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ABSTRACT

Production techniques are being establ ished for a thick film hybrid micro-
electron ic 17-22 MHz , temperature-compensated , voltage-control led crysta l

osc illator. The program requirements, the plan for meeting those require-

men ts , t he techn ical app roach being pursued and the technical work that
has been accomplished are described . The program is subdivided into an

engineering phase and a production phase. The engineering phase was

starte d , w it h the follow i ng be ing accom p lished dur ing this reporting

period : the configur ation design of the TCVCXO module , the detailed lay-

out design of the hybrid microcircuitry used in the TCVCXO module , the
detailed design of piece-parts to be used in hermeticall y sealing the
hybrid microc i rcuits and encapsulating the modules , the breadboard
anal ys i s of the TCVCXO electr ical design, the establ i shment of process
flow p lans for produc i ng the modules , and the select ion and procurement
of component parts and materials for the construction of the TCVCXO modules.

Details of thi s work are reported.
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1.0 INTRODUCTION

This report covers the first quarter of a two—year manufacturing methods

and technology engineering program underway at Raytheon under contract no.

DAABO7-76-C-8119. The objectives of the program are to establish production

techn iq ues for h igh dens i ty th ick  f i lm hybr id microc i rcu i ts used i n crystal
oscillators and to produce quantities of a 20 MHz temperature-compensated , C

vol tage-controlled crystal oscillator (TCVCXO) using those techniques . This

report describes the program requirements , Raytheon ’s program p lan  for meet i n g
those requirements , Raytheun s technical approach and the technical work per-

formed on this program to date.

1 .1 Basic Theory of Operation (Ref. 1)

The temperature-compensated , vol tage-controlled , crystal osc i l l a to r ,
being put into production on this program , is a wi de-temperature range ,

gun-hardened module for use in remotely-monitored battlefield sensor trans-

m u t ters. It features + 5 ppm overall frequency stability (+ 2 ppm frequency!

temperature stability plus + 3  ppm from sh ock , aging and other effects).

It has the capability for both digital and frequency-shift keying (fsk) and

analoge modulation. Deviation sensitivity is 500 Hz per volt and deviation
l i nearity is better than 5%. The unit is powered by a single 12 VDC supply

and dissipates a nominal 50 mW. Physically, the TCVCXO has the geometry of

a truncated cyl i nder and is designed to be inserted directly intü a printed -

circuit-board type connector.

The functional bl ock diagram for the TCVCXO is as shown in figure 1 -

The oscillator stage is an antireson ant Pierce crystal oscillator circuit

which conta ins a vo l tage-variable capacitance (VVC diode) in series with
the crystal. The output frequency is changed in response to a variation j j
in the voltage applied across this capacitance. The linearization of the
nonlinear relat ionshi p between out put fre quenc y an d app l i ed vol tage i s
accomplished by a diode function generator which produces a two-segment
voltage transfer characteristic having a nonlinearity approximately the
reverse of the oscillat or ’s frequency/voltage tuning cha racteristic. Thus
l i nearization to better than 5% over a deviation range of 100 ppm is
achieve d , and simul taneous digital , fsk or l inear analog modulation , tem-
perature com pensat ion and fre quency tr im are possi b le. 

