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SECTION 1
INTRODUCTION

1.1 SYSTEM ASPECTS

Signals transmitted from Data Collection Platforms (DCP) in various parts of the
world are received, detected, and stored by a low-orbit satellite on a one-way link. When
the satellite 15 in view of a ground station, the information is transmitted to the ground,

and relayed to a ground data processing center.

The information obtained from the satellite is then extracted for users at a data pro-
cessing center. Processing equipment detects each signal and extracts the frequency,
time, platform signature, and sensor data. The extracted time information is referenced
to the real time of receipt of the platform signals at the satellite. A computer algorithm is

used to determine the position and/or velocity of each moving platform as is required.
1.2 SCOPE

Two earlier American Electronic Laboratory (AEL) programs associated with DCP's
under NASA Coniracts NAS5-21164 and NAS5-21633 paved the way for low cost, nominal

efficiency, standard sized UHF units.

The objective of this program was to develop the various RF elements necessary to
achieve a miniaturized data collection telecommunication package. The package should in-
clude significant reductions in complexity of the RF design to permit low cost reproduci-
bility, while also meeting requirements for small size, weight, and minimum power supply

elements.

The development of the RF elements of a telecommunications package involved detailed
study and analysis of concepts and techniques followed by laboratory testing and evaluation of
designs. The design goals for a complete telecommunications package excluding anfenna is
a total weight of 300 grams, in a total volume of 400 cm3 with a capability of unattended op-
eration for a period of six months. Of utmost importance 1s extremely iow cost when pro-

duced 1n lots of 10, 000.



1.3 PERFORMANCE REQUIREMENTS

Indicated in the following table are the requirements for the RF elements 1n a Low
Cost Mimature daia collectron telecommunicapnon package. The antenna and digital circwitry

were not a part of this program.

TABLE 1-1. TECHNICAL CHARACTERISTICS

Parameter Specification \
Frequency (includes dispersion and aging) 401.65 MHz + 3,2 KHz
Frequency Stability 0.4 Hz per 0. 120 Sec.

+ 0.2 Hz per 20 Min.
400 Hz per 2 hrs.

Modulation PSK, +63°

Power Output 3 watts + 1db
Spurious Output . -60 db within + 20 KHz

-25 db beyond + 20 KHz

Temperature ~-40°C to + 45°C
Operating Lifetime 6 Mos.
Weight/Volume 300 gms/400 cm®
Cost $100 (10,000 lots)




SECTION 2
EXECUTIVE SUMMARY
2.1 GENERAL

The system block diagram of the RF elements in a2 Miniature Data Collection Platform
is shown in Figure 2~1. In thistext, the Miniature Data Collection Platform RF subsystem
will be called simply MDCP. Early in the program it became apparent that a single MDCP
would not satisfy all users. A single high-efficiency system would not satisfy a user who had
avallable a large battery capacity but required a low cost system. Conversely, the low cost
system would not safisfy the end user who had a very limited battery capacity. A system de-
sign to satisfy these varied requirements was 1mplemented by designing several versions of
the system building blocks shown in Figure 2-1 and then constructing three systems from
these building blocks. These were designated MDCP 1, MDCP 2 and MDCP 3. Figure 2-2
depicts system MDCP1 which has an overall transmitter efficiency of 61%. This system has
an outpui pewer amplifier efficiency of 75% which makes the unit ideal for many types of us-
ers. Tigure 2-3 depicts a generalized system MDCP2 that requires no tuning and is there-~
fore 1deal for the oceanographer type user who generally has available a battery of large
capacity., A correlation of characteristic tradeoffs between all three systems is shown in

Table 2-1. Table 2-2 details the highlights of the highly efficient MDCP1 unit.

2.2 RESULTS

The following end results were determined through the study and analysis phases of

this program:

© A highly efficient (61%), low current DCP system has been achieved, thus af-

fording the many uses new grounds for long hfe experimentations.

® Low cost trequency stabilizing {echniques over a ~40°C to +45°C temperature
range have been employed whereby adequate tracking accuracy can be obtained.

Thas technique saves battery power and cost in that no erystal oven 1s required.

© Small size and reduced volume units are available at costs of $350 (1) in quan-

tities of only 1, 000.

(1)

Price includes digital and RF section but does not include batteries, enclosure or antenna.

2-1



Physical size of battery cells for reasonable operating hifetime can work against

miniaturization of electromes.

Physical size of antenna is possible source of problems when using miniature

platform package for a ground plane.

2-2
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TABLE 2-2

MDCPLI HIGHLIGHTS
Parameter Design Goal Achieved
Volume (CC) 400 369(1)
Weight (GM) 300 375D
System Efficiency (%) 65 61
(MDCP1)
. -9 L =10
Short Term Frequency Stability 1x10 0.9x10
(100 ms)
Frequency Temperature Coefficient *+5 +3
-40°C to +46°C
(Parts Per Million)
Spurions Response 25 42
{db below carrier)
Power Output Change (Ref 3W) +1 - +0.-3
~-40°C to +45°C (db)
Modulation 63.0° +5.7° 63.0° + 4°
(Degrees)
|

(1)

The weight and volume of the unit inclades the battery power supply. The weight and
volume are directly related to the system lifetime and therefore directly impacts the num-
ber of batteries requred. The figures shown are for 6 months operation, transmission

interval of 40 sec, transmit titme of 390 millisecond and operation for 3 hours out of each

24 hrs. The batteries assumed were four Mallory LO27 Iathium Sulphur Dioxide cells.

2-7




SECTION 3
SYSTEM BUILDING BLOCKS

A typical block diagram of a MDCP gystem 1s shown in figure 2.1. Each section of
the system wilil be analyzed in detail but particular attention will be directed at the stable
oscillator and output power amplifier. The oscillator and amplifier represent areas where

the greatest contribution to cost, size, and efficiency can be made.
3.1 TEE OSCILLATOR

Two 50. 2 MHz oscillators were considered during the program: an integrated oscila-

tor and an oscillator consisting of discrete components.
3.1.1 Integrated Oscillator

Figure 3-11s a schematic diagram of the integrated oscillator test circuit. The oscil-
lator is manufactured by Plessey Semiconductors and is representative of these type oscilla-
tors. The oscillator 1s packaged in a standard TO-5 can and costs less than five dollars in
small quantities. The low cost and small size of the oscillator make 1t very attractive for
use 1n the Miniature DCP. However, tests on the oscillator brought two major deficiencies to
light. First, the unit tested requires 6.8 milli-ampere at 6 volts. A design goal for the sys-
tem oscillator current was established as 1mA. Second, the oscillator does not track the
crystal A £/f over temperature. Figure 3-2 shows data on two crystals which were measured

in the test oscillator and in the Hewlett~Packard Vector Impedance Meter.
3.1.2 Discrete Component Oscillator

Tigure 3-3 1s a schematic diagram of the discrete component oscillator and the trans-
islor equivalent carcuit used in the analysis of the oscillator. In the oscillator schematic R 4
and C 3 form a power supply decoupling network, C 4 bypasses R. F. signals at the emitter of
is a D.C. blocking capacitor. Figure 3-3C

5
shows the R. F. equivalent circuit of the oscillator. The transfer function from base to

Ql’ Rl and R 9 provide bras to transistor Ql, and C

collector of the transistor can be written from Figure 3-3C as:

i
v _ 3wy Cy
Vv, TR0 = 1
C R+j(n0L1 + e o
1%~

3-1



where R is the crystal impedance at 1ts series resonant frequency (w 0). The impedance (Z)

seen looking into the equivalent circuit (Figure 3-3C) from the collector is

1 1
- R + jo L +-———m )
( ]mocz) ( 01 ;;wocl

1 1
R + juo L +— + -
01 ]UJOCZ ]mOCl

A aeg) =

Now, 2 gain (A) can be defined as
= = 7
A 7 gmZ(w,)

Using the equation for A and the equation for H (j ¢ 0), the ecircuit of Figure 3-3C
can be represented as shown in Figure 3-4.

The Barkhausen criterion for oscillation [5] requres that

AH (Ju) = 1

3-2
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or

m
wz cC.C
0 7172 - : > 1
R+ Juw.L + +
0 JmOC1 Jm002
gm
ZC C c.C
o >1v2 172
7 z 1 where: CP = —
R+Ju. L + ——— cC.+C
0 Ju)OCP 1 2
g
1} 1
- - - z 0
2C c R JUJ0L JwOCP
Do ~1¥2
This last equation reguires that
i 1

ju L. = ———— or o, =

01 jw,C 0
0P \/ LICP

and
g
= 2z R or g = RwZC C
c C m 071 2
“o™172
The equation
_ 1
. =

in terms of w_, the crystal frequency.

determines the value of LICP 0

The equation

g = Rw, C C



determines the value of & required for oscillation. The parameter g, can be

expressed in terms of the ifransistor emitter current as

__al k|
& KT

m
where T is the temperature in degrees Kelvin : °c + 273.18
, k is Boltzman's constant : 1.38 x 1072 Joule/ °K

q is the charge on an electron : 1.6x 10~1° Coulomb

Thereiore,

is a condition on Ie which insures oscillation.

Since current in a battery operated system is important, the last equation puts a lower hmat
on the oscillator current required in the system. The following paragraphs will develop the

minimum current required for such gystems.

It is shown in section 3. 3.3 that the crystal compensation technique inserts a maxi-
mum resistance of 1 x 1/2 ohms in series with the crystal. Table 3-2 of section 3.3.4
shows that 1 x 1= 400. Therefore, the maximum value of resistance inserted in series with

the erystal by the compensation technique is 200 Ohms.

3-8



Figure 3-5 shows the oscillator constructed for testing. Q 1 forms the oscillator
while @ 9 and Q3 are buffer/amplifiers. The amplifier formed by Q 3 saturaftes on
its input signal and, therefore, provides a constant power output over temperature.

2

values in parallel result in an equivalent capacity of 58 Pf. Therefore, C 9 =58 Pf.

The emitter current Ie required to sustain oscillations can be calculated

The value of C_ used in the ogeillator 15 33 Pf, L2 is 0.47 y H. At 50 MHz these

as
2 kT
Ie 2 R(.DO Cl Cz (——q—')
The worst case value of R is 200 §; at room temperature (2:90°K)
kT

KT - 25.7x10° voit.
¢] I

2
Te 2 (200) (27 50 x 105 (27 x 10'12) (58 x 10'12) 25.7 x 10"3)

Ie = 0.79 Milli-Ampere

At +45°C kT/q = 27.5 x 10~ 3 and the required minimum emitter current is 0.85 Milli-

Ampereé.
A current (Ie) of one milli-Ampere was used as Ie for Q1 in the circuit of Figure 3-5.

Table 3-1 shows the operation of the circuit of Figure 3-5 over temperature. The
fact that the circuit does operate from -40°C to +40°C indicates that currents of approxi-
mately one milli-Ampere are adequate for the oscillator. Table 3-1 also shows the
saturation characteristics of QS' Figure 3-6 shows a comparison of the A f/f of the
crystal oscillator, and the crystal alone (measured with a Hewlett-Packard 4815A

Vector Impedance Meter).

38
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Table 3-1. Saturation Characteristics

T (°C) Po (W) Po (Milliwatt)
Qz Q3
R13 =200 O 5.0
-40 .19 5.0
-30 .195 5.0
~20 .20 © 5.0
-10 . 205 5.0
0 .21 5.0
10 .21 4.9
20 . 205 4.8
30 .20 4.7
40 . 195 4.7
R13 = 100 5.3
~40 .45 5.2
-30 47 5.2
-20 49 4.6
-10 .50 4.5
0 .50 4.5
10 .51 4.5
20 .51 4.6
30 .51 4.6
40 .50
R13 =27 Q 5.4
~40 1.2 5.4
-30 . . 1.3 . 5.4
-20 1.3 5.4
~10 1.35 5.2
0 1.4 5.4
10 1.4 5.2
20 1.4 5.2
30 1.4 5.1
40 1.4

3-11
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3.2 CRYSTAL TEMPERATURE COMPENSATION TECHNIQUE

Since the Miniafure Data Collection Platform (MDCP) is batiery operated it must

operate at low current levels if the MDCP size & weight requirements are to be met. The
MDCP is also required to have a frequency stability greater than the native stability of an
uncompensated crystal. These three requirements, battery operation, frequency stability

& small size, require that the MDCP employ & low current drain temperature vs frequency

compengation network. The above requirements obviously exclude the use of an oven.

This section describes a simple, passive (low power drain) oscillator temperature
compensation technique. This techmque ( first reported in [ 2], [3]) consists of placing of a
temperature varying reactance in series with the oscillator crystal. The compensation net-
work consists of a thermistor in parallel with a capacitive reactance. The thermistor and
capacitor are chosen so that the reactance of the network tracks the crystal and compensates

it over temperature.

In apphcation, the compensation network is chosen by superimposing the original Af/f
curve of the crystal on a family/curves representing the composite A £/f due to the compen-
sation network. A compensation curve which most closely maiches the crystal is chosen for

4 -
compensation.

The compensation technigue is desgigned to operate over the range of ~40°C to +45°C.
Advantages of the technique are that 1t is simple and does not require repeated temperature
testing of the crystal and compensation network. As a consequence the technique is inexpen-
sive to apply. Secondly, the technique is passive in that it does not require battery power and
therefore results in a low-power drain oscillator. This technique provides compensation to

approximately + 5 PPM (Parts Per M:llion) in the temperature range -40°C to +45°C.

3.3 CRYSTAL CHARACTERIZATION — TERMINAL IMPEDANCE

Notation and terminology for a crystal equivalent circuit and an added series imped-
ance is given m Figure 3~7, The terminal impedance (Ze) of the crystal can be derived

from Figure 3-7 as follows:

B,

€ Rl-i-j(Xl-{-Xo)

3-13
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Rationahzing and collecting real and imaginary terms yields

2 2
3 +
. R, X, R, X, + X, X &, +X)
Ze T3 5+t ] p P
+ +
Ry o+ &+ Xy By F & XY
(1)
= R +iX
e e
3.3.1 CRYSTAL SERIES REACTANCE (Xe)
An expression for crystal series reactance is developed 1n this section.
R%x +x x X, +X
_ 1 70 170 1 0)
Xe - 2 2
+ +
Rl (Xl XO)
Rlz XO Rlz
—_— _ + X X —+X
+ +
) (’X1 XO) 170 _ X1 X0 1
2
Rl2 R1 Xl
—_—— + X +X —_— e 4] 4 —
..].
Xl XO 1 0 X0 (Xl +X0) XO
Assume
R’ R, ? X, %
——— + X, = X_ and therefore + w2
o+
X1 X0 1 1 XO (X1 +X0) XO Xo
(The symbol ~ denotes "approximately equal to")
then,
X = XI
e X1
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A useful approximation for X1 will now be derived.

