MHz LN Oscillator (5 MHz buffer and 10 MHz doubler). The 5 MHz LN Oscillator
drives the Cascade Buffer made up of Q4 and Q5. Its output is transformer coupled (through Tl) to
the output connector (Jl). Phase complimentary signals of equal amplitude are picked offthe collec-
tor and emitter of Q5 and fed to the frequency doubler (Q6, Q7).This stage feeds 10 MHz to the
Synthesizer PCB.

3.8.3.2 10 MHz LN Oscillator. The 10 MHz LN Oscillator drives the Cascade Buffer, which is
made up of Q4 and Q5. Its output is transformer coupled (through T1) to the output connector (J1).
The signal at the emitter of Q5 drives the intemal buffer Q7, which in tum feeds 10 MHz to the
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Synthesizer PCB.

3.8.4 VCXO Control Voltage (electronic tuning)

3.8.4.1 10 MHz LN Oscillator

The control voltage from the Servo PCB is routed to the Oscillator PCB terminal E9. From here the

voltage is fed to CRl via the resistor network made up of R50, 51, and 52. CR2 is a reversed bias

varicap, capable of electronically tuning the frequency of the crystal (Yl). The trim range of the

crystal is designed to compensate for crystal aging over a period of several years, as well as tem-

perature compensation of the Oscillato( over its entire temperature range.

C7 and C8 match the Crystal Tuning Sensitivity to the varicap (CRl). C6 mechanically tunes the

crystal center frequency and can be used to compensate for crystal aging during maintenance.

3.8.4.2 5 MHz LN Oscillator

The circuit functions very similar to the 10 MHz unit, the major difference is that an integrator stage

(U1) has been added, resulting in a slower loop time constant. This feature takes full advantage of

the crystal's outstanding reduced phase noise close to the carrier frequency. The intercorurection of

the Servo PCB, as well asthe Servo modification, and the 5 MHz LN Oscillator are shown in Figure

34.

3.9 SYNTHESIZER A5. (Schematic Drawing No."703-2L8).

The l0 MHz signal from the crystal oscillator is applied to the input of a frequency tripler consisting

of Q3, Q4 and associated circuitry. The 30 MHz signal is capacitively coupled through C13 to

transformer T1. The |n Hzfrom the Servo assembly is injected into the rf signal via varactor CR6.

The interaction of CR6 with the tuned tank circuit on the primary of Tl serves to phase modulate

the rf at a L27 Hz rate. The secondary of T1 is center tapped to provide a split phase signal that

drives the bases of Q5 and Q6. The result is a 60 MHz signal that is amplified by Q7, Q8 which are

class A inverting amplifiers.

A portion of the 10 MHz signal from the crystal oscillator is applied to the base of Q2. Q2 converts

the sinewave to a TTL compatible trigger signal. Power for the TTL circuits is provided by the

voltage regulator VRl. VRl is a 3 pin, +5V regulating IC. The 10 MHz TTL signal is divided

down :rr-IJz and U3, and recombined in Ul. The final TTL signal from Ul is a 5.3125 MHz signal.

This 5.3 125 MHz signal is mixed with the 60 MHz ouqput of Q8, and routed to the Step Recovery

diode in the Resonator circuit.
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SECTION IV

MAINTENANCE, TROUBLESHOOTING, AND REPAIR

4.1 INTRODUCTION

This portion of the manual provides procedures lor performing maintenance on the FRK-( )LN (S & 10 MHz).

NOTE
lf the unit should require service within lhe wananty period, contact Bafl
Corporation, Efratom Division for repairs. Refer to wananty page (i) for addresses
and phone numbers of the repair center closest lo you.

4.2 TEST EQUIPMENT

The required test equipment to ensure normal operation is listed in Table 4.1. Test equipment other than
those items listed may be used, providing that the substitute equipment meets or exceeds the "Minimum Use
Specifications" as listed in Table 4.1. lf the required test equipment or iis equivalent is not available, it is rec-
ommended that the unit be sent back to the Efratom fac{ory whenever service is required.

(1) Elralom Modular Frequency System wlth Intarface to a GPS recelver recommended.

Table 4-1: Required rest Equipment - Performance Tests & Trouble-shooting fls)

INSTRUMENT REQUIRED CHARACTER|SflCS USE MODEL (orequlvalent)
DC PowerSupply OtxBx Voftage:0 to 3o Vdc. Pert. Test Hewfett-packarO d+ggg

Output Vohage: 2.0 Amps Min. or 6296A

oscllloscope 10 MHz perf. Test rektronix 465

DMM (Dlgltal Voltage Range: 0 to 30 Vdc Perf. TesVTS Fluke 8o@A or 8020A
muldmet€r) Accuracy: *1.ZSo/" lv,

Resistance Range:0 to 150 Otrms

RF Voltmeter 10 MHz, true rms perf. TesVTS Racal Dana ggOOB

Freq. and Tlme Interval Intemal Ref. Frequency: 10 MHz, Perf. Test Hewlett-packard 5371A or
Analyzer r1E-12, stability:parts In 10t2 5372A (App. Note 358-12)

Phase Comparator Anafog vollage output Pert. Test Hewfefi-packard K34-S9991A

Preclsion Potentlometer 50OK perf. Test

Reslstve Load Feed-thru type, 50 ohms Perf. Test Hewlett-packard 101ooC

Tlmer Capabte of Indfcadng 1 to 15 mlns. Pert. TesUTS Any tnnplece

Ref' Freq- Standard Output: 10 MHz, t2E-lzAccuracy Perf. TEst Musr be traceable to NIST (1)

Llnsar Recorder 0-10 Vdc Full scale, 1-10 cm/hr perf. Test rracor 888

Temp. probe capable of measuring -500c to 150"c Perf. Test Fluke g0T-150

Frequency counter 5 MHz. 125 MHz perf. Tesurs Fluke l9toA

Decade Reslstance o > 9.999999 Mohm pert. Tesurs l.E.T. Model HS20o

Mixer/lF Amp. Low nolse, wldeband limiting ampltfier Perf. Test Hp K79-59992A
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4.3 PERFORMANCE VEBIFICATION TESTS

4.3.1 Output LevetTest

(1) Connect the UUT as shown in Figure 4-1.

(2) Apply dc power and allow the UUT to stabitize (> 10 minutes).

(3) Measure output levelwith a rf voltmeter, using a 50 ohm resistive terminalion.
Record the voltage levelof output.

(4) Observed voltage levelmust be i Vrms. +10%.

Figure 4-1. Output LevelTest Configuration

4.3.2 Frequency Offset Test

(1) Connect the Unit (UUT) and the test equipmenl as illustrated in Figure 4-2. (As an attemative, the
HP5371A may be used to measure lrequency offset. Conlact a Xp tietd engineer for details.)

(2) Adjust charl recorder pen position to center scale for 0 volts input.

Figure 4-2. Frequency Offset Test & Long-term Stability Test Configuration

(3) Ensure that the eguipment has had suflicient lime to warm-up. (The UUT requires t hour lo
stabilize.)

NOTE
The maximum temperafure fluctualion must not exceed 2" C.

(4) Monitor phase comparalor output voltage on the chart recorder for 15 minutes. Calculate the
theJractional frequency otlset (Af/f) from the phase comparator output voltage change over time
(AV/AI) according to the equation:

AV1

At 10 MHz'  Vo- ,

4-2
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Where: AV/AI = Slope of phase comparator output in volts/sec over a 15 min. interval (t in sec.).
V^ - = Oulput voltage swing of phase comparator for 360" phase shifl.

P - P

AV
For lhe HP K34-59991A, the fraclional frequency offset = X 5E-8 sec/volt.

At

(5) Verify that the fractionalfrequency ofiset is within ihe required limit.

4.3.3 Frequency Retrace Test

(1) Connect the UUT as shown in Figure 4-2.

(2) Apply dc input power to the UUT.

(3) Allow al least t hour for the UUT to stabilize. Measure and record the output frequency offset
per Sec{ion 4.3.2, Step 4.

(4) Disconnect input power to the UUT tor 24 * 2 hours.

(5) Apply dc input power to the UUT.

(6) Atter one hour of operation, measure and record the output lrequency offset per Section 4.3.2,
Step 4.

(7) Determine the absolute value of the difference between lhe offsets marked in Step 3 and Slep 6.
The difference must be *2E-11.

4.3.4 Short-lerm Slability (Rool Allan Variance)Test

(1) Connect lhe UUT as shown in Figure 4-3.

CHANNEL A

NOTE:
The 1 sec. Allan Variance of the Adjustable Frequency Standard must be
much better than the 1 sec. Allan Variance of the UUT.

Figure 4-3. Short Term Stability and SignalOutput Tests.

HP 5371N53724
FREOUENCYAND
TIME INTERVAL

ANALYZER
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(2) Apply dc input power. Allow UUT to stabitize (about t hour).

(3) Refer to the HP 5371N5372A manual and Application Note 358-12, for specific details regarding
measurement of Root Alfan Variance using the HP5371N5372A. ff necessary, contact loial Hp
field engineer for assistance. Tune HP 1058 to produce 10 Hz lF frequency. Measure the root
Allan Variance (A.V.) at 1.0 second using 100 data samples. The measured A.V. must be
< 3 x 1E-l1 (for FRK-H. Since the dominant source of frequency inslability at 1 sec. through 100
sec' is white FM noise, root Allan Variance at 10 sec. and 100 sec. can be calculated usirig the
expressions:

A' V' 1,-ro.*.) = A'V' (t-t re') / t/ 10

(A' V' s-roo"*.1= A.V. (r-r rc.) / {-100)

The calculated A.V. for 10 sec. must be < 1E-11 (4E-12for FRK-H). The calculated A.V. for 100
sec must be < 3E-12 (1E-12 for FRK-H).

4.3.5 Long-term Stability Test

Long-lerm stabifity refers lo slow changes in the average frequency, wilh lime due to secufar changes in uuT
physics and or electrical circuitry. Long-lerm stability is usually expressed as fraclional frequency o:lfset (Aflf),
for a given period of time. The daily fractional frequency otfsets can be plotted to show the'long-ierm staOnity.

NOTE
The long-term stability lest should be performed only after the UUT has been
operating continuously a minimum of 48 hours. The frequency of the UUT should
be measured and recorded each day to estabrish the drift rate.

(1) Connect the equipment as shown in Figure 4-2.

(2) Per Seclion 4.3.2, Step 4, compule and record the fractional frequency offset every
24 hours over a period of 1 S days.

NOTE
It is recommended to plot the daily offset graphically and use this plot to estimate
long-term aging (drift rate).

(3) Atler completion of 1 month of aging, compule the drift rate of the UUT over the 1 month
period.

(4) lf the drift rate over 1 month is < 4E-11 (tE-l1 for FRK-H), the UUT has passed.

(5) lf the dritt rate is : 4E-11 (1E-l1 for FRK-H) , the UUT has failed and must be retested (repeat
step 2).

(6) Depending on the off-time since the last operation, the environmentalexposure, and the
repairs performed, the unit may need to repeat this test a second time before meeting the
original manufacturer's specilications.
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4.4 FIELD MAINTENANCE, TROUBLESHOOTING, AND REPAIR

4.4.1 FIELD MAINTENANCE

Field maintenance consists of compensating for crystal aging and frequency adjustment. These are routine
adjustments that may be made periodically to compensate for aging effects.

4.4.1.'l Crystal Aging Compensation
NOTE

The etfects of crystal aging can be seen on a volimeter. Attach a voltmeter
probe to the crystal volts output monilor line of the FRK. A meter indication of
<+4 Vdc or >+12 Vdc, indicales an adiustment of lhe crystaloscillator base freguency
is required.

(1) Ensure that the UUT has been operating continuously for at least t hour.

(2) Locate the crystaltrim adiustment on the FRK.

(3) Unscrew the Philips head screw plug that acts as the adjustment access cover. The trimmer
capacitor adiustment screw will now be visible.

NOTE
For the 5 MHz LN unit COUNTERCLOCKWISE rotation of the adjustment
will INCREASE the controlvollage, while CLOCKWISE rotation witt DECREASE
the control voltage.
For the 1O MHz LN unit CLOCKWISE rotation of the adjustment wilt TNCREASE
the controlvoltage, while COUNTERCLOCKWISE rotation will DECREASE the control
voltage.

(4) Using a non-metallic alignment tool, SLOWLY adiust the trimmer capacitor as necessary to
obtain a +8 Vdc indication on a meter.

4.4.1 .2 Frequency Adjuslmenl

(1) Monitor the fractional frequency oflset per section 4.3.2.

(2) Adiust POT (R21) on power supply board (accessed through baseplate) to obtain a fractional
frequency otfset that is within the required limits.

4.4.2 TRAUBLESHOOTING AND REPAIR

]roylleshgoting and repair consists of testing and repair of the FRK. This sec'tion contains information on
fault identification and removal, repair, replac-ement, and calibration of the assemblies of the FRK.

NOTE;
THESE PROCEDURES ARE NOT ROUTINE ADJUSTMENTS AND PERFORMING
THEM SHOULD BE CONSTDERED ONLY IN THE EVENT OF UNfT FAILURE.

a. Troubleshooting Flowcharts

A series of flow charts is provided to aid in the isolation of faults. Flowcharts are presented in logical lault iso-
lation order and must be perlormed in the proper sequence given. The troubleshooting/repair procedures lor
the various subassemblies of the FRK are-presented'atter eich tlowchart and are deslgned to permit the
repairtechnician to identify the fauft and replace and/or repair the subassembly.
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b. FRK DisassemblY

CAUTION
All FBK disassembly operations musl be performed wilh power removed
from the unit. Disassemble assemblies only as needed to make repairs.

(1) Detach the cover from the FRK assembly by removingtrlf2mm screws on the connector face
of the unit, then remove lour 2mm screws thal hold the bollom of the cover to the baseplate (see
Figure 4-4). Once all six retaining screws are removed, hold the baseplate while gently pulling
on the cover (it may be necessary to move the cover slightly from side to side as the FRK
intemalassembly is removed from the case).

(2) Remove any of the outside PCB assemblies by removing he M2x6 screws that fasten the boards
to lhe FRK lrame at each com€r (the servo and synlhesizer boards have additional screws lhat
must also be unfastened).

(3) Once the mounling screws are removed, fabelallwires and coax (shielded wire) connections,
and then remove each one (a soldering iron is required).

(4) Disassembfe the baseplate of the FRK by removing the lamp inspection cover and all other
screws on the outside lace ol the baseplate. This frees the baseplate from the frame.

NOTE
The Ql Pass Transistor will slill be connected. Pulling the baseplate away
from the frame rapidly may unintentionally break the wire connection of the
transistor.

s . j$

I
I
I
I
t
I
I
I
I
I
I
I
I
I
I
t
I
t
t

#@6s

tr

/f\Lu'\  )4w
FRAME CHANNEC ATTACHMENT SCREW

Figure 4-4. FRK Baseplate
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(5) The lamp board assembly and lhe melal container that is the exterior of the resonator assembly
are located inside the frame channel. These two assemblies are accessed by removing four
M2x6 screws from lhe four nut blocks lhat are located inside the frame channel. The resonator
board is located inside the mu-metal canister of the resonator assembly. Figure 4-5 is a wiring
dagram that illustrates how the FRK boards and lhe physics package are connected together.

(6) Before the lamp assembly can be removed from the baseplate end of the FRK unit, all wires
must be disconnected from each end of Cl and C2. These feedthrough capacitors (which are
frame mounted) must be removed completely from the frame. Once this has been accomplished,
removal of lhe two M2x6 screws at the opposite comers of the lamp PCB allows it to be lifted

away from the interior frame channel.

(7) Remove the resonator assembly from the @nneclor end of the unit by unsoldering the 10 wires
hat connect the resonator to the other board assemblies of the unit. Disconnect the wires from
the locations shown in Table 4-2.

Table 4-2. Resonator Disconnect Points

I
t
I
I
I
I
I
t
I
I
I
I
I
I
t
I

Servo Bd. Power Supply Bd.
A1El A3E21
AlEs A3E22

A3E23
43E24
A3E25
A3E26
43E27
A3E28

Synthesizer Bd.
A5E6
A5E7

(8) Remove lhe M2x6 screws at each comer of the resonator assembly PCB, allowing the entire
resonator assembly to be removed from the interior frame channel.