- - -  - . --— ~~~ - ,-



— ~~~~~~~~~~ 
—-5---. -- -r -------‘----

~~~~~~~~~~
- —--.-,—- — —S.-.’- -‘S-

~
’S- --

~ 
—

I
The temperature compensation is accomplished by a six-segment DFG

which produces both positive and negative slope segments to approximate

a cubic function , which is the reverse of the crystal’s frequency-S tern-

perature characteristic. The compensating DFG is driven by a temperature

sensin g circuit employing the repeatable temperature characteristics of

a s i l icon di ode to sense the packa ge tem perature .

The summ i ng am p l if i er i s a differential o pera t ional am p l i f ier wh i c h
combines six separate voltages for operation within the linearized section

of the frequency voltage tuning cha racteristic. The six inputs are volt-

ages for (1) temperature compensation , (2) digital (fsk) modulation , (3)
analo g control (logic 0 or 1 which restores center frequency for ana l og
mnodulation ),(4) analog modulation , (5) frequency adjust for frequency cal-

i bra ti on of the TCVCXO , and (6) a voltage derived from a silicon diode

tem perature sensor to cancel th e tempera ture effects of sim i lar di odes i n
the l i nearization DFG . The voltage regulator, shown in the bloc k diagram ,
supplies a regulated 9V derived from the input supp ly voltage which can

vary from 10 to 15 VDC .
Nomin al frequency of operation of the TCVCXO is established by use of

a crystal having a resonant frequency in the range 17MHz to 22 MHz . The

TCVCXO is designed to use a new ceramic flatpack crysta l which is micro-

circuit-compatible. This flatpack crysta l is government-developed and

government -furnished .

To ac hi eve , in  manufac ture , the exact performance required of the
TCVCXO , funct iona l resistor trimming is used advantageously. Initially
the 105 resistors in the TCVCXO are passively trinined to a 5~C tolerance
and 12 of them are s u bsequently func ti onally trimmed : seven to provi de
a given dc vol tage , two to provide ac (audio) voltage and three to provide
a given rf output frequency . (See Appendix B herein. ) 

~
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2.0 PROGRAM OBJECTIVES - I

Raytheon is carrying out this Manufacturing rietbods and Technology
Eng ineer ing (MM&TE ) program in accordance wi th Electronics Command In-
dustrial Preparedness Procurement Requirements meeting Electronics - :
Command Technical Requirements SCS -483 (Appendix A herein) for a hermet-
ically -sealed 17 MHz to 22 MHz temperature-compensated , voltage-control led -~

crystal oscil lator (TCVCXO).  The object iv e of the Industrial Preparedness
program is to establish a production capability for m e e t i n g  estima ted mu-
il tary needs for a period of two years after completion of the MM&TE program -

and to establish a base and plans which may be used to meet expanded pro-

duction requirements. The objectives of the subject MM&TE program are to

establish the producibility of the TCVCXO module by mass production tech-

niques and with mass production facilities , to establish a quality control

system for production , and to take actions necessary to reduce the time re- -

quired for delivery of modules in large quantity .

The MM&TE program encompasses the following: I

a) Performance of the necessary design , development eng ineer in~ , 
-

fabrication of special tooling, and construct on of test facilities 
-

and limited production equipment as required , to obtain conf i rmato r~ ~ -
~

sample approval , establish a pilot line and ma ke a pilot run for

proving out a manufacturing process using product ion methods and 
-

-

techniques. 
-

b ) Accomplishment of all production planning necessar y to expand to 
‘I

produce according to the planned production schedule on a mass nr-
d u c t i o n  ba s i s , s hort of procuring tool ing , entii~ m en t  ~nd ma ter ia ls ,
and short of actual manufacture of the planned production schedule
quantit ies.

TCVCXO modules are to be fab ricated and del ivered on this program in
four lots as fol lows :

7 
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Engineering Samples
F i rst Su bm i ssion 10 ea .
Second Submission 15 ea.

Confirmatory Samples 50 ea .
. Pi lot  Run Units 100 ea.

The TCVCXO modu le is a + 5  ppm frequency tolerance quartz osci l lator
designed to operate over a wide tempera ture range (-40°C to + 85°C) and
in a mec hanical shock environment (1000 g ’ s ) .  The electr ica l and mechan-
ical design and performance are as defined in the ECOM Technical Require-
ments SCS -483 , with exceptions to be noted . The electr ical  approach taken
by the government avoids the use of inductors , which do not readily lend
themselves to microcircuit construction , an’~ uses functiona l thick fi lm
resistor trimming to achieve exact required performance in terms of frequency
l inearizat ion and temperature compensation. A government-prepared functional
resistor t r i m ming procedure has been supplied to Raytheon for use on this
program ani is included in this report as Appendix B.

The s 1iec if ied mec hanical approach uses a crystal enclosed in a custom
hermetical ly -sealed ceramic f latpack that is compati ble with hybrid micro-
c i rcu i t  construction . This package , developed by EC0M~ is 0 .40” x 0.40 x

0. 10” in S iZ (~ . These c rys ta ls  are to be qovern ment-fu rnished p~irts on the

current eronrain .
Early in the program , changes were prescribed by ECOM in the TCV C X O

module outl ine dimensions and electr ical design from tha t shown in the SCS-
483 spec i f i ca t ion . Fi gures 2 and 3 show the or iginal and the  revised elec-
trical schematics.  The revised module outline is ref lected later in
figure 4.

A lso , due to the expected non-avai labi l i ty of the ceramic f la tpack
until late in the program , it was further specif ied that crysta ls  housed
in a conventiona l HC -l8 holder be used in fa bricatinq the enqineering
samples. The impact of this change in the module desiqn w i l l  he shown
later ir Section 4. 1 of this report.

I’
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3.0 PROGRAM PLAN

The MM&TE program has been divided into two distinct phases: an

engineering phase of ten months duration and zi production phase of 12

mon ths duration. An additional month is allocated between the engineering

and production phases for customer review and approvals , and fol low i ng
the production phase for final report preparation and submission.

The en gineering phase consists of the following principa l efforts:

breadboard analysis of the electrical design

hybrid microcircuit and module design and design documentation

generation of the process flow plan

develo pment of processes tha t are new or have as pec ts that are
un ique to the TCVCXO and documentation of these processes

des ig n an d fabr ica t ion of spec ial toolin g, test fixturing and

test boxes
fabrication and testing of engineering samples in two lots of

10 and 15 each.

The production p hase consists of the following princ i pa l efforts:

generation of source control documentation for purchased parts

an d mat er ia l s
generation of incoming inspection procedures for purc hased parts

and ma terials

generation of production operation standards for each process step

. generation of production test procedures and test specifications

fabrication and testing of 50 confirmatory samples

fabrication and testing of 100 pil ot run units at the specified
ra te

p 11
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4.0 TECHN ICAL APPROACH
4.1 Module Configuration and Construction

The TCVCXO module , as specified Ely ECOM , cons ists of two hermetically-

sealed hybrid microcircuit substrate assemblies bonded together , back-to -

back , hav ing a frequency-adjust potentiometer attached thereto and encap-

sulated in the form of a truncated cylinder. (See Appendix A for details

of the specification.) Accordingly , the app roach Ray theon has ta ken to
implement these requirements was first to generate a dimensioned module

configuration drawing (figure 4) show ing construction details down to the

hybrid microcircuit level . The substrate size was fixed at 1 .515” x 0.900”
x 0.030” nom i nal , both hybrids utilizing the same size substrate. Hermetic

sea l i ng of t he su b s tra te a ssem bl i es i s to be accom pl i she d using alumina
ceramic corrals an d f lat metal covers , as shown . The drawing also shows

two alternative crysta l packages and l ocations , as required . The specifie d

module outline is to be achieved by using a plastic potting shell.

The alumina corra l is to be sealed to the processed thick film sub-

strate using a conventiona l solder glass. The top surface of the corral

is meta llized and has a Kova r frame brazed to it. The flat Kovar cover is

to be seale d to this frame by parallel seam wel d in g. Detai ls  on the design
and cons truct i on of t he corrals , frame , brazing alloy preform and cover are

given in figures 5 through 8.

The approach selected for encapsulating the module to the required form

factor is to insert the module assembly into a potting shell and back fill

the shell with a low density epoxy, so as to meet the weight specification.

The potting shell design concept is pictured in figure 9.
The two hybrid microcircuits are to be bonded together using an epoxy

preform . Plans are to use Ablefil ni 550 epoxy film adhesive for this bond .

The potentiometer and the HC-l8 crystal can (when used ) will be epoxied to

the top of the seal ed VCXO hybrid and the leads soldered to appropriate
term ina ti on pads on the su bstra te , as shown in figure 4.

Two mod i fica t ions to the des i gn of t he mo dule hav e been re queste d by
ECOM, bu t not yet implemented . These are (1) a means for withdrawing the I

l

module from a cavity in its next level of assembly wherein only the end
face opposite the connector is acces sible and (2) a means for protecting

the potentiometer from excessive moisture stm h as would be provided by a

12
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flush nylon screw plug covering the adjustment screw access hole.

The basic construction of the two hybrid microc i rcuits is described in

the fol low i ng sec ti on .

4.2 Hybrid Microcircuit Construction

The e l ec tr ical c i rcu it for the TCVCX O has been par titi oned i nto two

func t ion a l par ts , calle d the linearized voltage-controlled crysta l

oscillator (or VCXO ) section and the temperature-compensated diode function

generator (or TC) section. The partitioning is as shown in figure 10. Each

part will be fabricated as a separate hybrid microc i rcuit. Each hybrid con-

sists of a 1.515 ” x 0.900” x 0.030” alum ina substrate metallized with a

t h i c k  f i lm con duc tor-resis tor  pat tern . In tegral crossov er connect ions are
ach ieved by means of thick f i lm conductor segments i nsula ted from the main
pattern by thick film dielectric material. Chip components attached to the

metal lized substrates complete the circuits. The chip components consist

of diodes and transistors in both beam lead and chip-and-wire form , inte-

grated circuits in chip-and- wire form , and chip capacitors. In add ition ,

the VCXO hyb r i d con ta i ns a crystal w hi c h is house d i n a cus tom ceram ic
flatpack. Table 1 gives the component count by generic type and the method

4 of component assembly for each hybrid type .

4 .3 Process Flow Plan

A tentative process flow has been defined for each of the hybrid micro-
circuit types and for the module. The flow plan is shown in three parts in 4
figures 1 1 , 12 and 13. These figures also show the hierarchy of processing
and testing temperatures for the hybrids and modules. Where no temperature

C 
is shown , that process step occurs at room temperature.

It has been specified that the first lot of engineering samples (10 lot)
are not to he encapsulated and tha t no more than six of the second . lot
(15 lot) are to be encapsulated . Al so, the en g ine er i n g samp les a re to he
built usina non-ruggedized crystals in the HC-l8 cans rather than ruggedized
crystals i n the ceram i c f la tpac ks , the latter not yet being available. Con—
sequently the flow plans have been modified for the enqineering samples ,
f i gu re s  14 , l 5an dl6. The flow pla ns are all subject to revision or refine—

C ment based on results of their implementation on the engineering sample build.
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TABLE 1. COMPONENT COUNT AND ASSEMBLY

Assembly Qty./Substrate Type

Component Met hod TC VC XO

Ceramic Chip Capac itors Soldering -- 9

Porce lain Chip Capac itorS -- 2

Bipolar IC Chips Eutectic die bonding 2 3

Transistor Chips & ultrasonic (gold) -- 2

Diode Chips bal l bonding -- 4

Beam Lead Transistors Wobble TC -- 1

Beam Lead Diodes bonding 7 3

C -MOS IC Chips Epoxy die bonding -- 2
& ultrasonic (gold)
ball bonding

Crysta l Flatpack Soldering -- 1
(case ~ leads)

I!

TOTAL 27 -
‘
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Ul trasonic ball-bonded gold wi re will be used for the interconnection of

non- beam-leaded semiconductor chips. Gold wire has been selected over

alum i num out of deference to the wel l -documented reliability problems

associated wi th aluminum wire bond s on most thick film gold materials.

Ultrasonic ball bonding was sel ected over conventiona l thermocompression

bonding to avoid exposure of the gold wire—to-aluminum film interface on the

chips to excess ively high temperatures and an attendant I pur p le pla gue l inter -

meta l l i c  pro b lem .

Th selection of soldering and eutectic die bonding as the processes for

attach ing chip capacitors and semiconductor dice , respectively, was ma de be-
cause the use of conductive epoxy was expressly prohibited on this program.

C 
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5.0 ELECTRICAL DESIGN ANALYSIS

The electr ical desi gn of the TCVCX O , as defined in the ECOM Technical

Requirements SCS-483 and as later modified by ECOM , was breadboarded by

Raytheon at the start of the Engineering Phase . The objectives in so doing

were to gain a working familiarity with the electrical design and perform-

ance prior  to microci rcui t  desi gn , fabr ica t ion  and tes ti n g an d to have a
vehicle for use in developing test procedures and test set-ups for use in

module testin g la ter in the program.
The breadboard was built using standard discrete components , with  the

exception of the two capacitors Cl and C2 in the oscillator stage . The

actual porcelain chip capacitors were used in the breadboard but with leads

pre-attached .

The basic approach pursued in testing the breadboard was to first

obtain an operating circuit , then to impl ement the resistor functional trim

procedure , an d then to chec k the performance of the brea dboar d agains t the
specifications in SCS-483.

Progress was in iti a l l y impeded by a probl em encountere d with spur io us
osc illations in the breadboard arid then with a distorted RF output voltage

waveform . The spur i ous osc i l l a t i on pro b lem was even tu a l l y solved by a
sl ig ht chan ge in brea dboar d la yout an d by groun d in g the trans i stor cases i n
the oscillator stage. The distorted output turned out to be characteristic
of the el ectrical design , and hence solva ble onl y by a c han ge i n des i gn.
Th i s was no t attem pted , since output distortion is not an item in the per-

formance specification and since development of the electrical design is

ou t of the scope of th i s program , as defined .
Another significant problem encountered early in breadboard testing was

a limited modulation capability . As the oscillator stage was laid out ,
stra y ca pac i tances ten ded to swam p out the effect of the var ia ble  ca pac-
itance diode CR14 and therefore l imited the shift in frequency achievable by
modula ti on . A la you t rev i s i on solve d the probl em .

_  
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The net effect of the problems encountered were to impede progress

su fficiently to prevent complete performance testing of the circuit to

specification during this reporting period . The resistor functional trim-

niing procedure was fully evaluated , however , at-id the results used in de-

s i gn i ng th e l ayouts for the hybr id microc i rcu i ts .
A summar y of the accumulate d observat ions resu l t ing  from brea dboar d C

testi ng are as fo l lows :

a) The layout of the oscillator stage of the TCVCXO must be tight

to reduce stray impedances.

b) The temperature-sensing diode CR1 must be located physically

close to the crystal in order to achieve proper temperature

com pensat ion.
c) The VCXO deviation linearity appears to be marginal. Apparently

the one break-point in the linearization network is not effective. -

C

A redesigned network having two break-points would seem to be in C

order.

d ) The frequency adjustment range appears to be excessive , result ing
in rather low adjustment sensit ivi ty .

e ) The RF voltage waveform is not sinusoidal.
f ) The osc i l la tor  trans ient frequency stability is within 2 Hz from

5 ms to 100 ms after initial turn -on.
g ) The 9-volt regulator output varies _0.003 C / O C .  A 40 m V  change in

the 9 volt supply causes a + 0.5 ppm frequency shift.

h) It is apparently necessary to follow precisely the ECOM twelve-s tep
functional trim procedure for resistors , in order to obtain adequate
temperature compensation.

i) The best frequency-temperature stability achieved in the breadboard

over the range -400C to + 75°C was 6.4 ppm (4- 3.~ ppm ) at en t e r

frequency. This was achieved using crystal S/N 19 which has a

nominal frequency of 18 MHz and a turning point C~~parat ion of 20 ppm

or 360 Hz. The frequency-temperatur e stability at each of the

frequency deviation limits was + 2.65 ppm . (Ref. para . 3.10 of

SCS-483)

30
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There is good reason to expect that the temperature stability of

the hybrid version will be better than that of the breadboard. The 
- 

-

smal ler  size of the hybri d module an d the ti ghter th ermal homo genei ty
is expected to contribute to improved performance. -

Much of the effort expended in evaluating the resistor functional

trim procedure focused on paragraph 6, F/V Linearization , of the VCX O C

Network Adjustment and Trim Procedure, i.e. on steps 718 and 9 of the
12 -s tep t r im procedure.  Table 2 shows data taken on the brea dboar d us in g

10 different crystals. The table shows the impact of changing crystals

on the tr im va lu es requ i re d for res i stors R7 5, R76, R78, R8(), R83 and Rl 04.
Similar data was recorded for the other steps in the trim procedure , and

the trim range requirements deduced for use in hybrid l ayout desi gn. These

requirements are included in tables 4 and 5 which list all resistors in

the TCVCXO .
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6.0 MICROCIRCUIT AND MODULE DESIGN

6.1 Parts and Materia ls . 
-

-

Based on the electrical schematic includee in the ECOM Techn ic il Require-

ments no. SCS-483 document (see Appendix A), a parts list was generated to

the TCVCXO module. The selected parts are as shown in table 3 , broken down

by quantity per hybrid microcircuit type or module. Also included in table 3

is a Hstin 9 of those materials to be used in the assembly, hermetic sea li n C C

and encapsulation that have been selected or are yet to be selected . In-

dicated also is whether each item is made (in-house or outside) or bought

or , in the case of the crystals , a government furnished part.

Semiconduc tor device chips were selected in beam--leaded form , as
specified , where such were available. The only bean-leaded devices found to

be a-Caila b l e were the BD36008 (IN36mJO equivalent ) diode and the BT2907A

(2N2907A equivalent) transistor.

In the selection of ceramic chip capacit ors , an attempt was made to

use m il i t~ s- 1 standard chip sizes wherever possible. Consequently, the CDRO1
size (0.080’ x 0.050 ) was selected for all capacitors except Cl , C2 and CO .
Cl ãfld C? are high Q porcelain chip capacitors , as specified , wherea s C8 is

C d ncJi.- --. ta n C CI rd size 0.1 uF ceramic chip capacitor (0.125” x 0.095”). A
mi 1i~ C Ir. s~~ndard 0.1 uF ceram ic chip capacitor comes in a CDRO4 size
(0.180 ~ P l2h’ ) size and was determined to be too large for use in the

C extremely dense VCXO hybrid (see figure 18 below). The 0.01 uF capacitors
were found to be available in the small CDRO1 size , hut from onl y one vender

in tha t size. Consequently, tha t vendor, a QPL vendor , was the selected
source for all ceramic chip capacitors.

The ass enml C ly ,  hermet ic sedl ing and encapsulation materials have been
C 

discussed already in Section 4.1. -~
C 

6.2 Hybrid Microc ircuit Layou t Des i~ i

Layout designs for the two types of hybrid m icro c irc uits used in the
TCVCXO module have been completed . Fi gures 17 and 18 C~ r~ the resultant
hybrid assembly drawings. To facilitate comprehension of these designs ,
severa l key features will be noted : 

-

‘ 
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TABLE 3. TCVCXO PARTS AND MATERIALS - 
—

IJHI T USAGE
ITEM TY PE OR VALUE Ni/ B 