1

n

Let w
8

11

A 1l
(The symbol = denotes "defined as'). That is, 0 is the resonant frequency of

the series elements Rl C1 Ll of Figure 3-1,

[{}]
) 8 1
= — w - N
Xl (w) sLl (m ) w C
s . 8 1
I 1 .
Substituting = w L, yields
C s 1
s 1
w
X, =wkL (— -2
1 T %M w )
S
Now, let
W W
A
8 = S then
w
g
w_ws "
1 +8=1+% m = and
g 8
1))
w 8 _ 1 S +8)
e R T e,
ws W 1+8 1+8

If @ is restricted to freguencies near ws then l S l <<1 and

w s _ s
o T Tw Y28 = 2(-——)
S K]
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Xl can now be written as

i W=
]
=] - < (3)

X, ~ 2L (w ms)forl ) | <<1

Using the relationship w = 1 Equation (3} can be written as
SAf L. ¢
11
)
2 —5——- 2 —?-t:-r
X 2 AW - 8 - s
1 " 2 C Co ws Co
s 1 “sCy (g7
A C0
where: r = o
1
Let X = —2 th
€ 0 5 G en
g o
W - w .
- Af 8 [
XI = —ZXOr T for l m << 1 (3a)
s s

The derivation of an expression for Xe continues below.

Substituting equation (3) Into equation (2) yields

21,1 Aw A
Xe &= -———ZTI'K-J- where Aw = w - UJS
1+ —— (4)
XO

Substituting equation (32) into equation (2) yields

Af
—~2 XOI' -%--
s

€ 1_2r ?f
s (4a)

>
t

where Af = f--fS and 2 f=w
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()]
3 |=I?f|<<1.
s

w -
Equations {4) and (4a) were derived using the approximation | m
8

In the following analysis, only values of ‘ —?ﬁ | < 100 PPM (Parts Per Million) will be
s
considered. Therefore, the approximation is justified.

3.3.2 SERIES REACTANCE (XS + Xe) AND TEMPERATURE COMPENSATION

The compensation technique consists of adding a reactance (XS) in series
with the erystal to "retune' the crystal, The frequency of interest is the frequency
for which Zs + Ze is real. That is, the frequency for which Xs + Xe =0, lLet wo

denote the required frequency, Then XS + Xe =0 for w= wo , and

Af
2
Xo fs r
Xs : Afo =0
1-2 "f—— r
]
2 X Af
0 fs T
Xs - AT ©®)
1-2 7 T
]

Where: Af =f -f and 2vf = o isthe frequency for whichX +X =20
o ¥ 8 0 0 8 e

Rearranging equation (5) yields

Af X .
o _ s ©)
fs 2x (Xs * XO) :
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Af
Equation (6) can be interpreted as follows. The change in crystal o may be positive or

{
negative. In the following, this change in Afo with temperature is called crystal drift.
£
If positive, then the Afo provided by equation (6) must be negative in order to compensate
f

the crystal. If the crystal drift is in the negative direction, XS must be chosen so that the
Af

o_ of equation (6) is positive. Therefore, since X, >> X, end X s always negative, a

—as.

f
negative XS (capacitive) will provide a positive Af and cancel a negative,

Afo crystal drift.

—

f £

Similarly, a positive XS {inductive) will cancel a positive crystal drift.

3.3.3 THE COMPENSATING NETWORK

Figure 3-8 shows the compensating network to be added in series with the crystal.

RT represents the resistance of the thermmstor. The impedance Zt is derived as follows:

. = ]XRT
+
t 1?,1, X

Rationalizing and collecting ferms yields

R
T TR
1+ 5 1+
RT RT2 )
Z, = R+ X
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Figure 3-8, Thermistor/Reactance Compensation Network
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Since Rt appears in series with the crystal and varies with temperature, the maximum

value -(-:E-{t) of Rt is of interest.

Dufferentiating the real part of egn (7) and equating to zero yields:

N ' X x*

— {-2)

2 3
d Rt - RT _ X2 _ RT R T
d R 2 2 2 2 2
T RT + X RT RT + X
) 2
RT
T T <
Ry ' 2 -0
T 2 2 2
R, + X ® + xz)
2
-1 + .....__.zi_X._._X_Z_... =
8
R, + (8)
2 2 2
2 = +
X BT X
RT = X
d Rt
Consider ,
d RT
2 2
d Rt - -X + 2 X4 g = X2 2X 1
dR 2 2 2 2 2 2 2
T RT + X (RT +X) RT + X RT +X2 .
2
The term _ 2X _1 1s greater than zero for RT< X, equals zero for RT =X
2 2
+
RT X
and 1s less than zero for RT < X. Therefore, X = RT is 2 maximum for Rt'
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Substituting X = RT into the real part of Eq. 7 yields the maximum value of Rt.

%
- _ X _ x
Rt"—'_;z""_ 5
1+—2X )

3.3.4 COMPENSATION TECINIQUE

Figures 3-9A and 3~5B are plots of equation (8), with XS of equation (8) taken equal to
Xt of equation (7)*. The curves are plotted for the values of X and R - given in Table 3-2,
Curves 1n Figure 3~9 were plotted for the family of thermistors shown in Appendix IV and
the curves in Figure 3-8 were inverted to show negative Af values. The actual calculated

values are positive. These particular values of X and R__ were chosen to provide compen-

sation for "AT" cut crystals in the range of cuts from 0'2? 10" are shown in Figure 3-10.
Figure 3-10 1s adapted from Reference [1].

Since the curves of Figure 3-9 are imverted, Figures 3-9 and 3-10 can be superimposed
over sach other to choose a compensating curve for a particular crystal cut. Alternately,
the A f/ifS variation of a crystal can be plotted on Figure 3-9 and the curve best fitting the

crystal characteristics can be chosen to compensate the crystal.

*Details of the calculations are given in the Appendix I.
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TABLE 3-2

COMPONENT VALUES FOR COMPENSATION NETWORK

Curve No. ]:'{25 (Ohm ) ~-X (Ohm)
1A 7 150
2A 10 300
3A 10 200
4A ) 12 240
5A 14 288
6A 18 277
TA 19 274
8A 25 300
9A 30 300

10A 39 300
11A 39 300
1 6 340
2 6 240
3 6 - 60
4 7 70
5] 8 80
6 10 100
7 11 114
8 13 130
9 14 144
10 16 160
11 18 200
12 19 190
13 22 220
14 25 254
15 28 280
16 32 320
17 35 350
18 39 394
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Figure 3-11 shows the results of compensating 6 crystals. All were compensated
as described previously. The crystal curves of A £/f vs. temperature were measured
in a test oscillator. A compensation nefwork wag then chosen and the compensated oscillator
was again tested over the same range of temperatures. The results of the compensated
ogcillator tests are given as numbered primed curves in Figure 3-11. In all si1x cases the

compensated oscillators were well within + 5 PPM frequency varation from -40°C to +45°C.
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3.3.5 PRACTICAL ASPECTS OF THE COMPENSATION TECHNIQUE

Appendix IV gives manufacturer's data on the thermistors used in the program, A
plot (and a tabulation) of the D.C. value of RT is given as part of this data. Also given 1s

the theoretical relationship

i -
R =R, EXP! B(; %)
The manufacture's tabulated data and the theoretical relationship do not agree at lower -
temperatures. The reason for this disagreement in the manufacturers data is unknown.

However, the theoretical relationship is true for all values when using data obtained in the

AEL laboratory: Table 3-3 shows these values of R / R for various thermistors. There-
fore, the theoretical relationship was used to calculate the compensation curves of Figure
3-9, Appendix 1 gives details on the calculation of the curves of Figure 3-9.

There are several sources of error in applying the compensation {echnigue. One
source of error is the tolerance on the C 0/ Cl ratio. Consgider t{wo crystals with ident;ical
G, but different C 0/C , ratios. From equation (6) the %f_ 0

s

correction provided by a given series reactance Xs is

LY

F = e = S

i fS 1 Zrl (XS + XO)
F = Afo = XS

z fs 2 21'2 (Xs * XO)
¥ T
r r
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0g-¢

RT/R% Thermistor 1818 1B22 1B26 1B28 [1B33 |1B117 |1B119 |1B147 | 1B225 | Theoretical
From Ros (Specified) Q 50 30 10 5 2.5 75 15 60 20 Rp/Rgg *
Cal-R Rog (Measured) & |60.5 39.4 11.4 7 3 89 19.3 70.7 25.4
Data
Sheet

(Appendix)

11}

45 . 537 . 525 .523 . 548 . 500 .522 . 544 .523 ,B35

35 . 732 .T719 711 . 702 .667] 667 L7113 L7110 .T14 . 701

25 ) 1.00 1. 00 1.00 1,00 1.00 | 1.00] 1.00 1.00 1.00 1.00 1,00
20 1.18 1.20 1.21 1.26 1.171 1.33¢1 1.19 1.18 1.19 1.21 1.18
10 1.68 1.74 1.76 1. 84 1.79 1 1.67| 1.73 1.71 1.72 1.76 1.7

0 2.45 2,67 2.72 2.75 2.63 1 2.67| 2.55 2.51 2,54 2.69 2.5
-10 3.68 3.98 4.11 4,21 4,071 4.00] 3.97 3.91 3.93 4,06 3.8
=20 5,69 6.12 6.45 6. 82 6.43 ] 6.27| 6.09 8. 17 6.11 6.43 5.9
-30 8,93 10.14 }10.48 | 10.95 ] 10.57 110.2 ] 10.09 9.84 110,14 | 10,49 9.7
-4.0 14. 4 16. 67 16. 65 17.46 16.83 116.33] 16.59 15.8 16. 65 16.6 16.58
*Computed from the eqn. / .-

R R 1 1" 1
T 20 =EXP4 B( T T . (See Appendix IV)

Table 3-3. RT/ R, Vs. Temperature




If ry is the correct ratio then the correction provided to crystal 2 by Xs is

Where F1 is the expected compensation, Since the reguired compensation

F1 is larger the lower the temperature, the greatest error occurs at -4000.
{(The lower limit of operating temperature for the system.) A second source of
error is that the crystal frequency vs. temperature curve may not fall directly
on one of the compensation curves of Figure 3-9, Here again the greatest error
oceurs at -4000 since the curves are most widely separated at this temperature.
A third source of error is that the thermisiors are not purely resistive at the
lower temperatures. The reactive effect of the thermistors is most pronounced
at -400C. For instance, 2 1522 thermistor used in compensation network 10A

has measured impedance

Z = 433 -J193
at -40°C. In theory, the impedance at -40°C is
Z = 643.5+ J (0).

The impedance Z =433 - J193 is equivalent fo a parallel circuit of a resistor of

519 Ohms and a capacitive reactance of -1164. Ohms. Therefore, if the 1B22

were placed in parallel with a reactance of -300 Chms (to yield compensation

network 10A) the net reactance would consist of a 519 Ohm resistor in paraliel with a
reactance of ~239 Ohm at -40°C. The result is that network 10A will urdercompensate

the crystal.
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The three problems can be circumvented by running the oscillator or system over
the femperature operation range after the compensation network is chosen. By using a

variable reactance the compensation can be set exactly at the lower temperature extreme.
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3.4 FREQUENCY MULTIPLIERS

Three types of frequency multipliers were congidered during the program:
@ Tuned Transistor Mulfipliers
© Cascaded (Not Tuned) Commercial Frequency Doublers

® Saturated Amplifier Multiplier
3.4.1 Tuned Transistor Frequency Multiplier

F;gure 3-12 shows the X4 frequency multiplier {50 MHz to 200 MHz) and data on power
gain. For testing purposes, & switch was used at the multiplier input. The switch, when 1n
position 2 was used for measurement of input power (P i) and in position 1 for measurement
of output power (PO). The data shows that the X4 multiplier output i1s saturated for input
power between 1.5 to 5 Milli-Watt.,

Figure 3-13 shows the X2 frequency multiplier (200 MHz {o 400 MHz) and dafa on its
power gain. Both the X2 and X4 frequency multipliers use tuned base, tuned collector con-
figurations. The base tuning is not critical and the variable capacitors in the base circuits
could be replaced with fixed capacitors. The data in figure 3-12 indicates that the X2 mulfi~

plier is useful over a large range of input power.

The oscillator/buffer and transistor frequency multiplier were connected as a system.
Figure 3~14 is a block diagram of thig system. The performance of the system over tem-
perature is also tabulated in Figure 3-14. The total power variation of the system from
-40°C to +40°C is 3.6 to 4. 7 milliwatt. Figure 3-15 compares the frequency tracking vs
temperature of the system and the crystal used in the system oscillator. As can be seen
from Figure 3-15 the tracking is excellent. TFigure 3-16 shows the output spectrum of the

system.
3.4.2 Cascaded Commercial Frequency Doublers

Figure 3-17 shows a (X8) diode frequeilcy multiplier. The amplifiers used (Avantek
GPD402) are commercially available, broadband (5 - 400 MHz) and low cost in small guan-~
fittes. The diode doubler used 1s also commercially available. The table below shows the

response of a single amplifier/doubler combination at 50, 100 and 200 MHz input frequencies.
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INPUT INPUT OUTPUT © OUThUT

FREQ (MHz) POWER FRE® (MHz) POWER
50 +7 dbm 100 -6 dbm
100 ' +7 dbm 200 -6 dbm
200 +7 dbm 400 -6 dbm

The minimum power gain of the amplifiers of Figure 3-17 is 13 db. Therefore, the
amplifiers have sufficient gain to readjust the level at the output of each doubler to provide
the appropriate drive for the succeeding doubler. Figure 3-18 ghows the output spectrum
of the diode X8 frequency multiplier.

3.4.3 Saturated Amplifier Multiplier

Figure 3-19 shows a Saturated Amplifier Multiplier. Amplifier Ul is saturated by
the 50 MHz oscillator output producing a comb of frequencies at 50 MHz intervals, Filter
F 1 selects out the 400 MHz component, which is amplified by U2 and U 3*

Filter F, is a three=stage synchronously funed filter centered at 400 MHz. The oscil-
lator shown in Figure 3-19 is a modified version of the oscillator of Section 3.1. 2. U1 and
U o 2re Avantek GPD401 Amplifiers. U 3 is an Avaptek GPD402.

Figure 3-20 shows the signal speetra at various points in the multiplier. A -4 dbm

50 MHz input to U_ yields a +2 dbm output at U_.

1 3

3.4.4 Comparison of Transistor, Cascaded Frequency Doubler and
Saturated Amplifier Multipliers

The following table compares the various multipliers:
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Cascaded Freq. Transistor Saturated Amp.

Doubler Mult, Multipliex Multiplier

Current

Required (mA) 80 10 435
Voltage Required

(Volt) 15 6 15
Power Out at

400 MHz

(Milli-Watt) 4 6 1.5
Spurs (Ref.