(9) The inner shield lid of the resonator can is assembled to the can with a tight mechanical fit.
The lid is removed by gently lapping around the circumferance of the lids exposed lip.

(10) S€parate lhe resonator assembly's PCB from the inner shield can by removing the three M2
nuts spaced around the light entry hole in the PCB.

(11) Having completed these steps, the resonator housing, with the heater control PCB attached,
can be removed from the inner shield can for service.

The FRK can now be visually inspected for burned components or broken connections. Placed on a lest
bench and powered up, signaltraes can also be obtained from the test points on the various board assem-
bfies (referto Section 4.4.2.5, Detailed FRK Circuit Desctiptions).

NOTE
Disassembly of the FRK should be performed only to
to the level necessary to identify a fault (or faults). Excessive
clisassembly may inlroduce other problems into the unit,
making it impossible to repair.

After repairs have been completed, and the FRK reassembled, refer to Section 4.3lor Performance Verifica-
tion Tests that must be performed before the FRK is returned to service. Refer to Section 4.4.2.6 is alignment
is required for any of the repaired or replaced assemblies.
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c. FRK Assembly Repair

lf troubleshooting has indicated that the FRK assembly has faifed and the assembly must be repaired instead
of being replaced, lhe following sections provide repair guidelines.

SN6WRMAP3 SOLDER, per QSS-571, and a 35 to 40 watt soldering iron should be used to accomplish the
sofdering that might need lo be done on the FRK.

CAUTION
Excessive heat can cause the eiched circuit wiring to separate
from the board material.

lf it becomes necessary to solder in the generalarea of any of the high trequency contacts in the unit (lermi-
nalpoints), clean the contacts immediately upon completion of the soldering.

The adjustments, repair, or alignments required by the fault isolation flowcharts should be followed by the
retesting of the procedure that led to the fault isolation to ensure the unit is functioning as required.

d. Overall FRK Troubleshooting (Fautt lsolation Flowchart)

Figure 4-6 is the overall troubleshooting flowchart that should be followed to locate a fault in the FRK unit. For
additional information, refer to the assernbly drawings and schematics presented in Appendix B, and lo the
text in the following sections that describes the operation of the maior FRK boards and circuils.

(1) Rubidium Lamp Replacement

Although this is seldom a cause for failure in the FRK (refer to 4.4.2.5(2) for symptoms), the
Rubidium lamp is replaceable. The Rubidium lamp is accessed by removing lhe two screws holding
the Lamp Cover Plate lo the baseplate (reler to Figure 4-8). A slotled access plate is beneath the
cover plate. Once the access plate has been rernoved, the base of the lamp housing is visible.

CAUTION
The lamp housing is at the electrical potentiaf of the unit (28 Vdc) and a short will
occur if an attempt to remove the lamp is made with power applied to the unit. The
lamp housing is extremely hot, as well. Extreme care must be exercised when
removing the lamp to avoid burns.

Once all power to the unit is off, carefully unscrew the rubidium lamp and tift it from the housing (use
a pair o{ needle nose pliers for this task). Make sure the replacement lamp is clean and that its
surface is free of any oils or grease and screw the bulb into the housing. Once the bulb is firmly
seated in lhe housing, replace the access plate and the Lamp Correr Plate, and replaoe the two
screws previously removed.

Apply power to the FRK and, after allowing sufficient warm-up time, run a performance lesl to ensure
that the unit is fully functional.

.k
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4.4.2.1 Detailed FRK Circuit Description

a. Resonator Assembly (schemati c703-221)

The function of the resonator assembly is to compare the mulliplied arfdsynthesized dutput frequency of the
crystal oscillator to the ground-state hyperfine transition frequency of 87Rb. lt provides a 127 Hz enor signal to
the servo board to lock the crystal lrequency lo lhe atomic transition.

(1.) Microwave Gavity - The microwave (resonator) cavity is constructed ol silver plated copp€r and housed
in a mu metalshield. lt contains lhe rubidium resonanoe cell. The photocellis mounted in the bottom of the
cavtty and placed behind lhe Rb glass cell, directly in the light path of the Rb spectrallamp. The step recov-
ery diode with coupling loop and the condenser assembly are located at the open end of the cavtty. Cavity
temperature is maintained by the resonator thermostat circuit. The G-field coil is wound on the outside of the
copper microwave cavig.

(2.) Step Recovery Diode - The 60 MHz and 5.3125 MHz from the multiplier are summed at the ouprrt of the
multiplier/synthesizer board and then applied to the step rscovery diode. This diode, CR1, produces eldctro-
magnetic radiation having {requencies given by the expression (60 n + 5.3125 m) MHz, where n = a positive
integer and m = an integer. The diode is part ot a tuned coupling loop, tuned to the 114th harmonic ol 60 MHz
( n = 114 ); the coupling loop is inside a microwave cavity thal is tuned to the same frequency. The bandwidth
of the microwave cavity assembly is wide in comparison with the bandwidth of the atomic transition (< 1 kHz),
so that the atoms funclion as a narrow-band filter for the microwave signal. The diode can be replaced by
gaining access to the light entry end of the resonator assembly PCB. An access hole in the PCB provides
clearance to remove first the diode retaining sc.rew and then the diode itsalf (reler to Figure 4-7).

Figure 4-7. Snap Diode Access Hole on Resonator Assembly

(3.) Photocell - The photocell current is proportionalto the total light incidenl on the photocell CR2. Minimum
current results when a microwave field corresponding to the Rb hyperfine frequency is applied simultaneously
with pumping light. Photocell problems are unlikely (always check the lamp assembly and power supply first),
but manifest themselves as instable lamp monitor dc voltages, or as sporadic noise on lhe servo board's TP1
resonance signal. The photocell is replaced as part ol the complete resonator assembly.

(SHOWN AFTEB I.AMP BOARD REMOVAL)

4 - l  I



I
I
I
I
I
I
I
I
I
I
t
I
I
I
I
I
I

ryK1)t}i
(4.) C-Field Coit - The C-field coil is wound on the microwave cavity and provides a dc magnetic field (the C-
field) within the resonalor cavity. Variation of this magnetic field allows fine tuning of the 10 MHz output fre-
quency by shifting lhe Rb irequency hyperfine transilion by the second order Zeeman effect. The "C-field"
strength is determined by arnent trom three sources:

R17 on the power supply board supplies a fixed current to the coil.

R21, the 24 lum potentiometer, on lhe power supply PCB, provides a variable cunent for frequency
adjustment.

The temperature compensation circuit formed by Q2, Q3, Rl3 and R16 provides a cunent lhal
varies with temperature. The power to heat the microwave cavity increases approximately 40 mW for
every degree cenligrade decrease of the ambient temperature. This results in a cunent change
through resonator heater transistors Q2 and Q3, and through R13 on the resonator thermostal
assembly. The voltage across R13 is routed to R16 on the power supply board and back to the C-
lield coil. Decreases in ambient air lemperature'causes the voltage across R13 to rise, providing '

more C-field cunent, and raising lhe output frequency.

The mosl common C-field problem is an open winding. An ohmeter is used to check lor lhis situation by
removing power to the FRK and measuring from A3E27 to A3E19. A good C{ield coilwill give a reading ol
approximately 30 ohms.

(5.) Resonator Thermostat (part of resonator board assembly, refer to schematic 703-221]r- the resonator
thermostat consists of Ul, Ql, and associated circuitry on lhe resonalor PCB. and Q2, Q3, and RT1
mounted on the resonalor cavity housing. Ul is the temperature control element, Ql is a current limiting
element, and Q2 and Q3 are the heal source.

Ul and the resistive bridge network on its inputs form the temperature control section. El receives +12 Vdc
from the power supply board to power this sec'tion. R5 and R7 form a lixed voltage divider that relerences U1,
pin 3. Thermistor RT1 and the series combination of R1 and the temperature select resistor lorm a voltage
divider on lhe other op-amp input, Ul, pin 2. The feedback network of R8 and C4 serves to controt Ul's
output response when the inputs reach equilibrium.

During lhe high power dissipation period of the warm-up cycle, the current through Q2 and Q3 must be
limited to a safe levelof -1 amp. This is done by sensing the cunent draw of Q2 and Q3 at R13. An increase
in heater cunent causes an increase in voltage at the base of Q1. As Ql tums on, il shunts a portion of e2's
base drive cunent to ground, allowing only the preset maximum cunent to flow. R11 and R12 form a voltage
divider network thai provides tor the presel maximum cunent to be automatically shifted up or down, depend-
ing on lhe heater supply voltage. This is done to maintain a reasonably constant power dissipation during
warm-up over the range of input voltage to the FRK.

As the thermostat circuit reaches equilibrium, the voltage output of U1 drops to a levellhat operates Q2 in a
vemier controlmode. The cunent through Q2 and Q3 folds back to a nominal 100 mA. The cunent foldback
reduces the voltage drop across R13 to the poinl where.Ql does nol conduct and effectivety drops out of the
circuit.

The resonator assembly is protected lrom a runaway heater control problem by thermalluse F1, mounted on
the resonator cavity housing.

b. Lamp, Assembly A2, (Schematic 703-209)

The lamp assembly consists of the lamp oscillalor circuit, the lamp housing assembly, the lamp thermostat
circuit, and the rubidium lamp. The function of the lamp assembly is to ignite and maintain the electrodeless
plasma gas discharge of the rubidium lamp, and to maintain the temperature of the lamp housing at approxi-
mately 115"C.
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The most common fault condition involving the lamp assembly is the generation o{ spurious noise on the unit
output. This condition can be detected at TPl of the servo board, where the lamp noise will cause severe dis-
turbances to the resonance signal. lt the disturbances are too severe, the unit may lail to lock. The spurious
noise problem is very difficult to isolate due to the electro-mechanical aspects of the circuit and is typically
remedied by replacing the entire lamp assembly. Occasionally, noise from the lamp can be eliminated by
changing the oscillator frequency to a lower freguency, or by changing the rubidium lamp. The two most likely
lamp failure modes are the loss of vacuum due to glass lailure and Rb depletion. Glass failure will prevent
lamp ignilion (make sure the lamp oscillator circuit is not the cause of failure before lamp removal), whereas
Rb depletion results in a whitish tint to the lamp light (another cause of this symptom is an improper lamp
thermostat temperature). In case of Rb depletion and/or lamp thermostat {ailure, the FRK will not develop a
resonance signal (refer to section 4.4.2.6, subsection h, Resonance Search).

NOTE
The loss of Rb cannoi be delected by the decay of lamp voltage.

Lanp replacement is covered is Section 4,4.1.7 (1), FRK Lamp Replacement.

(1.) Lamp Oscillator - The lamp oscillator circuit is a modified Colpitts design consisting of Q2 as the aclive
element, tank circuit L4 and Cl1 as lhe power transler and primary resonant network, L3 as a secondary fre-
quency controlelement, and associated bias circuitry.

Mechanical capacitor C11 provides for current/frequency adjustment of the oscillator and is accessible from
outside the unit. Figure 4-8 illustrates the location of the adiustment port.

6t i.1, LAMP OSC. CURRENT/
...I.AMP OSC. FREQ. ADJ.

ACCESS.COVER

w

Figure 4-8. Lamp Adiustmenl Ports
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Adjusling C11 tunes the oscillator's frequency over a range of approximately 70 MHz to 90 MHz. Within this
range of adjustment there are specific optimum frequencies that should be used (refer to Section 4.4.1 .7.2,
Lamp Osciflalor Tuning, part b, FRK Alignment Prbcedures). The operational frequency that is chosen is de-
termined by linding the highest frequency setting that produces optimum ignition characteristics and noise
free operation. In normal stabilized operation, the oscillator curent draw from the regutated suppfy (E2) is a
nominal 120 mA.

(2.) Lamp Thermostat - the lamp thermostat consists of Ul, Ql, R5 and associated circuitry on the pCB, and
Q3 and RT1 mounted on the lamp housing. Ul is the temperature control elemenl, RTl is part of the resistive
bridge network at Ul's inputs, Ql is a cunent limiting element, and Q3 is the heat source element.

Op-Amp Ul is controlled by a balanced bridge circuit on its inputs. R3 and R6 form a fixed voltage divider that
biases Ul, pin 3. Thermistor RT1 and the series combination of R4 and R5 form the dynamic leg of the
bridge. RTl senses the lemperature on the lamp housing and potentiometer R5 selecis the stabilized tem-
perature. The R5 potenliometer is accessible from outside the unit. Figure 4-14 illustrates the location of the
adjustment port.

The operation of current limiter Ql and heater transistor Q3 is essentiatly the same as the resonator thermo-
siat circuit, which is discussed in detailin Section 4.4.2.5, part e.

c. Servo Board, Assembly Al (schematic i0017)

The primary function of the servo circuit is to amplify and demodulate the pholocelloutput to generate the
crystal_control voltage at E8 for the 10 MHz VCXO. The control voltage is derived by comparing the phase of
the 127 Hz modulalion signalwith lhe phase of the photocell signal at E1 and E5. Second'ary functions are to
provide lhe monitoring signal for the Rb lamp operalion al E4, the atomic resonant lock circuit at E7 and the
VCXO controf voltagre monitor at E9.

(1.) Preamplifier - The photocelt output, (dc bias together with the 254 Hz error signal when the unit is in the
normaf locked mode of operation, or 127 Hzenor signalwhile the unit is obtaininga lock), is routed to E1 and
E5 on the servo board A1. E1 and E5 tie to the input of dual stage amplifier Ul aipins 5 and 6 respec'tively.
The output ol the first stage of amplification is capacitively coupled to ine input of the second stage of amptiti
cation (Ul, pin 8) and directly coupled to E4 and U2-B, pin 5. E4 provides the Rb Lamp Monitor signalto ine
front panel connector.

U2-B senses the vohage at E4 and determines if lhe Rb lamp has ignited and if it is in 'Correct Mode lgni-
iion'. Proper lamp ignition (<3 minules after tum-on) will cause U2-6 output, El1, to switch from <1 Vdl to
>15 Vdc. The El1 voltage is fed to the power supply (Board 3, E2g), vyhere it switches the regulated unit
power trom 22 Vdc to 17 Vdc.

The output of the second amplifier (Ul, Pin 13) is connected to Test Point fIP) 1, the primary oscilloscope
monitoring point of the FRK. Ul, pin 13, is also capacitively coupled to U2-A, the 127 Hz active bandpass
filter, and to U6, the 254 Hz active bandpass fifter.

(2.) Reference SignalGeneralion - 127 and254Hz Reference Signals - CMOS oscillator/divider U3 on ihe
l9rvo b9ard, provides the 127 and254 Hz reference signals and the 127 Hzsignalwhich modulates the rf
injected into the resonator. The primary oscillator freguency of 8.128 Khz is deGrmined by C17, Rlg and
selec't-in-test resistor R20. The divider portion of U3 dividei the primary oscillator frequerrcy into the required
1.27 and254 Hz signals. The 127 Hz reference signal is routed from Ub, pin 4 to pin it of synchronous'
demodufator u4 and to pin 2, of U6, through the RC nelwork Rg7tC24. Tire RC network Bi7rczq, the
feedback network R38/C25, and the output RC filters (R39, C26, R40 on the servo board, and C2, RS, and
C12.on the synthesizer board) serve to waveshape the 127 Hz signal into the sinewave that is coupled to the
synthesizer to modulate the rf. R40 of the output RC lilter is also used to adiust the modulation level to the
multiplier and the phase of the conection signal at Tp3.

The 254 Hz reference signal is routed lrom U3, pin 5 to pin g of synchronous demodulator U4. The 254 Hzreference signal is correlated with the photocell output to detect unit lock.
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The dc vollage of approximately 6.8 Vdc generated by CR2 is also a reference signal. This DC level is used
to bias the ac signafs that are processed by U4 and U5, and to bias op-amps U6 and U5.

{3.) 
'127 Hz Signal Processing - As explained in the "pre-amplifiern section, lhe 127 Hz signal processing

starts at the photooell inputs El and E5. Ul-A and Ul-B provide two stages of high gain amplification. The
output of Ul-8, pin 13, feeds both active bandpass filters, U2-A, the 127 Hz, and U6, the 254 Hz.

