
AD-A278 783 NAVAER 16-1-519
SUPPLEMENT NO. 2-

Handbook4 PREFERRED CIRCUITS
Navy Aeronautical

Electronic Equipment

DTIC
S ELECTE

F
fThis documoni C b~s) r.n pprov. a- I

Am public telewcze and sa•,; its I
d! tributiott is ul.imite4

PREPARED BY

IATIONAL BUREAU OF SVAD
DEPARTMENT OF COMMERCE

MEN FORM I
Iona BUREAU OF AERONAUTICS

DEPARTMENT OF THE NAVY

* 00 I April 1959

94 4 26 G71



Best
Available

Copy



NAVAER 16-1t510

* SUPPLEMENT NO. 2 (DATED APRIL 1, 1959) HANDBOOK PREFERRED CIRCUITS

INSTRUCTION SHEET

INSTRUCTIONS FOR INSERTING SHEETS DATED APRIL 1, 1959 IN HANDBOOK PRE-
FERRED CIRCUITS AND REMOVING INCORRECT OR OBSOLETE SHEETS

REMOVE INSERT

Table of Contents, pp. xi and xii, Table of Contents, pp. xi and xii, dated April 1,
dated Aug. 1, 1958. 1959.

PART 1. PREFERRED CIRCUITS MANUAL
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PC 101, pp. 101-2-101-9, dated April 1, 1959.
PC 102, pp. 102-2-102-10, dated April 1, 1959.
PC 250, pp. 250-2-250-6, dated April 1, 1959.
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PART 2. NOTES TO THE PREFERRED CIRCUITS MANUAL

16. Crystal Oscillators, pp. N16-1-N16-4, dated
April 1, 1959.

0
POWER SUPPLY VOLTAGES FOR TRANSISTORS

A supplement to MIL-STD-706,* which will include regulated power sup-
ply voltages for transistors, is under consideration. The voltages which appear
most likely to be adopted are 1.5, 3, 6, 12, 25, 50, and 100 volts, positive or
negative. These are the power supply voltages which are used in the transistor
circuits in this manual.

*MIL-STD-706, 23 December 1958, establishes nominal values for regulated direct

current power supply voltages within the range of 100 to 500 volts for use in military elec-
tronic equipment. This standard provides in part as follows: "Nominal values of all regu-
lated direct current voltages within the range of 100 to 500 volts, positive or negative, shall
be selected from the following list: 100 volts, 150 volts, 250 volts, 300 volts, and 450 volts."
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ERRATA

* TO SUPPLEMENT I
OF

HANDBOOK PREFERRED CIRCUITS
NAVAER 16-1-519

Page 1-2, on schematic diagram:
Add "A" to make V1 read "6080WA"

Pages 3-2, 4-2, and 5-2, under "Notes" at bottom of each page:
Change Note 1 on each page to read: "Either output terminal may be grounded; however,

the positive input terminal must not be grounded."
Page 6-2, under the heading "Components," lines 3 and 4:

Change the first word of each line to "All"
Page 6-3, figure 6-1:

Delete: Scale-2"=1"
Page 7-3, under "Operating characteristics, Input voltage, EI:"

Change "Minimum 290 volts dc" to "Minimum 300 volts dc"
Page 7-3, under "Notes" at bottom of page:

Change Note 2 to read: "Either output terminal may be grounded; however, the positive
input terminal must not be grounded."

Page 8-3, under "Notes" at bottom of page:
Change Note 3 to read: "Either output terminal may be grounded; however, the positive

input terminal must not be grounded."
Page 8-6, right column, last sentence:

Change "An input voltage ripple of 1 volt" to read: "An input ripple of 10 volts together
with a screen-supply ripple of 1 volt"
The sentence should read: "An input ripple of 10 volts together with a screen-supply
ripple of 1 volt results in an output ripple of less than 1 millivolt."