400 MHz Sig.

as 0db) -12 -16 -30
Tuning Not Req'd Reqg'd Reqg'd

(Filter Only)

It is evident from the table above that for the multiplier's being compared the transistor multi-
plier requires the least current for its operation. For slightly higher cur‘rents the saturated
amplifier multiplier is superior to the cascaded frequency doubler in almost all aspects. The
small amount of tuning required by the saturated amplifier multiplier is more than outweight-
ed by the higher parts count and larger currents required by the cascaded frequency doubler
multiplier.
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3.5 PHASE MODULATOR

Two types of phase modulator were considered for the program. One produces the
required phase shift (+ 0,1375 radian) at 50 MHz. The second modulator operates at 400
MHz, The phase shift at 50 MHz is multiplied by 8 to obtain +1,1 radians,

3.5.1 50 MIlz Phase Modulator

Figure 3-21 is a schematic diagram of the 50 MHz phase modulator. The resistive
pads at the inpuf and output of the modulator insure constant source and load impedance over
temperature and input power variations. The required three phase states {(-.1375, 0 & +.1375
radians) are achieved by switching CR1 and CR2. Figure 3-22 1s on equivalent circuit of
the modulator. The resistors marked R represent the input and output impedances of the
resistive attenuator pads of Figure 3-21, R is approximately 50 Ohms, The switch S repre-
gsents either CR1 or CR2 and C represenis either C1 or C2 of Figure 3-21. The transfer
function for Figure 3-22 is (by inspection):

R
JwC
1 R
V0 _ R+Ju)C - 1 + JuwCR - 1
v R R 2+Juw CR
e
1 ToC I R PGT)
R+ —mm—
1
Jdw C
VO 1

= MAGNITUDE OF TRANSFER FUNCTION

4 = -TAN T ( ‘”‘ZRC ) PHASE SHIFT (RADIANS)
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It

Also, since TANG

0 1

2 d 1+ (TAN¢ )2

The required system phase shift at the final frequency (400 MHz) is + 1.1
radians (63°). Therefore, the phase shift required at 50 MHz is 0.138 radians
(7.87°). 'The phase shift used in testing the phase modulator was 7°. The required

value of C for a 7° phase shift is

C =2 Tang = 1b,6 Pico-Farads
whR

which is an entirely practical value.

Table 3-4 shows the performance of the phase modulator for various input levels.
There are three important things {0 notice in Table 3-4: the phase shift remained constant
as the input signal level changed and that the system power output changed very little as the
phase was changed. Also, since a 2 db pad between the oscillator and phase modulator
changed the phase modulation little, the phase modulator amplifier (Ql of Figure 3-21) is

saturated.
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Pad

(See Fig. #-1) A Pp (W)
0 db =7 5.4
0 5.4
+7 5.0
2 db -7 5.0
0 5.0
+7 4.3
3 db =7 4.8
0 4.6 )
+7 3.8
4 db =7 4.5
0 4.4
+7 3.5
6 db -7 3.4
0 3.2
+7 2.4

Table 3-4. Phase Modulator Performance
3.5.2 400 MHz Phase Modulator

The 400 MHz phase modulator is shown in Figure 3-23. The pi-resistor networks at
the input and output are 4 db attenuators. These attenuators are required to maintain a
constant load and source impedance and, therefore, a constant phase shiff over temperature.
DL1 and DL, o are sections of UT34 semi-rigid transmission line wound on a 3/16" diameter
form, The length of DL1 is chosen to phase shift a signal 1.1 radian (63°) at 400 MHz. The
length of DL2 yields a phase shift of 2. 2 radians (126°). The phase shift through the shorted
leg of the phase modulator is taken as the reference for the above phase shifts. If the 63°
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phase is considered as the unmodulated carrier phase then the other two phase shifts will

lie + 63° about the unmedulated carrier phase.

Application of a posifive going digital signal to any of the phase modulation

ports gateg on the diodes in the chosen port and inserts a section of trangmission

line in the signal path, Since the two ports not gated "on" are at ground potential,

they are gated "off" by the digital signal, The insertion loss of the phase modulator inelud-

ing the pads 15 10 db,

3.5.3 Comparigon of Phase Modulators

Advantages of the 50 MHz multiplier are:

1)

2)

3)

Requires only two lost cost diodes (quantity 100 - 999, $1.05 ea.)
The gain required to overcome the loss in the modulator is easier to
achieve @ 50 MHz.

Only two digital control lines are required to drive the modulators

Disadvantages of the 50 MHz multiplier:

1)

Since the phase shift at 50 MHz is multiplied by 8 at the final oufput
frequency (400 MHz), any change in phase (due to component drift) is
multiplied by 8.

If the system phase shift is to be measured at the ouiput frequency (in

a test set) the reference signal for the test must come from the cixenits

before the phase modulator. In the case of the 50 MHz modulator, the
50 MHz reference signal must be multiplied up to 400 MHz in the

test set.
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Ade a2 s of the 400 Mz Modulator

1) Since the madulaiion takes place after {requency multiplication any errors or
drift i ‘L.e aodulation is not multiplied by 8 but appears directly in the output .

s1gnal . reforo, ine performance over temperature is excellent.

2) The phase shiffing ¢.: ments of the modulator are lengths of semi~rigid coax

(UT -34) which arc (uite stable over time and temperature.
Disadvantages of the 400 MHz Modulator

1) The primary disadvantage of the phase shifter is the cost of the diodes (HP 5082-
3039) required at 400 MHz ($3 each in quaniity 100 - 999).

Despite the slightly higher cost, the 400 MHz multip]ier was used in the final system be-

cause of 1ts greater stability.
3.6 POWER AMPLIFIER

Two power amplifiers were congidered for the system in our study effort: an AEL

designed unit consisting of discrete components and a hybrid amplifier produced by Amperex.

Figure 3-24 shows the AEL Amplifier. The amplifier has two stages. A common
emitter driver stage and a common base output stage. Data on the individual stages are
given in Figures 3-25 and 3~26. The transistors in both stages are intended for 900 MHz
service. They are used here at 400 MHz to achieve high efficiency operation. The sen-
sistor in the output stage provides a temperature varying bias current to the output trans-

isior. This is done to keep the output power constant over temperature variations.

The second power amplifier considered is the Amperex BGY 22, This is a commer-

cially available hybrid amplifier. Data sheets on this amplifier are given 1n Appendix Il.

Detarled data: efficiency, power output over temperature, ete., is given for both
power amplifiers i1n the section on system performance. The table below briefly compares

the two amplifiers.
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AEL AMP, BGY22
Voltage required
for 3 W output 12,5 15
(Volts)
Efficiency (%) 60-70 40-50
Variation mn
power output over +0.25 - +0.5

temp range -40°C to
+45°C (db)

The fact that the AEL amplifier requires only 12,5 volis rather than 15V means that the

system battery can have fewer cells and therefore a smaller power supply is used. Also

the greater efficiency of the AEL amplifier allows use of a lower amp-~hour battery.for

equivalent operation. Since small size and long battery life are prime design goals for

the MDCP, the AEL amplifier is clearly superior to the BGY22 for use in the MDCP.
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SECTION 4
MINIATURE DATA COLLECTION PLATFORM (MDCP) SYSTEMS
4,1 INTRODUCTION

The system bulding blocks discussed in the previous sections were used to assemble, test
and evaluate three MDCP systems. The selection of building blocks for each system is
shown in Table 4-1. The most important features of each system are also given in Table
4-1. Each MDCP system discussed congists of an RF oscillator, muliiplier and a power

amplifier providing 3 watts of RT power output at 401, 6 MHz.
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Phase Pwr,
Model Multiplier Mod. Amp, Characteristics
MDCP1  Tuned 400 MHz AEL High efficiency; long battery life. Requires
Transistor considerable tuming and is, therefore, more
costly to produce than MDCP2 or MDCP3.
Nominal battery voltage required: 12.5V for
3 W output.

MDCP2  SAT Amp. 400 MHz BGY22 Lower efficiency than MDCP1. However, unit
requires almost no tuning and is lower in cost
than MDCP1. Nominal battery voltage: 15V for
3 W output.

MDCP3 Tuned 400 MHz  BGY22 This unifis the same as MDCP1 wich the high

Transistor efficiency amplifier replaced by the BGY22.

MDCP3 lies approximately midway between
MDCP1 and MDCPZ2 in characteristics. Nomin-
al battery voltage: 15V for 3 W output.

Table 4-1. MCDP Characteristics

The MDCP 1s a pulsed system which normally transmits for 380 to 920 millisec of

an interval ranging from 40 to 200 Seconds. During fransmission each unit transmits 3

Watts and reguires approximately 0.4 Amp, from the battery. The MDCP also draws a

continuous current of approximately 2.0 milli-~ampere from the battery for the system RF¥F

oscillator. The RF osgcillator is usually run continuously to insure good RF output fre-

quency stability.
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4,2 MINIATURE DATA COLLECTION PLATFORM 1 (MDCP1)

Iigures 4-1 are schematic diagrams of the MDCP1. A parts list for MDCPI is pro-
vided in Appendix III. The system operates from a nominal 12.5 power source uses a )
transistor multiplier, 400 MHz phase modulator and the AEL high efficiency amphfier.

The size and weight of the system is 6.75 x 17.5 x 1.56 (CM) and weighs 143 GMS. The
volume is 185 CM3. The preceeding figures are for the system constructed as a printed

circuif card and includes an RF amplifier heat sink.

Figure 4-2 A and B give {emperature vs. frequency data on the system for five
crystals. Figure 4~2A shows the uncompensated system performance and Figure 4-2B the
compensated performance. Ifis evident from figure 4-2B that the compensated oscillators
have A f/f of + 3 PPM from -40 to +45°C. Table 4-2 gives temperature test data on MDCP1.
In Table 4-2, 1

is the current to the power amplifier alone. 1 is the total system

DC1 DC2
current. The short term stability of MDCP1 (at 25°C) is given below. Each measurement
1s the average of 100 samples. The measuremenis were made on a Hewlett-Packard 5360A

Counputing Counter.

MEASUREMENT INTERVAL
100 Millisec 1 See
0.9 x 10710 1.9x 10710
0.87 x 10~10 1.5 x 10~10
0.86 x 10710 1.4 x10-10
0.9 x10"10 1.0x10-10
0.9 x10-10 1.2 x 10710
0.9 x10-10 1.7x 10710
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Figure 4-2A, Af Uncompensated System
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Temp. ~40°C -30°C  -200C -10°C 0°¢ +10°C +20°C +2590C +35°¢ +45°C

Freq. H, 401 401 401 401 401 401 401 401 401 401
652030 654222 654794 653931 653246 652729 652347 652213 652025 652258
2nd
Harmonic DB  ~43 -44 ~45 ~45 45 -45 -45 ~45 -45 -45
Pout w 2,35 2.35  2.35 2.3 2.3 2.25 2.25 2.2 2.15 2.1
Incy ma 360 360 360 360 350 340 340 330 330 320
Ipcs ma 400 400 400 400 390 390 390 390 380 370
Voo v 11.25 11.25 11.25 11.25 11.25 11.25 11.25 11.25 11.25 11.25
+ ¢ Mod Deg 64 66 69 68 68 68 68 68 68 68
- & Mod Deg 65 65 66 65 B4 64 B84 63 84 64
Freg H, 401 401 401 401 401 401 401 401 401 401
652038  B54221 654796 653031 653240 652730 652349 652222 652029 652259
2nd
Harmonic DB  ~43 ~44 ~45 -45 -45 -45 -45 -45 -45 -44
Pout w 2.9 2.9 2.9 2.85 2. 85 2.85 2. 80 2.75 2.7 2.6
Ipcy ma 400 390 390 380 380. 370 370 360 360 350
IDCy ma 440 430 430 420 420 430 430 420 420 410
Vee \' 12. 50 12.50 12.50 12,50 12.50 12.50 12,50 12. 50 12.50 12.50
+dMod  Deg 64 65 69 68 68 68 68 68 68 68

Table 4-2, Temperature Test Data



8-¥

Temp. -40°C _ =30°C_ -200C _ -10°C 0°C +10°C  +20°C  +25°C  +359C  +45°C
~ ¢ Mod Deg 64 64 66 65 65 64 64 64 64 64
Fregq H, 401 401 401, -401 401 401 401 401 401 401

652042 654220 654801 653933 653247 652732 652350 652230 652038 652253
2nd
Harmonic DB -42 -43 ~44 ~44 -44 -44 44 -44 -45 45
Pout w 3.6 3.6 3.6 3.5 3.5 3.5 3.4 3.3 3.1 3.1
IDCy ma 420 420 420 410 410 400 400 390 390 380
Incs ma 460 460 460 450 450 450 450 440 420 430
Voo v 18.75 18.75  13.75 13.75 13.75 13.75 13.75 13.75 13.75 13.75
+ 4 Mod Deg 64 64 68 68 68 68 68 68 68 68
~ ¢ Mod Deg 64 64 64 64 64 64 64 64 64 64

Table 4-2. Temperaturé Test Data (cont)
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4.3 MINIATURE DATA COLLECTION PLATFORM 2 (MDCP2}

Figure 4-3 is a schematic diagram of the MDCP2. A parts list is given 1b Appendix ITI,
The MDCP2 uses the saturating amplifier multiplier, 400 MHz phase modulator and BGY22
power amplifier. The system operates from a nominal 15V power supply because the BGY22
RF amplifier requires 15V for 3 watt output. The size and weight of the MDCP2 is 3.75 x 5
15 (CM) and 180 GMS, The volume is 281 CMs. Here (as in the MDCP1) the size, weight
and volume includes the circuit constructed as a printed circuit card including the power
amplifier heat sink. Table 4-3 gives temperature test data on the MDCP2. As can be seen
from table 4-3 the RF output power held + 0.5 db from -40°C to +45°C and the phase modu-
lation changed + 1° over the same temperature range. The largest harmonic output (2nd

harmonic) was greater than 25 db below the carrier over the temperature range.
4.4 MINIATURE DATA COLLECTION PLATFORM 3 (MDCP3)

Figure 4-4 is a schematic of MDCP3. Appendix IIl contains a parts list for MDCP3.
The MDCP3 15 similar to the MDCP1. The only difference 1s that MDCP3 uses the BGY22
RT amplifier instead of the AEL high efficiency amplifier. As a result, the MDCP3 is
lower cost than the MDCP1 but also has lower efficiency. The size, weight and volume of the
MDCP31s 6.20 x 15 x 1,6 (CM), 38 GMS and 150 CM3. The system operates from a nominal

15 volt power gource. Table 4-4 gives temperature test data on the system.
4-5. System Evaluation

This section will evaluate the three systems against battery size, power amplifier

efficiency, life time and will show how each could be matched to an end system use.