NOTE
For troubleshooting purposes it is usually best to control the rubidium
foop manually. Connect a potentiometer of 10 Kohms, or more, across
C?2 on the servo board. Disconnect the wire soldered to E8 and connect
this wire to the wiper of the potentiometer. This technique provides for manual
controlof the VCXOs output frequency and criticalservo functions.

The servo conection signal is amplitude modulated onto a 127 Hz subcanier that passes through lhe 127 Hz
filter, U2-A. When the system is locked, this signal (TP-z) appears as a 25,4 Hz sine wave, with a noticeable
127 Hz component. From TP2, the signalis routed to the synchronous demodulator U4, pin 12.

U4 is a triple two-channel CMOS analog switch that lunctions as a synchronous amplitude demodulator. The
127 and 254 Hz reference signals at pins 11 and 9 respeclively, control the synchronous switching ol two of
lhe switches. A third swilch is controlled by the level of the signal at U4, pin 10, from the lock delec-tor circuit,
U6, pin 8. U4, pins 5 and 13, receive the 6.8 Vdc reference level from CR2. When the unit sweeps near
atomic loc*, U4, pin 10 receives a "high" signal (>12 Vdc) that switches the output of the 127 Hz filter U2-A to
the output of lhe derpdulator, [J4, pin 15, for dynamic tracking. The demodulalor outpul is monilored at TP3
and appears as shown in Figure 4-15.

The signal from [J4, pin 15 is direc'l coupled to U5, pin 2. U5 func'lions as the servo loop integrator. lts ontput
voltage changes at a rate determined by the differential input vollage. For example, an input differential of
-200 mV causes an output voltage change of +200 mV/sec. The ctrange will continue unlilthe differential
input is nullified, (the crystal retums to center frequency), or until the Op amp reaches its maximum output
voltage.

The output of the integrator, E8, is the crystal-controlvoltage that steers the frequency o{ the VCXO by
means of a varac'tor diode in the oscillator tuning circuit. A portion of the integrator output is routed lo the
sweep controlcircuit at U6, pin 5.

TP-3 NormalSignal 1 volVdiv., 50 ms./div.

Figure 4-9. Demodulator Output (Servo Board)

(4.) Lock Circuil - A portion of the photocell signal is applied to an input of the Lock Monitor circuit at U6, pin
12. U6-D, with its associated ciro.ritry, forms a 254 Hz active bandpass litter that connects to pin 3 of the syn-
chronous demodulator U4. The output signal at U4, pin 4 is coupled lo U6, pin 9, and is monitored at TP6
(refer to Figure 4-10). With the unit locked, the negative offset at U6, pin 9 will cause the output at U6, pin 8
to go high. This provides the positive signal at U4, pin 10lhat removes lhe sweep signal from the integrator,
U5. lt also biases Ql into a conduct mode that provides the Lock Monitor signal at the front panel connector
(pin H for the Winchestor connector, pin 5 lor the 8-pin connector with coax). \A/hen the unit is locked, the
Loc* Monilor line as a resistance of 150 ohms to ground. Otherwise the Lock Monitor is an open circuit.
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NormalSignal 1 volUdiv., 1 volVdiv, 2 ms./div

Figure 4-10. Signal Wavelorm at Tp6

(5.) Sweep Circuit - To allow the FRK to compensate for severaf years of crystal aging, in addition to fre-
quency offsets of the crystalcaused by environmentalchanges (e.g., tempeiature |nairgesl, the trim range of
the oscillator is very wide compared to the width of the atomic resonan@. To aid servo icquisition, the crlsfal
frequency is swept over the entire trim range until atomic resonance can be detected.

This is accomplished by switching the inlegralor input (U5, pin 2) to U6, pin 7 viaU4 (the unit is unlocked
when U6, pin 14 is low). U6-B functions as a high hysteresis voliage comparalor. The trigger points are
conlrolled by 851 and R52 and the voltage reference. The lower trigger point is approximately 1.5 Vdc, the
higher trigger point is approximalely 16 Vdc. tf the output of U5 is elilal io or lower than the lower trigger
point,lhe output of U6 becomes 0 Vdc, resulting in about a -.7 Ydcdifferential to the integralor. WitiFZC = t
M and cl8 = 1 pF its output will rise .7 V/s until the upper trigger point of 16 Vdc is reachld. At this point, the
o.utput of U6 will go high, resulting in about a +.7 Vdc ditterentialat the integrator input. This willdecrease
US's output by .7 V/s. The result is a sweep time of about 40 s. Due to the iast sweep, atomic resonance can
be detected for only 100 ms at a time during each sweep cycle. Reliable transition from sweep to locked op-
eration is lacilitated by GR3.

!. e.oryer Supply, board assembly A3 (sdrematic 70$254) - the intematpower supply provides the unregu-
lated'.fillered voltages for the Rb lamp heaters, tre crystal heater, and the resonator heaters, in addition ioproviding lhe filtered and regulated voltage to the uniG electronics. The input voltage line is fuse and diodeprotected againsl reverse polarity inputs.

]he power supPly board accepts the +22to +32 Vdc input voltage at E2, and provides regulated +22Vdc at
E12, E17 , and El 8, until the Rb lamp ignites, at which time the power supply is switched to +1 7 Vdc. The
switching occurs when U2-8, on the servo board, senses that the Rb hmj is ignited, in the conect mode, bythe positive increase at U2-8, pin 5. The output of U2-B is routed to the pb*"r-"ufpg board at E29. Thepositive 

Ygltage increase provides reverse bias for CR6, etfec-tively removing R24 trom the circuit and settingthe.condition for the power supply oulput to be lowered to the +17Vdc requi-red for the intemal circuits of theunit.

{1') Regulated Power Supply - The +17 Vdc power suppty consists of Qt and U1 along with the componentsin their respective circuitry m-ounted on the power supfly board and pass transitor e1, which is mounted onthe baseplate ol the FRK.

The +22 to +32 Vdc input is routed across the 3 amp luse (Fl ) to the voltage divider circuit that consists of
!L::ojlf:[q:t iglqg" is droppedto approximately 3 Vdc, which is coupted rhroush cR3 to Ul, pin 2.

"TItj,"^Ty^"j:t^?l!.T"d' 
Ul, pins 2, 3 and 6, were at ground potential. With g volts at Ui pin 2, and Ut, pin e

;tl'1":,gj::^T.1,f?t:nlial' the resuhant otfset causes Ul, pin 6 io go low, tuming on the power transistor ei.I ne +l / volt line is fed back through CR4 and R9 to the referenie zener diodb, cRs. bRs develops approxi-
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mately 6.3 Vdc at U1, pin 2. In addition, the 17 volt line is fed back to the voltage divider consisting of R6, RB
and Rl0 lo apply a voltage lo U1, pin 3. The vollage divider determines the voltage ratio ol the 17 volt line to
the voltage reference diode CRS, thus setting the voltage level of the 17 volt line.

Transistor Ql on the power supply board functions as a current limiter by sensing the voltage drop across
Rl4. lf the cunent through the pass transistor becomes excessive, Ql begins to conduct, decreasing the
emitler-base bias on the pass transisitor, thus limiting lhe current flow.

e. CrystalOscillator (VCXO)Assembly (schemalic 703-103-5) - the purpose of the 5 or 10 MHz oscillator is
to provide a clean and stable output frequency to the output conneclor, and a 10 MHz signal to the synthe-
sizer. To optimize lhe reduction of phase noise the crystal is selected to match the output frequency. The
oscillator board contains the Voltage Controlled Grystal Oscillator (VCXO), the crystal oven andthermal
control, and a bufler amplifier. The output signals are transformer coupled to the output connedor Jl and to
the synthesizer circuil. In the case of lhe 5 MHz Ln Oscillator a doubler circuit is used to generate the 10 MHz
signal to the Synthesizer.

(1.) Crystal Oscillator - the oscillator incorporates an AT Cut 3rd-overlone crystal, with an operating tempera-
ture of aboul80"C. The cryslal is mounted in the crystal housing assembly, which is heater controlled to lhe
operating temperature of the crystal. The frequency adjustment is via L2, C6, 7 and 8. L2 is used for coarse
adjustment and Q7l8 for fine adjustment of the sweep range and center frequency. Roughly a 1E-6 adjust-
ment is expected {or a crystal control voltage range of 1.0 to 14 volts. These voltages correspond to the
sweep mode of the crystal oonlrol voltage, which is approximately 1.0 to 14 vohs.

The gain stage of the oscillalor is lormed by Q2, with C4 and Ll selected to provide a resonant frequency of
about 70 - 80% of the nominal crystal frequency. The output butfer stage has Q3 as a source lollower to
buffer the crystal network from the loading of the following butfer stages.

The AGG stage utilizes Ql to form an AGC circuit, which controls the output voltage of the oscillator at the
source of Q3 to approxirnately 1.2 Vpp. C5 is used to adiust the AGC voltage at lhe collector of Ql to 0.5 Vdc
for nominal conditions. This provides the capability of decreasing or increasing the oscillator toop gain by
adjusting the bias condition ol Ql.

(2.) Crystal Butler Section - the output bufier amplifier section consists of Q5 and Q4.

Q6 is a FET device used as a high input impedance decoupling stage between the oscillator circuit and the
output drivers. The 10 MHz signal at the gate of Q6 is a nominal 1.4 v.p.p.

The cascade anangement guarantees maximum decoupfing between input and output. T1 is tuned to 5 or 10
MHz by C16, 17 and matches the output impedance of Q4 lo the nominal 50 ohm load on Jl.

The 10 MHz signal for the Synthesizer is generated by either the freguency doubler Q6, 7 (driven by compli-
mentary signals ol Q5), or by the buffer lormed by Q7, depending on the configuration. T2 is tuned to 10 MHz
viaQ22.

(3.) Crystal Thermostat - the crystal oven lhermostat circuit consists ol l)2, Q8, and associated circuitry on
the P.C.B, and Qg and RT1 mounted on the oven assembly. U2 is the temperature control element, QB is a
cunent limiting element, and Q9 is the heat source.

U2 and the resistive bridge network on its inputs form the temperature control section. Thermistor RTl,
mounted on the crystaloven, is the sensing element in the input network, R40 and R43 set the reference
voltage. R42 functions as the lemperature select component. During warmup, the oven heater transistor Q1
would be destroyed by runaway cunent if not for Q8, which serves as a current limiter. ln the current limit
mode, Q8 senses the voltage across R49 to determine Q1's emiiler current. As the R49 voltage approaches
-.4 Vdc, Q5 starts conduc-ting, reducing lhe voltage at Q9's base to the level required to throttle Q9's current
to a nominal 400 mA. The power delivered to the oven in the warm-up mode is kept constant over the range
of supply voltages by the R46, R48 network. The higher the supply voltage, the less maximum current is
allowed in Q9.
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f. Synthesizer - Board Assembly A5 (schematic 703-285-1)

The synthesizer assembly contains a frequency multiplier circuit and a frequency synthesis section. Q3
through Q8 make up the multiplier section and Q2, Ul, and U2 perfomr the synthesis.

(1.) Multiplier - the 10 MHz signal from the crystal oscillalor is applied to the input of a lrequency tripler
consisting of Q3, Q4, and associaled circuitry. C9 and L3 are tuned to 30 MHz. R12limils the Q of the tank to
about 30. The 30 MHz signal is capacitively coupled through C13 to transformer T1. At this point, the 127 Hz
modulation signal, biased at a nominal6.5 Vdc, comes into E5 and modulates the rf signal via varactor CR6.
The interaction of CR6 with the tuned tank circuit on the primary of T1 serves to phase modulate the rf at a
127 Hz rate. The secondary of T1 is center tapped to provide a split phase signalthat drives the doubler
circuit of Q5 and Q6. The result is a 60 MHz signalthat is amplified by Q7 and Q8. C17lL5, C21lLl, andC2Tl
Ll0 are tuned to 60 MHz. Q7 and Q8 are Class A inverting amplifiers. The 60 MHz signal at E6 drives the
snap diode in the physics package through a coax cable. C29 matches the coax-cable to the driver stage.
R31 and R34 provide the bias voltage lor the snap diode.

Refer to Figure 4-11 for waveform and amplitude illustrations for the multiplier circuits test points (T.P. 2, 3,
4 ,5 ,6 ,8 ) .

The adiuslable parameters ol the multiplier circuit include L3, Tl, L5, L8, Ll1, C29, and R34. Adjustments of
these component values should not be necessary except if other components are replaced during repairs. ln
this event, see sec'tion 4.4.2.6, subsection 1., which covers the alignment procedures for the synthesizer,
board A5.

(2.) Synthesizer Circuitry - the 10 MHz input signal from the crystal oscillator is applied to the base of Q2. Q2
converts the sine wave input to a fiL compatible trigger signal. This signal is coupled into U2-A, Pin 1. U2-A
funclions as a divide by'2" bfock, with a 5 MHz TTL signat coming out on pin 3. One branch of the 5 MHz
signalgoes to U2-8, pin 13. U2 functions as a divide by'16'block, producing a 312.5KHzTTL signaloutput
from pin 8 and passing to Ul. Ul-C is an "exclusive OR" gate which mixes the 5 MHz and 312.5 KHz input
signals to produce an output at pin 8 that contains the upper and lower mixing products,4.6875 MHz and
5.3125 MHz. The signals are then routed across tuned lank Ll 1 /C30. This tank is tuned at 5.31 75 MHz and
selects this frequency from the two that are injected. The capacitive coupling of C26 and the filtering action of
Ll1/C30 converts the TTL signal at TP7 into a sine wave signal referenced lo ground at TP-9. Finally, the
signalleaves TP-9 and is summed with the 60 MHz at E6, from which both frequencies are routed to the step
recovery diode.

Refer to Figure 4-11 lor waveform and amplitude illustrations lor TPI ,TP7, and TP9 of the synthesizer
circuit.
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SERVO BOARD

TP-3: normal conection signal
500 mV/div., 2 ms/div

TP-1 dc coupled, 0 Vdc
al center scale, 1 V/dv.,
50 ns/div.

TP-2 Normalsignal, 6.5 Vdc center
scale, 50 mV/div.,2 ms/div.,
20 MHz B.W. limit,

TP-S normalsignal
500 mV/div., 20 ns./div.

Figure 4-11. Waveform and

TP-3:20 Mohm resistor
from C18 to Ground
500 mV/div,2 ms/div

SYNTHESIZER BOARD (Synthesizer Section)

NOTE: all signals monitored with X10 oscilloscope probe.

FRK-( )LN

TP-3:20 Mohm resislor
from Cl8 to +17 Vdc
500 mV/div.,2 ms/div.

TP-9 normalsignal
500 mv/div., 100 ns/div.

TP-4 normalsignal
500 mV./div., 50 ms/div.

TP-7 dc coupled, 3.0 Vdc
at center scale, 1V/div.,
500 n9div.

SYNTHESIZER BOARD (Multiplier Section)

TP-3 normalsignal
1 V./div., 50 ns/div.

TP-6 normalsignal
1V/div., 20 ns/div.

Amplitude Traces for Servo and

TP-8 normalsignal
SV/div., 20 ns/div.

Synthesizer Boards.
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4.4.2.2 FRK Alignment Procedures

NOTE
It is not necessary to perform all alignment procedures each time
the FRK is repaired. Perform only those alignments that pertain
to the board, or assembly, that has been repaired or replaced.

a. Regulated Voltage Supply:

(1) Before power is applied to the FRK, connect a voltmeter across C2 of the Power Supply,
Assembly A3. Observe the meter while applying power. At the instant of tum-on the voltmeter
should read - 23Ydc. Within 3 minutes lhe lamp should ignite, switching the regulated voltage to
a lower level. lf the unit has been warmed up previously to this test, the lamp will ignite instantly
upon applying power and no voltage transition will be seen. The regulator output voltage at C2
should be 17.3 Vdc t .3 V. after lamp ignition.

+  iY ' 3+v
(2) lf the measured voltage falls outside the range ol 17.3 Vdc t .3V, an adjustment will be

necessary. Locate R6 on the power supply board, assembly A3. Increasing the value of R6 will
increase the regulator output voltage.