~~~~~~~~~~~~ ~~~~ M O E

m t .  Circu i t uA77 6 B 3 2 ——
m t .  Circuit CD4007AH B 2 -- - -

Diode (Beam Lead) BD3600B B 3 7 --
Diode 1N4567A B 1 -- --

Diode 1N75 1A B 1 -- --

Diode 1N754A B 1 -- - -

D i ode 1 N 5468A B 1 -- — -

Transistor (Beam Lead) BT29O7A B 1 -- - —

Transistor 2N?857 8 2 -- - -

Capacitor 150 pf B 2 -- —-

Capac itor ~OO p1 8 1 -- --

Capacitor 1 000 pf B 1 -- --
Capacitor 4700 pf B 3 -- - -

Capacitor 0.01 uF B 2 —- - -

Ca pacitor 0.1 uF B 1 -- --

Potentiometer 25 K B - - -- 1

Crystal
a) in HC- lb -- GFP - - -- 1

b) in Flatp ack --  GFP 1 -- -—
Thick Fi lm Substrate - -  Ni 1 1 - -

Epoxy Preform Ab lefilm 550 B - -  -- 1
- - Gold Wire ( 1-M i l )  -- B AR AR --

Copper Ribbo n -- B -- -- AR
Gold Ribbon -- B -- AR --
Corra l -- 1 1 - -

Brazing Frame -— ‘1 1 1 ——
Brazing Alloy Preform -- 1 1 -—

Seal i ng G l ass Preform -- M 1 1 - -

Cove r -- M 1 1 --
Epoxy Encap sulant -- B -- -- AR
Potting Shell - -  M -- --
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a) The wide border (shown by broken l~ nes ) surrounding the component
area on the substrates is the glass-seal area for the ceramic corral .
The seal ring is 0.090’ wide.

b) The long conductor ‘-f ingers ” at one end of each substrate are the

input -output pads for the module which mate with an external connector.

The short fingers at the opposite end are the term i nation pads for the

interconnections to be made between the two hyt~rids.