Figure 4-5 is a plot of Battery capacity vs. operating life for MDCP1, 2 and 3. The
operating life of each system is shown as preshaped segment, rather than a single line, to
account for the variation of power amplifier efficiencies (EP A) which is unavoidable in a
production run. Figure 4-5 is plotted for a typical transmission interval of 700 millisecond,
50 second interval between transmissions and RF power output of 3 Watt., The total system
efficiencies (ET) are shown for the three systems. The data of Figure 4-5 was plotted for a

guiescent current (I.) of 2.5 malli~ampere. The quiescent current is required for the RF

Q

oscillator and the systems {assumed) digital clock. This current is reguired between trans-

missions as well as during {ransmission.
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Temp Pout Ing + Phage ~ Phase 2nd Eff
Harmoniec
°c W ma Deg. Deg. ~dB %
+45 3.7 680 64 65 -26 dB 36
+35 3.8 690 65 - 65 -26 dB 37
+25 3.9 690 65 65 -26 dB 38
+15 4.1 695 65 65 -26 4B 39
+5 4,2 695 65 85 ~26 dB 40
0 4.4 700 64 65 25 dB 42
~10 4,4 695 63 65 ~25 dB 42
-20 4.5 690 63 65 -25 dB 43
=30 4.5 680 63 64 ~-25 dB 44
el 4.6 630 63 64 ~-25 dB 45
Table 4=3. MDCP2 Test Data




¥

ne?

e “@W“
; - = 1

I mal
o = VRE b3 ons ‘T '.
SR & o E L.
yRES | s it = e
t ::“...,“ 1 : . _ Hi-l
™ 2RE = Yen - -? 7
:. v i
s [l 3a il
q:kl B 3
- > J:.: < - § }E ¢
L Y1 1 . - N I
_ﬁ_\_ﬂ’mcn! @ & - '
A J“"\"‘\'— {¢ ’ [~
4 ' $ay Lea das ghe s R SRR “|.r.o NS R |e\\
t 111 3 1 2
[= 5 Mg‘ =2
qu s
-3
1=
- :_l:_ |
] I Sy B I oz wa 2 E%
™o—{f R“vvr“ - ] ::‘“ aé:oa
| o
= . = F CC%
9 5]
= B
=3
4 a o
'O
2
BE
{
Figure 4-3. MDCP2



ZT-%

CQ' |
j LIMTER

b en S
> LA ,I.IQ

L
W
&
kCIb A

(1]
LY a

Av

61.41
il da

.

*2 FREQ
MULTIPLIER

PHIAL PODAATOR

.

POYWLE AMP DRNER

Figure 4-4. MDCP3

NIOTI0

naoadas

qavd ™
§0 ALITED

g 8

"0
L



V.

Battery Po IBattery ng{ifggtzy Temp
(Volts) (Watt) {Amp) (%) Cc)
15.4 3.1 0.63 82 +45
14.0 2.5 0.58 31

12,6 2,0 0.52 31

15.4 3.2 0.65 32 +35
14.0 2.8 0.59 34

12.6 2.2 ¢.52 34

15.4 3.4 0.64 34 +25
14.¢ 2.8 0.59 34

12.6 2.2 0.53 33

15,4 3.5 0.65 35 +10
14.0 3.0 0.58 37

12.6 2.3 0.52 35

15.4 3.6 0.65 36 0
14.0 2.9 0.56 37

12.6 2.8 0.53 37

15.4 3.4 0.60 37 -10
14.0 2.9 0.56 37

12,6 2.3 0.51 37

15.4 3.5 0.62 38 -20
i4.0 2.8 0.55 3%

12.6 2.2 0.49 36

15.4 3.1 0.58 35 =30
14,0 2.5 0.522 34

12.6 2.0 0.46 35

15.4 2.6 0.53 32 =40
i4.0 2.1 0,46 82

12,6 1.8 0.40 32

Table 4-4. Temp. Test Data, MDCP3
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At any chosen operating hfetime, (excepi below 1500 hours) the MDCP1 requires con-
siderably less battery capacity than the MDCP1 or MDCP2. The improved battery life of
the MDCP1 is due to the AEL high efficiency amplifier (60% to 70% efficiency) as compared
to the BGY22 power amplifier (35% to 45% efficiency).

MDCP2 and MDCP3 are almost identical in battery capaeity characteristics. However,
MDCP2 has almost no tuning since it used integrated broadband amplifiers for frequency
multiplication and amphification at 400 MHz. In large quantities (1000 and up) these ampli-
fiers would be very low cost. Therefore, MDCPZ2 has a distinct cost advantage over MDCP3
and MDCP1 where large quantities are required and battery size is not paramoun{. Since
MDCP2 consists largely of integrated amplifiers if offers the most potential advantage for

si1ze reduction,

Battery size must be considered in any discussion of system size since a 10 A*H
Lathhum Sulphur Dioxide batiery — the highest energy density battery available — at 15V
18 6.9 x 2.5 x 1.4 inches. Therefore, for systems requiring batteries of 10 A*H or greater

capacity, extreme size reduction of the MDCP does little to reduce the overall system size,

Many applications of the MDCP will not require continuous operation of the system.
Animal telemetry is one example of such an apphication. In such an application the MDCP
can be gated on and off to prolong battery life. When the system is off only the digital clock
requires current (ID = 0.5 mA) the MDCP can be gated on for 8 hours each day. Figure 4-6
shows that for such a gating scheme a 10 A-H battery will provide 3000 hours operation of
MDCP1. Figure 4-6 gives the operating hie of MDCP1 powered from a 10 A*H battery
when the system is on for 8 hours out of every T hours. If the system is operated 8 hours
every two days the system operating time (from Figure 4-6) 1s approximately 5500 hours.
TO in Figure 4-6 is the warm-up time allowed for RF oscillator before the transmission

interval, I0 is the current required by the RF oscillator.

The benefits of gating the system are also shown in Figure 4~6A. Here, the battery
capaclty 18 shown as a function of the gating period (TT/ T) with the transmission period as
a running parameter. The values of t/T plotted are typical of an actual system. Note that

the curves do not go to zero battery capacity for rf_'l; ={), This 1s due to the current (ID)
T
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required to maintain a digital system clock. For an estimated ID = 0.5 mA, 6 months

system operation requires 2.2 A« H of batiery capacity for the clock.

The preceeding paragraph discussed a battery saving technique whereby the entire
system, except the digital clock, was shut down between transmissions. This technique is
useful in applications requiring data for only a fraction of each day or a fraction of each two
days, etc. In applications requiring confinuous transmission, for sxample, 700 milli-sec
out of each 50 seconds another battery saving technique is applhcable. Experiments per-
formed on the MDCP1 1indicate that the system oscillator will stabilize in 15 seconds. That
1s, the RF oscillator can be shut down for 35 seconds of the 50 second ron-transmit interval.
If the system transmission characteristics were: transmit 700 milli-sec of each 200 second
interval, {hen turning on the oscillator 15 seconds prior (o transmission would reduce the .
average current required by the R¥ oscillator from 2 mA to 0. 15. When the RF oscillator is
not gated a continuous 2 mA is drawn from the battery. This current drain requires 2 A*H
of battery capacity for each 1,000 Hrs, of system operation, When the RF oscillator is gated

the average osciilator current (I ) becomes

0AVE

Loayg ¥ @ ma)

15

T

where T 1s the interval between transmissions. The subsequent reduction in required
battery capacity (AC) is

a-1

AC = (Oper Hrs) (2x 10 =

Tigure 4-7 1s a plot of AC vs. operating hours for various values of T. Figure 4-7 can be
used with Figure 4-5 to estimate battery savings by gateing. For instance, take the overall
efficiency (E T) of MDCP1 to be midway between the extremes plotted in Figure 4-5; 1.e.,

E T = 0.57. Then from Figure 4-5; one half year operation (4382 hrs.) of the ungated system
requires a battery capacity of 36 A-H. Gating the system will save (from Figure 4-7, T=50)
6.14 A.Hof battery capacity. A 17% saving in battery capacity results.
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SECTION 5

RECOMMENDATIONS

5-1 MODULAR SYSTEMS

1t 1s recommended that a modular system concept be applied to further the development
of 2 MDCP. There are many data collection satellite systems (GOES, TIR0S, NIMBUS) and
therefore many different DCP's. MDCP's devéloped on this program can serve as a nucleus
for a universal MDCP. Thatis, a platform which will be useful in any satellite system and
within any system be versatile enopgh fo satisfy most users. This modular system woulc‘\[
require a micro-processor digital subsystem which could be programmed to provide the
appropriate digital format for each system and a modular RF package that would allow the .
phase modulation and RF power output to be changed to suit a particular application. One will
note that the system developed in the present program is modular and well suited to this pur-
pose. The RF system, in general, is comparable n performance (power out, PSK, harmon-

ics, frequency stability) for all the satellite systems.

5~-2 SPECIALIZED DIGITAL SYSTEMS

The development of actual digital formatting and timing hardware was not part of this
development program. However, the current consumption saving techniques and cost as-
pects tradeoffs are indeed an important factor of the MDCP system. Although microproces-
sor techniques are applicable, they tend to complhicate the issue of sumphcity for many users.
For example, a wildlife user probably desires 2 specific miniature DCP package for a speci-
fic satellite system. Since his platform unit is sealed from the environment, he does not
easily have the options of reprogramming for different satellite systems as well as different
self-timed gating transmissions. However, the oceanographer or meteorologist has more
conirol over the end product and usually has the fume to incorporate the well~meaning features

of the microprocessor.

With these factors in mind the unique features of a miniature DCP for the wildlife user

should incorporate the following digital feafures:

e The logic unit should be hybridized in order to maintain the small size and low

weight concepts.



© Low current A/D hybrid converters should be mvestigated to the fullest extent

for tradeoffs in s1ze, temperature range, conversion/accuracy error and other

factors.

& Current saving techniques should be 1nvestigated to the fullest. It can be shown

that the quicscent current could be reduced to 100  a.for the digital section.

e Packaging of the hybrid logic in its own hermetically sealed enclosure would

vastly 1mprove the reliability aspects.

o Operation of the logic at a 5-volt level would not only reduce the current drain

but would in addition improve the system reliability.

5.3 SYSTEM TESTING AND EVALUATION

When one reduces the package size to an extremely small configuration if 18 1mportant

that all the subsystem parts be incorporated. The battery, logic section, antenna, antenna

cable, transmitter and enclosure should have been part of the final configuration 1n order

to properly test and evaluate the MDCP. Some of the obvious system problems are as delin-

eated balow:

Battery:

Logic:

Full analysis for peak current demand capability over the en-
vironmental temperature range. Determination of internal
reglstance as a function of quiescent/peak demand operation
over a hfe cycle basis. This obviously results in 2 terminal
voltage drop which affects system performance parameters.
Determination of special handling, pressure capability for sub-
merged fish, and other safety aspects when used with wildlife

creatures.

Determination of detrimental effect of RF radiation to logic

package. The logic section has always been the poorest reli-
ability subsystem in the DCP; further reliability tests should

be performed.
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Antenna and

Agsociated Cable:

System Grounding:

Transmitter:

Ar optimum small s1ze antenna with 1ts associated satellite
paltern should have been fully evaluated. Power gains (ERP)
incorporaled 1n the anterna could have reduced the transmitter

power output, thus easing the battery drain/size requirements.

The antenna radiation effect on the logic/transmitter subsystem

should be investigated. The antenna cable length can effectively
transfer a complex 1mpedance back to the transmitter output
causing severe reliability problems. Associated with each
antenna, there 1s a VSWR (impedance mismatch) which, be-
cause of line length (1), reflects a complex impedance (R +j 6 ).

to the power amplifier terminals.

The smaller the package, the harder it is to obtain good ground
connections to protect against cireulating ground loop problems.
Each enclosure is predicated on its end use; 1.e., 1t would be
different for a porpoise as opposed to a furtle. These packages
would indeed be different for other end users such as oceano-
graphers. Shock and vibration aspects should also be fully in-

vestigated.

All of the above items play an important part to the RF fre-
quency stability and phase stability of this high peak current

source.



6. PLATFORM COSTS

The estimates for cost are shown in Table 6-1 for the MDCP-1 model developed under
this program. It should be pointed out that these costs are only estimates and are not to be
interpreted as quotations. It is obvious that a quotation for production units would require a
more detailed analysis within areas of environmental testing, reliability, detailed sche- .
matics, test figs manufacturing drawings and other non~recurring cost items. The costs
shown in Table 6-1 are for the recurring costs of (RF and digital) only and do not inclu@e
the antenna, enclosure, or power supply sources. All costs shown are estimated 'gell”

costs which reflect overhead, general and administrative costs, and proft.

ITEM COST
(DOLLARS)
| MATERIAL 310
LABOR ) 40
SELL PRICE 350

Table 6-1. Platform Estimated Costs (Quantity of 1, 000)

Pricing for the digital package was based on interfacing with four analog channel inputs

and that the total I.C. chip count (including A/D Converter) was less than twenty.

Trying to receive cost from manufacturers for quantities of 10, 000 was extremely
fime consumung and in addition was not eccurate. When a manufacfurer realizes that pricing
is required for quotation purposes only (and not a "'real" purchase order) he tends to roughly
estimate prices. More accurate costs were obtained for standard quantities and for that

reason Table 6-1 retlects a quantity of 1; 000 units.
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OSCILLATOR DESIGN CALCULATIONS



APPLENDIX I

This appendix contains four programs for the Texas Instrument SR-56 programmable
calculator. The first program 1s the most basic and solves the theoretical equation for

the thermistor

- 1_1
R, =EXP [B(T T)]
R, 0

25

along with the imaginary part of equation 7 and equation 6 for AfO . Therefore, for a

fs

given thermistor, crystal and capacitive reactance the program calculates afo for any

f
s

value of T(°C) entered into the digplay before starting the program.,

The second program 1s a modification of the first program. Here, given a value of

Afo at some temperature £t = tl’ the program searches for the value of X which yields

fS

A fO / . The program does this by taking the value of X stored in memory register
t=¢%
1

fs

4 and decrementing it in A X steps and calculating Afo for each step. The calculated value
At 's

of 015 checked against the value stored in RT. When the calculated value equals or ex-
fs

ceeds the desired value 0f Af the program stops. The value of AX 1s at the command of the
£

programmer and is entered in steps 89 and 90 of the program. For example:

1» 89and0 > 90 = AX =10 ohmsg
5> 89and NOP » 90 = A¥X = 5 ochms
1> B89 and NOP » 90=» AX= 1ohmsg

The program as shown on the coding form has AX = 10.

The third program in this appehdix was used to generate the compensation curves used
on the program (Figures 3-3A & 3~3B of section 3 ). This program is a modification of

program 1. The program automatically soives for A f0 for -40°C st < 50°C, in 10°C steps

fs

for a given crystal, thermistor and capacitive reactance X.

-1



The fourth program calculates the value of Rt (= the temperature varying resistance

inserted in series with the erystal by the compensation scheme.) Here as in program 3
the program automatically steps through temperature from -40°C to +560°C in 10°C steps

and computes and displays Rt at each step.

Each program has one or more test problems. The purpose of these problems is two-
fold. First, they are useful in gaining familiarity with the programs. Secondly, once a

program is keyed into the calculator they can be used to test for correct program eniry.



PROGRAM #1

CRYSTAL COMPENSATION USING THERMISTOR/
CAPACITOR NETWORK

Af
e This program solves the following eqns for n 0

8

1-1 : ;
RT ~ B (T T y 1 T, TO, B in Deg Kelvin
T = EXP 0
25
X = X
t ) Xz
1+ —5
RT
Afo _ X’c
T =
s 2r (XJc +X0)

X is assumed to be a capacitive reactance.

o The following data is loaded into the memory register prior to rumingthe
program:

R, B, Ry, Ry R, Ry R, R, Ry Ry

—_— TO B st X - CO fS r —
Units °¢ %k Q Q Farad Hz Numeric
1
wh X =
0 UJSCO
N. B.

X entered in R 4 is a negative quantity!



o

©

T m °C is entered in the display before running the program.