Lamp Temperature Setting:

(1) Apply power to the FRK and allow at least 15 minutes for temperature stabilization.

(2) Remove the lamp access cover lrom the base plate.

(3) Measure the temperature of the lamp housing by placing a temperature probe next to the
rubidium lamp. Allow time for the temperalure probe readings to stabilize. Tum off the power to
the unit momentarily and record the probe reading. Remove the probe and reapply power. The
temperature measured should be a nominal 1 13"C t 2"C. ll the recorded temperature is out of
specification, an adjustment is necessary. Locate the temperature access hole in the baseplate
and adjust A2R5. Repeat the temperature measurement and adjustment step untilthe proper
lamp housing temperature is obtained.

Lamp Oscillator Tuning

(1) Tuning the lamp oscillator requires that the regulated voltage supply to the lamp board (C2-1) be
intemrpled and a 0 to 500 milliamp meter be installed in series.

(2) Locale the frequency access hole in the baseplate and insert an isolated tip driver until
mechanical capacitor Cl1 is engaged.

(3) The oscillalor frequency can be monitored using a scope probe as an antenna. By holding the
probe in close proximity to the rubidium lamp the probe signalcan drive a frequency counter
direclly or after amplification from an oscilloscope buffer amplifier.

(a) Apply power to the unit and allow at least 15 minutes for stabilization. Adjusting C11 will change
the oscillator current and frequency.

(a) Set the lamp oscillalor cunent to the low side of 125 to 145 mA, to a point that gives an
oscillator lrequency of 91.5, 87.0, 84.5, 79.A,78.5,77.5,76.5,71.0 or 69.5 MHz. Atter
setting the frequency, remove power to the unit for 5 minuies. Then re-apply power and
vedty normal ignition and operation.
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(b) lf parasitic oscillations (i.e. spurs) appear at AI TPl (see 4.4.1 .7 .1 {21), set the lamp
oscillator frequency as far away from the parasitic poinl as practical.

Resonator Temperature Setting :

(1) Apply power to the FRK and allow at least 15 minutes for temperature stabilization.

(2) Locate the resonator temperature probe hole in the power supply board, assembly A3 (see
Figure 4-19). Remove any foam or other material that prevents clear vision of the glass resonator
cellthrough the probe hole. lnstallthe temperature probe and read the temperature. The
resonator temperature should be +74"C t 3oC.

(3) lf the temperature reading does not conform to the specitied range, an adjustmenl is necessary.
Locate R15 on the power supply board, assembly A3. Decreasing the value of Rl5 will increase
the temperature of the resonator. Allow 5 minutes of stabilization time between temperature
readings and adjustment steps.

e. CrystalOscillator, Board Assembly 4 .

CRYSTAL OVEN TEMPERATURE SETTINGS

(1) Apply power to the FRK and allow al least 15 minutes for temperalure stabilization.

(2) Locate the crystal oven assembly on the crystal oscillator board, assembly A4. There is a label
on the top ol each oven assembly and a slotted crystal inspection window. The label and the
crystal are marked with a tuming point temperature in "C. The oven temperature, as monitored
with a temperalure probe, should be set at or slightly above the temperature marked on the
crystalto optimize unit temperature coetficient. In the event no temperature reference can be
found on the crystal, set lhe oven within +75oC and +82"C.

(3) lf the reading oblained with the temperature probe does nol correspond with lhe parameters
described in Section 2., an adiustment is required.

(4) Locate R42 on the crystaf oscillator board, assembly 44. Increasing the value of R8 wifl lower the
oven temperature. Allow 5 minutes of temperature stabilization after changing the setting of R8l
R42 before monitoring the resull.

TRANSFORMER TUNING -!ths/,t tky*qo^ Tl
(1) Connect an oscilloscope probe to J1 (rf connector). Slowly tum the slug foq@rnfilthe 10 MHz

signal at Jl reaches a minimum.

(2) Connect an oscilloscope probe at E6. AdjuslT2lor a maximum signal.

TRIM RANGE SETTINGS

Belore conecting the trim range, the crystal oven needs to be set to the correct temperature (see above).
Allow >1 hour of warm-up at the correct crystal temperature setting before correcting the trim range. Discon-
nect the yellow wire that is terminated at E9 and fofd it back out of the way.

NOTE
Do not allow the bare end of the wire to touch the chassis or other circuitry.
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(1) Adjust C6 in 3 or 4 turns from ffush. lnstall a 27pF capacitor in C8. Tack in a select
inductor into L2. (Start with a 25 windings inductor.)

(2) Check for unit oscillation by measuring AGC voltage at the collector of e1. (.3V to .7V).

(3) Run the output of the board (from E4 and E5) into a frequency counter. (Function:
frequency; resolulion: .1 Hz - house standard, or 10 MHz unil run into back.)

Run a jumper from E8 to ground. (This will establish the low end of the frequency range.)

Run lhe same iumper from E8 to a 20 volts line. (This will establish the high end of the
frequency range.)

Satisfactory tuning requires a range greater than or equal to 2.5Hzfor a S MHz unit,
5 Hz lor a 10 MHz unit.

(4) C8 sels the range. (lncreasing CB increases the frequency sweep range. tt also
decreases the board oscillation frequency).

12 sets the center frequency. (lncreasing L2 windings decreases the board oscillation
frequency.)

The freguency must be sel so that the center of the freguency range is
5.000000 MHz, or 10.000000 MHz.

(5) Peak translormer T1 so that the output from E6 is greater than 2.5V peak-to-peak.

(6) Peak translormerT2 and select resislor Rl9 (100 ohms) so that the output from
E4 into a 50 ohm road is about equarto 3.0 votts peak-to-peak.

The linal step is to reconnecl the yellow wire to terminal E9.

f. Synthesizer Board Alignment, Assembly A5

TRANSFORMER TUNING

(1) Connect a dc voltmeter to EG through a 1o Kohm isolation resistor. Apply power to the
FRK Adiust potentiometer R34 for the maximum dc voltage. Tune inductois L3, T1, L5
and LB in sequence for the maximum dc voltage at E6.

(2) Atlach an oscilfoscope probe to TP9. Tune L11 for a maximum signal of 5.312 MHz.

OUTPUT COAX MATCHTNG

(1) lf lhe synthesizer has been replaced, transfer the C29 value from the old board.

(2) lt rhe Resonator assembry has been repraced, serect c2g.

(3) Connecl a dc voltmeter to EO through a 10 Kohm isolation resistor. Apply power to the
FRK. Adjust potentiometer R34 for the maximum dc voltage.

(4) Sefect C29 tor the maximum dc voltage at E6.

RESISTANCE TUNING

Refer to the Synthesizer board alignment procedure under'Resonance Search."
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Servo Board Alignment, Assembly A1

LAMP VOLTS SETTING

(1) Monitor E4 with a dc voltmeter. Appfy power to the FRK and allow at least 15 minutes for
temperature stabilization.

(2) Locate R4 on the servo board. Adjusl R4lor a nominal 1 1 Vdc *2 al E4.

127 HZ REFERENCE ADJUSTMENT

(1) Monitor TP4 with a Xl0 oscilloscope probe. The probe will drive a frequency counter
directly, or an oscilloscope with a buffered output to the counter.

(2) Locate R20 and adiust for a frequency counler reading ol127 Hz * 1 Hz.

MODULATION AMPLITUDE

(1) Monitor EO with an oscilloscope.

(2) Adjust R58 for a signal amplitude ol400 mV * 50 mV peak to peak.

h. Resonance Search

BANDPASS FILTERS fthis procedure is recommended only for replacemenl boards)

(1) Disconnecl power to the unit.

(2) Locate R16 and R70 potentiometers on the servo board, assembly A1.

(3) Adjust both potentiometers to a poini approximately midway in their adjustment range.
Lock should be obtained. lf lock does not ocour, move on to Bandpass Filter Tuning
sec'tion and adlust the filters.

CRYSTAL CONTHOL VOLTAGE (10 MHz Unit)

(1) Disconnect lhe yellow wire terminated at A1E8 on the servo board assembly. Connect
this yellow wire to a potentiometer as shown hlow:

> 10 Kohms

(2) Monilor the 10 MHz output of the unit with a frequency counter.

(3) Apply power to the unit and allow at least 15 minutes for thermal stabilization.

(4) Monitor AITPI on the servo board with an oscilloscope.
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Adjust the output lrequency with the lest potentiometer to 1 Hz above or befow 10 MHz.

Monitor the dc voltage at A5E6 through a 10 Kohm isolation resistor using a voltmeter.

Adjust potentiometer R34 on the synthesizer board, assembly A5, for maximum voltage,
then decrease the voltage slowly, watching the oscilloscope for an ac waveform ol
127 Hz.

At the first sign of a signal at A1TP1, adjust the output frequency for a maximum 127 Hz
signal. Adjust R34 for lhe maximum signal amplitude.

Disconnecl power to the FRK. Remove the test potenliometer and reconnect the yellow
wire to AlE8. Apply power to the FRK. Alomic lock shoufd be acquired automaticafly, re-
sulting in a254 Hz signal at AlTP1.

CRYSTAL CONTROL VOLTAGE (5 MHz Unit)

(1) Disconnect the yellow wire terminated at A1E8 on the servo board assembly.

(2) Connect a 10 k potentiometer as follows: A4 E2

GND E3

(3) Monitor the 5 MHz output of the unit with a frequency counter.

(a) Apply power to the unit and allow at least 15 minutes for thermal stabilization.

(5) Monitor AITP1 on the servo board with an oscilloscope.

(6) Adjust the output lrequency with the test potenliometer to .5 Hz above or below 5 MHz,

(7) Monilorthe dc voltage at A5E6 through a 10 Kohm isolation resistor using a voltmeter.

(8) Adjust potentiometer Fl34 on the synthesizer board, assembly A5, for maximum voltage,
then decrease the vollage slowfy, watching the oscilloscope for an ac waveform o{
127 Hz.

(9) At the first sign of a signal at AlTPl, adjust the output frequency for a maximum 127 Hz
signal. Adjust R34 for the maximum signal amptitude.

(10) Disconnect power to the FRK. Remove the test potentiometer and reconnect the yellow
wire to AlE8. Apply power to the FRK. Atomic lock should be acquired automatically, re-
sulting in a 254 Hz signal at AtTPl.
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i. Bandpass Fitter Tuning: Servo Board, Assembly 41

127 HZACTIVE BANDPASS FILTER (Uz-A)ADJUSTMENT (SERVO LOOP)

(1) Verify that the FRK is stabilized and locked.

(2) Moniior AITPS with an oscilloscope.

(3) Connect a 20 megohm resistance iumper between U5, pin 2andE?.

( ) Adiust potentiometer Rl6 to obtain a wave{orm as shown in Figure 4-12.

Figure 4-12. Waveform, Servo Board (TP-3)

2S4HZACT|VE BANDPASS FILTER (U6) ADJUSTMENT (LOCK MONITOR)

(1) Monitor A1TPO with an oscilloscope.

(2) Verify that the unit is stabilized and locked.

(3) Adjust polenliometer R70 to obtain lhe mosl symmetrical negative cycle waveform
possible (see Figure &13).

Figure 4-13. Waveform, Servo Board (TP-6)
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j. C-Field Adjustments: Power Supply Board, Assembly A3

(1) Set the magnetic field trim range and centering. R17 and Rl9 are the selec'ted components. Rl7
functions aq lhe primary frequency center;ng control. R19 works in conjunction with potentiometer
R21 to provide a means of manually adjusling the 10 MHz output frequency. RtZ anA Rl9 are
slightly interactive during their adjustments, therefore the use of two decade boxes for this
alignment is suggested (reter to schematic 703-254).

(2) Stari the adiustment by setting R17 to - 1.2 Kohm and R19 to - 120 Kohm. Lower values of R17
shift lhe frequency higher, while lower values ol R19 allow R21 to adjust over a wider range.

(3) Sefect R17 and R19 so that R21 can adjust lhe output frequency >1E-g above and below
10 MHz (or 5 MHz, if this is a S MHz FRK).

(4) Connect the unit in the test configuration as shown below.
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Decade
Resistance.

Set at 1 Kohm
to slart.

Decade
Resislance.

Set at 5 Kohm
to start.
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: ^ SUPPLY,

i  n tz
- - - - - - i - - v

i
- - - - - : ; - Q

i  ntg
I- i -@

(See section 4.3.3)

E9 ElO

(5) Apply power to the FRK and allow at least t hour stabilization time.
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4.4.2.3 FRK Temperature Testing Procedure

FRK Temperature Testing Procedure - this test requires the UUT be placed in an environmental testing
chamber. Connect the test equipment as shown in Figure 4-14.

Figure 4-14. Environmental Test Chamber Set-up

(1) Adjust the chamber controls so that the air temperature is maintained at +30" C ambient

(2) Apply ac input power to the UUT. Allow sufficient warm-up time to allow the unit's output
frequency lo slabilize (> 60 min.). lf the UUT was operated continuously for greater than 60
minutes prior to this test, no additonal operation time is required.

(3) Start frequency recording. This monitodng shoufd continue throughout the test. The frequency
resolution of the chart recorder must be Lllt = 1 x 10E-1l/division.

(4) The temperalure chamber can be controlled manually or ar.rtomatically. Set the temperature
cycles for lhe chamber as shown in the "Required' column. Use the left column to document
the ac{ual test run conditions so they can be used for future relerence.

Required
A. Ambient " C (+30 t 2" C)

Cycle Time _ hrs (2 1.5 hr.)

B. LowTemperature_"C (+15*2"C)
Cycle Time _ hrs b 1.5 hr.)

C. High Temperature _" C (+65 t 2" C)
Cycle Time _ hrc E 1.5 hr.)

I
I

I
I
I
I
I

T
I
I
I
I

1 l7 Vac
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703-200-001
PL 703-200-1

703-202-LL
703-203-r
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703-103-TAB
703-103-5

r00r20
PL 100120-001
100117
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PL703-253-r
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FRK-0LN

REVISTON LTR.
REVISION DATE 91-04-25

SHEET 2

I 
BALL, EFRATOM DIVISION CONTRACT NO. CAGE CODE 55761 P L  7 0 3 - 2 0 0 - 1

FIND QTY PART OR SPEC. OR NOMENCINTURE

No. REQ IDENTfFYTNG No. MANUFAC?URER OR DESCRfPTIoN
=====================

SERVO BOARD
LAMP BOARD ASSEMBLY
POWER SUPPLY ASSEMBLV
OSCILLATOR ASSEMBLY
SYNTHESIZER ASSEMBLY
RESONATOR ASSEI,IBLY
FRAME ASSEMBLY
RUBIDIT]M I,AHP ASSEMBLY
I,AMP SUPPORT
COVER PI,ATE
BASEPLATE ASSEMBLY (4*40)
MU-}.'ETAL COVER
GROMMET
NAMEPLATE, LABEL
SCREW, PAN HD, 8-32 x I  18
SCREW, M2 x 4
scREtJ, 142 x 6
ScREw, FLAT HD M2,5 x 10
WASHER,  LOCK 2 .mn  ( f .T . )
WASHER, FLAT 2hrTt
NOl USED
ADHESTVE SEALANT (PURPLE)
SOLDER
CABLE, COAX
TUBING, SHRINK
WIRE, 22 AWG INSULATED, TEFLON
CoNNECTOR PLATE ASSEI.{BLY (PIN & COAX)

LABEL, CONNECTOR WIRING
INSULATOR, OSCILI,ATOR BOARD
FOAU POLYURETI{ANE (ACCOFOAM FPH)
INSUI,ATOR FOAM

PARTS LIST. FRK FINAL ASSEMBLY (PL 703-2OO-1)

I
I
I
I
I
t
I
I
I
I
I
I
I
I
I
I

REFERENCE
DESIGNATOR UNIS No.