Page 53-2, under the heading "Output", last 3 lines:
Right column: Before "dc", insert the word "variable"
Right column: Change "20 to 150 volts" to "±10 to ±75 volts"
Left column: Change "Range center" to "Average level"

Page 53-7, right column, line 9 of text:
Change "first" to "second"

Page 53-11, left column, next to last line of text:
Change "-250" to "-230" so that the text reads: "(-50 to -230 volts)"

Page 53-13, left column, second equation from bottom and third line from bottom, and in right
column, second equation from top:

Change "mc/sec•" to "megacycles-per-second per second"
Page 70-3, under "Notes:"

In Note 2, change "fixed winding" to "fixed phase winding"
Page 71-2, under "Notes:"

In Note 2, change "a gain" to "an amplification"
Page 74-7, right column, line 7:

Change "and 74-6" to "or 74-6"
Page 74-9, figure 74-10:

In the box, add "PC 74" so that the label in the box reads: "PC 70 AND PREAMPLI-
FIER PC 74."

Page 74-10, left column, last paragraph of section 4.3, line 5:
After the sentence ending in the word "point," add the sentence: "Cl is a polystyrene

or other low leakage capacitor."

ApriI 1, 1959



Page 74-10, figure 74-12:
In the box, add "PC 72" so that the, label in the box reads: "PC 70 AND PREAMPLI-

FIER PC 72."
Page 74-10, left column, heading of section 4.4:

Add "DC" so that the heading reads: "DC Differentiating Servo"
Page 74-11, right column, lines 9 and 10:

Delete "produce a voltage which is in phase with the error signal" and substitute "be
small"

Page 201-2, under "Operating characteristics," lines 11 and 12:
Change to read: "Maximum amplification variation with temperature of +1500 C and

-50' C, respectively.4"'
Page 202-3, figure 202-1:

Delete: Scale -2" =1"
Page 204-4, left column, line 12:

Change "misroammeter" to "microammeter"
Page 202-6, right column, line 3:

After "60 ohms" add the word "maximum"
Page N13-1, right column, sec. 13.2(a), line 1:

Delete the words "mixers and"
Page N13-3, right column, 3rd, 9th, and 11th lines from bottom:

In each line, change "2D21" to "search stopper"
Page N13 I, left column, 5th line from bottom:

Change "2D21" to "search stopper"
Page N13-7, right column, line 10:

Change "one-fifth" to "one-fiftieth"
Page N13-8, figure N13-4(f):

Change labeling on curves as follows:
TI, change 30.42 to 30.22
T,, change 30.35 to 30.15

ERRATA TO ORIGINAL HANDBOOK PREFERRED CIRCUITS.

The following changes should be made in the original Handbook Preferred Circuits,
NAVaer 16-1-519. (A previous list of changes for incorporation in the Handbook was issued
under date of June 22, 1956.)
Page 64-2, under "Notes:"

In Note 1, change "potentionmeter" to "potentiometer"
Page N2-7, figure N2-13:

In the ordinate, transpose the words "maximum" and "minimum" so that the ordinate
reads: "Ratio of minimum to maximum plate current"

Page N2-8, right column, equation for K2 2/3:

Change "(2.6)" to "(3.6)"
Page N7-6

Change this page number to "N7-5."
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NBS PREFERRED CIRCUIT NO. 79

RESOLVER DRIVER

TO
R7 R 12 RESOLVER V

500K +250V FEEDBACK
Unless otherwise WINDING
stated:
R in ohms; R9
C 220K C07

C< n 0 0.27

L in /.Lh RRB(NOTEI) TO RESOLVER V0
47hR5 R8 C4 C R13 INPUT WINDING.470K 1. 2M 4 2

0.047 -,;9,IUA 12 0RI~a ---- - "--"-v
VI RI VI 840 I-h v2 I2AT7WA

5 RIOINPUT K•' 2•..
220

V2 R4Ir0 2 1 470

5047K470KRIR3 R6 C2 R0014
"3"30

CI -"-L C8
1000

Components:
R1, R2, R7: The relative stability must be such that the ratio R7/R1 and R7/R2 does not

change more than 0.05%.
R12=f1/300+ (1 -a)] R7, where a is the resolver transformation ratio.
R3,R4,R6,R12: ±5% limits; R9,R10: ± 10% limits; all other R: ±20% limits.
C1,C2,C7: ±5% limits; all other C: ±20% limits. (Note 2)

Operating characteristics:
V. R7- + Y2R R

Maximum output (5% distortion): 50 volts rms.
Stability: (Note 3)

Lower Upper

Amplification margin ----------------------------------- 14 db 12 db
Phase margin ----------------------------------------- 500 600

Power requirements:
250 volts de ± 10% at 8.7 ma.
6.3 volts ac ± 10% at 450 ma.