At completion, the program displays Af/f and also stores Af/f in Rg

Some miscellaneous notes on the program:

e

The program has NO]'? for steps 00 and 01. If these steps are keyed RCL 0
then T can be stored in RO prior {o rumning prog. '

Steps 30 and 51 are also NOP. K R/S is entered in 30 and 51 the program
will stop and display

at step 30 and Xt at step 51. Thus, the intermediate results in calculating |
Af/fs are available.

R5 is used during the program to store Xt'
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TEST PROBLEM

-300

‘R

5

—%E(Ppmn

3.5x10 12

- 44,
- 31.
~ 18.

- 9.

Rg

196
426
164

127

.361

. 095

. 037

.532

.284

.210

Ry
50%10

6

Rg

2200

R
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TEXAS INSTRUMENTS

TiTLE PROGRAM #1 CRYSTAL COMP. PAGE OF SR-56 Coding Form @

PROGRAMMER DATE
LOC I[CODE[ KEY [COMMENTS|| LOC |[CODE} KEY |COMMENTS|| LOC |CODE| KEY |COMMENTSI LOC [CODE| KEY |[COMMENTS REGISTERS
ao| 46 NOP B 64 | X 50} 05 5 75| 94 = 0
01| 46 | NOP %| 34 | RCL 51146 | NOP ®laon | 1/X !
02} 84 | + 271 02 | 2 82| 74 | — 77133 | STO 2
0302 | 2 8|94 | = 83l 52 | ¢ Blog | 9 3
o4l 07 | 7 0] 14 | EX 54{ 3¢ | RCL 79|44 | EE 4
05| 03 | 3 0] 46 | NOP 55106 | 6 80} 9¢4 | = 5
6| 92 | Al g | % 6|64 | X 8041 | B/S 6
7 01 | 1 134 | RCL 5134 | BOL 8142 | et 7
B)og | 8 3Bios | 3 8l gy | 7 83 8
. 09 | g4 = Mg | = 89| a4 < &4 g
9 10 ag 1/X% 3B 54 L 60| g2 2 85
74 | — %|34 | ROL 81 g4 | x €6 NOTES
12| 52 ( 37| 04 4 62| a9 T a7
13| 34 RCL 38} 94 = 63| 53 ) £8
“lol [ 1 320 | 1/X 64120 | 1/% b
1584 | + 0|43 | %2 6| gs | = 90
161 02 9 ay ag = 86§ g4 X a)
7107 | 7 2]01 | 1 67134 | RCL %2
1803 | 3 3104 | = 6808 | 8 93
19092 | e 44|54 [ = 69|64 | X 94
2001 |1 4|34 | RCL 0102 | 2 85
21108 [ 8 ®los | 4 9 | = %
221 53 ) 7194 | = 2154 | — 97
23|20 | 1/X 8{20 | 1/X 73| 34 | RCL 98
241 g4 = 481 33 | STO 741 05 5 99

1975 Texas Instruments Incorperated \ Pan No 101306



PROGRAM #2

CRYSTAL COMPENSATION USING THERMISTOR/ CAPACITOR
NETWORK

This program is very similar to program #1. Steps 02 to 76 are identical
for programs 1 and 2. The purpose of program 2 is given %— /t— .

i
The program searches for a value of X which satisfies —-?—f— A -

Once this value of X is obtained the program can be easily changed to

A
program #1 for calculation of ff at various temperatures. Each

time program is iterated the computed %f is displayed (Step 77).

The storage registers must be loaded as follows before running the

program:

RT RO Rl R2 R3 R4 R5 R6 R7 R8 Rg

Aff B To B By X — G £y v
£, AX °C K Farad H,

X is negative and is a guess at the maximum reactance required. AX

is the increment by which X changes during the program. AX is entered in
steps 89 and 90 of the program. The program computes X {the value of

X used in a particular calculation) as (1/10) Ry (AX) = Xj. Rpis

decremented each {ime program cycles.

1.7



For example:

X = =200 Steps 8% and 90 == AX =10

as shown in program

R 0 lf){ 20
Prog. iteration Value Xi
1 200
2 190
3 180

L]
. -

1

A
value of -f—f/t/ is the value of —%f— at t 1 for which the program calculates X.
1

t, is the temperature for which the calculation is done. ——éf-f—% is the
1

To run the program press RST then R/S
. . . Af . .
At program completion the display is the value of 5 @ which calculation

stopped. R 4 contains the required value of X to yield the displayed value of

At

fs tl



PROGRAM #2 - CRYSTAL COMP.

SR-56 Coding Form

TITLE PAGE OF {@
PROGRAMMER DATE Texas INSTRUMENTS
LOC [CODE| KEY |COMMENTS|| LOC [CODE| KEY [COMMENTS|l LOC |CODE[ KEY |COMMENTS| LOC |CODE| KEY [COMMENTS REGISTERS
0] 34 | RCL ¥les | X 50l 05 | 5 Slga | = 0
0109 | 9 26|34 | RCL 511 46 | NOP 76120 | 1/X 1
02| 84 | - 27102 | 2 82| 74 | - 77|59 |PAUSE 2
03l 02 | 2 28|94 | = 53| 52 | ( 78|12 | INV 3
04f o7 | 7 29|14 | E¥ 54|34 | ROL 47 | X2t 4
05103 | 3 30146 | NOP 5106 | 6 80109 | 9 5
0692 | ® 31164 | X 56|64 | X 81109 | 9
07101 | 1 %2134 | RCL 57134 | RCL 82112 | NV 7
08| o8 | 8 83| 03 | 3 58l o7 | 7 83/ 27 | dsz 8
Rl | = ¥l94 | = les | X 84109 | 9 o
1 _mi20 |1/ B|54 | = 60| 02 | 2 8|08 | 8
1|74 | — 3|34 | RCL 61164 | X 86|34 | RCL NOTES
12152 [ ¢ 37104 | 4 e 69 | W 87100 | 0
13{34 | RCL 8|94 | = 63|53 | ) 88164 | X
1“lor |1 3|20 | 1/X 64120 | 1/X 8901 | 1
1584 | + 0|43 | ¥* 85194 | = 000 | O
1802 | 2 41184 | + 66164 | X 91193 | +/-
7107 | 7 4 42101 |1 67134 | RCL 2194 | =
803 | 8 3f94 | = 6e| 08 | 8 9333 | sTO
19192 | o 454 | < 6964 | X %04 | 4
2001 | 1 45|34 | RCL 0102 | 2 9122 | GTO
21108 | 8 46104 | 4 g4 | = %100 | O
2i53 | ) 7194 | = 72| 54 97(00 | ©
2120 | 1/X 8120 | 1/X 7134 | RCL 98103 | 3
)94 | = 9] 33 | sTO o5 | 5 9141 | R/S

@©1976 Te~s Instruments Incarparated

Part No 1013056~



TEST PROBLEM

- _ Af _ -6
1 ﬁX = 10 X = =200 T'—40 = 15 x 10
t = -40°C R, =10Q C, = 3.5Pf £ = 350x10°
1 25 0 8
r = 2200
Bp By B By Ry R, Ry Ry R, Ry By
15X10"‘6 20 25 3000 10 -200 — 3.5X1012 50x106 ~4.0
Step 89 1
90 O AX
At program completion:
DISPLAY: 0,0000139218
R4 =70
Ro i
2. AX =5 X = 120 All other parameters
as in problem #1
RO Rl RZ R3 R4 R5 R6 R7 ] R8 R9
24 25 3000 10 =120 — 3.5:’{10_12 50x10° 2200 =40
RT
15x1076 Step 89 5
90 NOP
At program completion:
DISPLAY: 0. 000014545
Ry ~75
R(} 15

I-10



AX =1

As in problem #1

RO Rl Rz 33

100 25 30600 10

R9 RT '

-40 15x10~6

At program completion:

DISPLAY:
Ré :
Ry

X = =100 All other parameters
R4 R5 RG R'? RS
~100 —  3.5x10712 50x108 2200
Step 89 1
90 NOP

0.0000148943
-78
T8

I-11



PROGRAM #3

CRYSTAL COMPENS ATION USING THERMISTOR/
CAPACITOR NETWORK

The basis for this program is program #1. Steps 19 thru 87 of this program are
are similar to steps 02 thru 80 of program 1. The only differences are that
273.18 — 273 in program 3, and the four NOP steps and steps 77, 78 of
program 1, are eliminated. Steps 00 fo 18 of this program produce values

of TOC from +50 to -40°C stepping through the temperature range in 10°C

steps for each program iteration,
The registers are loaded prior to rumning program exactly as in program #1.

The program is run by loading the registers, pressing RST, and then R/S.
The program then computes Af/f for the parameters in the register in 10°C
intervals from -400C to +50°C. A short time after pressing R/S the

temp for which the calculation is being done is displayed for ~1 sec., then
the program continues and computes AT/f and displays the result for =~ 4 sec

before continuing the calculation at the next temperature.

I-12



[=]

By

25

By

3000

TEST PROBLEM

Ry Ry

30 -300

T (°C)
-~ 40
- 30
- 20

-10

10
20
30
40

50

R5 RG 37 RS

— 3.5x1012 50x10% 2200

A £/f PPM)

44,269

31.512

18.222

9.1539

4,371

2,098

1,037

0. 5326

0. 0284

0. 015
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TiTLe_ CRYSTAL COMP #3 PAGE OF SR-56 Coding Form {—@(
PROGRAMMER DATE TR NS TRUMENTS
LOC [CODE| KEY [COMMENTS| LOC |[CODE| KEY ({COMMENTS| LOC [CODE; KEY [COMMENTS|| LOC |CODE| KEY |COMMENTS REGISTERS

00 1 25 — 50 w2 75 < 0
o 1 26 ( 51 + 76 RCL i
02 ITO 27 RCL 52 1 77 8 2
03 0 28 1 53 = 78 X 3
04 INV 29 + 54 - 79 2 4
05 dsz 30 9 55 RCI 80 - 5
06 9 31 7 56 4 81 - 6
o7 8 az 3 57 = 82 RCL 7
08 RCL 33 ) 58 1/% 83 5 8

H 0g 0 a4 1/X 59 8T0 B4 e g

= 10 X 35 = 60 5 85 1/X
11 1 36 X 61 — 86 EE NOTES
12 0 37 RCL 62 ( 87 =
13 _— as 2 63 RCL 88 PAU
14 5 39 = 64 6 89 PAU
15 0 40 X 65 X 90 PAT
16 = 41 X 66 RCL 91 PAU
7 PAUSE 42 RCL | 67 7 92 PAU
18 PAUSE 43 3 | 68 X 93 PAU
19 + 44 == 69 2 94 PAU
20 9 45 - 70 X 95 GTO
21 7 46 RCL 71 1T 96 0
22 47 72 97 4
23 i 48 4= ﬂL 73 1)/ X 98 R/S
24 1/X 49 1/X 74 == 89 RST

(11976 Texas Instruments Incomorsted ParlNg 1093066



PROGRAM #4

CRYSTAL COMPENSATION USING THERMISTOR/
CAPACITOR NETWORK

This program solves the egn:

2
X R

When memories are loaded and R/S pressed, the program runs the ealculation
for R for -40 < t < 50°C in 10°C increments automatically. As each

calculation is made the femperature is displayed. Then after a few seconds

Rt for thai temperature is displayed for approximately 5 seconds.

Steps 00 through 44 of this program are identical to those of program #3.

R, R,, R,

Before running the program the four memory registers, Rl, 9 3 4

must be loaded exactly as they were in program #1.

I-15



TEST PROBLEM

40

30

20

10

~-20

~-40

14 -288

R ()
6.419
8.633

11. 837

16.568

23.707

34.678

51. 672

77.338

111.55

140.72
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SR-56 Coding Form

TITLE PAGE OF {@

PROGRAMMER DATE TEXas [INSTRUMENTS

LOC |CODE} KEY [JCOMMENTS| LOC |CODE| KEY [COMMENTS|| LOC [CODE| KEY ICOMMENTS] LOC |[CODE KEY {COMMENTS REGISTERS
00 1 25 _ 50 4 75 R/S o] Gsrn
01 1 26 ( 51 2 76 RST IENE
02 STO 27 ROL 52 — 77 2| p (oK
03 0 26 1 53 1/X 78 °|_Ros (Q)
- ald = * > X 7 | x @)
05 dsz 30 2 55 RCL 80 5
06 7 31 7 56 4 8t 6
07 5 32 3 57 %% 82 7
08 RCL a3 ) 58 < 83 5

x 09 0 34 1/X 59 RCL 84 9
i 10 x 35 _ 60 5 85

! 1 3 X 61 = 8 NOTES
12 0 37 RCL 62 PAU 87
18 -~ 38 2 83 PAU 88
b 5 39 == 64 PAU 89
15 0 40 EX 65 PAT 90
16 = 41 X 86 PAU 91
17 PAU 42 RCL 67 PAU 92
18 PAU 43 3 66 PAU 93
® + 44 = 69 PAU 94
20 2 45 STO 70 PAU 95
21 7 46 5 71 PAU 06
22 3 47 X2 72 GTO o7
23 = 48 " 73 0 98
24 1/X 49 RCL | 7 4 99

{1976 Texas Instruments Incorpoeated

PartNo 10130661
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4 ' e e *" E ‘”F;* L \REPR@DUCEBE&%f OF THE TYPES 1
P e g - ORIGIVAL PAGIIS BGY22, BGY22A |

HHE ﬁ " N“f{:';' AN HYBRID
ettt s s e liedd NvecraTeD CIRCUNTS |

ADVANCE DATA
UHF BROADBAND POWER AMPLIFIER MODULE

[— 625 —

25W e 38010512 MHz © 125V |h—l—1 %

L i e A RN A,

rl i 259 - ¥

._i‘

° OUTPUT POWER : 25 W @ 380 to 512 MHz , }

A In P

) HARMONIC CONTENT 20 dB DOWN FROM CARRIER < -3513 teaa i

® CHARACTERIZED WITH RF SOAR CURVES ;

® RUGGEDIZED AGAINST MISMATCH FAILURES t :

{I} 69

| .

The Amperex types BGY22 and BGY22A are broadband UHF amplifier modules ‘ v ourput ;
primarily designed for mobile communications equipment operating directly from SU Ulw’ i
. 137max 3

12 V vehicle electrical systems. i
¥

Each module consists of a two stage RF amplifier using NPN transistor cheps, 078L:I L
together with lumped element matching components 078 E
The BGY 22 will produce 2 5W output into a 50 Q load over the band 380 to 512 MHz

The BGYZ22A wiil produce 2 5W outputinto 2 50Q foad over the band 420 to 480 MHz,

The modules are cesigned to withstand full load mismatch under the following conditions-
Vg= 16.5V, Pg = Pg{nom) + 20%, Ths = 70°C, VSWR =50 1 through all phases, where OUTLINE DRAWING
Ps{nom) = Ps for 2.6 W medule ourput urder nominal conditions

ABSOLUTE MAXIMUM RATINGS

D e A R e Tl P e T b T

SYMBOL VALUE
I
Supply Voltage Vs 18V i
D.C supply terminal to flange + i’
input Volitage =V aByv i
Input terminal to flange :
Output Voltage * vo 25V i
Qutput terminal to tlange é
Supply Current, d.c fr 800 mA 3
Input Source Power P 150 mw %
Vs=135V, Z =50Q :
Storage Temperature Tstg. —40 to + 100°C \ :
Operating Heatsink Temperature Ths 909C {
2
[
; Octoner 1972
e T R R R e T
4 O TN

F a T }{‘r{“— B C 'é‘ A ‘twi"' “-‘1 Hiiy .q'> i v oo LR
Lo -—ﬁ:ﬁ-ﬁ:-f‘* T ff“i-s m’ held mhibn%i\;ﬂm ,' ENTRCLI

£ 1 TR "M m’m s RroyiRenice! IQ,Hrm tQg876 ¢ - ,"‘ 1

— LanodHE TR e i B AP B A
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BGY22, BGY22A

ELLECTRICAL CHARACTERISTICS {Thg = 25°C unless otherwise noted)
Reference planes at RF input and output terminals are 039" from the plastic encapsulation.