1  1  1 0 0 1 2 0 - 0 0 1
2  r  703 -208 -L
3  1  7 0 3 - 2 5 3 - 1
4  r  7 0 3 - 2 1 4 - 1
5  1  7 0 3 - 2 8 3 - l -
5  1  703 -223 - l
7  I  703 -226 -7
I  1  2 5 0 - 1 6 5 - 1
9  1  703 -239

10  7  703 -242
1 1  1  7 0 3 - 2 4 5 - 3
L2  L  250 -091
1 3  3  M S 3 5 4 8 9 - 4
L 4  1  7 0 5 - 1 5 0
7s  1  1 ,1551957 -39
16  38  85ST-M2X4
L7  I  85S r -M2x6
18  4  963ST- l { 2 .5x1o
1 9  5 4  6 7 9 8 S T - r N 2 . 2
2 0  4 5  M W - 4 0 0
2 T
22  A lR  704 -232 -1
23 A/R SN63WRMAP3
2 4  A / R  M 1 7 / 9 3 - R G 1 7 8
2s  A lR  70422 -1
26  A /R  M IL -W-15878 ,  TYPE E
27 L 

'7 
03-246-L

2 a  t "  7 0 3 - 2 3 8 - 5
2 9  r  7 0 3 - 2 4 8
3 O  A l R  7 0 4 2 4 - 3
3 1  1  1 0 0 2 9 8 - 0 0 1

A I

A3

A5
A O

2 8 0 1 3 9 8

2821433
7  0425 - r
7 0425-3
2  8 2 0 5 0 0

282L475

2LO2572
6 0 0 1 0 3 2

A-3
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RESOMTOR ISS€IIBLY
A6

RED AJ.IO BLACK TWF'ED

'* .ff. @ @fil* F{
/Ate
lol tt lolw

t@t2c
, W
r S/N

ASSr

6/rurne 6IZEL BoA&b

WIRE LIST

2 t. A1E2. I AJ€17
J lArEs i l rEro i  auu
4 rAlE/+ iAtEE irs_

6 tArE6 t rSE: i  lcRN
7 lA1E7 !AJF/ lwrfi

WIRE LIST
'No.

FROI Io coLm 0rvc) N,'NGIION

33 AJg2 J2-1 oRfl (2+\ +2E VI)c NPUT
5,r AJ€I 1 E l -1 BLU (24) GND

J5 AJET2 c2-1 Btrs +17 vDc
56 AJE15 BIJS (24) +2E VDC
57
J6 A5€t A3E21 oRr{ (26)
39 A6E2 ssE2l BU' (26) TTTTW|STED PAIR
40 A5E4 AJV2 RED (26)J

11 A6E AJE2:' \EL (28)

42 A6E5 AI€2!' wHr eE)
rts A6E6 A,€26 BLK |.26I
41 t6E'l AJE2A cRr,f (€6)
.t5 ASE|O ^JET7 BRN EE)
,+6
17 A5E9 J2-9 BRil,/VrHr (24) REI|oTE FR€O ATU
4A AJE1O J2-5 BRN (21) + 1 7  V
4 AJE J24 \€L e+l R! l ltP ltot{tToR
50 AJE4 J2-.f WHT Q1\ RES LOCX SGML

51 AIES ,fi2-2 cR[,f e$ rtAL oac uoNfIoR
52 A]En J2-7 RED (21' HTR FOTER

I
F A '

E 7 |

EE
o

r#tz
t 9 NA A5e9 GND
20 t#1 J1-1 rCOl0( ---+€!- .|0|r}{z OUTPU
21 A.tE5 t  - t SHET.D
?2
23 ATE6 A5E3 coA)( toMttz
21 ,87 A5€4 sHrEtD -
a
26 A5€1 A}ElE RED (.21I +t7 vDc
27 A5E2 A'E'9 BU' (211 GN9
?.4 A5E6 A6 coN( li{- RESo|I|ATOR
29 A5E7 A5 stflEut
JO A5€B A.fE20 omr (24) l+26 YDC
51
32 A5E1 J2-6 BU., (21) GIID INPUT
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BALL, EFRATOM DIVTSION CONTRACT NO.

TITLE: PARTS LIST, LN OSCTLLATOR

FRK.0LN

PL 703-IO2-1 REVISION LTR,
REVIS ION DATE 91 -04 -25

SHEET 2

CAGE CODE 55761

SPEC. OR NOMENCLATIJRE
MANUFACTURER OR DESCRIPTION

I
I
I
I
I
I
I
I
I
I
I

FIND QlY PART OR
No. RgQ IDSNTIFYING NO.

REFERENCE
DESIGNATOR UNIS NO.

1
2

5
6

8
9

1 0
1 1
L Z

1 3

A D

1

1
1

1
1
I

1
J

1
1
1

I

1
L 6

7  03 -LO4
70583-2
70584
EDPT 12 PF NPO
EDP! 27 PF NPO
EDPT 33 PF NPO
EDPT 68 PF NPO
EDPT 1OOPF NPO
EDPT 27OPF NPO
EDPT SELECT NPO
EDPT SELECT NPO
c3  20c122J2GSCA
c320c sELacT
cKR05BXl04KSV
cKRo6DX474KSV
CKRO5BX682KS

PRINTED WIRING BOARD
HOUSING, CRYSTAL
COVER, CRYSTAL
CAPACITOR 12 PF NPO
CAPACITOR 27 PF NPO
CAPACITOR 33 PF NPO
CAPACITOR 68 PT NPO
CAPACITOR 1OOPF NPO
CAPACITOR 27OPI 'NPO
CAPACITOR 10 PF NOUINAL
CAPACITOR 27 PT NO}.IINAL
CAPACT?OR 12oO PF +/-st  coc
CAPACITOR 6OOPF NOUINAL
CAPACITOR 0.1 UF
CAPACITOR O.47UF
CAPACTTOR 68OOPF +l- l .Oz

CAPACITOR 1 UF
CAPACITOR IOUF, TANTALUU
CAPACITOR, VARIABLE, 1-14PT
DIODE, VARACTOR
DIODE, ZENER
DIODE
INDUCTOR 2.zUH
TNDUCTOR 18OUH
INDUCTOR 10-2sIJH
TRANSISTOR
TRANSISTOR
TRANSISTOR
CRYSTAL sI.IHZ
THERUTSTOR 27K+/ -LOz 825'l C
TRANSFORMER 13:3
RESTSTOR 33.2 oHU
RESTSTOR 56.2 oHtq.

c18
c 1 1
c15
c 2 2
c 2 6 , 3 0 , 3 2
c L 7
c7
c8
c4
c5
c 3  , 1 O , 2 7
c 3 1

1 5 0 0 7 3 8
1 5 0 0 7 5 3
1500747
1 5 0 0 7 5 8
15007  64
1 5 0 0 7 7 6

1 5 0 0 6 8 8
1 5 0 0 7  0 0
1 5 0 0 6 9  5

1 5 0 1 4 9 9

470r245
470L2A6

c !  , 2  , 9  , 1 2  - 1 5  ,  1 9 - 2  1 -  ,  2 3  ,  2 8  , 2 4  ,  2 9  , 3 3  , 3 5

L7
1 8
19
2 0
2 t
2 2
2 3
2 4
z a
2 6
2 7
2 A
2 9
3 0
3 1
3 2
3 3

1 CKRO6BX10sKSV
1  E ? P W  2 C  L O l 6 . 3
1  PC25T140
1  MV1646
1  1 N 5 2 3 5 8
1  1 N 4 1 5 1
1  M S 7 5 0 8 4 - 4
2  MS?50S5-10
L 70277-SELECT
7 2N3904
1 JANrX2N4857
1 MJEBO2
L  704 -286
1  843KB273K
t  70277 -L
1 MK2 33.2 oHl. l
2 VtKz 56.2 oHM

c25
c 3 4
c6
cRl
cR2
cR3
L1
L3,L4
L Z

Q L  t 2  r  4 - 8
Q 3
Qe
y 1
RT1

R15
R,Lg,22

PARTS LIST, LN OSCI-LATOR (pL 703-102-t,2\ pAcE 1 OF 3
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I

BALL, EFRATOM DMSION CONTRACT No.

TITLE: PARTS LTST, LN OSCILLATOR

CAGE CODE 55761 PL.?03-102- r

FRK-( )LN

I
REvrsroN LrR. I
REVTSTON DArE 91-04-25

=========::::1========::=====l
FIND ery pART oR spEc. oR NoMENcLATURE nEFERENcE r
No. REQ TDENTIFYING No. MANUFAC?URER oR DESCRIPTToN DESTGNAToR uNIs No.=====================

34 2  W2 68.1  oHl r t
35 2 W2 121 oHM
36 2 t4X2 332 oHM
37 2 NIK? 562 oHM
3 8  3  M K 2  1 . O O K
39 1 !IK2 619 oHI{
4 0
4L 1 MK2 1. 62r(
4 2  1  M K 2  1 . 8 2 K
43 3 I ' IK2 2.2LK
4 4  2  M K 2  3 . 4 8 K
45 1 l ,rK2 4. ?5K
4 5  1  M K 2  6 . 1 9 K
4 7  2  M K 2  6 . 8 1 K
4 8  3  M K z  L O . O K
4 9  1  M K 2  1 2 . 1 K
5 0  1  u K 2  4 7 . 5 K
51 3 MK2 100K
52 1  MKz 133K
53 2 UK2 150K
54 1 UK2 221K
s5 4 MK2 ll,tEc
56 ], MK2 SELECT
57 1 RcR05c241JS
58 3 RCRosct olJs
s9 2 RCR05G273JS
60 1 RcRosct_o3Js
6t t-  RCR05G106JS
62 1 RWR81S1R10rR
63 2 UAlosHI{QB
64 t- Txc2oB
6 s  2  7 7 1 7 - 1 0 7 N
66 18 704L6-2
67 4  70425-3

RESISTOR 68,1 OHM
RESISTOR 121 OKM
RESISfOR 332 OHI{
RESISTOR 562 OIIM
RESISTOR 1 .00K
RESISTOR 619 OITM

RESTSTOR 1 .62K
RESISTOR 1 .82K
RESIS rOR 2 .2LK
RESISTOR 3 .48K
RESISTOR 4 .75K
RESISTOR 6 .19K
RESTSTOR 6 .81K
RESISTOR 10 ,0K
RESISTOR 12 .1K
RESTSTOR 47 .5K
RESISTOR lOOK
RESISTOR 133K
RESTSTOR I5OK
RESISTOR 221K
RESISTOR I.MEG
RESISTOR (3.48K SELBCT NOI4INAL)
RESISTOR 240 oHl, t  1/8w
RESISTOR 100 ogu 1/8w
RESISTOR 27 oHM 1/8W
RESISTOR 1OK
RESISTOR 10 ME,G L/4W
RESTSTOR 1.10 oHM 1W
INTEGRATED CIRCUIT
HEAT STNK
?RANSTSTOR PAD (8-PIN)
SOLDER TERMTNAL
SCREW, li[zx5

l ;; 'r ' ' tn i;sl*; I
Rr2 4701163

l"i',,u l;311;: IR 2 4 , 5 3  4 7 O I t
R 3 7  4 7 0 1 2 6 0
R35 47AL2A8

l?l;li,, llSii:9 I
R43 470t267
R33,s0,s2 

l ; : l l j ,  
;R 3 8 , 4 1  4 7 0 1 1

R8 470L2
R 9 , 2 9 , 3 0 , 3 1
R42
P.27
R2O,26  , 4 ' t  I
R 2 1 , 3 4
R 4 6
R39
R49
u1-,u2 I
xQ
xu]-, xuz

I

R 1 6 ,  1 7
R '7  , 48
R 2 3 , 2 5
R 3 ,  1 O

47 07296
4 7 0 1 1 7 8
4 7  0 L 2 4  8
470L287

I
I
I

PARTS LIST, LN OSCLLATOR (pL 703_102_1,2)pAcE 2 oF 3
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BALL, EFRATOM DIVISION CONTRACT

TITLE: PARTS LIST, LN.OSCILLATOR

FIND QgY PART OR SPEC. OR

NO. REQ IDENTIFYING NO. MANUFACTURER
==============

6 8  I  7 0 4 2 5 - 1 s
59  4  704L4 -L8
7 0  4  1 0 4 L 4 - 4
7L 4 2L9l
' 72  1  B52200F006
7 3  1  5 1 8 5 8 6
7 4  1  5 6 2 2 - 1 - 0 0 ?
75  A /R  MrL -W-16878  TYPE E
/ o

7 7  A l R  7 O 4 2 2 - r
7 A
79  A /R  314s  RTV
O U

81  A /R  LOCKTTTE 00241
a2  A /R  MrL - I - 46058  TYPE uR
83 A/R SN63WRMAP3
8 4  2  7 0 2 7 6
8 5
o o

a 7  r  7 0 2 7 7 - l L
88 1  67985T-A2

CAGE CODE 55?51  PL  703 -102 -1

NOMENCLATURE
OR DESCRIPTION

SCREW, M3x6
WASHER, SPRING M2
WASHER, FIAT I42
WASHER, FIBER
WASHER, BETLEVILLE
WASHBR, MICA
WASI{ER, UYI,AR
WIRE, 28AWG, TEFLON (YEL,BLK,RED,GRN)

NOT USED
SHRINK TIT SLEEVING 3/32
NOT USED
SILICONE RUBBER, GRAY
NOT USED
ADHESIVE, THERMAL ilOUTPUTtr

CONFORMAL COAT, POLYURETHANE
SOLDER
fERMINAI, HERMETIC
NOT USED
NOT USED
fRANSFOR},TER 13:4
WASHER, EXTERNAL TOOTH I.{2

FRK-( )LN

REVISION LTR.
REVISION DATE 91-04-25

SHEET 4

XQ9
T'NDER C6

T 1

REFERENCE
DESIGNATOR UNIS NO.

================

PARTS LIST, LN OSCILLATOR (pL 703-102-t,2) PAGE 3 OF 3
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FRK-( )LN

-i-0 
Jl

5LtHz (OUTPUT)

+20voc 12
(RED)

t'et ill e----l

-

R 1 5
33.2

Q1
2N3904

I

II€ATSIM

R 1 5
6 8 . 1

T$944

El cnvstrL co.trRot
VOLTAGE MONITOR

3. ALL RESISTANCE VALI.ES ARE OI$/S.

2. ALL CAPACITANCE VALUES ARE MICROFARADS.

1. FoR ASSEMBLY SEE DWG# 703-102.

N0TES: UNLESS oIHERWISE SPECIFIED.

I c20

I eaooer
I:

+29'l

RzS
100

RC05

LOOP
GAIN
c5

6OOPF
NPO
NOM

I  l tt,"t6-zsvu
I

I

a1

lOPF
NPO
NOM

c8
z t f t

ftP0
r'0M

F
I
I
I
I
I
I
I
lo

R34
27K

RC05

c28
6800PFI

$4rqe- ts l /MH3 ^ uExT ?QGe -s
SCHEMATIC, 5 MHz LN OSCILLATOR (703-103-TAB)

A-10

c16  I  C17

! ' R54
I  s tc

E5 TO A5E1
10MHz
UJTruT TO
SYNTT€SIZER
BOARD

OSC CONTROI.
VOLTAGE INPUT

TO A1E8

4.75K 150K I C30

t?3,, +:::,,,
10K

R42
3 .48K
NOM

R49
(rAB)

1W
RWRSI

TABIJLATION
{ R 4 4 R45 R 4 9

:i-7Fd-rern r IiI- 6 - 6  l K 1K r . 1
2 (FRK-HLN (12VDC}} 3.09K 2K IK - 6 0 4

J tlrtN I th t-tk

-5 (FRK IOMHZ LN} t b - t - t o J -

LAST
t,SFD

NOT
USED

U2

R53
cR3

l 1
t 4

R T l
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FRK-( )LN

t 4 .
r80 uH

TO J'
{a Mb- @urrur1

firt
31.2

+AY
L3
IBO UH .,-f€ITSlNr

\r O*+ZD YDL
GED) ? c13(o800n

r-lF
I

=

, aNlto+
GND k-j!__,
6t-u) \-/ I

03
zN4gt7

Rel
NK
n@,LctS

05 T \ZPF
?NNOFNPO

o7
zNE9|0+ct 6800 ?r

CZ
IDDUU
rF

fil
) leL

'  
?111 a  )< .a

I  e ' r r  s  E J  E  I

NOTFs- UNLESS OTHERWISE SFECIFIED

@f srr rnBuATloN Btl(K FnR cnt{tplN€NT vAtuE.
Z. FOR ASS€MBU DRAWIN| SFF NO. 703- IOZS
3-  usE wtTH NoRMAL (  NON -LN )  sERyO BoARD .