(For Notes, see next page)

79-2 April 1, 1959
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PREFERRE CIRCUIT 79
NAVA•R 16-1-519

NOTES:
1. The values of C7 and R13 are determined by the operating frequency and by the resolver

used. Values shown are for the Mark 4 Mod 0 resolver operating at 500 cps. (See sec. 2.2.)
2. The performance specifications are based on component values which do not deviate from

the nominal by more than the limits specified. Thus the term "limits" includes the initial tolerance
plus drifts caused by environmental changes or aging.

3. Amplification and phase margin were measured with both inputs open and with the combina-
tion of tube characteristics and supply voltages which resulted in the highest value of forward
amplification.

April 1, 1959 79-3



PREFERRMD CIRCrIT 79 79.
NAVAER 16-1-519

*K 79 RESOLVER DRIVER

1. APPLICATION feedback network between the resolver com-

PC 79 was designed to drive an ac resolver pensating winding and the grid of Vi. The

having compensating windings. It is an ac only component of this network that is not

operational amplifier used as an isolation determined by other considerations is the grid
return of Vi, since the values of the input andamplifier and employing feedback which in- feedback resistances (Ri, R2, R7, and R12)

cludes the compensating winding of the resolver. fedakrstncs(1,R,7,nd 12
With the resolver, it is useful as a are determined by the application of the circuit.
Withltemrenert inproblems involvng computing If the desired result were achieved by the selec-
element in problems involving coordinate con-

version, coordinate rotation, and resolution of tion of the value of R4 alone, the amplitude

vectors when accuracies of 0.5 percent are response would fall to unity at a frequency

sufficient. The component values given ( of 7500 cps or above, with the risk that addi-
79-2)et ar e for omperaonent 500les; o tion a. tional stray capacitance might cause the circuit79-2) are for operation at 500 cps; operation at to oscillate at a frequency near this point.

other frequencies requires change in six com-

ponent values. (See section 2.2.) The lag network, R3,Ci, shapes the response
so that the desired amplitude and phase charac-

2. DESIGN CONSIDERATIONS teristics are obtained. The equivalent circuit

Compensated resolvers are readily available for the lag network, together with its amplitude
with a functional accuracy of ±0.1 percent. and phase characteristics, is shown in figure
The use of a compensating winding for the 79-1. The desired response is obtained by

feedback places the resolver excitation loss in choosing values for R3 and Cl that will cause

the feedback loop. This results in a low only a small phase shift at the 500 cps operating

over-all phase shift and a constant amplifica- frequency and at the upper crossover frequency
S tion, even when the resolver copper loss of 7500 cps (the frequency at which the open0 changes with temperature. In addition, by loop amplification would be 1 if the amplifi-proper loading of the feedback winding, the cation fell off at a constant rate of 12 db pereffects of any load on the rotor can be corn- octave). As a result of the lag network thepensated, amplification falls to I at about 7500 cps withIf the resolver is to be operated at a fre- a total phase shift of 120' using nominal tubes

quency other than 500 cps, the values of C1, and supply voltages. (Fig. 79-3.)
C2, C7, R3, R6, and R13 must be changed. In Trimmer resistor R12 is used to compensate
addition, the values of C7 and R13 are a func- for the finite amplification of the amplifier and
tion of the input impedance of the resolver, for the transformation ratio of the resolver corn-
When long leads are employed between the pensating winding when it is less than 1. By
amplifier and the resolver, and/or when the proper selection of the trimmer resistor, the
trimming resistor, R12, is included in the output to the resolver can be made almost
reswlver, the resistors RI, R2, and R7 should exactly equal to the sum of the input voltages
be changed to 100MKI. In this case, R4 should (assuming that the input and feedback re-
also be 100KfQ, R3 8.2Kft, and C1 5000puf. sicdtors are equal).
2.1 Feedback: An open loop amplification I of If the transformation ratio of the resolver is
300 is obtained by adjustment of the passive 1 and R12 is zero, the output of the amplifier

I The open loop amplification is defined as the (input to the resolver) is
amplification around the complete loop from any point
in the circuit back to the same point; for instance, from (- (+ Y-2) A'(l-- )
amplifier input back to amplifier input again. Ri R2