• c) Patche s of thick film dielectric are used under thick film cross-

over conductors (shown cross-hatched ) and under wire bonds which cross

over thick film conduc tor runs. In the VCXO hybrid , dielectric patches

are also used as solder dams between solder tern hination pads for

capacitors and wire bond pads for active devices.

d) In the TC hybrid design , severa l ribbon jumpers are shown . They

are necessary for two reasons. Both reasons ~‘ - rtain to resistor trimming ,

one to passive trimm i ng and the other to functiona l trimming. Although

the laser trimming system to Le used is generally capable of trimming

individual rp siC ,Lors connected in a c losed loop, the TC c i rcui t  has
too complex an array of closed loops inside loops f r  the system to

handle. Therefore , some of these loops have fo h-~ temporarily broken

C to allow for passive trimmin g of the resistors. The other reason for

jumpers is tha t the functional resistor trim ~-m -e ce dure requires that

certain electrical conne ctions be temporarily broken to permit in-
jectio-~ of test signals or precise measurement of test voltages. A l l
of the jumpers are to be completed by thern iocoimip ression gold ribbon
bonding .

Tables 4 and S list the resist ors for the TC h-ihri d and the VCXO hy-
brid, respectively. Included for each resistor is the nominal value , th (

pass i ve t r im  to ler ance a n d ra nge , the functional trim range , where applicabl e .
and the sheet resisti vity of the thick film material to he used in tat-ri-

cation .
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TABLE 4. RESISTOR LIST FOR TC HYBRID

RESISTOR NOMINAL TRIM RANGE PASTE SEE ACTIVE TRI~1 TOL.
DESIG . VALUE RESISTANCE .f)../cI NOTE RANGE

____  
MuM . MAX . 

_ _ _ _ _ _ _ _ _  
C

Rl 90K 85.5K 94.5K 30K
R2 120K 1 1 4K 126K 300K 1 Neg l~~ible 5%
R3 200K 1 90K 210K 300K 1 flegligib le
R4 1M 950K 1050K 300K
R5 40K 38K 42K 30K 1 4OK-48K
R6 1M 950K 1050K 300K 1 1M -1 .3M
R7 1M 950K 1050K 300K
R8 20K 19K 21K 30Kp R9 20K 1 9K 2 1K 30K
Rl0 200K 1 90K 210K 300K
Rfl 20K 19K 2 1K 30K
R12 200K 190K 2 10K 300K
R 1 3 200K 1 90K 2 10K 300K
R l4 20K 19K 2 1K 30K - 

-

Rl5 20K 19K 21K 30K
Rl6 200K 190K 21 0K 300K
R17 20K 19K 21K 30K
R18 9.4K 8,930 9,870 30K
R19 200K 1 90K 210K 300K
R20 20K 19K 21K 30K
R2 1 20K 19K 21K 30K

C R22 200K 1 90K 210K 300K
C R23 20K 19K 21K 30K

R24 7.1K 6,745 7,455 3K
R25 200K 1 90K 210K 300K
R26 20K 19K 21K 30K
R27 20K 19K 21K 30K
R28 200K 190K 210K 300K
R29 20K 19K 21K 30K
P30 2.55K 2,422.5 2677.5 3K
R31 200K 1 90K 210K 300K
R32 20K 19K 21K 30K

-‘ P33 20K 19K 21K 30K - I

R34 200K 190K 210K 300K
R35 20K 19K 21K 30K
P36 17.6K 16,720 18,480 30K
R37 200K 190K 210K 300K
R38 20K 19K 21K 30K
R39 20K 19K 21K 30K
R40 200K 1 90K 210K 300K
R41 20K 19K 21K 30K
R42 143K 135 ,850 150,150 3001<
P43 200K 1 90K 210K 300K
P44 10K -9.5K 10.51< 30K
P45 10K 9.5K 10.51< 38K

38
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TABLE 4. (CONT’D)

RESISTOR NOMINA L TRIM RANGE PASTE SEE ACTIVE TRIM TOL . 
C

DESIG . VALUE RESISTANCE .n./D NOTE RANGE
MIN MAX .

R46 500K 475K 5251< 300K 5%
R47 101< 9.5K 10.5K - 3K 1 10K - 50K
R48 10K 9.5K 10.5K 3K 1
R49 500K 475K 525K 300K
R50 10.25K 9,737.5 10,762.5 301<
R51 1 .07K 1 ,016. 5 1 ,123.5 3K
R52 1.19K 1 ,130.5 1 ,249.5 3K
R53 849 806.55 891.45 3K
R54 707 671.65 742.35 3K
R55 4.73K 4,493.5 4,966.5 3K
R56 40K 38K 42K 301< 1 Negligible
R57 20K 19K 21K 30K 1 20K - 40K
R58 1M 950K 1 050K 300K
R59 1M 950K 1050K 300K
R60 lM 950K 1 050K 300K

Note 1: Subject to functional trim after initial passive trim to + 5~

‘
I
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TABLE 5. RESISTOR LIST FOR VCXO HYBRID

RESISTOR NOMINAL TRIM RANGE PASTE SEE ACTIVE TRIM TOL.
DES I G . VALUE RESISTANCE r~./ r ~~ NOTE RANGE
-_________ MIN.  MAX .

R61 1K 950 1 050 3K 50
R62 1K 950 1060 3K 5%
P63 200K 192K 208K 3001< 1 Negligible 4%
R64 1 50K 142.5K 157.5K 30K 1 150K-263K 5%
R65 111 950K 1050K 300K
R66 680K 646K 714K 300K
R67 1101< 104.5K 115.5K 3001<
R68 51K 48,450 53,550 30K
R69 28 .7K 27 ,265 30,135 30K 1 28.7K-35.6K
R70 38.3K 36,385 40,215 30K 1 38.3K-47.5K
R71 51. 1K 48 ,545 53,655 301< 1 Negligible
R72 38.3K 36,385 40,215 30K 1 38.3K-71K 5%
R73 200K 198K 202K 300K 1%
R74 1M 950K 1 050K 300K 5’~
R75 9K 8550 9450 3K 1 91< - 16K
R76 201< 19K 21K 3K 1 20K- 34K
R77 2001< 1 90K 2101< 300K
R78 63.31< 60,135 66,465 30K 1 63 .3K-111K
R79 9.2K 8,740 9,660 3K
R80 20K 19K 21K 30K 1 20K - 23K
R81 12.4K 11 ,780 13 ,020 30K
R82 200K 1 90K 210K 300K
R83 38K 36.11< 39.9K 30K 1 38K - 76K
R84 39K 37,050 40,950 30K
R85 500K 475K 525K 300K
R86 1M 950K 1050K 300K
P87 68K 64.6K 71.41< 30K
R88 1001< 95K 105K 300K
R89 21< 1 900 2100 3K
R90 Deleted

I
’ R9l 56K 53.2K 58.8K 30K

R92 1.8K 1710 1890 31<
R93 Deleted
R94 68K 64.6K 71.4K 30K
P95 3.2K 3040 3360 3K
R96 5.6K 5320 5880 3K
R97 30K 28.5K 31.5K 30K 1 30K-36K
fl98 12K 11.4K 12.6K 301< 1 12K-14.4K
R99 1M 950K 1 050K 3001<
RJ00 10K 9.51< 10.51< 30K
R1 01 1K 950 1050 3K p

R1 02 9001< 855K 945K 300K
R 103 lOOK 95K 105K 300K
Rl04 500K 4751< 525K 3001< 1 Neq l iq-i b le
R105 10K 9.51< 10.5K 301<
R106 3.3K 3135 3465 3K 5_

C 

NOTE 1: Subject to fun tiona l trim after initial p - is~ ive trim
C 
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7.0 CONCLUSION

The major accomplishments to date on this program have been the detailed

configuration design of the TCVCXO module , the detailed l ayout design of the

hybrid microcircuitr y used in the TCVCXO module , the detailed design of piece-

parts to be used in hermetically sealing the hybrid microc i rcuits and encap-

sulating the modules , the bread board analysis of the TCVCXO electrical design ,

the establishment of process flow plans for producing the modules and the

selection and procurement of component parts and materials for the construction

of the TCVCXO modules. The results of this work have demonstrated two points

worth noting already : (1) that the electrical design is a sophisticated one

requirin g careful construction and precise trimming to achieve the specified 11
tight performance and (2) that the hybrid microc i rcultry is extremely dense

and , as such , will be rather difficult to build and may be impossible to

repair, considerin g the array of assembly techniques and the precise func—

tional trimming required .
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8.0 PROGRAM FOR NEXT QUARTER

Durin g the next reporting period , work will continue on the
development of the hermetic sealing and encapsulating processes , on the
establishment of module test procedures and on the fabrication and
tes ti ng of the f i rst l ot of engin eer ing sam p les of the TCVCX O .
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9.0 IDENTIFICATION OF PE RSONNEL

The fo l lowin g Ray theon Equ ipmen t Develo pment La borator i es pro fess i onal
personnel performed work on this program during the first quarter. The man-

hours of work performed by each individua l is reported , as is the program

contr ib u t ions and techn i cal back groun d of each .