RN
66.1

Rl+
r,0 r(

a a

C 1
OPF
^rPo -
'Yrl,1

6W
PF

R7
2Zt
N O M

R4
z2tK

Rtl
t00K

U I
LMIOSH '--@)

^ > NrnMrLtY NoT C7NNECTED
49)

JVM?tT
(lr i3+)

(28

TO SENYA EDNKD AIEB

6000 T
P F :

t

*eoY

t  r p
T6800
IPF=

T I

31ffi ro^,8+
f 3;3 - lo MFh Dur pur ro

5YNTHESIZER BD

p6 { t  CB3

R39 C3t =
t0 MEIt .+7UF

HJe aoz

BoARb A+

SCHEMATIC, 10 MHz IN
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FRK-( )LN

INSTALL \'UMPERS
PER IABUL{IION

LEGEND

ARTWORK 1001 t9

RIV A

NOTES: uNL€ss oruEnus€ spEcrRED.

I. PART.ATTICHM6IT, WIRINC. SOI."OERING, CLE$IINC AIO YIORKIIANSI.IIPsrt'r4 B€ rt{ AcconoAr.rcE wTH rpc_s_als cr,lss iri.-
2. CONFORMAL CO\T 801H SIOES OF BOARO tN ACCORD ITCE yrIIH

MIL-ST0-275 USINC I{AIERT L coNFoRMtNc to utt__t_+oosa.
MASX IESr PONTS. IERMI.I l.S. MoUNilNG SUnr,rces rlrO 

-

COMPONENr /IAJUSIMEIIII SCREITS pRtOR fO_eppLrclnOn.

J. IDE}MF' ASSEMBLY WMI ASSA,IBLY NUMBER. REVISION IENB,
A.IO SERIAL NUMBER PER MIL-SID-IJO.

4. FOR SCHE},ANC SEE DRAWTNG NUMSER ,OOiI7.

5. ALL COMPONA.ITS SHOI/N ON ORAWTNG IJAY NOT BE USEO ON A[ ASSEUEUESsEE rAButAnoN a{o pARTs usr FoR acH rsseubuy. 
--

r:-.

c>..-
i>..,

TABULATION CHART
ASSEMBLY No 0ESCR|PnON INSIAL JUMPERS
too120-@O EASIC ASSEMBLY NONE
100120-oot STANDAFD VERSION A-C, D-e c-H
1 00 t 20-oo2 T]L VERSION A-C. D-F, G-H
toot20-oDJ tOW N9ISE 5 MHz VERStor{ A-8. O-€, c-{
loot20-oo4 LOW NOTSE TIL \€RSION A-8. o-E. G-J
,oot20-oo5 SPECIAL FOR GLOEAL A-C, 0*F. c-H
t oo t 20-006 LOW NOISE 10 MHz VERSTONA-8, O-E, 6-J

ASSEMBLY, SERVO BOARD (100120)

3 ..-{
!

' J
, . .  . 1 r

,-9

/ ' 1 t i

a \ )  . .
4 1 1 p  -

'l t_1

t -  1 . r

"'i.l
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FRK-( )LN

BALL. EFRAIoI|  olv ls lol l  CoII IRACT Io.

PARIS t IST, SERVO 8D

CAGE C00E 5576',1 0RAl r lUG No.  100120.1

FI tENAxE:100120 .Dgr

R€VISIOII tIR.
REVISt0 l  oATE 9 l -04-25
SHEET 2

I
I

FIllD oTY REo PER ASSY tlo. 100120-lxx CAGE PARI OR

[o. -001 -002 .003 -004 -005 -006 -007 -008 -009 -010 cooE IDE],lTttytNG ro.

SPEC. OR NOT,IEITCLATURE

NAIIUFACIURER OR DESCRIP'IOII

I ICI REFERE}ICE

C@€ DESICITAIOR :::: r:.1
1 1 r 1 t 1 1

2 2 2 2 2 2 2

3 1 1 1 1 1 1
4 5 5 5 5 5 5

5 9 9 9 9 9 9

6 2 2 2 2 2 2

7 t t 3 3 3 3

8 1 1 1 1 1 , 1
9 4 4 1 1 4 4

1 0 4 \ t t 4 1

1 1  1  |  |  |  1  1
1 2 3 3 3 3 3 3

1 3  1 1 1 1 t l

1 1  1 t 1 ' t 1 1
'15

1 6 2 2 2 2 2 ?

1 7  1 1 1 1 1 1
l 8

1 9  1 1 1 1 1 1

2 0  1 t , l  1 1 1
2 r 1 t t 1 . t 1

2 2 2 2 2 2 2 2

2 3  1 1 1 1 1 1

? L l l , t  1 t l
25 AlR AlR ^/R ^/e A/F. AtR
26 20 20 20 20 20 20
27

2 8  1 1 1 t 1 t

2 9  1 1 1 1 1 1
3 0 4 4 4 1 4 4

3 1  1 1 , 1  t 1 1
3 2 t , t  1 1 , 1  1
3 3  1 . t 1 1 1 1

1001 18-001

EDPTlOOPFIIPO

cKR05BX102XS
c(R05Bx682Xs

c(i058X104KS

cKR068X105(S

t3220106r.1035AS

22[A10]X

22tA173J

22[A104J

t{81421/01 - 1 2525
tN4151

1x5235s

1115245

ils75084-4
@2782

cD40608F

c040538F

LI108B/8838

Lll124J

n17-Ix

7717-107x

s$63m|.t^P3

70115-2

t|(2 100
nKz 461
ilK2 L00K
l|le 2.21K
r{K2 3.48K
ilK2 3.57K

EFRAToI LC.S. FABRTCAilO$ SERVO BOARD
STETTIIER CAP, IIPO IOOPF
tilt-c-390t4 cAp, cER, 200v, 10t. 1000pr
xrl.c-19014 cAp, c€R, 100v, 10x 6800pt
f { r r -c -390f4  c  P ,  cER,  50v ,  10u,  o , luF

c17,t7
c8
ct  -3,19, t1

1500704

f:ffi1
1500697

1502105

ttoo'torl
1500t44 r

,roo'rool

i*-l
::*:l
3130588

#ri I
2102217

li l t -c-19014

KENEI

S&E I
s&El
stEl

rar L-c-83/.21

cAP, C€R, 50V, 10t, 1.0uF
cAP, rAXr, 35V, 201 1OJF
cAP, POLY, sOV, 10X,, .01UF
cAP. POLY. 50v, 51, .04rur
cAP, POLY, 50V, 57., o.luF
cAP,  XF CRH01,30V,102,  1 .WF
D I O E .
0 toE,  6 .8V zEfER
DroE, 15v ZENER

c9,10, 12, 16,?3,27, 29,35,38
c6, ?8

c7 i21,22
c25

c26,c32-14
c13-15,24

cR3,CR6,CR7

cR2

cR5

L 1  , 1 2
u1

t n

U4
u5
u2,u6
01

U5

r P 1 - T P 9 ,  E 1 - E 9 , 8 1 1 , 1 2

R55

R29

R7,25 ,42,46
R27

R2
R6E

NOT USED
lilt-c-15305 tl lDucroR 2.2uH

t.c,, oPAt{P
NOI USED

I  . C . ,

I.C., oPAt{p

1 .c . ,  oP i lP
SPACER, TO-5 (3 LEAO)
SPACER, rO-5 (8 IEAD)
SOLDER

T€$IIIIAL

I0I USEo

RES, t1F, 1/1V, 12,, 100
RES. fiF, t,/4U, 11, 164
RES, t(F, 't/tV, 17,, 1.00K
RES,  nF.  l , /4 t ,  1X.  2 .21K
RES, |tF, 1/4y, lX. 3.48K
RES, t{F, 1/4U, tt, [ofi 3.57K

,*',^l
4701 260

iilxr I
I
I
I
I

PARTS LrST, SERVO BOARD (pL 100120) pAcE I OF 3
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FRK-( )LN

8ALL, EFRATSI 0lvlStoN CoI 'RACI No.

PARTS LISI,  SERVO BD

oRAt lxc  l io .  1001e0- l

FtLE[rdiE: 100120 .DBF

REVISIOI I  L IR.

REVTStOT oATE 91-01-25

SHEET 3

CAGE COE 55761

fll{o oTY R€0 PER ISSY [o. 100120-lXX CA6E PART OR

No. -001 -002 -003 -004 .005 -006 -007 -008 -009 -010 CooE rDE[TlrylNG ilo.
SPEC. OR IICT{ENCLATURE

xAlutAcTuRER oi DESCRIPTt0{

HCI REF€REIICE

COE OESIGXATOR U [ l S  N o .

34 1

35 1
36

3 7 2

3 8 4

59 1

4 0 3

44 1
1 5 6
46 1

17 1
1 A l

5 0 |

52 '1

5 3 2

54

5 6 |

57  1
58 1

3 l 3

4

t

3

1 ' t 1
1 1 1
1 1 ' l

nK? 1.?5K

rK? 5.76K

x(2 9.09(

r{K2 10.0(

t4K2 22.1K

t4K2 27.4K

nKz 47.5K

l1K2 56.2K
nKz 82.5K
ltKz l00K

!t,(2 332{
r{xz l09K

t4K2 475K

IKz SELECT

irKz t.00r{

RCR07G915JS

5386P- 1 -502

3386P- 1 -503

RCR07c205JS

cKR058x332xn

i'r(z 511

ccR05ccz02JR

0ot'J43s26slT

i l x2  22 . lK

lrKz 3.48(

||K2 100(

rr2 82.5K
|,|K2 ]9.2(
nKz 33.2K

SI€IINER

STEIINER

STETTIER

SIETTII€R

STETII{ER

STETTI{ER
STE'T}'ER

STETTNER

S'EIINEN
sTEII[€t

STETT}IER

SIETINER

STETIIIER
xr L-R-39008

80utIs

8U,RTS

il r L-R-59008

l{l L-c-59014

SIETIXER

l  I  L -C-20
00-rl-343

STETTIIER

SIETIXER

SIETTN€R

STEIT}IER
STEITIIER
STElIIIER

1701317

4701167

470121A

1701220

lm1267

1701285

1701311
1701171

4701217
4701211
1701270

4701 153
4701741
1750257

4750258

1m1572

1500705

4701282

1500622

4701210

17sl235

4701171

470111 I
1701250

4741?l5

RES, r,rF, 1/41'. lZ, 4.75K
RES, r{t, 1/49, 11 5.76X
XOT USED

RES, t4F, 1/1$, 1L 9.A9K
RES, l|F, 1/4!1, 11, ',t0.0(

RES, nf, 1t49, tX, 22.1K
RES, r,rF, 1/4y, 11, 27.4K
ilor us€o
NOT USEO
RES, $F, 1/1V, 17,, 17.5x
R€S, Ir, l/49, t l, 56.2K
RES, t4F, l l IU, lZ, 82.5(.
RES, itF, 1,/4H. 11, 100K
RES, nF, '/111, 12, t32X
RES, r,rF, 1/4U, 11, 309K
RES, At, 1t4U, 12, 475K
RES, HF, ',t l4u. 1U SELECT
RES, '{F, 1/49, 11, 1.00f.1
RES,  fC,  1 /4U,  51 ,  9 .1 t ' l
RES,  VARTABLE 5 .0K
IOr USEo

RES, VARIABLE, 50t(
RES, fC, 1/49, 51 2.0tr
cAP, CER, 100V, 101, 3300Pf
RES,  l t r ,  1 /4U,  t l ,  511
cAP, XPo, 50V, 51 2000Pt
l,ltRE, uilmsuLAIED 26AU6

RES. ltf, 1,/49, ',t1, 22.1X
RES, irF, 1/49. 't1, 3.1A
RES, r{F, ', l l4g, t l, '100(

RES, t{F, 1/4U, 11, 82.5K
RES, lrF, 1,/4y, 1I, 39.2K
RES, ttiF, It(U, 11. 33.2K

R22 4101260
R9 4701280

4

1

3

Ri5 ,69
R/ r ,  t7 ,60 ,61

R43

R'l,26,7t

R50,57

R 1 l

R1O,11 , t4 ,59 ,59 ,67
R18,36,64 ,71

R37
R 1 9

n t  1 , 7 2

R20

R8,23,21,38,11,45

R47
R16,70

R58

R21

R5

c50

JU,iPERS A-C. D-t, G-H
R l 2

R 1/r

R51

R52
R53
R54

1

4
,|
1

1

6
1

2 2 2 2
1 1 1 1
6 6 6 6
4 4 1 1

1 r l . t
l t 1 1

2 2 2 2

1 1 1 1

6 5 6 6
1 1 1 l

2 2 2 2

1 t 1 1

1 1 1 1

1 1 1 1
l 1 ' t t

I
I
I 5 9  1 1 1 ' t . t 1

60 AlR A/R AlR AlR AlN AlR
6 1  1 1 1 1 1 , t

6 2  1 1 1 t t , l
6 3  1 ' r 1 1 r 1

6 4  1 1 t
6 5 t 1 1

6 6 1 1 1

I
I
t
I

t
PARTS LIST, SERVO BOARD (pL 100120) pAcE 2 AF 3
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FRK-( )LN t
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SALL, EFRAToi l  DlVlSl0{ Coi lTRACI lo.

PARIS LIST, SERVO BO

DRAI'I[G lto. 100120-1

FILEI |A IE:100120 .DBf

REVISIO}I LTR.
REVrSlOll DA'E 9l-04-25
SHEEI 1

cAcE c00E 55761

fllJD 01Y nEO PER ASSY xo. 100|20-Ixx CAG€ PAR' OT SPEC. 0R |ld.iEllcLAluRE
ro' -001 '002 '003 -004 '005 -006 -007 -008 -009 -010 cooE tDEilTtryti lG ro. i lANUFACTURER oR oEscRtpiloN

' ICI REFERE}ICE

c@E DESTCXATOR UtllS l lo

6 7 0 1 0 1 0 0

6 € 1 1 t 1 1 l

6 9 0 0 0 0 . t 0

7 0  1 1 1 1 0 1
7 t 1 1 1 1 , t 1

7 ? 1 1 1 . t 0 1

N(2 10.0K

firc l.00fl

NK? lU

c(R068X105t(s

w0109f12

1r{52648

stElr[ER e,ES, tiF, t lIU, 12, 10.0(
STETTNER RES. trf. 1/4tJ, tX, 1.00n
STETTXER RES, t4F, 1/49, lt, t&
il l t-c-!9014 cAP, CEn, 50V, 102, t.Ouf
SUP€R-TEX TRAXSISTOR, I{OS FEI

DtoE, 60v zEfgR

R56

r18

n49

c36
a l

cn4

;#il

PARTS LIST, SERVO BOARD (pL 100120) PAGE 3 OF 3
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FRK-OLN

L A M P
i . '  C O M P A R A T O R
sz.tr

FRONT END
a 7 - 4 t

i  i  I  v  l s , b  I  V l s r  I  i i
r r l l l " l ' l ' " ' l l ij i L '
I  a a  t  2 , A V 4
l l o " @ d - : J v u
;  ( e L U € )  v  ,

;  ( a € o )

i

pl  * , ,*  osctuyq.E.*y M,. i l  E,  R i im:x

O 
* var5 sr

I . I l6fu tMrr a4 H. o{
u r4 Lot Fts wta 4t tiar^u si3 ^_a r o_r

L:l 
e re^rtq q{r rq cffir vM1

1@&trs  E  XV U& O @C (@.sxqr '

r Esratqa ^E V.w. E rtrc .tu (xr _)

NOTES: rus or..ore Fcrro

ig r*,;31rr*

ii L--nt -r ii I I .:,i.