SApril 1, 1959



7~4 PRZ~rXi CIucRurs MANUAL
NAVAER 16-1-519

where A' =3O0=AA=open ioop amplification little and A'/(1 +A') remains 300/301 -299/300.
0 R- The output of the amplifier is now

defined in footnote 1. /V 2301 R7 299
A=voltage ampi;h'ýation between VI V=- +--- R 7 29, 9 2

grid and V,2 plate GRiR2/300 300
R,=the parailht combination of R1, R2, / R7 R7\ 3002-1

R7, and the input impedance of -- V_ R-_- V2R2-- 30_02
the amplifier.

If R7 is now increased one three-hundredth by The error has been reduced from 1/301 to
making R7Rnow0incrawillon e chree-hndedt vey about 1/3002. The compensation for the finite
malcing R12=R7/300, R, will be changed very amplification of the amplifier has no effect on

2 R7 the stability of the amplification with changes
in the open loopr amplification, A'. In either

J3 case the open loop amplification would have to
Vr R2 -R4 decrease 23% to cause a 0.1% decrease in the

I. ISO•'470•1 output voltage.
I I For a resolver transformation ratio of 1, R 12

(a) FEEDBACK CIRCUIT should be i.6Kfl when R7 is 500KiU, and 33011
when R7 is 10OKfl. When the transformation
ratio is less than 1, R12 must also increase R7
by the percentage that the transformation ratio
is less than 1. For a transformation ratio of
0.98, R12 must be increased by an additional

Wo• :3R 2% of R7 to give R12=12K1Q when R7=
"500Kfl, and R12=2.4KSl when R7=100Kfl.
R12 need not be a precision resistor since its

43 Rresistance is only a very small percent of the
1 3total feedback resistance. When a number of
rout resolver drivers are to be used interchangeably

,owstc with several resolvers, the usual procedure is to
make the trimmer resistor a part of the resolver.

1b) EOUIVALENT CIRCUIT The resolvers must be trimmed individually
because even a 0.01 difference in transformation
ratio can change the required trimmer resistance
by 100%.

0O 2.2 Amplifier: The amplifier circuit is bas-
-o -ically an ac operational amplifier with minor

a. -4o- •modifications to adapt it to the resolver load.
Capacitor C7 and resistor R13 are used to

obtain a unity power factor load with a Q of
SINS approximately 4 at the operating frequency.

The given values of C7 and R13 (see preferred
circuit, p. 79-2) are for the Mark 4 Mod 0
resolver operating at a frequency of 500 cps.

5Wo 1K 2K 49 7K For other resolvers and/or for other operating
FREQUENCy

Wc) AMPLITUDE AND PHASE CHARACTERISTICS frequencies, vues must be calculated to ob-
tain the Q of 4 and unity power factor at the

Figure 79--l.-Effect of lag network, R3,C1, on operating frequency for the inductance and
phase and amplitude response. resistance of the resolver in use. Placing the

April 1, 1959



PREFERRM CIRCUIT 79 79-7
NAvAE, 16-1-519

loading resistance in the capacitive branch of the A

circuit produces a phase response which reaches owo[

a maximum of less than 90' at a frequency MEASUREO RESPONSE

about a decade above the operating frequency Q

and then drops back to 0. This lessens the _ 0/

possibility that additional stray capacitance at /
a.

the higher frequencies will cause instability. //

The cathode bypassing of Vi is ineffective at
frequencies lower than 100 cps. This reduces z ,0
the stage amplification by a factor of 4 at low

frequencies and minimizes the possibility of low
frequency oscillations. The value of the bypass
capacitor, C2, is selected so that the angular