Charles T. Martin TCVCXO Engineering Phase Project Manager; also
(300 hrs.) prepared engineering phase PERT plan and

monthl y technical  an d f i rs t quar terl y re ports

A .B ., M.S.E.E., Sr. Engineer and Microcircuit 
_ 

-

Engineer ing Section Mana ger , res pons ib le for
applications engineering, design , technology
development , prototype development and testing
of hybrid microc ircuits.

Leland Woodworth Prepared TCVCXO engineering phase monthly cost
(44 hrs .) reports and supervised production control activity

for TCVCX O par ts an d mater i a l s  procuremen t

B.S.E.E., Sr. Engineer and Microcircuit Pro-

cessing Section Manager (and acting Department

Administrator ), responsible for hybrid micro-

circuit production and for lab facilities.

James Zaffini Accomplished TCVCXO configuration design , hybrid
(106 hrs.) layout design and detailed design of piece— parts

for TCVCX O hermetic sea ling and encapsulation

B.S. Ind .Tech. , Sr. Engineer , Microc ircuit Enq in-
eering Section , responsible for hybrid layou t

design and detailed mec harical design and for - 
-

assembly process and equipment developm rt.
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Stanley Czerepak Accomplished TCVCXO hybrid layout design
(128 1-Irs.) and design documentation

B.S.E .E., Sr. Engineer , Microc i rcuit

Engineering Section , responsible for

hybrid layout , artwork generation and

design documentation.

Richard Colson Performed TCVCXO brea d boa rd anal ysis of
(120 hrs) electrical performance

A.B., M .S., Sr. Engineer , Special Projects

Section , engaged in analog circuit design
for various major system development pro-
grams .

Richard Bemis Performed TCVCX O breadboard ana l ys is  of
(133 hrs) elec tr i ca l  per for man ce

Sr. Engineering Assistant , Special Projects

Sect ion , responsible for testing and

evaluation of osc i l l a to rs  and c r ys ta l s .

Charles Morr is Assisted in TCVCXO breadboard anal ysis of
(80 hrs) elec tr ica l performan ce

B.S.E.E., En g in eer , Microcircuit Enc iine ering

Section , responsible for hybrid micro- C

circuit test engineering.
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Nicholas Gregory Consul t ed for the TCVCXO bread boar d 
- 

-

(9 hrs) ana lysis effort

B.S.E.E., Pr i nci pal En gi neer , Com-
munications Systems Lab , responsible

for electrical design of hig h frequency -
~ 

-

sources for var ious programs.

The above listed personnel were assisted by the following support functions

at t he level of effort indicated:

QC engineering 17 hrs

QC inspection 9 hrs

Elec trical technician 24 hrs

Produc tion control 65 hrs

Machine shop 5 hrs

Drafting 17 hrs

Clerical 21 hrs

Supervisory & administrative 10 hrs

Tota l level of effort for this first quarter was 1 088 man-hou rs.
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AHENDM~~T- 2
13 J ariuary 197 6

0~~~J~-’Th~~, a~~STAL , TF2~ EP&rJRE G3~~E2;ELTED
VCT J k~E ~~ R~-LLZ P- (T~~’CY )) 17 !~-iz to 22 ?~iz

HER~~TIC SEAL

7~ i~ ~ ncn dn-~eri t forr~ ~c par t of Eaectror ics C~~~r~n~ Te cr i~ ca1 Reou irement~ ~- C~ -L~83
17 j anuary 1975

Page l
C 

2 .1 Delete t~ tie h eadin g ‘~SPE CIFT CJ~TION ” and subst 1t~~te “ S?ECU’IC?JIONE”

Under SPECIFICATIONS delete “SCS- L~63” and eubst~ tute “SCS—~ l2”
C 

Page 2

3 Ad~. following eenterice to c~~ of pa~-agra~~~ ~~~~~~~~ adiiesives shr~~ be

~-e:~~~tted for mechanical attac~~ c-nt  of IC devices w i t r~tr~ the i~er~~ t~~ e~~c :ru r~-~ . ’~

3.~ d~-ie te .ir~d substitute:

~~~~~~~ -~:-~ e. - The TCVC~D ~ackag e shall be in a eccr c~nce with ~~~~~~~ ~~d
C 

s~ nb~~~~ rawings Figure s 3 a~d L~ rerpectively . ‘ -

~.6 th-~ ete “SCS— 1~~63’ and s~bst1tu te “SCS— S12 ” .

~.7 dc-1e~~e and substitute:

The T~~ CX3 ~~~~~~~~~ ~~ th~~ t encap~~l~C~ i~~~, sha l be r~-~~ c-: ir. a~
- -z~r~ ere of dry he1iur~ or nitrogen. )~a~djn uj ii 1ea~: rate shafl be 1Ji~~~ a-z~cc- sec. (See L~.7 ) . ”

~~~~~~~ delete “20 grams’ arid S1.±) Stitute “30 gram s” .

Page 3

3.10 delete “(375/F r-~r
I and sub r-t~ tute “(32 /F Th-j

~’ .

3.13 delete “6 Hz ” and S~~D~~t 1tUte “10 H z ’ .

3.16 delete “~~ 0.5 t~r ’ ari d substi tute “ +  O.2~ r-r ’ . 
C

3.17 d~ iptp “e,~~err ;z~l to t h e  T~~~ X fl’ .

A—l
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3.16 delete and substi tute:

“~~.18 ~~ C -j u1atiorl inriut vo1t~ c e . -  The modulat ion iri riu t voltage shal l be def ined
as follows:

l~ c-j ta 1 modulation (F~ i~ : SPACE— logic zero , MkR~- logic one (5 V positive) ,
CMO S inverter input.

Dir~ita1 modulation rate: FSK of 1200 data b its per second.

Analog modulation voltage: + 0.75 V peak max.

Analog modulation rate: DC to 10 kHz max .

Analog tran smission control: Analog tran~nit ~~ I ~L ,
Digital tran~cnit 0 to ‘1 VDC. ( see 1.~.13) .‘

3.19 delete and substitute:

“3.19 J r ~~~c ’r modulation inr~ t ir ri ed an c e.— The analog r ~~Tht~ on inpu t ir:~~~ance
shall ~~~~~~~~~~~ c-nri o. t see  ~~~J~~~7.’