T . . l u r' v  {

I  I  r  I  ^ . '
| [---l r^r

SWEEP
CONTROLLEfI

6"o i . ,"
I l...-."I3
I ' v cdr.e
{ t-\ | v(r^4
t l . l ; d l Y d t i
I t  4  i

I  C 1 .  C 1 5
. . T U F

ff i trF
,,. t ^,, Jo ;  "e " f  r u

I  t l
[, -.4

T,a'*
V

T A B U L A T T O N  C H A R T

n]
h--r'

lN s€ivo (6 *:)

u *ivo (! h.)

wcr[ (4€&)

TABULATTON CHART

'NF\(NF!

l:!

u r€ivo (a ht)
L t r  SSVO.TtL '
w gvo (r s.)

sftCl{ (4€&)

F) 
* ^t*t ayrF rd ot rEruird rsriEtr6

R - * " r f f i * @ s r

f"l 
r**t* F o.ra rts@y Esy

Gl *.^-* sru .*y

Gl *.. , ,* Es M'

ul

SoqeU ql.

SCHEMATIC, SERVO BOARD , ( IOO117)

A-16

N:l

l . . , u F

c ! 4
. . tuF -r

LOCK I
DETECTOR . .Y."

I r ]  r u

i i t '

I  ;  ' ' ' t t

--+-.+-
: i

i i
l l

l ; i
l i ;

I i i
' , ' iI

I
I
I
I
I
I

a 1 2

ra2 ia l  ras  iaa

.? '  PowER CTRCUIT

T
I

e
I  t ]

crt cfa
-aarv  .aa tv  .a .?w- rHH
. :;: t ,.;.,'-l

? l|..w

Lrti:s

SECOND
HARMONIC
BANDPASS
FTLTER i

lo
I

&

rior v 
rx

t , tODULRTOR v
OSCILLATOR

n ) c " I

i 1 5  - H
; v

, i . c p t  t . o t x
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3 PLACES

IG
IX

lQa
I,X,Jg

lr

O
r-l

c l*'lo
E

MAY INTMLL
rlx€D VALUE Ar ft'
(REFER€NcE outr )

KFEI wtfrEs -/
f lWAY FRAM A3

0ftN

03 MIN

f uT wlfrEs T0 3,5'., t,0L

FRK-( )LN

E2

€ t o
P t 1  T a t L

plcfc,etAL v/ EVJ
CO tL 'y ' l t i lDrtJL

BoARD Az
ASSEMBLY, LAMP BOARD (703-2484,2)

A-t7

GI OEF

@
o
N
I

(r)
o
N

rcTAIL BF O3

TAB ULAT I| .N
455EMBLY 'NO RT f8 Kn -fi lb UgED ON

7A3-708-l 8.25K 53Zn- IWL 3?,ZK FKK. H
:7A3-708-Z IZ,IK b9l* ;{tlcltt 4,12KFKITflLNO?YDC,

lr
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BALL, EFRATOM DIVISION CONTRACT No.

TITLE: PAR{S LIST LAMP BOARD ASSY FRK

CAGE CODE 55761

FRK-( )LN

PL  703 -208 - ] -  REV IS ION LTR.  U
REVISION DATE 6-6-90

SHEET 2

I FTND QTY PART OR
No. REQ IDENTIFYING NO.

SPEC. OR NOMENCLATURE
MANUFACTURER OR DESCRIPTION

REFERENCE
DESIGNATOR UNTS No.

Rl ,3

I
I
t
I
I
I
I
I
I
t
I
I
I
I
I

1 1 703-2LO-t
2 L EDPT ].OPF NPO
3  7  C322C332KLG5CA
4  1  PC32T140
5  1  1N52328
6  1  1 N 4 L 5 1
7  L  M S 7 5 0 8 3 - 3
I  2  M S 7 5 0 8 4 - 4
9  1  2 N 3 9 0 4

1 0  1  2 N 3 3 7 5
11 1 LU741HMQB
72 2 vtKz 100 oHlr
13 L MK2 681 oHM
14 1 MK2 1K
1 5  L  M K 2  1 . 5 K
r.6 I t tK2 4.7sK
! 7  r  M K 2  5 . 7 6 K
1 8  L  l t K 2  I . 2 5 K
1.9  l "  MK2 39.2K
20 1 RWR80520R0FR
2L 1 RWRSLS1ROOFR
2 2  1  3 3 3 9 P - r . - 5 0 2
23 1 MK2 332 0Hl4
24 2 CKRo5BX682KSV
2 5  l .  7 0 3 3 1 - 1
26 l .  2  50-159
27 3  70425-3
28 3  7041-4-4
2 9  3  6 7 9 8 S r - 1 N 2 . 2
3 0  L  7 0 3 3 4
3 1  L  M S 3 5 6 5 0 - 3 0 4
3 2  t  M S 3 5 3 3 3 - 7 3
33 1 MK2 140 oHM
34 1  CKR05BX104KSV

PRINTED WIRING BOARD
CAPACITOR 1OPF
CAPACITOR 33OOPF
CAPACITOR, VARIABLE 1.. 5-L4PF
DIODE, ZENER
DTODE, SWITCHING
INDUCTOR O.15UH
INDUCTOR 2.2UH
IIRANSISTOR
TRANSISTOR
INTEGRATED CIRCUIT
RESISTOR ]"OO OHM
RESTSTOR 681 OHM
RESISTOR lK
RESIS IOR 1 .5K
RESISTOR 4 .75K
RESTSTOR 5.76K
RESIS IOR 8 .25K
RESISTOR 39 .2K  I / 4W
RESISTOR 20 OHM 2W
RESISTOR 1.OO OHM 1W
RESISTOR VARTABLE 5K
RESISTOR 332 OHM
CAPACITOR 68OOPF
THERMOSTAT ASSEMBLY
I{ICA WINDOW
scREw, u2 x 6
WASHER, FLAT, M2
WASHER, LOCK, I{2
HEATSINK CABLE
NUr ;  HEX ,  10 -32
WASHER, IT LOCK, No. 1,0
RESISTOR 14O OI{r4 1/4W
CAPACITOR O.1UF

S-T
KEMET
JOHNSON
MOT
F
DELEVAN
DELEVAN
l40toRoLA
MOTOROLA
F
D - I

s-T
s-T
s-T
s-T
s-T
s-r
s-T

BOURNS
s-T
KBMET

c10
c L - 4 , 7 - 9
a 1 ' l

cR1
n D 1

Y 1

L l  , L 2
Q1
Q2
uL
P.2,9
R t 5
R3
R4
R6
R1
R7
R l 6
K I {

Rlr .
R5
R8
cL2 t14

15007 3  4
1 5 0 0 5 7 9
1 q n 1 c 1 c

4  8 0 0 0  9 1
4 8 0 0 0 8 4
r .8  014  4  3
1 .8014  48
4 8 0 0 1 9 7
4  8 0 0 I 9 4
3 1 3 1 0 1 " 6
4 7 0 I t 7 I
470L297
4 7 0 1 1 5 3
4 7 0 1 1 6 1
470 !267
4701280
4  7 0 1 3 0 9
470L250
470L967
47 02A).O
47  50249
470I248
1 5 0 0 6 9 5

242L407
282L386
4  70L l - 81
1 5 0 0 6 8 8

s- f

PARTS LIST, LAMP BOARD (pL 703-208-1) pAcE 1 OF 2
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BAI.L, EFRATOM DMSfON CONTRACT No.

TITLE: PARTS L]SI LAMP BoARD ASSY TRK

CAGE CODE 55761 PL 7O3-2O8-1 REVTSION LTR. U
REVTSION DATE 5-6-90

FIND QTY PART OR
NO. REQ TDENTIFYING No.

SPEC. OR
MANUTACIURER

NOII{ENCLAIcURE
OR DESCRIPTION

REFERENCE
DESIGNATOR UNIS Noi

3 5  L  7 7 L 7 - ! O 7 N
36 r, ttr(2 454 oHM
37 1  MK2 L .2 l -K  NOM
38 A/R MIL-W-16878,

BRANSISTOR PAD (8 PrN)
RESISTOR 464 oHVr L/4W
RESISTOR ]-. 21K NOMINAI
WIRE. 24AWc, TETLON, RED-BLU-ORN

PARTS LrST, LAMP BOARD (pL 703_208_1) pAcE 2 OF 2
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FRK-( )LN

H€TTER
POWIR

x l J

140

c8
3300PF

LTJ

1 N 4 1 5 ' l

2. RESISTANCE V^LUES ̂RE OHMS.

1. FOR ASSEMBLY SEE DWG# 703-2A8.

NOTES: I,.h{LESS OTI{RWISE SPECIFIEO.

SCHEMATIC, LAMP BOARD (703-209)

A-20

LAST
I  r (Fn

NOT
USED

U 1
t 2

R 1 R

c

R T I
L i l



FRK-( )LN

'6-d@'@' 
6

G,

€Fffin@
@rtErr.€) ilffitr

NOTES.UNLESS OTH€RWISE

I ,  sFE SCHEMATIC.  NO,

SPECIFIED

1 0 a - 2 5 +  .

'TANDARD FS,

USED WITH FILffR (ONN
9 5€PARATE HFAT€P Pwe

U'ED WITH SEPARATE
H€NTER POWER

I
I
t
I
I
I

ASSEMBLY, powER slrpply BOARD (703_253_TAB)

A-21

I  . cv t  € fcH

I/::::::::
l:lo c'i "F;-[ffi"-ffi@-G
{@@^@.#ffiI

TABULATION
PART NO, DESRIPTION
703- 253- t cR8 NoT UtED, tNstALL rVM?ER LLtl!1,14

70t-253-? IN'TALL (R8 & (W ETCH
qETWtrN CRI-C AND fI/58 FI

101- 253-3 INSTALL (R8 2 CUT FTU
B€TWEEN CRg-C L FUSE FI.
D0 i lor ,NSTALL Lt,tz,t3,t4.tL,t
tvsTnLL JUMPER Ar ttLl.Lj,L.g,
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BAI,I., EFRATO}1 DIVISION CONTRACT No. CAGE CODE 55761 PL 703-253-1 REVISTON IJTR.
REVISION DATE 9 ] . -04-25

TrTLE: PARTS I,IST, POWER sUPPty (A3)
SHEET 2

FIND QTY PART OR SPEC.  OR NOMENCI,ATURE REFERENCE
DESIGNATOR UNIS No,No. REQ fDENTfFYING No. ilANUf'ACTURER OR DESCRfPTTON

1

J

4
5
5
7
I
9

10
1 1

L J

14
15
16
L7
18
L 9
2 A
2 !
2 2

2 5
z o

z a

3 0
5 L

3 2
3 3
3 4

PARTS LIST, POWER SUppLy BOARD (pL703-253-1) pAcE I OF 2

1

L

L

L

1
1

7 03-255
EDPT 3X4 3.3PF NPO
EDPT 5x5 47PF }IPO
CKRO5BX682K AVX
cKR95BX104K5
T322DlO5l4035AS KE!,iET
6OODl76GO6OKD4 SPRAGUE
1 . 5 K 8 4 3 A  G . S .
1N4 578
1N4  t  5L
7N5242
251003 LITTLE FUSE
l{Kz 1Oo oHI'{
MK2 392 O}IM
r, f r<2 2.21K
M K 2  3 . 8 3 K
yi l<2 4.75K
l,rK2 6 . 81K
MI(2 1OX
MK2  12 .1K
y[x2 5.62r<
t tK2 200K
MK2 XXX
RW80U1R10F, D
3059Y-1 -503
2N3  9  06
MS75084 -1
LM748H

PRTNTED WTRING BOARD
CAPACITOR 3.3PF
CAPACUOR 47PF
CAPACITOR 68OOPF
CAPACITOR O.1UF
CAPACITOR ].OUF
CAPACTTOR LTVF 6OV
DIODE
DTODE
DIODE
DIODE
FUSE 3 AMP
RESTSTOR 100 oEU
RESISTOR 392 OHM
RESTSTOR 2.21X
RESISTOR 3 .83K
RESTSTOR 4.75K
RESISTOR 6.8] .K
RESTSTOR 1OX
RESISTOR ] .2.1K
RESTSTOR 5.52X
RESISTOR 2OOK
RESTS?OR SEI,ECT
RESISTOR 1.1 OH}T 2W WIREWOTJND
POTENTIOII{ETER 5OX
TRANSISTOR
TNDUCTOR 1.2UH
INTEGRATED CIRCUIT
l{o? usED
P A D - S P I N S O L D E R
SOLDER ?ERD{TNAL
NOT USED
RESISTOR 1X
RESISTOR 1K

c5
c7
c 3 r 4 r 6 , g r l o
c 7 4  , 7 6
c2
c1
cR2
cR5
c R l , 3 , 4 , 6
cR7
F1
R13
R23
R7 (NOI\!rNAL)
R25
P.22
R10
81 ,2  t 24  tA
R5
xv
R11
P' t5-r7 ,L9,2O
R14
R21
Q1
L8
U1

xu l  2 ro22L7

L500777
r500752
1500695
1500588
r .502105
150042  0
48  00019
4 8 0 0 0 8 6
4  8  00084
4  800093

470 t t 7 r
470t253
47 0LL96
47 0]-237
4701260
470129  1
47 0tL67
47 0LL7 5
47 0L279
470I205

4750227
48  00198
180144  4

1  7717 -107N
42  7  04 ) . 6 -3

1 MK2 1K
1 l,tK2 1K

R26 47 0\153
4 7  0 1 1 5 3

A-22



BALI,, EFRATOM DTVISTON

TITLE: PARTS I,TST, POWER

CONTRACT No.

SUPPLY (A3)

FRK-( )LN

CAGE CODE 55751 PL 703-253-1 REVTSION LTR.
. REVISION DATE 9L-O4-25

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

SHEET 3

F'IND QTY PART OR SPEC. OR NOMENCI,ATT'RE REFERENCE
DESTGNATOR UNTS NO.NO. REQ IDENTIFYING NO. I'IANUFACTURER OR DESCRTPTTON

35 1 I '1575084-4 DALE
36 1 MK2 681 oltlrl

INDUCTOR 2.2UH
RESTSTOR 681 oH}{

L5  1801448
r r o 4701297

PARTS LIST, POWER SUppLy BOARD (pL703-253-l) pAcE 2 OF 2

A-23
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ITFUT .
POWER

S€PARATE
TEATER ra
POWER ""

(As
REo'D)

AzEt 13

firuisso
. v L t

1 .

c1+
.1UF r .5KE43A

17UF
6gv r cR2

I

f oaooer
I-

L Z

I
UH

c4 Gl
6860PF v

'L

R10
6 . 8  1 K

A6E4 22

A6E6 26

45E10 ?7

+ c g

I eaaaer
I

rJ
t ' ,. | 

u+
r-rrYn.\

r 
1.8uH L--or

&:
L5

arrrY.\
- 2.2UH L---o7 A1E7
I
-4 RES L0CK SIc

8 A1E4

5 Rb LAMP sIG

f--*---__oxe6E3
f- r,Js 

-----{ 2+ A6E2

fo^tr*-_o 2s A6Es
-

+17y

t
{ !3;
1

-
I cR7

f 
:r'i.sz+z

|  + ' l7v- f
H

I  l n r a
o-...--._. -J_v'v

| 1- 6800PF
H ^ ^  |

+ l w 1 -

t l?v'
"--*1
"---1
"-1 :

GROUNO

A1E9

XTAL OSC SIC(,'
REMoTE I

FREO /
ADJ 

)
(As I

REo'o) ( e

A2E2 12

AlE2 17

A5E1 18

A2E3 t1

A1E3 15

A5E2 19

itrT
lhll 

neuov6 .LTMPER FoR SEPARATE HE^rER powER.

l[+. ] lr.lz.le.l+,16.17 TNSTALLED wrrH FTLTER
I.v CONNECTOR JIJI.,IPERS INSTALLED WITHOUT',_ rrlren coNNEcroR.

f,c. J rHsrru- cRB wITH SEeARATE HEATER powER otry.

2. RESTSTANCE VALL€S ARE OHMS.
rz\
I.J. lron ^ssEMBLy sEE D\vc, (TABULATToN).

rcTES: l.h{-ESS oT|{RVISE SPECfFIEo.