0 0O 1 0 1 0 1O , 0 0

frequency (1/R6,C2) is 0.2 of the operating fre- -

quency. The over-all effect on the phase W AMPLITUDE RESPONSE
response of the stage is similar to that of a lead

network (fig. 79-2). The phase lead is about
20 degrees at the operating frequency, increases 160 -

to a maximum of about 40 degrees between one 120 -

a Y0 I0

20 -1 , Io •-.0 440 -
X. 01 0 Ofl A00* '5 -40 - C

-i20

20 10 20 400500-1601
FREQUENCY,-. (b) PHASE RESPONSE

Figure 79-2.-Effect of cathode bypass capacitor, Figure 79-3.-Open loop characteristics of PC 79.
C2, on the phase and amplitude response of the
first amplifier stage. 3.1 Frequency Response: The open loop ampli-

fication was measured by breaking the circuit
and two octaves below the operating frequency, at the connection to the feedback winding, in-
and then falls to less than 10 degrees at the serting a signal in series with the feedback
lower crossover frequency. The 20 degree lead resistors, R7 and R12, and measuring the out-
at the operating frequency is offset by the 20 put across the resolver feedback winding. Both
degree lag caused by the lag network, R3,C1. inputs were grounded during this measurement,

3. PERFORMANCE representing the condition when voltage sources
are connected to inputs V, and V2 . This is also

PC 79 was tested with the Norden-Ketay the condition for the lowest value of open loop
105D2K size 15 resolver, and with minor modi- amplification using nominal components and
fications can be used with the American Elec- voltages.
tronics IR15W4-405 size 15 resolver. PC 79 Figure 79-3 is a Bode diagram of the open
can also be used with the American Electronics loop amplification obtained under the above
IR1lW4-103 size 11 resolver, if R13 is changed conditions; figure 79-4 shows the closed loop
to 240f0 and C7 is changed to 0.164. response. In the latter figure, the solid circles

I April 1, 1959



SPREPERRED CIncurrs MANUAL
NAVAER 16-1-519

show the measured values of the factor A'/!A'
(1-+-A'); the open circles are values calculated 1.6- LEGEND
using the values of A' obtained from figure ,.4 - A TMEASURED RESPONSE

79-3. At frequencies of about 0.75 and 1.4
times the carrier frequency, the open loop t, 1-

amplification A' is down by a factor of 2 and J '•
distortion appears in the output at high signal

0. 0.8levels. These frequencies are well outside o
the normal operating range of the amplifier. a
Capacitor C4 is the principal contributor to the W
low frequency peak, while C6 and R13 account U04
for the rise in the response at the higher fre- 02

quencies. Decreasing the resistance of R13 in-
creases the amplitude of the peak. Shielded 0.0 0.1 L 10, ,00
leads between the amplifier and the resolver fc
contribute little to the peaks. (a) AMPLITUDE RESPONSE

The gain and phase margins were measured
with both inputs open, and with the combina- +120- LEGEND

tion of tubes and supply voltages that resulted MEASURED RESPONSE
in the highest forward amplification. The +80 •

errors, on the other hand, were determined for 40

the lowest forward amplification by using tubes N , fm 0 _ .
which had reached the minimum end-of-life 2 o-
transconductance permitted by MIL-E-1 and o- f-
supply voltages which were 10% low. At the -
operating frequency, the forward amplification
was reduced 37.5% by the low limit tubes and -,2oL

an additional 12.5% by the low supply voltages. (b) PHASE RESPONSE
The resulting change in the open loop amplifica- Figure 79"4.-Closed loop characteristics of PC 79.
tion from both causes was calculated to be A Mark 4 Mod 0 resolver was used to complete
0.35% based on a 50% change in a nominal the feedbuck loop.
open loop amplification of 300. Since the re-
solver accuracy is 0.1%, applications of PC 79 the input is partly static error as a result of
are limited to those in which 0.5% accuracy is manufacturing tolerances and partly due to
sufficient. quadrature and harmonic components which
3.2 Error and NuU VoUages: The output of the are present even at null. The amplitude of
resolver when compared with the input gives the these errors is a function of the resolver input
performance indicated in figure 79-5. The voltage and may be the determining factor in
comparison was made using the preferred selecting the operating voltage of the resolver.
circuit with voltage applied to input 1, with The solid lines in figure 79-5 are for the nominal
input 2 grounded, and with maximum coupling operating frequency of 500 cps, and the dashed
between stator and rotor. Under these condi- lines are for 475 cps. The curves given are for
tions the input and output voltages are theoreti- the 105D2K resolver; the results for other re-
cally equal. The deviation of the output from solvers will differ.