3.20 d € k te  arid substitute:

“3.20 ~r u e nov dev io~~ion .- The FSK freauencv dc-’.-ia~~ on frc’r . cenfer  f r&-m enc ~n~ a1l ~~~~~~~~~ ri~ to 
~~~~~~

. h r  for F’~kF~ and —300 H: to ~~~~~ Hz far  2PA ~~~ . Analc~
y deviation r-ensit:vity shall be 500 Hz t~~r vo l t .  (see L~.l5).”

3.21 c~ - iete and substitute:

‘3. 2~ t~-~~~ c - -  dc~-~ io t i o r~ ~io~ arit-c .— Tne analoc- dev ia t ion  l:re arj t ’~- s~ :i~ be less H

t~n~ -~ F~ . ~~~~eC . i.i~~).

Page~~
3 .22  dc-lei-e and s ub st i t u t c :

‘3.2F F~~- v v o 1~ :r~ .- ~10 VDC mm to ~ic VD riax .  n o -.i n a l  ~12 VDC. (nc ~e L. 17) . ”
3 .2 3  del~-te ana subs t itu te :

“ 3.2 ~ :i~- ~~~~~~~~~~~~~~~ nW ma~~i nurr . (~~~ -e L . l~ ) . ’

A 2
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— 3.21 delete and substitute:

“3. 2l.i Ou t put vo1ta~ e.- The R.F output voltage shall be not less than 0. 5 V m s
when lo~~~ d by 1000 ohm s ~ 10~ . ( see 14.19) .

Page 8

Fig 2 , delete present Fig 2 and substitute new Fig 2 , “RE’~~ $3 TCVCXO SC-~ Yi71C’

Page 9

add Page 9, Fig 3, “TCVCXO MOWLE OUTLINE DRAWING”

Pag e 10

add Page 10, Fig 14, “TCVCXO IOt?JLE ASSEMBLY”
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ElLCTR~~ ICS COMM.AND SCS-.483
• TEC-flaCAL RLQU]J~L~~~~fl’S 17 Jauaary 197 5

OSCILLA.T~~, C~~~TAL , ~~~~~~ ATURE COM ~AATEP VCLTA~~CONTROLLED (TCvcxO ) 17I-~Hz to 22 ~~ z ~~~~-~~TIC SEAL

1. scov~
1.1 Scc-oe .-. Tx-as specification covers the detailed rec ireinent s for a

-4- 5 ~~~~ overall frecuency tolerance tei~pera~ure coiapensated ‘~oltage controlled
~rys .a1 oscillator (TCVCXO).

2. APPLICABLE D()C1J~ENTS

2.1 The fc-llo~dng doczrne~ts of the issue in effect on the date of in—
Titation for bid , £or~n.s a part of this specification to the extent specified
here in .

~FLCI~’ICkTION

~~ L4~—3851O Microcircuits , General SDe cification .
LT:L—C -55310 Oscillators, Crystal, General Specification For .
~CS.-463 Shock Resistant Crystal Units.

}
~ L-.~~T- —202 Test Methods for Electronic and Electrical Corzzonent Parts.

KE L-.ETC —883 Test ~iethod s and ?r-ocedure s for 1~icroelectroriics.

(Cz~~ies of f ecifica:icn~ re ui..red by contractors in e:~~ne :tior4 with specific
~~~~~~e isnt function: _av be obtained from or as directec o— tne cantractin g
officer. F—rtb title: arid ident ify nun~er or symbol sh-o u~ d be stipulated s-then
requesting copies.)

3. aEcu~-

3.1 C.ero”ral .— The co cnlete recuiremerit s for the cryst al oscillator
described herein shall consist of this docum ent and the latest issue of C

specification ~~L-O—553 1~ .

A-7 C
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3.2 Electri cal .- The TCV~~O shall be consistent -with the functional
bloc1 diagram and schematics, Figure 1 and 2 respectively . The TCV~~O shall
ct)erate at ant iresonance and not incinde inductors. Linearization of the
V~~O frequency —voltage tun ing characteristic shall be obtained by m eans of a
diode function generator ( E’FG ) which produces a piecewise linear a~proxi.ina—
tion of the linearizing voltage transfer function. Frequency—tenoerature (F—T )
c~~~ensatiofl shall be obtained with a sim i l~i DFG which generates a cubic C

transfer function apprc~~.mat ing the characteristic of the uncomr)ensated VOXO .
The cow ensating DFG shall also incorporate a capability for rotating the DFG
embic transfer characteristic to correct for deviation of the crystal unit F—T
characteristic f rom the desizn center curve . Provision (not included in
Figure 2) shall also be made 2 or a.djusting the co~~eusat ing cha racteri stic to

•accoj~~odate the range of frequencies given in 3.9.

3,3 Microcircuit t~esisn ~nd Construction.— Microcircuit design arid
construction shiLl be in accorcan ce ‘with paragraph 3.5 of MIL—~ —385l0 and
specified here in. Thick film hybrid circuitry shall be eizrioyed. The number
of bonded ixricrconnecticfls shill be nini~~.zed by enploy iir rz~ltiple layer
conduc-t.ors with dielectric crossovers. Leads and bonds srall be confined to
interconnections ‘with tne semiconductor devices. Bea leaded cevicee shall

C 

be used wherever possible . ha~i.mnum length of interconnecting leads shall be 
C

0.050 inches and leads shall riot cross over uninsulated conductors.

3.4 Film Resistor Trinrin~ .— Passive and active resistor tr~~ ring shall
be accomplished using a resistance laser trim system.

3 .5 Package .— The package shall be a multi 1€ pin enclosure having a
volume not exceeding 0.45 cubic inches (TEKFORI- , FSCM 29172, Parts ~2O269 and
t~~ 27O or ecuivalent).

3.6 Ouarts Crystal.— Quart z crystal nnit CR—(XN — 159)/tJ in accordance
-with SCS—4&3 shall be eriployed in the TCV~~O.

3.7 Seal. — The TC~VCXO shall be sealed in an atmosphere of dry helium
or nitrogen . I-:aithrzuxc 1ea.~: rate shall be 3.X10 8 atm cc/sec. (See 4.7).

3.8 1’eirht ~.— The xr.axixmim ~‘eight shall be 20 grams. (See 4.3).

39 Frecucne~ Ranre.— The frequency range of the TCVCXO shall be 17 Mhz - -

to 22 Mhz. (See 4.3). 
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3.10 Frec ney—Temoerature Stahilit~y.-. The frequency change of the
TCVCXO shall not exceed ± 2 ppm over the range of —4C°C to ± 75°C at center
fre muency and at frequency deviatioz~ limits of ± (375/? +3) ppm where F is
the nominal frequency in M~iz . (See 4.8).

3.11 Freo-uency—Volta~’e Stability.— The frequency change for a power
supply ‘c-a.ni~tion given in 3.22 shall not exceed 

± 
0.25 ppm. (See 4.3).

3.12 Frecuency—Load Stabili4y.— The fre quency change for an output
ternii--tion resistance change of 

± 
20~ shall not exceed 

± 
0.25 ppm. (See 4.3).

3.13 Transient Frecuenrv Stabilj t v (initial turn o n ) . — The transient
frecuency shift oet.ween the first 5 msec to 100 asec foLlowing application of
power shall be less than 6 liz. (See 4.3).

3.14 J~~inz.— The frequency aging at 60°c 
± 

0.1°C shall not exceed iX10~~over any one week interval following a. i.4 aay stabilization period at 60°C .
(See 4.9).

3.15 S ck.— The fre quency change following a 100C’g, 6 niflisecond
shock shall be less than 

± 0.5 ppm. (See 4.10).

3.16 Vibration.— The difference between TCVCI O f recuency measured l-e~oreand after vibration at 0.06 double amplitude, 10 to 70 hz and at constant 15g
from 70 Hz to 2000 liz ~hp~71 be less than ± 0.5 ppm. (See i..fl).

3.l’ Frecuency Ad~usthent.— Fre~~ency adjustment shall be aeco.colished
external to the TCV~~0 by neans of a 25K ohm potentiometer. Tns r~ininun 2 re— - -quenoy adjust.ment range shall be 

± 5 ppm of the nominal frequency. (see 4.12).

3.18 Modulation 1nrut Vo1tac-e.~ The magnitude of the a~~Lied modulationvnltacze shall be l.5V 
± 

0.C1V eak to peak for a 300 bit per second scuare wave(FsE) or 1.5V 
± 
0.O1V peak to peak (DC to 2000 liz)  s~ne wave ( analog). The dc

level is 0.OV 
± 
0.O1V. (See 4. 13).

3.19 Modulation Inrut Imr’edamce.— The modulation input imnedance shall
be 2(XL ohms 

± 
10~. (See 4.li~).

3.20 Frecuencv Dev at ion. — The modulation deviation of the TCVCXO corre—
st~onding t.c the peak t~ nca~ zxdulation int~ut voltages of 3.18 shall be
± 375 Hz ± 5~ of center fre cuency . (See 4.15).

3.21 Deviation Lin”nri~~ .— The deviation linearity of the TCV~~0 shall
be less than li. (Set ~.Ll ,.

4-9
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3.22 S~pp1y Voltages.— + 9V 
± 

0.O1V de , —9~ ± 0.O1V dc. (See 4.17).

3.23 Iroixt Power.— 85~~ maxinnzrn. (See 4.18).

3.24 Out-out Volta~ e .— The RF output voltage shall be not lees than
SCc.V rn.s -wh en loaded by 50 ohm 

± 
10%. (See 4.19) .