MiN TYP  MAX UNITS
4 7 12 mA
25 29 3.5 w

40 50 -

any harmonic is at least 20 dB down
relative to carner.

- - 2+

no instabilities
no appreciable instabilities

100

SYMBOL
Quiescent Current laq
V=138V, P;=0
Load Power PL
V=135V, P, =50 mW
Efficiency 7
Vg= 135V, P = 50 mW
Harmonic Content
Input VSWR
with respect to 50 Q
Stabality
V= 10610 15.0V, Ps= 10to 100 mW,
Ths = —40 to +80°C
output load VEWR < 3-1 through all phases
output load VSWR < 10- 1 through all phases
6 1
1
]
P
L nom
(W) +
4
2
ﬂ l 4’— -
0 50 Ty °0)

Figure 1 Nominal Load Power vs. Heatsink Temperature



UOTBIL POOR ,
APPLICATION INFORMATION REPRODAL PAGE BGY22, BGY22A
ORIGIN
R F performance in CW operation, Tg=250C )
Drive source and load impedarice Zg = 2y_ =500
f {(MHz) Vg (V11 PgimW) | P (W) n (%)
38010 512 135 < 50 25 > 40
380 to 512 1356 typ. 50 | 29 typ 50
38010 512 125 typ 50 | 25 - BGY22
380 to 512 150 typ 50 36 —_
420 to 480 125 < 50 | 25 > 40 BGY22A
D i A O S O T TTTTIT
RE- SOARTT T T 117171 1
4 PLnom =P, at Vg=135V Vg=135V |-
PLnom Z; =502 with VS W.R =1 The=25 °C [17]
W) typ. values {4
VSW.R.=1
3 100
1
5 (% Fg=50 mW.]
N 11100 mW
— 20 mW ]
50 =SSSadne NN
1
Vg
0 VSaom | ]
1 11 12 g 13 350 450 f (MHz) 550
Po
Snomt Figure 3 Efficiency vs. Frequency
Figure 2  RF Safe Operating Area
6 T 6 T
RN | NN
Vg=135V |~ Pg=50mW H-
L The=25 O 117 L The=250C [T
(W) typ. values (W) typ values BE
4 4
111 Pi=IOJmN VS=15V_‘
11 N
~{ | ™ s | |
ST P50 mw 2 e D135V
b, F12 5V
2 2 |
20 mW
0 ]
350 450 f(MHz) 550 350 450 £ (MHz} 550

Figure 4,5 1.oad Power vs. Frequency

®
%m @@W@E& ... Tomorrow’s Thinking in Today’s Products®
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PRELIMINARY

Zm. PARTS LIST A Mpep1 BWG NO .
( (ELECTR | CAL) ORIGINATOR DATE E?ROVED DATE QPEPROVED DATE
oTY REQ'D ITEM SPECIFICATION DESIGNER'S INFORMATION
OR PART NO DESCRIPTION VALUE TOL {RATING OR COMPONENT PAD JHOLE
504 |503| 502 50! SYMBOL VENDOR A 8 c | DlA | DIA
Rl RCRO05G181J8 1800 1/8w
R2 RCR05G123J8 12K 1/8w
R3 RCR05G123J8 12K 1/8w
R4 RCRO5G472J8 4. 7K 1/8w
R5 RCR05G101JS 100 Q 1/8w
R6 RCR05G222J8 2. 2K 1/8w
R7 RCRO5G681J8S 680 £21/8w
RS RCR05G123J8 12K 1/8w
R9 RCR05G123J8 12K 1/8w
R10 RCRO05G101J8 100 2 1/8w
R11 RCR05G180JS 180 0 1/8w
R12 RCRO5G102JS 1K 1/8w - SE
R13 RCR05G123J8 12K 1/8w § E
R14 RCRO05G123J8 12K 1/8w % §
R15 RCR05G101J8 100 £2 1/8w ';d =
R16 RCR05G681JS 680 € 1/8w £
R17 RCR05G271J8 270 Q 1/8w ; @
R18 RCR05G180J8 18 Q 1/8w o3
R19 RCRO05G271J8 2709 1/8w é E
R20 RCR05G123J8 12K 1/8w
R21 RCR05G101J8 100 1/8w
R22 RCR05G101JS 1000 1/8w
R23 RCR05G270J8 2702  1/8w
R24 RCR05G180JS 188 1/8w
R25 RCR05G271J8 270 Q 1/8w
R26 RCRO05G473J8 4K 1/8w
FORM 19| (11-69)

SHEET

OF REY




PRELIMINARY

., PARTS LIST e Mpep1 BWG O
L o (ELECTR[CAL) ORIGINATOR DATE QEEPROVED DATE aPEPROVED DATE
oTY REQ'D ITEM SPECIFICATION DESIGNER'S INFORMATION
CR PART NO DESCRIPTION VALUE TOL |RATING OR COMPONENT PAD {HOLE
504 503] 502|501 SYMBOL VENDOR A B~ c OIA | DIA
R27 RCRO5G123J8 12K 1/8w
R28 RCR05G10148 1000 1/8w
R29 RCRO05G101J8 1000 1/8w
R30 RCRO05G472J8 4,7 1/8w
R31 RCRO05G472J8 4, 7K 1/8w
R32 RCR05G102J8 1K 1/8w
R33 RCRO5G472J8 4.7K 1/8w
R34 RCRO5G102J8 1K 1/8w
R35 RCR05G332J8 3.3K 1/8w g
o R36 RCR05G221JS 220 Q 1/8w ]
- R37 RCRO5G220JS 220 1/8w =
R38 RCR05G221J8 2200 1/8w ; “g*
RS9 RCR05G33278 3.3K 1/8w BB
R40 RCR05G33238 3.3K 1/8w s
R4l RCRO5G332JS 3.3K 1/8w b
R42 RCR05G332JS 3.3K 1/8w $ 3
R43 RCR05G332JS 3.3K 1/8w =
R44 RCR05G332J8 3.3K 1/8w
R45 RCR05G221J8 2200 1/8w
R46 RCR05G220J8 22Q 1/8w
R4T RCR05G221J8 220 0 1/sw
R48 RCR05G222J8 2.2K 1/8w
R49 RCRO05G821J8 820  1/8w
R50 RCR05G101J8 1000 1/8w
R51 RCR05G101J8 100 © 1/8w
R61 RCRO7G3323S 3.3K 1/4w
FORM 191 (I1-69) R62 RCRO7G821J8 820Q 1/4w SHEET REV




&-11

PRELIMINARY

PARTS LIST SIS Mpopr e
(ELECTR | CAL) ORIGINATOR DATE LE\IEPROVED DATE QPEPROVED DATE
QTY REQ'D ITEM SPECIFICATION DESIGNERTSI INFORMATION

OR PART NO DESCRIPTION VALUE TOL |RATING OR COMPONENT | PAD [HOLE

504 |503[ 502{50t{ SYMBOL VENDOR P ¢ | DtA | DlA
Q1 JAN 2N2857 Transistor Motorola
Q2 JAN Z2N2Z857 Transistor Motorola
Q3 JAN 2N2857 Transistor Motorola
Q4 JAN 2N2857 Transistor Motorola
Q5 JAN 2N2857 Transistor Motorola
Q6 JAN 2N2857 Transistor Motorola
QT JAN 2N2222A Transistor
Q8 JAN 2N3244 Transistor
Q9 JAN 2N2222A Transistor
Q12 DHE-3 Transistor CTC
Q13 DM5-128A Transistor CcTC
Ul Thermistor
U2 XTAL
L1 SW-w-1.0 1ph Nytronics
1.2 SW-W-0, 47 .47 uh Nytronics
1.3 SW-W-0. 68 . 68ph Nytronics
L4 SwW-w-0.68 .68 ph Nytronics
L5 SW-W-0, 47 A7 uwh Nytronics
L6 AEL 33T 1/8"ID#18
L7 AEL 23T 1/8"ID #18
L8 AEL 13T 1/8"ID #18
L9 AEL UT 34 = 3"

FORM (91 (11-69) SHEET 'O,_- REV



http:SW-W-0.47
http:SW-W-0.47

PRELIMINARY

@ PARTS LIST WEC mpep1 WG MO -
( ELECTRI CA L ) ORIGINATOR DATE .EPEPROVED DATE QPEPROVED DATE
aTY REQD HC‘)E?M PART NQ DESCRIPTION VALUE TOL |RATING SPEC”(:JIFgAﬂON DCEOS;I(;%E‘IZ:\JST lNF?—"HAh;m;:gLNE
504|503} 502501 SYMBoL VENDOR A B c DiA | DIA
L.10 AEL UT 34 =~ 6"
L1l AEL 13T 1/8"ID #18
1,12 AFET, T 1n #18
L13 AEL 3T 2" #18
L14 AEL T 1" 418
L15 AEL 3T 1" #18
RFC1 56~590-65/4B RF Bead
RFC2 56-590-65/4B RT Bead
RFC3 56~590~65/48 RF Bead
H RFC4 | 56-590-65/4B RT Bead T
I\
VRI1 GLAG2 Zener
VR2 IN 757 Zener
CR1 HP5082-3039 Diode - HP
CR2 HP5082-3039 | Diode HP
CR3 HP5082-3039 Diode 1 g |
CR4 HP5082-3039 Diode HP
CRS5 HP5082-3039 Diode B HP
CR6 HP5082-3039 Diode HP
CR7 JAN1IN4454 Diode
CR8 JAN1N4454 Diode

FOR -
M 191 (11-69) SHEET oF REV




" PRELIMINARY

PARTS LIST e ' Mpepl BWG NO
( ELECTRICAL ) ORIGINATOR DATE EE’EPROVED DATE ﬁPEPROVF_D DATE
arY REQ'D IBERM PART NO DESCRIPTION VALUE | TOL |RATING SPECIF(;IgATlON DCEOShIﬂGPT)iF;'NST INF?AP;AHgEE
504 |503] 502{501f SYMBOL VENDOR A | B [ c |DiA|DA

c1 3BN0505270J 27 pf
Cc2 3BN0505101J 100
C3 3BN0505102J 1K
C4 3BN0505102J 1K
C5 5871 Johanson B =7
C6 3BN0505101d 100 pf
cT 3BN(O5051023 1K
C8 3BN0505102J 1K
Cc9 5871 Johanson .5 =T
C10 3BN0505220J 22 pf

!::{(‘ Cl1 3BMN0505102J 1K

“ Ci2 3BN0505102J 1K
Ci3 5871 Johanson 5 —1T
Cl4 3BN0505220J 22 pf
C15 5871 Johanson 5 =T
Cle 5871 Johanson oG -1
C17 3BN0505121d 120
C18 3BN0505102J ix
C19 3BN0505102J 1K
C20 5871 Johanson R
C21 5871 Johanson B — T
c22 5871 Johanson B T
C23 5871 Johanson =1
C24 3BN0505121J 120 pf
C25 3BN0505471d 470 pf
C26 3BN05054713 470 pf

FORM 191 (11-69) SHEET OF REV




PRELIMINARY

m PARTS LIST SHEMTIC Mbepl SGiEmaTIC
' ( ELECTRICA L) ORIGINATOR DATE EI::PROVED DATE QPEPROVED DATE
QTY REQ'D ITEM SPECIFICATION DESIGNER'S INFORMATION
OR PART NO DESCRIPTION VALUE | TOL [RATING OR COMPONENT | PAD [HOLE
504 |503| 502|501 symBoOL VENDOR A 1B | ¢ |DiA|DiA
C27 5871 Johanson .5 —» 7 pf
28 5871 Johanson .5 7 ptf
29 M39003/01-2280 1 puf
C30 M39003/01~2280 1 uf
C31 SBN0505471T 470 pf
C32 3BN0506471d 470 pf
C33 3BN0505471J 470 pi
C34 3BN0505471F 470 pf
C35 3BN0505471T 470 pf
C36 3BN05054TLT 470 pt
H C37 3BN0505471J 470 pf
> C38 3BNO0605471J 470 pf
C39 3BN0505471J 470 pt
Cc40 3BN0505471d 470 pf
C41 3BN050547T1d 470 pf
C42 5871 Johanson N Ki
43 5871 Johanson 5T
C44
C45
C46
C4T
c48
C49
C50
ERRM 191 (H-69) SHEET OF REV




PRELIMINARY

m PARTS LIST W' upepr BWG NO
= (ELECTR'CAL) ORIGINATOR DATE QFI’EPROVED DATE ;:PEPROVED DATE
OTY REQ'D ITEM SPECIFICATION DESIGNER'S INFORMATION

OR PART NO DESCRIPTION VALUE | TOL |RATING OR COMPONENT | PAD {HOLE

504 |503{ 502|501 sSYMBOL VENDOR A | B c | DIA [ DIA
C70 ATC100B201KC300 200 pf
C71 ATC100B201KC300 200 pf
c72 ATC100B150DC500 15
C73 ATC100B300DC500 30
C74 ATC100B6R2DC500 6.2
C175 ATC100B6R2DC500 6.2
Ccé ATC100B4R7DC500 4.7
CTi ATC100B201KC300 200
C78 ATC100B201KC300 200
C79
c80 ATC100B101KC300 100
C81 ATCI00B101IKC300 100
C82 ATC100B101KC300 100
C83 ATC100B220DC500 22
C84 ATC100B220DC500 22
C85 ATC100 BL01KC500 100
C86 ATC100B201KC300 200
C87 ATC100B201KC300 200
Cg8 ATCI100B100 DC500 10 |
Cc89 | ATC200B100DC500 | 10 |
C90 ATC100B100DC500 10
C91 ATC100B150DC500 15
Cco2 ATC100B220DC500 22