April 1, 1959



PREFERRED CIRCUIT 79 79-9
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A. NULL VOLTAGE- CONSISTS OF
QUAORATURE AND HARMONdICS

CA

S. ERROR IN FUNDAMENTAL A /
INN-PHASE COMPONENTS

1_21

Mark 4 Mod 0 resoiwer operating at 500 cps.
The dashed curves show the effect of a 5% de-
crease in input frequency.H _

April 1. 1959
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NBS PREFERRED CIRCUIT NO. 101

0.8 to 20 MC COLPITTS CRYSTAL OSCILLATOR

Unless otherwise stated:
R in ohms; -t-ov

C>I in/ /i/f; C<I in/.Lf; R3
L in mh VC: ~6021 C4~~o

R4
91K%C2 C5

S0.01 eo

XTAL RI

Component data:
Preferred crystal types: CR-18/U, CR-36/U. (See Note 1.)

Frequency range R1 R3 C1 C2 C3 C1' C2' C3' LI
mc e1 a muf f Mi f Distributed "C" juf mh

(See Note 2)

0.8-5 -------------- 560K 33K 10.7 15 100 6.3 2 12.5 7.0
3-11--------------- 47K 39K 12.4 15 33 6.3 2 12.5 0.8
5-20--------------- 33K 33K & 4 24 24 6.3 2 12.5 0.3

R2, R4: ±10% limits; R1, R3: ±20% limits. C1, C2, C3: ±10% limits; C4, C5: ±20%
limits, or guaranteed minimum value. (See Note 3.)

Power requirements:
150 volts dc at 4 ma (plate supply); 6.3 volts at 300 ma (heater supply).

Operating characteristics:
For output voltage and crystal dissipation as a function of crystal resistance, frequency, and

oscillator tube transconductance, see figures 101-1 through 101-3. (See Notes 4 and 5.)
CR-181U CR-361U

Factors affecting absolute frequency accuracy: ppm ppm
(a) Manufacturing tolerance (within temperature range) 50 20
(b) Frequency correlation (See Note 6) ------------------------ 10 10
(c) Frequency stability for 10% change in plate and heater volt-

age ---------------------------------------------- <3 <3
(d) Frequency variation for a 10% change in a single capacitor <8 <8
(e) Frequency variation for a 20% change in a single resistor -. < 1 < 1

(For Notes, see next page)
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O NOTES:
1. CR-36/U is a temperature-controlled unit. (See MIL-C-3098B.)
2. The distributed capacitance values shown are typical of those obtained by use of conven-

tional wiring in the test units. Lead dress, tube sockets versus direct lead soldering, etc., will
cause these values to vary; therefore, they should be checked and the lumped capacitors C1, 02,
and C3, shown in the circuit diagram, changed to keep the total capacitances the same as listed,
i.e., the sum of C2+C2' to remain constant. In most cases adjustment of C1 to keep C, (defined
in section 2.1) equal to 32 ppf will be satisfactory. Note that C3 is paralleled by 15 JApf of load
capacitance.

3. The performance specifications are based on component values which do not deviate from
the nominal by more than the limits specified. Thus the term "limits" includes the initial tolerance
plus drifts caused by environmental changes or aging.

4. The crystal drive equals PR, where I is the rms current through the crystal, and R, is the
crystal resistance as measured in the appropriate crystal impedance meter. (See MIL-C-3098B.)
The current through the crystal can be equated to the current through the 32 puf of capacitance
which is in parallel with the crystal, since the crystal circuit is high Q. The current through the
32 1upf is EIX, where E is the rms voltage across the crystal, and X, is the capacitive reactance of
32 4f at the operating frequency. The crystal drive therefore equals (E/X,)2R,.

5. The output voltage is measured with a load of 10KQ paralleled by 15 p4.
6. Frequency correlation is defined as the difference between the circuit operating frequency

(operating at 25° C with circuit values as shown in the diagram) and the antiresonant frequency
of the crystal unit as measured in the appropriate crystal impedance meter. (See MII-C-3098B.)
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*KPC 101 0.8 to 20 MC COLPITTS CRYSTAL OSCILLATOR
1. APPLICATION crystal. In the Colpitts circuit, the crystal