3.25 Markina . — The TCV~ (0 shall be marked with index point , serial number,
m~fac~ urers code designation , week and year of xnanuIacture and calibration ~~~ F - ;

offset at 30° 
± 

1°C as a i nmim~ (See 4.20).

4. QUALITY LSSURJ~NCE PROVISIONS 
- -

J ~.! Jiesnor. lit for in~’t~ection .— The contractor is rest onsible for the
perfornance of all inspe~ti~ns s~ eciuied here in. The contractor way utilize his
awn fa~~1ities or any cc~aercia1 laboratory acceptable to the C.overriment .
i n • ~~~~ or. recorus of tri e examinations and tests shall be kept. complete and

- — e to the Governnent as specified in the contract.

4.2 Classification of ins~ ection.— inspection shall. be clae~~1jed as

(a)  First article inspection (does not include prep~ ~~tion for delivery).
( 5ee  4.1.).

(b) Quality conf ormance inspection. (See 4.5) .

4.3 T - t t l i n .— The contractor prepared Government—approved test plan as
. ite~i in t~~ c3ntract shall con-t.aini

(a) Time schedul e and seQuence of examinations and tests.

(b) A descript ion of the method of test and procedures.

(c) Programs of any automatic tests including flow chart s axid block
diagrams . -

(d) Xdentification and brief description of each inspection instrum ent
with date of most recent calibrat icn.

4 1. yi r~~ 1 insr~’ct j .on .- Thi s insnection shall consist of all the
test s conta~ne: ~r. T~ :- ic- Li of lL1.—0—55310 aria as sne cified below. No f ailures
shall be t~cr~ attczi .

4.5 c~rlltLc:~~E n ~r~-t n. — This iristectic~n shall be performed on
sannies sc~.e:t -c ~ i r::. tr .~ :~~J-O .. tro~ u :tion as srecifj e~ ir t r ~e bid . reQuest and
c:~tract. ~u:Lit~ c c n - r z -.n:~ ~nr~~ccti .on shall he conducted u- i accordance with
Pararrat~- ..7 of M - — . ana a~ srecifaed bcio~ .

A -b 
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4.6 Screeninc.- Prior to first article and quality conforman ce in-
spection, each TCV~~0 shall have been screened acco rding to method 5004.1,
“Screening Procedures” , Clasc ~~ , 1’ifl ~,—S T~—883 except for 3.1.5 mecha.riicaJ.
shock, 3.1.6 constant acceleration and 3.1.7 seal. Qu.alification or
uality conformance inspection, 3 .~1.1i.i of the screening test s, shall be

u nited to the .}~igh temperature storage test , Group C , subgroup 4 of method
5005.1.

4.7 Seal.— The TCVQ O shall be tested in accordance with Test Condition C,
Procedure IV , I~ethod 112k of ~aL—STD—202D..

4.8 F ienc~r_Te~roerature Stability.- The TCV~~O shall be tested in
accordance with 4.8.8.1 of LIL-0—55310.

4.9 ~~ nc.— The aging shall be tested in accordance with 4.8.29 of
~IL-O-.5 53 10. Contirnious measurement period 8 weeks; measurement interval 24 hrs .

4.10 Shock. — Shock performance shall be tested in accordance with
Condition E, liethod 213A of MIL..STD—202D except shock duration shall be
6 milliseconds.

4.11 Vibrat ion.— Vibration performance shall be tested in accordance with
Condition E , 1~iethod 2014B of i:IL—STD—202D .

4.12 Freauenc~ Ac~~~s~~ ent .- The frequency adjustment range shall he
tested j~ accordance with 4.6.9 of 1~1-O—55310. ci

4.13 I~odulition in-out Vo1tac~e.~ The niodulation input voltage shall be
tested in accordance with 4.8.4.3 of 1-~ L-O —55310.

4.14 l odulatior. Ir.tr.t Innenance . — The modulation input impedance shall be
tested in acccr~-z~.nCe with 4.6.5 of i-LIL—O—55310,

4.15 ~?~rJcflC~ Deviat ion. — The freauency deviation shall be tested in
accordance with 4.8.25 of ~IL—0—5531O.

4.16 r~vint.ion Liriearit~- .— The deviation linearit y shall be tested in V
accordance with 4.8.27 of 1-21—0—55310.

4.1
’ ~~ ,nl~~Volta-e .— The supply voltage shall be tested in accordance

with 4.8..~.l of 1-aL-O—55310.

I..1E’ -.:t ic’~~r.— The input power shall be tested in accordance with
4.8.6.1 of i.L~—O—5 53iC~.

4.iC C r ” ~~ V~~~~~r -  .— The ouw.it voit.ai-e shall. be tested in accordance
with 4.C.ll... o; i — 553 C .

4.2~ 
} - :±r..- .— ~-~ar~~r~ shall be in accoruance with 4 .E - o: l-a1.— o—55 -~:c.

A - i l  
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5. PREPAR~ TIC~~ FOR DELIV~~~ T -

5.1 Pre aration for Delivery.— Preparation f o r  delivery shall be as
specified in .the contract.. - -

6. NOTES

6.1 Overall Frecuency Tolerance .— The intended application for this 
- -

device reau res that the frecuencv remain -withi.n 
~~

- 5 p~~ f~’o~ norninaJ. 
-frequency wider axi y cocfoination of environment and input voltage conditions

contained herein and over a period of 1 year following initial calibration.

A-12 
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APPE N DI X B
- TC SICXO NET~1ORK ADJUSTME tTI

AND RESISTOR TRIM PROCEDURE

JI~



VCXO NETWORK ADJUT~0- LN T AND TRIM P ROC E D UR E

1. 9 V REGULATOR

OBJECT: Adj ust  regulator output to 9.000 V ±0.002 V

CONDITIONS: a. 12 V power supply across 12 V interconnect and ground .
b. DVM across 9 V interconnect and ground.

TRIM PROCEDURE: If DVM <8.998 V trim R98
If DVM >9.002 V, trim R97

2. DIGITAL DEVIATION

OBJECT: Adjust U4 voltage l evel such that TPI difference volta9e cor-
respond1i~ to logic 0 and 1 inputs at the EDIG interconne ct equals i .~ 50 V
±0.002 V

CONDITIONS: a. 12 V power supply across 12 V interconnect and ground
b. DVM across TPI interconnect and groun d
c. 25 ko potentiometer across Fadi (P in 6) and ground
d. 3.5 V acro ss ECOMP Inter connect and ground

ECNTRL EANLG = 0 V (interconnects at ground potential .
f. E~1~~= 5 V

TRIM PROCEDURE: ~et TPI = 4.000 V ±0.001 V using 25 kfi pot. -

Make EDIt.. = 0 V (ground potential).
If DVM <~.749 trim R72If DVM >2.751 trim R71

3. ANALOG CENTER FREQUENCY

OBJECT : Adjust U3 voltage leve.l such that TPI difference voltage , corres-
pond ing to logic 0 and 1 inputs at the ECF~TRL interconnect, equals 0.625 ±0.002 V.

CONDiTIONS: a. 12 V power supply across 12 V interco inect and ground.
b. DVM across TPI inter connect and ;rcur~1 .
c. 25 kn potentiome t.~r across Fadj ( i n  t3) ~nd ground.
d. 3.5 V across Ecn.,4~ 

interconnec t ~!rd ~‘rc.und.e. EANLG Enir 
‘

~~ V (ground potcntia l).
f. ~~~~~ = 

~ V
TRIM PPOCEPURE : Set TPI = 4.125 V ±0.001 usIng 25 kt, pot.

Make 
~CNTC’ 0 V (ground potent ia l ) .

If DVM <3)~99 V , tr im R70
If DVM >3.501 V , t r im R69

- - - -



4. AN ALOG DEVIATION

OBJECT: Adiw ..t R63 summing resistor such that analog voltage gain at U5
equals 1.0 ±5~.

CONDITIONS: a. 12 V power supply across 12 V interconnect and ground.
b. DVM (AC/DC) across TPI interconnect and oround.
c. 25 ko potentiome ter across Fadj (Pin 6) and ground .
d. 3.5 V across ECO~IP interconnect and ground.
e. ECNTRL = 

~ V.
f. Ep~~j E~p~ = 0 V (ground potential).