FORM 191 {11-69) SHEET OF REV




PRELIMINARY

@ PARTS LIST FHEMTIC MpoP2 oo ¢
( E L EC T R | C A L) ORIGINATOR DATE QPEPROVED DATE SPEPROVED DATE
QTY REQ'D ITEM SPECIFICATION DESIGNER'S INFORMATION
CR PART NO DESCRIPTION VALUE TOL |RATING OR COMPONENT PAD {HOLE
504 5031 502] 50! SYMBOL VENDOR A B ¢ | DIA DA
R1 RCR05G820J8 82Q 1/8w +5%
R2 RCRO05G123J8 12K
3 RCR05G123J8 12K
R4 RCR05G222J8 2, 2K
R5 RCRO05G101J8 1000
R6 RCRO05G101JS 100 &
R7 RCRO5G680JS 68 O
RS RCR05G101JS 1005
RY RCRO5G560J8 5.6Q
R10 RCRO05G123J8 12K
R11 RCR05G222J8 2.2K
R12 RCR05G681J8 680 Q
R13 RCRO05G101JS 100 O
R14 RCR05G182J8 1. 8K
R15 RCR05G183J8 18K
R16 RCRO05G183J8 18K
R17 RCRO5GQ121J8 1209 4 L
R18 RCRO5G271JS 270 Q
R19 RCRO5G180TS 180 |
R20 RCRO05G271JS 270 § |
R21 RCR05G101J8 100 Q)
R22 RCR05G472J8 4.7K_1/8w +5%
R23 RCR05G102J8 1.0K 1/8w +5%
R24 RCR05G200J8 20
R25 _ | RCR05@GF200 JS 200
R26 RCR05G102J8 1K
FORM 191 {11-89) SHEET OF ——— REV




PRELIMINARY

PARTS LIST HEAC mpcez BWG NO
(ELECTR | CAL) ORIGINATOR DATE ::\ZPROVED DATE aPEPROVED DATE
aTY REQD IEE?M PART NO DESCRIPTION VALUE | TOL |RATING SPEC!Z”R;ATION Dfosv:ai%ii;i 'NF?:TSATJ?)EE
504 |503]502|501} SYMBOL ) VENDOR ~ T8 | c 10A | DA

R27 RCRO05G472J5 4K

R28 RCR05G472J5 4. 7K

R29 RCRO5G221J5 2200

R30 RCR05G220J5 22 8

R31 RCRO5G221J8 2200

R32 RCRO05G332J8 3.3K

R33 RCRO05G332J8 3.3K

R34 RCRO05G332J85 3.3K

R35 RCRO05G332J8 3.3K

R36 RCRO05G332J8 3.3K

R37 RCRO05G332J8 3.3K

R38 RCR05G221d8 220 0

R39 RCR05G220J 22 Q)

R40 RCR05G220J8 220 Q

R41 RCRO5G100JS 1080

R42 RCRO5G151J8 1508

R43 RCR05G330J8 330

R44 RCR058G150 8 150 2

R45 RCR05G280J9 28 82

R46 RCRO0O5G432J8 4. 3K

R47 RCRO05G102J8 1K

R48 RCRO05G101J8 100 Q2

R49 RCR05G201J8 2000

R50 RCR05G101J8 100 &

R51 RCRO5G102JS 1K

FORM 19t (11-69) SHEET oF HEY
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PRELIMINARY

PARTS LIST e MDCP2 BWE NG
(E[_ECTR | CAL) CRIGINATOR DATE QIZPROVED DATE :‘PEPROVED DATE
OTY REQ'D lg;:?M PART NO DESCRIPTION VALUE TOL JRATING SPECIEII(R:ATION DCEOS'L(;%E:;;JST lNF%TSATHIng

504 |503| 502|501 SYMBOL VENDOR Al B | c lDa|DA

C1 3BN 0505202 2K pf 50V +5% chip

C2 3BN0503101dJ 100 pf 50V +5% chip

C3 3BN0505270J 27 pf 50V +5% chip

C4 3BN0505202J 2K pf 50V +5% chip

C5 3BN05055201 .8-10 pf Variable

C6 CMEGHh 101 100 pf DMila

C7 CMO5 101 100 pf Mila

C8 3BN0505202J 2K pf 50V +5% chip

Co 3BN0505202 2K pf 50V + 5% chip

C10 3BN05052023 2K pf 50V +5% chip

C1l 3BN0505102J 1K pf 50V +56% chip

ci12 3BN 05055201 .8-10 pf Variable

C13 3BN0505220J 22 pf 50V +5% chip

C14 3BN0505202F 2K 50V 15% chip

Cl5 3BNO5051ROJ 1 pf 50V +5% chip

Cl6 3BN05055201 .8-10 pf Variable

Cc17 3BNO0O5051R0J 1 pf 50V +5% Chip

C18 3BN05055201 . 8-10pf Variable

C19 3BN05051R0J 1 pf 50V +56% Chip

C20 $BN05055201 . 8-10 pf Variable

c21 3BN05051R0F 1 pf 50V +5% Chip

C22 3BN05054715 470 pf 50V +5% chip

c24 3BNOS051R0J 1 pf 50V '_f'_5% chip

C25 3BN 05054713 470 pf 50V +5% chig

c26 3BN0505471F 470 pf 50V + 5% Chip
FORM 191 {11-69) SHEET of REV




PRELIMINARY

PARTS LIST SHEpATC  nep2 SCHENATIC
(ELECTRICAL) ORIGINATOR DATE AFFRGVED ATE | AFPROVED DATE
aTY REQD IB%M PART NO DESCRIPTION VALUE TOL |RATING SPECIFOIQATION DCFOSP;(;%?;NST WF?’T[;AESEE
504 |503| 5021501 SYMBOL VENDOR A a e | DIA | DIA

c27 3BN0505471J 470 pf 50V +5% chip
c28 3BN0505471J 470 pf 50V +5% chip
C29 3BN0505471J 470 pf 50V +5% chip
C30 3BN0505471J 470 pf 50V +5% chip|
c31 3BN0505471J 470 pf 50V +5% chip
C32 3BN0505471J 470 pt 50V +5% chip
C34 3BN0505471J 470 pf 50V +5% chip
C35 3BN05054711 470 pf 50V +5% chip
C36 3BN 0505471 470 pf 50V +5% chiy
C37 3BN0505471J 470 pf 50V +5% chip

E:-‘ C38 3BN0505471J 470 pf 50V + 5% chib

= C39 3BN0505471J 470 pI 50V + 5% chip
€40 3BN05055201 .8-10 pf Variable
C43 3BN 0505470 470 pf 50V +5% chip
C44 3BN0505202J 2000pf + 5% chip
C45 3BN0505202J 2000pf + 5% chip
C46 3BN0505202J 2000pf + 5% chip
C47 3BN0505202J 2000pf + 5% chip
Cc48 3BN0505202J 2000pf + 5% chip
C49 8BN0505202J 2000pf +5% chip
G50 5600 1-30 pf Variable
c33 M39003/01-2280 Electrolytic 1.5 uf
C51 M39003/01-2280 Electrolytic 1.5 pf
C52 M39003/01-2280 1000 pf +5% chip
C42 M39003/01-2280 Electrolytic 1.5uf

FORM 12} {1i-89) SHEET OF REV




eT-TiL

PRELIMINARY

PARTS LlST SCHEMATIC SCHEMATIC

TITLE MDCP2 DWG NO
(ELECTRI CAL) ORIGINATOR DATE APPROVED DATE APPROVED DATE
EE ME
QTY REQ'D ITEM SPECIFICATION DESIGNER S INFORMATION

OR PART NO DESCRIPTION VALUE TOL {RATING OR COMPONENT | PAD |HOLE

504 [ 50315021501 SYMBOL VENDOR A | B ¢ | DiA { DIA
Y1
Q1 2N2857 Transistor
Q2 2N2857 Transistor
Q3 2N2857 Transistor
Q4 2N3 244 Transistor
Q5 2N2222A Transistor
Q6 2N28567 Transistor
U1 GPD 401 Hybrid Amp
U2 GPD 401 Hybrid Amp
U3 GPD 402 Hybrid Amp
U4 GPD 401 Hybrid Amp
Ub GPD 402 Hybrid Amp
U6 BGY22 MIC Amp
CR3~-CR8 HP 5082 3001 Diode
VR1 GLA 62 Zener
VR2 GLA 62 Zener

FORM 191 (11-69)

SHEET

OF —__ REV




PRELIMINARY

PARTS LIST SCHEMATIC ) SCHEMATIC
) TITLE MDCP2 OWG NO
(ELECTR | CAL) ORIGINATOR DATE APPROVED DATE APPROVE D DATE
EE ME
QTY REQ'D ITEM SPEGIFICATION DESIGNER'S INFORMATION
OR PART NO DESCRIPTION VALUE | TOL [RATING OR COMPONENT | PAD |HOLE
504 |503|502|501| symeoL VENDOR ~ 18 T c |0ia | D1a
L1 SW-Ww-1,0 1. 0¢h
L2 SW-w-1.8 i.8uh
13 SW-W-0 68 68 ph
L SW-W-0, 68 .68 uh
L6 AEL
L7 AEL
L8 AEL
L9 AEL
116 V/C 200-09/3B
5
H
o
DLl AEL delay line ~ 2" . T, 34
DL2 AEL delay line ~ 1" [J.T. 34
FORM 191 (11-69) SHEET OF REV




FI-II0

PRELIMINARY

» PARTS LIST W Mpeps WG NO
(ELECTRICAL) ORIGINATOR DATE APPROVED DATE aPEPROVED DATE
QTY REQ'D IB%M CART NG ESeRIFTION ave | vor |rarme spEc|FO|F(§,AT|0N DESIGNER'S INFORMATION
504 {503 | 502|501 SYMBOL VENDOR ACOMPSNENE gff HD%E
R1 RCR05G181JS 180 Q 1/8w
R2 RCRO05G123J8 12K
R3 RCR05G123J8 12K
R4 RCR05G472J8 4, 7K
R5 RCR05G101J8 100 &2
R6 RCRO05G222J8 2. 2K
RY7 RCRO5G681JS 680 §2
RS RCR05G123J8 12K
R9 RCRO5G123JS 12K
R10 RCRO05G101JS 100 2
R11 RCRO5G181JS 180 £2
R12 RCRO05G102JS 1K
R13 RCR05G123JS 12K
R14 RCR05G123J8 12K
R15 RCR05G101JS 100 £
R16 RCRO5G681JS 680
R17 RCR05G271J8 270 €2
R18 RCR05G180JS 18§
R19 RCRO05G271JS 270 §
R20 RCR05G12338 12K
R21 RCRO5G101JS 100
R22 RCR05G1013S 100 Q
R23 RCRO5G271J8 270 §
R24 RCR05G180JS 18 Q
R25 RCRO5G271J8 270
R26 RCR05G472J8 4, 7K
FORM 13! (il-69) SHEET OF REV
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PRELIMINARY

PARTS LIST T MDoes
( EL E CTRI CA L ) ORIGINATOR DATE é\PEPROVED DATE SPEPROVED DATE
QTY REQ'D ITEM SPECIFICATION DESIGNER'S_INFORMATION
OR PART NO DESCRIPTION VALUE | TOL |RATING OR COMPONENT | PAD [HOLE
504 |503|502{501] SYMBOL VENDOR A ls |c |DiajDlA
R27 RCR05G123J8 12K
R28 RCR05G101J8 100 £2
R29 RCRO05G101J8 100 2
R30 RCR05G472J8 4, TK
R31 RCR05G472JS 4. 7K
R32 RCRO05G102J3 1K
R33 RCR05G472J8 4, TK
R34 RCRO5G102J8 IK
R35 RCRO05G332JS 3.3K
R36 RCRO6G221J8 220 8
R37 RCR05G220J8 22 Q)
R38 RCR05G221J8 220 2
R39 RCR05G332J8 3.3K
R40 RCR0O5G332J8 3.3K
R41 RCR05G332J8 3.3K
R42 RCR0O5G332J8 3.3K
R43 RCR05G332J8 3.3K
R44 RCR05G332J8 3.3K
R45 RCR05G221J8 220 2
R46 RCR05G220J8 22 Q
R47 RCR05G221J8 220 Q2
R48 RCRO5G222J8 220
R49 RCRO05(G821JS 820 &
R50 RCRO5G101J8 100 Q
R51 RCR05G101J8 100 £
R52 RCR05G821J8 820 £
FORM 191 (|I-69) R53 RCR05G222J8 2.2K SHEET OF REV
RR4 RCR05G101JS 100 §




PRELIMINARY

» PARTS LIST T mpeps DA
(ELECTRICAL) ORIGINATOR DATE APPROVED DATE  TAPPROVED DATE
QTY REQ'D ITEM SPECIFICATION DESIGNER 'S _INFORMATION
OR PART NO DESCRIPTION VALUE | TOL {RATING OR COMPONENT | PAD [HOLE
504 |503{502{501] SYMBOL VENDOR A 1B | c |Dla]DIA
C1 3BN0505270F 27 pf
c2 3BN0505101J 100
C3 3BN0505102J 1K
C4 3BN0505102J 1K
C5 5851 Johanson B =17
C6 3BN0505101J 100 pf
cY 3BNO0505102J 1%
OF] 3BNO0505102F 1K
co 5851 Johanson oD -7
C10 3BN0505220J 22 pf
= Ci1 3BN0505102J 1K
é cl2 3BN0505102F 1K
~ Cc13 5851 Johanson o5 — T
C14 $BN05052203 22 pf
’ C15 5851 Johanson o =1
Cl6 5851 Johanson B —7
Cc17 3BN0505121J 120
C18 3BN0505102J 1K
C19 3BNO0505102J 1K
C20 5851 Johanson 5 ~1T
c21 5851 Johanson BT
C22 5851 Johanson G —17
5 C23 5851 Johanson b= T
C24 3BN05051219 120 pf
C25 3BN0505471J 470 pf
C26 3BN0505471d 470 pf
FORM 1391 (11-69) SHEET OF — _ REV




PRELIMINARY

LI-HI

PARTS LIST AT MDCP3 BWE NO '
(ELECTR | CAL) ORIGINATOR DATE APPROVED DATE  |APPROVED DATE
EE ME
GTY REQ'D ITEM SPECIFICATION DESIGNER 'S INFORMATION
OR PART NO DESCRIPTION VALUE | TOL {RATING OR COMPONENT | PAD [HOLE
504 |503| 502|50 SYMBOL VENDOR A i B ¢ | DIA | DIA
{ ©27 5851 Johanson .6 — 7 bf
v c2ag 5851 Johanson B — T pf
C29 M39003/01-2280 1.5 uf
'\ C30 M39003/01-2280 1.5 uf
C3l 3BNO505471 470 pf
C32 3BN0505471J 470 pf
C33 3BN05054713 470 pf
C34 3BN0505471J 470 pf
C35 3BN0505471J 470 pf
C36 3BN0505471F 470 pf
C37 3BN0506471J 470 pf
cas 3BN0505471F 470 pf
c39o 3BN0505471d 470 pf
C40 3BN0505471J 470 pf
C41 3BN05054713 470 pf
» C42 5851 Johanson .5~ T pf
~ C43 5851 Johanson .5 — 7 pf
C44 3BN0505471d 470 pf ;
45 3BN0505471J 470 pf
C46
c47
C48 3BN0505471d 470 pf
C49
FORM 191 (11-69) SHEET OF _—_ REV
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PRELIMINARY