PC 101 provides the designer with a stable operates at a frequency higher than the series
frequency source of minimal complexity. Op- resonant frequency (which is determined by the

eration at any frequency in the 0.8 to 20 mc constants of the series arm alone) and lower
range may be accomplished by substituting than the parallel resonant frequency I (which is

different crystals on a plug-in basis, with no a function of the parallel capacitance and the
retuning required. The twin-triode 6021 pro- inductance of the crystal together with the ex-

vides a triode section for use as a mixer, buffer, ternal parallel capacitance). This total ex-

and/or frequency multiplier. Use of a single ternal parallel capacitance is a fixed value for

or twin-triode miniature or subminiature equiv- any given MIL crystal. The crystal, together
alent requires changes in the lumped capaci- with the associated parallel circuit capacitance,
tances to compensate for changes in tube and acts as an inductance whose effective reactance
distributed capacitances. The electron-coupled varies very rapidly with changes in frequency.
pentode circuit of PC 102 should be used to The oscillator circuit adjusts its frequency so

obtain higher output, immunity from the that the effective reactance of the crystal at the
effects of load changes, greater harmonic con- operating frequency is just enough for the loop
tent, and better frequency correlation. How- gain to be 1 with a phase shift of 1800 between
ever, this will increase circuit complexity, and input voltage (grid-cathode) and output voltage
may increase the physical size of a unit due to (plate-cathode). The crystal is tested for anti-

the use of a single tube per envelope, resonance with 32 ujf of external parallel capaci-
tance. This specification allows the user to

2. DESIGN CONSIDERATIONS design a circuit which will oscillate at a fre-
2.1 Symbols: quency close to the antiresonant frequency of

(a) P.: Power dissipated in the crystal unit, the crystal. In general, this frequency cor-
or crystal drive level, relation should be better than 10 parts per

(b) C,: The total grid to ground capacitance, million. The antiresonant frequency of the
due to Cl, C2, C3 and associated distributed crystal can differ from the frequency stamped
and stray capacitance. on the crystal holder by a maximum number

(c) R,: The total crystal circuit resistance of parts per million as specified in MIL-C-
consisting of the sum of the crystal resistance 3098B for the particular crystal involved. This
as measured in the appropriate crystal imped- maximum deviation includes the combined ef-
ance meter and the additional iesistance con- fects of manufacturing tolerance and temper-
nected in series with the crystal to simulate a ature coefficient within the temperature range
higher resistance crystal. for which the crystal is designed.The effective series resistance of the crystal
2.2 Crystal Circuit: The crystal equivalent Tha measure of the "activity" of the crystal.

circuit consists of a very large inductance (in i

the order of henries), in series with a very small It is a controlling factor in the determination

capacitance (in the order of hundredths of a of output-voltage amplitude and crystal dis-

micromicrofarad) and a resistance ranging from sipation.
a minimum of 5 ohms at the high-frequency end 2.3 Oscillator Configuration: A Colpitts
of the circuit range to a maximum of 1000 ohms grounded plate circuit was chosen because it
at the low-frequency end. In addition, due to
the crystal holder, etc., there is a small capaci-
tance in the order of 5 phf' in parallel with the 2 The parallel resonant frequency referred to is that

frequency for which zero phase shift is measured when
I The maximum value of this capacitance is set by the crystal is inserted in the specified crystal impedance

MIL specifications as 7 pg/f. meter. (See MIL-C-3098B.)
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allows frequency changing on a crystal plug-in yet keep crystal dissipation within the recom-
basis, with greater stability and better fIre- mended limits.?
quency correlation than provided by the nearest 2.4 Oscillator Tube: The 6021 twin-triode has
alternative, the Miller oscillator. Use of the
Colpitts circuit, however, results in sacrifice of a mediu js (35) and suficet t scnduco-
output amplitude for the same magnitude of ane (50 hs for u e oscilltr
crystal dissipation obtained with the Miller stage and as a buffer or frequency multiplier
oscillator, stage. It is a MIL preferred tube and is fre-

quently used in associated circuits in the same
The Colpitts oscillator is difficult to start type of equipment as would employ PC 101,when used with high resistance crystals. Ad- thus allowing for a reduction of tube typ)es in

justment of the capacitor voltage divider C2, C3 an equipment.