TRIM PROCEDURE: Set TPI = 3.5 V d.c. using 25 kc2 pot.
Inject 1 V ±0.02 V rms 1 kHz signal across EANLG inter-
connect and ground.

Trim P63 to get 1 V ±0.02 V rms at TPI.

5. COMPENSATION CAIN

OBJECT: Adjust R64 suirruing resistor such that tcr~ierature compensation
voltage gain at US equals Fx/is volts , where Fx is the nominal  fre quency of
the assi gned crysta l and Fs is the nominal frequency of the- crysta l from which
the standard cubic correction function was derived. Fs = 2 0 . 5 0  MH z for com-
pensation DFG resistor values in TCVCXO Scheriatic ES-C-215261 .

CONDITIONS: a. 12 V power supply across 12 V interconnect ari d ground.
b. DVM (AC/DC) across TPI interconnect ari d qround.
c. 25 ko potentio ffleter across Fadj (Pin 6) and ground.
d. ECNTRL=S V .
e. EDIG EPNLG = 0 V (ground potenti ci )
f . ~~~~ 3.5 V d.c.

TRIM PPOCEDURL : Set TPI = 3,5 V d.c. usinq 25 kc~ ~-ot,Inject 1 V ±0.02 V rms 1 $d-iz siqe:~i at E~~~p (audio gen-
era tor in  ser i es ~-h th 3.5 V supp1’~’)Trim R64 to get Fx V ±0 .02 V rins ct  TPI.

Is
6. F/V LINF .AR IZATI0r~

OBJECT : Adjust l in e a r i~~it i on DFG sr; :;-~nt gains to linearize VCXO frequency/
volta ge t un ing  characteristic ~or a slope of 500 Hz/V.

CO~DITI0NS: a. 12 V po w-c  su pp ly ac ro ss 12 V interconnect and ground .
b. 25 ku po~ ~tiometer cc r oss  Fadj (P in 6) and ground.
c. 1 k~ loa d ~rd frequenc y courter a r~-ss RF (Pin 7) and greund.
d. Crysta l connected acro -~s Pin 8 and Y.
e. DVM at E0 ( ten~. 6 , U6 ) dnd at i~ I

B ?
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TRIM PROCEDURE : Set TPI = 1.5 V ±0.001 V using 25 km pot.
If E0 >1.001 TrIm R76
If E~ <0.999 Trim R1O4At E0 = 1,000 V ±0.001 V . record freq . (FRE~)Set TPI = 3.5 V ±0.001 V using 25 km pot. Note frequency (F1 )If (Fl_ F REE ) >1O0~ Hz , tnm R78
If (F l-FREE) <998 Hz, trim P75
(F l— F REE) should equal 1 000 Hz ±2 Hz
Set TPI = 5.5 V ±0.001 V using 25 km pot. Note frequency (F2)
If (F2— F REF) >2002 Hz, t r im R33
If (F 2-FREF) <1998 Hz , trim R80
(F2-FREF) shoul d equal 2000 Hz ±2 Hz

I’
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COMPENSAT ION NETWORK ADJUSTMENT !\~ D TR I M PPOC [DU RE

1. THERMOMETER GAIN

OBJECT_ : Adjust P2 or R6 suming resistors such that the gain for the
voltage across CR1 equals 8.5 ±5%.

CONDITIONS: a. Regulated 9 V ±0.001 V across 9V interconnect and ground.
b. DVM (ac) at E1 ( term 6, Ul) and across CR1 .
c. Audio signal generator in series with 5 km resistor

across CR1.
• TRIM PROCEDURE : Set level of 1 kHz si gnal at Node CR1 , Ri , R2 to 0.1 V

±0.002 V rrns
If E1 >0.852 V rms, trim R2
If F 1 <0.848 V rms , trim R6

2. THERMOMETER REFEREN CE

OBJECT: Adjust R3 or R5 divider resistors such that El (term 6, Ui)
equals 4.T20 V ±0.005 V d.c. at 26°C. To correct for temperature difference
between actual microcircuit temperature and 26°C use the formula E 4.120
+ 0.018 (TA-26°C) where TA is measured temperature of the microcir?ult and

0.018 is the thermometer sensitivity in V/0C.

CONDITIONS: a. Regulated 9 V ±0.001 V across 9 V interconnect and ground.
b. DVM ( dc) at E 1 (term 6, Ui)

TRIM PROCEDURE: If DVM > (E 1 corrected +0.005 V), tr im R3
If DVM <(E1 cur r~ciwn -0.005 V), t r im R5

3. COMPENSATION DFG CURVE ROTATION

OBJECT: Adjust R56, R57 divider resistors to set voltage across R57 equal
to 4.120 V such that the stan dard (design center) correction curve may be
linearly rotated at the 26°C reference temperature .

CONDITIONS: a. Regulated 9 “ ±0.001 V across 9 V interconnect and ground.
b. Branches con taining P47 and R~8 are onen.
C. DVM across P57

TRIM PROCEDURE: If DVM >4.122 V , trim P56.
If DV M <4.118 V~ trim R57.

• 4. . COMPENSATING CURVE SE:LECTION

OBJECT : Select a co~pensatin q curve (described by a set of R47 c r - i B-~8va 1u u s ) ? ~or.i a family of rota ted cw \ - e s , b~’ t-~ tc - :  t~ e frequency di If- ~ .ce
between upper and l ower turning points (UT — L id ) ~d ta I ned from a corrcc . ted ’

8-4

IlL • - --- - - ~~~~~~- - -— - - •



~~~~~~~~~~~~~~~
-

~~~-
-
~~~
—

~~
-- ---- -

~~~~~~~~~~~~~~~~~~~~~~ - - •~~~~~~~~~ :~~~~~~~~~ j T• 
—-:: -~~~~~~

I

FIT curve of the assigned crystal unit.

CONDITION : a. FIT curve for crystal unit obtained in test set with crystal
load capacitance at 20 pF .

• b. Available family of FIT curves previously generated by
rotation of the standard curve (P47 = R48 = 10 K) using various combinations
of R47 and R48 with crystal oscillator maintained at constant room temperature .

PROCEDURE : Correct for circuit F/T contribution by adding 3 ppm to
crystal FfiTurve (UTP-LTP) difference. (A near linear repeatable clockwise
rotation of the crystal F/T characteristic is produced by the positive IC
of the crystal load capacitance). Select a curve (set of R47 and R48 va l ues)
which will provide a frequency change equal to the corrected crystal F/I
curve (UTP-LTP) difference .

5. COMPENSATING CURVE ADJUSTMENT.

OBJECT : Adjust R47 or R48 such as to provide the required rotated com-
pensating F/I curve.

CONDITIONS: a. DVM (ohms) or resistance bridge across R47 or R48.
b. Branches containing R47 and P48 are open.

TRIM PROCEDURE: Perform passive trim of R47 or R48 to within ±5~ ofvalues determined in Ste p 4 , “CO MPENSATION CURVE SELECTION” . As a fi nal
step , close branches containing R47 and R48.

h
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CHANGES TO COMPENSATION NET i?C)RK_ADJUST AND TRIM PROCEDURE
FOR LOW CUR~L DIViuiTW G RCU1T

1. THERMOMETER GAIN. Change gain from 8.5 ±5% to 10 ±5%. Change trim pro-
cedure to read:

If E1>i .002 V rms , trim P2.
If E 1 <0.998 V rms , trim R6

2. THERMOMETER REFERENCE. Change reference voltage E1 from 4.120 V ±0.005 V
at 26°C to 4.355 V ±0.005 V at 26.2°C. Change formula for corrected E1 from
4.120 V + 0.018 (TA-26°c) to E1 4.355 V + 0.021 (TA-26.2°c)

3. COMPENSATION DFG CURVE ROTATION . Change R57 voltage set from 4.120 V to
4 .355 V , change trim procedure to read.

If DVM >4.357 V , trim R56 —

If DVM <4.353 V , trim R57

CHAN GES TO VC XO NET WORK ADJUSTMENT AND TRIM PROCEDURE
FOR LOW CUR dEI1T DiVIDER CIRCUIT

1. COMPENSATION GAIN: Ch ange F
~ 

from 20.50 MHz to 19.88 MHz.

_ _ _ _  - -  
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