I
lo
I

BoeRD A3
SCHEMATIC, PO\ryER SUPPLY BOARD (703-254)

FRK-( )LN

cRl
lN+ t51

)eL
I'l TES

R8
10K

BASEPLATE

LAST
USED

ll0r
USEB

C 1 6

R2t R' t -4

O I

L8
F '

A-24
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|',otSr UNLE5S 0THE$NISE
I. FOB STHEMAT'C

SPEC'FIED.
o,A6RAn 5EE DWG N0. 703-Zt6-t.-2.

ASSEMBLY, SYNTHESTZER BOARD (7 03 -217 )

FRK-( )LN

,TI"ALL CR1

tt P.Ace oF Rl1

AssY 703-217 REv_s/N_ Ee@ @L/ @e 
\€ffi'[!s"ffi
,*ffiildffiffi.'"i"o"6b7 ^ fi 3'E-

:ffi.?"Fq*fuH$+ffiffi,Ji6jfiE3ffisFu*HN#CIFf;
.ffi"fifl|;hffin *fffil H3
PtgSJ H'FU3 :S#ijHt$s[:gy'^.ffiffi;'
J: inl tii.:HfeT""#q

o ogro o o 3tl(9di*4c'5
u2 t-P ''ufl-f u.t--F L--rt nfnj-l^ 49

IITLr TO METING SURFfrCE
OF YRI AI{O BOARO.
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FRK-( )LN I

BALL, EFRATOM DrV CONTRACT NO. CAGE CODE 55761

TITLE: PARTS LIST SYNTHESIZER ASSEMBLY BOARD 5 (A5)

7 032t'l -L

I
REVISION DATE 91-04- ' '  

I

FIND
NO. QTY

PART OR
IDENTIFYING NO.

SPEC.  OR
MANUFACTURER

NONMENLCATURE OR
DESCRIPTION

REFERENCE
DESIGNATOR I

E

D - f

l - 1
2 I
3

a z
o r

7 L
8 1
9 1
1 0  1
)_r 2
12 ).
1 3  1 4

L 4 2
a 5  z

1 6 3
L 7  1
r o  z
19 AR
2 0 5
2 7  1
2 2 2
2 3 2

2 5 3
2 6 2

2 8 4

D - f

s-T
s-T
s-T
b - I '

b- l '

s-T
s-T
KEMET
AVX

s&81
KEMET
F
KNOX
Da Ie

Delevan
Delevan
E
f,

N a t n r l ,
F
M
S-T
S-T

7 03-2L9
EDPT 3 .9  PF  NPO
NOT USED
EDPT ].5PF NPO
EDPT 22PF NPO
EDPT 33PF NPO
EDPT 39PF NPO
EDPT 47PF NPO
EDPT 68PF NPO
EDPT 82PF NPO
EDPT 1OOPF NPO
co52c272K2g5CA
CKRO5BX582KS

22N4473J
CKRO5BXlO4KS
I N 4 1 5 1
MV1638
IM-z  . 15UH
TYPE 120
1 0 2 5 - 3  8
1 0 2 5 - 5 0
7  0 2 7 7  - 4

7 0 2 7 7 - 3
7  805CT
2N2369A
2 N 3 5 5 3
MK2  47 .5  Ohns
MK2  56 .2  Ohms

Printed Wiring Board
Capac i to r  3 .9  PF

Capacitor 15PF
Capacitor 22PF
Capacitor 33PF
Capacitor 39PF
Capacitor 47PF
capacitor 68pf'
Capacitor 82PF
Capacitor IOoPF
Capacitor 27OOPF +/- LOZ
Capac i to r  68OoPF + / -  7OZ

Capac i to r  .O47UF + / -  5?  5OV
Capac i to r  .1UF
Diode
Diode, varactor
Inductor .15UH
Thermal Joint conpound
Inductor 5.5UH
Inductor 18UH
Inductor, variable (GRN,YeL)
fnductor, Variable (RED,YeI)
Voltage Reg.
Transistor
Transistor
Res is to r  47 .5  Ohrns  + / -  1 ,2  I /4W
Res is to r  56 .2  Ohns + l -  lZ  t l4V l

c 1 3

c 2 1
cL9,C27

c17
cL8

c29
c L 4 ,  C 2 B

c L , 3 , 4 , 7 , 8 , L L , L 5 , L 6 ,
2 0 , 2 2  , 2 4 , 2 5 , 2 6 , 3 7
c 2 , 1 2
c 5 ,  c 6
c R A , 5 , 7
!KO

L 6 ,  1 0

L 4 , 7  , 9 , L 2 , L 3
L2
L 3 ,  1 1
L 5 ,  8
VR1
Q 2 - 4

Q ]  , 8
R1
P . r g  , 2 O , 2 4  , 2 8

I
I
I
I
I
I
I
I
I
I
I
I
I
I
t

PARTS LIST, SYNTHESIZER BOARD (PL7O3-217) PAGE 1 OF 3
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REVIS ION DATE 91 -04 -29BALL, EFRATOM

TITLE: PARTS

DIV CONTRACT NO.

LIST SYNTHESIZER ASSEMBLY BOARD

CAGE CODE 55761

5  ( A s )

7 03217 -1,

t F IND
NO.  QTY

PART OR
IDENTIFYING NO.

SPEC. OR
MANUFACTURER

NONI,IENLCATURE OR
DESCRTPTION

REFERENCE
DESTGNATOR

1

3
5
1 5

I
I
I
I
I
I
I
I
I
t
I
I
I
I
I

3 0
3 1
J Z

3 4
J f ,

J O

1 a

J O

3 9
4 0
+ I

4 3
4 4
A A

4 6

4 8
4 9
5 0
5 1
52
5 3
5 4
5 5
5 6

I

1

1

5
1

1
J

1
1

I

I

MK2 l-00 Ohns
MK2 121 Ohns
MK2 15O Ohns
MK2 4 64 Ohrns
MK2 825 Ohms
MK2 LK Ohns
MR2 L.5K Ohms
MK2  1 .82K  Ohns
MR2 2.21"K Ohns
M K 2  3 . 4 8 K  O h n s
MK2  5 .23K  Ohns
MK2  5 .76K  oh r r s
NOT USED
MK2 1OK Ohns
MK2 1OOK Ohrns
MK2 Se1ect  A/R
RCR2OG47 lJS
2N2222}.
3  3  39P-1 -502
7  027  8 -7
SN54LSOOJ
sNs4LS93J
SN5472J
2 0 0 - , 2 5 0 - . 3 1 8
NOT USED
7 7 t 7  - 4 N

77  r7  - 93N

9 0 4 1 6 - 3

S-T
s-T
s-T
D - I

D - ' I '

s-T
) - r
s-T
S-T
S-T
s-T
S-T

s-T
s-T
5 - - t

MIL

Bourns
E
T . I .
r i

T T

HSP

Res is to r  1Oo Ohns + / -  72  L /AW
Res is to r  121-  Ohms + / -  LZ L /4W
Res is to r  150 ohns  + / -  IZ  t /4W
Res is to r  464 Ohms + / -  IZ  L /4w
Res is to r  825 Ohns + / -  LZ 1 /4W
Res is to r  1K ohn + / -  7Z t /4w
Res is to r  1 .5K Ohms + / - .  LZ  L l4W
Res is to r  1 .82K ohns  + / -72  L /4W
R e s i s t o r  2 . 2 L  K  O h n s  + / - 1 8  1 / 4 W
Res is to r  3 .48K Ohns + / - tZ  L /4W
Res is to r  5 .23K Ohns + / -72  r /4W
Res is to r  5 .?6K Ohms + / - !Z  ] - l4W

Res is to r  l -OK Obns + / -  LZ I /4W
Res is to r  looK ohns  + / -  LZ 7 /4W
Res is to r  Se lec t  + / -  lZ  7 /4W
Res i to r  4?0 Ohns + / -  5>"  \ /2W
Transistor
Resistor Variabl-e 5K Ohms
Transforner
Integrated Circuit
fntegrated circuit
Integrated Circuit
Heatsink

TSTR PAD (TO-5)
TSTR PAD (TO-1"8 Spreader)
Solder Terninal

R14
R29
R13

R32
R 5 , 7 , 2 r . , 2 2 , 3 0
R26
R 1 5 ,  1 6
K Z

R 8 ,  1 1 ,  1 2

K T U

R 6 ,  1 8
K J

R 3 1 , 3 3
R25
Q 5 ,  6
R 3 4
T1
u1
v2
U3
xQ8

r
m

K .

PARTS LIST, SYNTHESIZER BOARD (PL 7A3-2I7) PAGE 2 OF 3
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BALL, EFRATOM DIV

rITLE: PARTS LIST

CONTRACT NO.

SYNTHESIZER ASSEMBLY

CAGE CODE 55761

BOARD 5 (A5)

FRK-( )LN I

I
REVrsroN DATE e1-04-2e 

I
7 032L7 -r

FIND
NO.  QTY

PART OR
IDENTIFYTNG NO.

SPEC.  OR
MANUFACTURER

NONMENLCATURE OR
DESCRIPTION

REFERENCE
DESIGNATOR I

5 8
5 9
5 0
O I

AR

I

L

SN53I,{RMAP3
85ST-MX8
125ST-3
127 ST-3
934ST-M3

UIL Solder
Screw, Metr ic  M3X8
l{asher,  FIat  I t13
Washer,  SpJ- i t  Lock M3
Nut,  Metr ic  M3

PARTS LIST, SYNTHESIZER BOARD (PL7O3-217) PAGE 3 OF 3

I
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I
I
I
I
I
I
I
I
I
I
I
I
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R7
IK

Gfn QY L LG
I , I

 
*17y gft *t7l

_nv @1
@

t27Hz @.:--
MOD
VOLTAGE

It

l:
It
I
b
I
I
I
I
I
I
I
I
I

FRK-( )LN

cR4
lN+r5l

#t
_j

I
I

hlo

rox

=
r D q

rN+l5l

L 4
5.6 UH

LLO
6000 PF

L 7
5,/. UH

L?
i6 trH

Lro
. I 5UH

Rl0
r K

L L G
GBN PF

CE
GBOO F

g
oz
zNa36eA L8

( z L
6300 PF

c 3 0
L1 OO ?F

--J
r l

=
i-ri.--i

+ t l
: l - - \

l -
, - 1

*rc

L , '
t {Y

',L3K

ct9
L L T T

r  t a

1.9 PF
L4
6800 Pt

Lb tJH  -

--1.Ur/
'- 

1gfl|t1- TA
RE5CNNTORQ4

2J{ 236?A
Rt5
LALfi

a6-2N2222h
L6
. 1 5 U H

a7
aN 3553

CL+
66rA
?F

Ras
410
u!_w

.CVo'4800

PF

RZO
5l,z
0Htl

I
i

I
J-r-zg
T 8 a
I P F

cL| | Lzg
(tffi-Tln
? r  l ? r

P,?7
+6+T

I

I
'{ 4

i nrt
.  A1  R

fl14
5K,+8PF't'i'

Ri3
SILFCT

'IIELD FOR
EbOUTNT

IIOTF-6 : UNLESE 6TTHEEWtSE SpEetFfED
AEs}STNNtE YALUES AFE IN OHMS,
CAPAT.ITANCI, Y/|UEs ARE 'N MICROtrARADs

NOTT- R1I 15 NOT t'sED WHTN
YA.RTAbLE fiEtlsToR Rl+
t9 usEO.

boAR.)  A5

,SCHEMATIC, SYNTHESTZER BOARD (PL 7 A3 -218)

+17l/

: ( l i
2NZ)6?A

L n o

Kv6ta G '
?N2Z22n

T A E U L A T I O N
7 0 3 - z t 8 - t STD,  A5  sHow-N
7 0 3 - z t g - 2 L N ) R ?  t s s K3, F2R ASSEttlBLr S€F

W, s€€ T"+Eut una,y,
DWG 703-2,7.
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ASSEMBLY, RESONATOR HEATER (703-220-TAB)

A-30

/,JOTEs-UNLESS OTHEBWI5E SP€AFED

I. FOR SCXEMAT|C 5FE DRAWING NO. 703.221.

2. FOR PRNTED WIRING BOARD 5€E DRAWINL NO. 1OJ.222.

A-
Y t

WIRE LIS
FROM I COIOR AWG
ES 'LK z8
E 9 8m 2A A I  E I
E2 8LU ZG A3
€4 R€D ZL AJ EZZ

O R N zl
e 3 rEL ,41€23
E 2 ?8
€(. E t K 26 A'EZ6
E'7 6RN 2b A1 €28
Eto 8RN 28 A 3 € 2 2
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CONTRACT NO. CAGE CODE 55761 PL

FRK-( )LN

7O3-22O- I  REV IS ION LTR.
REVISION DATE 91-04-25

BALL, EFRATOM DIVISION

ITTLE: PARfS LISTI RESONATOR HEATER (A6)

FIND QTY PART OR SPEC. OR NOHENCLATURE

No. REQ IDENTTFYTNG No. MANUFACIURER oR DESCRTPTfON

SHEET 2

REFERENCE
DESTGNATOR I'NIS No.

1

2

5
6
7
I
9

a u
1 1
L Z

t-4
I f ,

I b

I 7
I O

L 9
2 0
2 L
2 2
Z J

2 5

2 6

1
1
f,

1

703-222
EDPT 1OOPF NPO
CKROsBX682KS
CKRO6BXlOsKS
2N3904
l.{K2 27.4 0H}1
MK2 100 oHl.t
MK2 121 OTIM
l{K2 187 O}nl
MI(2 1K
M K 2  3 . 9 2 K

} {K2 3  .24K
M K 2  8 . 2 5 X
MK2 1OK
l {Kz  47 .5K
uK2 475K
RCRO7G206JS
RWR8OSR519FR
t!{2 s8A
D139-OO2
A2 196GS5-3
l,rJE-8 02
RTv-108
SN63WRMAP3
UIL-Vi-15878 TYPE

P . W . B .
CAPACITOR 1OOPF
CAPACITOR 68OOPF
CAPACITOR 1UT
TRANSISTOR
RESISTOR 27.4 OIIM
RESISTOR 1OO OHM
RESISTOR 121 OHU
RESTSTOR 187 oHl.{
RESISIOR 1K
RESTSTOR 3 .92K
NOf USED
RESTSTOR 3 .24K
RESISTOR 8 ,25K
RESISTOR lOK
RESISTOR 47.5K
RESISTOR 475K
RESTSTOR 20 !{EG 1/4W
RESISTOR 0.619 oHM 2W
TNTEGRATED CIRCUIT
THERI.'AL cUT-oFF, UTP
EYELET
TRANSISTOR
STLICONE RUBBER, RTV
SOTDER
WIRA, STRANDED, TEFLON INS

c3
c L , 2 , 6 , 7 . , 8

Q 1
R19
K r f ,

R12
R14
R10
R 1 ,  1 8

R9
K L I

R 5 , 1 6 , 1 1
K /

R 4 ,  6
R8
RX3
T I 1

Q 2 , 3

1 5 0 0 7 6 4
l s009  65
1 5 0 0 5 9 7
4 8 0 0 1 9 7
4701220
4707L'7L
470t178
4 7 0 1 1 9  1
4 7 0 1 1 5 3
47 AL238

4707229
47 01349
4 7  0 L L 6 7
47 0r257
47 0727 0
470L704

313  0995
43  007  12
2 8 2 0 5 0 4

70424-7
2LO2572

1
t

I

1
1

I

1

A /R
A IR
l / p

3l,I
STIIi,IPSON

E

PARTS LIST, RESONATOR HEATER (PL703-220-r)

A-3r





OTIELD ADJ

ll
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TH€2fitEroe,
8f l

C.FITLD
c0tL

It10T0-
CELL

Eb
20 ME6

o l \
axlflx=, tl

3.1Lr OL
MJE. EOZ

u t
ilr€ -802'

fiaoT
-PF I

t@

Rt0

@
ch

TA UIATION
ASj'(M9LI NO, n9 R t 0 R'I f l r1 u5€o 0N
10 t - 7 0 - 3.2 X t ,0x t 0 K . L l t l FKK .11

101- 2L0 - > ?.7Lx Sff t 1.75K , 102 t FRr. HtlJ('lyr(

C 7
as00
PF

Rt5

SCHEMATIC, RESONATOR HEATER BOARD
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