, PARTS LIST e '© MDCPS BWE NO
" (ELECTRICAL) ORIGINATOR DATE EF’EPROVED DATE aPEPROVED DATE
OTY REQ'D ITEM SPECIFICATION DESIGNER' S INFORMATION
5045031502 | 501 SYSSOL PART NO DESCRIPTION VALUE TOL [RATING VESEOR ACOMP;)NEN'I(': gﬁ? HD(?,E.E
L1 SW-Ww-1.0 1uh
L2 SW-W-0,47 .4Tph
1.3 SW-W-0, 68 .68 uh
1.4 SW-Ww-0, 68 .68 1h
L5 SW-W-0,47 4T wh
L6 AEL 33T 1/8"ID #18
L7 AEL 23T 1/8"ID #18
L8 AEL 13T 1/8" 1D #18
L9 AEL UT34 =~ 31
L10 AEL UT 34 =~ 6"
Lil AEL 13T 1/8" ID #18
1,12 iT 1/8" 1D #18
113 VK 200 -09/3B
VRL GLAG2 Zener Diode
VRZ INT757 Zener Diode
CR1 HP 5082-3039 Dicde HP
CR2 HP 5082-3039 Diode
CR3 HP 5082-3039 Diode
CR4 HP 5082-3039 Diode
CR5 HP 5082-3039 Diode
CR6 HP 5082-3039 Diode
FORM (g1 (11-69) SHEET OF _____ REVY
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PRELIMINARY

SCHEMATIC SCHEMATIC
PARTS L|ST TITLE MDCP3 DWG NO
(ELECTR | CAL) ORIGINATOR DATE APPROVED DATE APPROVED DATE
EE ME
QTY REQ'D ITEM SPEGIFICATION DESIGNER 'S INFORMATION
OR PART NO DESCRIPTION VALUE TOL |RATING OR COMPONENT | PAD [HOLE
504 |503| 502|501 SYMBOL VENDOR A 8 ¢ | DIA{DIA

QL 2N 2857 Transistor Motorola
Q2 2N2857 Transistor Motorola
Q3 ZN2857 Transigtor Motorola
Q4 2N2857 Transistor Motorola
@5 2N2857 Transistor Motorola
Q6 2N2857 Transistor Motorola
QT JAN2ZN2222A Transistor
Q8 JAN 2N3244 Transistor
Q9 JAN 2222A Transistor
Q10 2N2857 Transistor Motorola

a

=

f{e]

FORM 191 {11-69) SHEET OF ____ REV
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PRELIMINARY

SCHEMATIC SCHEMATIC
_ PARTS LIST TITLE MDCP3 DWG NO
( E LECTRI CAL) ORIGINATOR DATE APPROVED DATE APPROVED DATE
EE ME
QTY REQ'D ITEM SPECIFICATION DESIGNER S INFORMATION
OR PART NO DESCRIPTION VALUE TOL |RATING OR COMPONENT | PAD [HOLE
504 |503| 502|501 SYMBOL VENDOR A | B c | Dia | DA
U3 BGY22 MIC AMP
Ul Thermistor
U2 XTAL
FORM 191 {11-69) SHEET OF ——_. REV
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THERMISTER CHARAC TERISTICS



JD-&’-' “TT I:'/k 1#-« Fre l’lﬂ; ':::: 4 o

SRR AT TR

WHAT IS A THERMISTOR?

A thenmostor s @ wemperature sensitive semicenductor whose
priene function 15 to provide a large resistanc e change when
sulyed e 1o a relatively nunute change 1 body temperature
Composed of metal oxides, they are scientifically formulated
and sele e under oxating laboratory contiof

HOW ARE THERMISTORS USED?

A thermustar 15 employed as a precision sensing element in
any of the following applications

Time Delay
Bemote Contiol
Switching

Voltage Contol
Altimeter Use
Power Measurement

Temperature Measu ement
Temperature Conirol
Tempeorature Compensanon
Safely & Warning Cirquits
Liguid Level Measurement
Power Level Control

WHAT ARE THE IMPORTANT CHARACTERISTICS OF
THERMOCERAM THERMISTORS?

High Stability

Close [olerances
Somall Sive

Faul Time Response

Migh Reliability
Extendecd Life
R T Charactonstios

Cxtremely High Temperature Coeftients
High Stability — this 1s an inherent characterstic of
THERMOCERAM thernmistors  Advantages acciuing 10 usets
include a significant reduction of mamtenance and recalihta-
10N exPenses

Close Resistance Tolerance —~up to +1%, matched pans to
£1% and resistance ratios of £0 5%

Small Size — of 0050 dhameter with ume constant as low as
0 4 seconds with precision tolerances {This characteristio
makas 1t possibie 1o replace bead type with dise thernustons )

= -‘2 'ﬁﬁ; :‘,;mws‘ﬂ ?31“- :_r -;.:‘ .:\,‘ ..-‘3 .,: - 1-‘ g':.; - -.;t{(” (“)_‘ »L .
E ; . Rarl noy e i L,r 2 Yoy 3 i P
i PE- MM-::’JL»LKW I SRR '-!'-u.u .!..»..agsﬂu 2w e
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REPRODUCIRILITY OF THE
.-ORIGINAL PAGE IS POOR

" Thermistors
- - DL TR TP L IR 1Pt e 0 St M0 eyt

Theroistors procduced by the CAL-R Thermonetics Dvision
represent a significant advance in thermal sensing devices By
amploying proprietary metallurgical engineering concepts
cdurning a decade of 1esearch and development a new ther-
mal sensing matenial has resulted with the name of THER-
HOCERAM Performance charactensucs provided with this
new material not only permust improved design flexibality but
make possible closer tolerances in such applications found n
the military, aerospace and mndustrnial electronic systems

High Rehability — because of a continual program of pro-
cduct improvement and by employing close quality control
systemns with the latest electronic and laboratory equipment,
eachr thermistor adheres to product specifications

Extended Life — virtually unlimited operating life when
operatedd withm designated performance specifications

Infinite Vanations — Innumerabie combinations are avatlable
for resistance, e vperatie coefficient, sive, geometry, lead
wies, protective coatings. encapsulation and mechanical
configurations

Large Resistance Changes — greates than 10 mullion to 1 are
possible i thesnustors as compared to platinum’s change 1in
resistance of fess than 10 10 1 over the same iemperature
1ange refarence Fig 1

Resistance ~ Temperature (R-T} Charactenstics — Thermis
or resistance 15 a function of 1ts absolute emperature Resis
lance measurements are made with essentially 7ero power
dissipation by the thermustor Relationship between thernus
tor resistance and 1ts absolute temperature 1S expressad ag —

Bl g (1 __L)
R, T T,

R 0(T) = Rasisiance at absolute temoeraiure T

\Where

RU(TO) = Resistance at absolute tamoerature TD
£ = 2718 (Napenian bass)

B

The temperature coefficient of resistance (@ 15 expressed as
atper °C or as chms/ohm/°C as follows —

it

Thermustor matenial constant

a = 1 dR

Ro dl
which 18 approximately a = -—B—-
72

RN A Bl e L TR Ut rg‘,;;, :
e we (F”f L £ pr“? ﬁspgﬂ“’{"ﬁ “ “"‘{
W E * gt “ 'A.L‘
L VORI N SR L e 115 7. L



hermonetics

o

REPRODUCIBILITY OF THE
ORIGINAT, PA

N

£

by -, sﬁ;i":.";'

COMPOSITION “B” DISC THERMISTORS

Composition “B** thermistors ate part of a family of thermal! sensors representing
a new breaktbrough 1in materals engineering After more than a decade of engr-
neening development and a constant product improvement, CAL—R Thermonetics
Dwision hos formulated a new thermal sensing material called THERMOCERAM
Tre *'B” composition offers a broad range of resistance values The design
engineer ¢qn speeify from 25 to 50082 from the same basic type of thermistor
in addiion to this wide range of values, the "B’ series 15 an excellent, highly
stable, broad application thermal sensor that finds use in snumerable heat
senstng designs

All "B" series thermustors conform to AQL and confidence levels as specified in
MIL—T--23648 as outlined by tables V & VI

Coatings, encapsulations markings, probes and resistor/thermistor networks . .
are also available to meet specific requirements by contacting our appheation
engineering department

Resistance tolerances of +1% thru +20% aie avaslable and may be specified at
25°C, or any temperature within the operating range

3
P e
AERMISERES
728 1 L
> I3 = r

3, ferre i
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SPECIFICATIONS

1 2 3 a4 5 6
R at 25°C | Therma Dim. Leads
+10% P/N DC.* T.C.** AT BT AWGH
500 1807 2 3 05 .08 30
400 iB0oB 2 3 g5 07 3o
300 1809 2 3 05 05 30
250 18095 2 2 05 04 30
200 1B10 2 2 05 | 03 30
150 1811 2 2 05 025 30
100 1812 2 2 05 020 30
300 18120 25 5 07 | .100 30
250 18125 2 45 07 085 30
200 18110 2 4 07 07 G
150 1B111 2 3 .07 05 30
100 1B112 2 3 07 .03 30
150 1B113 9 14 g0 10 28
175 1B115 4 12 10 085 28
100 iBi3 3 10 10 070 28
80 iBt4 3 8 10 05 28
70 iB145 3 7 a0 045 28
60 18147 3 7 0 | .04 28
50 1Bi5 3 53 10 03 28
40 18165 3 5 10 03 28
30 181G 3 ) 10 | .02 28
100 1B151 » 7 30 158 15 24
75 18152 7 25 15 10 249
50 18153 7 20 ib 075 24
25 18154 7 18 15 ba 24
a0 D118 8 40 20 20 24
75 1B117 8 36 20 .19 24
50 1B18 7 30 20 | .13 24
34 iB19 7 25 20 08 24
206 1B20 7 20 .20 05 24
15 18205 7 19 20 04 24
i0 1B21 7 8 20 .03 24
30 1822 9 75 30 | .18 24
20 18225 8% 60 30 12 24
10 1B23 8 43 .30 06 24
15 18235 8 42 .30 045 2?4
5 1824 8 35 30 03 24
15 18119 10 85 40 16 22
125 1B265 10 77 40 13 »
10 1B26 a 70 A0 10 22
75 1827 e | 65 40 a8 22
5 1828 9 50 40 a3 22
25 iB33 12 60 50 | .04 22

APPLICATIONS

—~ Engmneered for

Temperature Compensation
Temperature Measurement
Temperature Control

ieter Compensation
Voitage Regulation
Amplitude Control

Liguid Level Indication
Flow Meausrement
Surge_Suppression

Time Dejay

BASIC FORMAT

/in:ed Copper Wire

o

| I

1
T

*DISSIPATION CONSTANT

Dissipation Constant, expressed in mw/°C, rep-
resents the amount of power required to raise

the temperature of a thermwstar 1°C

Time Consfant, expressed in seconds, 15 the
time required for a thermustor disstpating zero
power to change 63% of the differonce be-
twoen ifs imitial temperature value and that of
& new temperature environment

**TIME CONSTANT

A Subawdiary of CapTech Ine V-2
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TEMPERATURE CONVERSION INFORMATION
'REPRODUCIBILITY OF THE

qJ IS PR
“B" R/T CONVERSION TABLE RESISTANCE — TE%@A‘%URE CURVE
100
H R_@..QB.Q ')-!- 0, ‘\
Ratio R @ 5000 5.32=3% \\
Temp Coef @ 25°C — 3.3%/°C 3
Beta {25 to 75°C) 3000°K \
60 — 430 |— 7 — 325| 448 — 522 | + 99 — 133 \
50 — 04 6 — 3.12] 47 - 507 100 — .130 X
— 380 E - 2.99 43 — 492 101 — 127 \
— 358 4 — 287 49 — 477 102 — 124
6 — 338 3 —276| &0 — .464 103 — 122
B5 — 31.9 2 — 265 51 — 452 104 — 119 ’
64 — 302 |- 1 — 255 52 — 438 104.4— 118 10 :
3 - 286 0 ~ 2.45 53 — 428 105 — .117 \
- 271 |+1 -236 54 — 414 106 - .114 3
- 257 2 —227 E5 — 403 107 — 112 \
0 — 243 3 — 218 56 — 393 108 — 109
9 - 230 4 —210) 57 —.382 | 100 — 107 “R \
48 — 2t8 5 — 202 58 — 372 110 — 105 .gj;_,.. \
~ 207 6 — 195 53 — 361 111 - 103 &7 \
- 196 7 — 1.88 60 — .350 112 — 101 Ka-gg \
- 186 8 — 181 61 — 342 113 —~ 0983
— 178 9 — 1.74 62 — 332 114 — 0862
43 - 167 10 — 168 63 — 1323 115 — 0943
- 15.9 11 — 162 64 — 313 116 - .0923
—- 51 12 — 157| 65 — .305 117 — 0905 1.0 -
20 - 144 | 13 —152| 656 — .297 118 — 0887 Y .
39 — 137 14— 147 67 — 289 119 — 0870 AN
38 — 131 15 — 1.42| 68 — 282 120 — 0852 N
~ 125 16 — 137 62 — 274 121 — 0835 N
B/ - 118 17 — 132 70 — 267 122 — .0818
3% - 113 18 — 127 71 — 261 123 — 0801 \
34 — 108 | 19 — 122 72 — 254 124 — 0787 N
2 — 103 20 - 118 73 — .248 125 — 0771 N
37~ gye| 21 —114 74 - 242 126 — 0756
- 932] 22 — 11 75 ~ 236 127 - 0741
a — 893] 23 - 107 76 — 229 128 — 0728 \
—- 851] 24 - 103 77 — 224 128 — 0713 0.1 -
-~ B8.42| 25 — 1.00 78 — 218 130 — .070G
- 778| 26 — 970 79 — 213 131 — 0686 N
- 74t| 27 — 938| 80— 208 132 — 0673 \\
—~ 7.40| 28 — 910 81 — 203 133 — 0880 _
- 680 29 — 881} 8 -~ 198 | 134 — o0B4B ™
23 —~ 643 30 - 854 83 — 193 135 — .0636 N
22 — 621 31 — 828] 84— 188 | 136 — 0624 \\
5- 8090 232 — .802 85 — .183 137 — 0612
— 593 33 — 779 86 — 179 138 — 0601
20 — 563t 34 — 756 g7 — 175 139 — 0590
~ 543] 35 - .732 88 — .71 140 — .0579
18 -~ 520 36 - 710 89 -~ .167 141 — .0568
- 493]| 37 - .689 g0 — 163 142 — 0559 .01 -
- 475 37.8— 671 91 — .159 143 — .0548 50 —25 [v] 25 50 75 100 125 150 175 200
-~ 456 38 -— 668 a2 - 1586 144 — 0539 DEGREFES CENTIGRADE
~ 437| 38 - B4z 43 — .152 145 — .0529
1o - 2(1}? 2? _ ggg gg - 1:2 ::g _ ggf? To determine the resistance of a thermistor at a speci-
— 384| 42 — 589 96 — 142 148 - 0501 fied temperature, multiply the thermustor resistance @
I . g?g :z _ g;: 432 _ :gg ,,,:gg _ gggg 25°C by the factor opposite the desired temperature
- 8 — 333|445 — 537

Contact the plant for application assistance. Chances are we may have
already supplied thermistors for similar apphcations
Our technical stafi will be pleased to help vou

m rw : : ? ﬁ 4? 1563: CJIM:!dOCA‘;;nUE' 0404
Co/AN[L =072 . thermonetics DIVISION  gyasm.ome
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