to insure starting tends to reduce output voltage

or increase crystal dissipation. These effects 3. PERFORMANCE
can be mitigated by providing an initial negative 3.1 Output Voltage Amplitude and Crystal
bias'to the oscillator tube. This negative bias Dissipati Voltage A0p-itude a re
reduces grid loading during initial oscillator Disasipation: Figures 101-1 through 101-3 are
buildup and allows oscillator operation with graphs of output voltage and crystal drive level
a more favorable capacitor divider ratio. The versus crystal resistance for the three frequency
capacitor CIin many applications is composed bands of PC 101. All voltages shown are peak

mainly of lead and switch capacitances when to peak as measured on an oscilloscope. Typi-

switches are used for frequency changing. cal waveforms for the frequency extremes of
wTches vtare u ded PC 101 are shown in figure 101-4. TheThe voltage divider R2,R4 provides the essentially sinusoidal waveform of the higher

initial bias to the oscillator tube. This circuit frequency output is due to the lowered imped-

also increases frequency stability. The oscil- anc of the loai rel ith

lator circuit without this fixed bias will experi- a5 cf) at these frequencies. l

ence a larger change in frequency as a function Because limit crystals were not available,

of a given change in plate voltage than will this the performance data were plotted using the

circuit with a fixed bias. The improvement in lowest resistance crystals available and simu-
frequency stability is an added advantage lating higher resistance units by adding resist-
obtained from the use of a fixed bias. The ance in series with the crystal. The circuit
mechanism involved is the reduction in the plate used in making the measurements is shown in
resistance of the tube with an increase in supply figure 101-5, where R, is the added resistance.
voltage which is counteracted by the increase in The validity of this simulation technique was
plate resistance caused by the increase in bias checked by making measurements on two
across the bias network R2, R4. crystals, one a low resistance and the other a

The choke Li keeps the oscillator output high resistance crystal. Resistance was added
from being loaded by the cathode resistor. It to the low resistance crystal to bring its resist-
is chosen of sufficient size to resonate with C3 ance up to that of the high resistance unit, and
at a frequency lower than half the lowest fre- the operation of the two crystals was compared
quency of the particular band in use. This in the test circuit of figure 101-5. The output
insures negligible inductive effect on the voltage and computed crystal dissipation
capacitor divider C2, C3. checked within 5%. Further checks were

The range of crystal resistances allowed by
MIL-C-3098B appears to be much wider than 3 There is no restriction on crystal drive in MIL-C-
necessary in view of present manufacturing 3098B. These specifications serve merely to delineate
techniques. Because of this wide range, design acceptance test procedures. Recommended operating
compromises must be made in order to insure limits for crystals in military equipment are listed in

section II of WADC Technical Report 56-156, ASTIAoperation of the circuit with the entire range of Document No. AD 110448, "Handbook of Piezoelectric
crystal resistance allowed by specifications and Crystals for Radio Equipment Designers," Oct. 1956.
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(b) Crystal dissipation.
Figure 1O1-2.-Operating characteristics as a10 5.omc C o&mC function of crystal resistance, fArquency, and

tube transconductance for the middle frequency
band (3.0 to 11.0 mc).1 ,1 1 1 I 3 , , .. . . ! , I . . .. I

5 10 50 I00 500 KM00
CRYSTAL RESISTANCE R1 (a) resistance values. Here again the difference

(b) Crystal dissipation, was less than 5%.
Figure 101-I.-Operoting characteristics as a In the tests discussed above, the results of

function of crystal resistance, frequency, and which are shown in figures 101-1(b), 101-2(b)
tube transconductance for the low frequency and 101-3(b), all dissipation curves go through
band (0.8 to 5.0 mc). a peak, except at the high end of the high-fre-

quency band. The peak indicates that the use
made by inserting a crystal with a resistor in of lower resistance crystals than were obtain-
series with it in the appropriate crystal imped- able for these measurements will not result in
ance meter (see MIL-C-3098B). The readings greater than maximum recommended crystal
erred on the pessimistic side, i.e. the readings dissipation (see footnote 3) at any frequency,
were higher than would be expected to result with the possible exception of the high end of
from the addition of the crystal and external the high-frequency band.
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Figure 10 1-3.-Operating characteristics as a Figure 10 1-4.- Outrput voltage wave forms across
function of crystal resistance, frequency and a 105(0 resistive load.
tube transconductance for the high frequency
band (5.0 to 20 mc).
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