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AC TÏMPERATURE COMPENSATION OF INTEGRATED AMPLIFIERS 

James D. Meindi 

Octavius Pitzalis, Jr. 

DA TASK NR. 3A99-21“001-01"15 

ABSTRACT 

An analytical basis for temperature compensation of the AC 
performance of transistor small-signal amplifiers is not generally 
available at the present time. This report describes a simple yet 
accurate design theory in vhich this compensation is analytically 
determined by imposing the requirement of equality for the values 
of the individual small-signal fourpole parameters of the amplifier 
at its operating temperature limits. For -30°C*T ^lOQOC in a 
typical noncompensated circuit, power gain, input impedance and 
output impedance vary by 99/®> 71$> 22$, respectively, while 
the comparable compensated circuit variation of each of these 
quantities is less than 9$. In an integrated circuit a single 
tapped resistance, properly selected, is the only temperature sen¬ 
sitive element required for this compensation. 
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AC TEMPERATURE COMPENSATION OF INTEGRATED AMPLIFIERS 

INTRODUCTION 

One of the more troublesome characteristics of a transistor is its 
rather pronounced sensitivity to temperature.^ Consequently, in the 
design of a transistor circuit it is necessary to provide diligently for 
changes in device parameters due to both self-heating effects and ambient 
variations. Of primary importance is the stabilization of the DC opera¬ 
ting point.In addition, it is often necessary to obtain temperature 
stable AC performance in a transistor circuit. In the case of small- 
signal amplifiers, an analytical basis for AC temperature compensation is 
not generally available at the present time.5 This report dascribes a 
fairly simple yet accurate design theory whereby the temperature variation» 
in the transistor small-signal parameters are effectively compensated by 
a miniffliiin of passive elements. Hie result is an integrated amplifier whost 
current gain, voltage gain, power gain, input impedance, and output imped¬ 
ance are virtually insensitive to temperature. Ihe amplifier is termed 
integrated since the required compensation may best be accomplished first, 
by analyzing the circuit as an entity, and second, by mounting all com¬ 
ponents on or within a common substrate. 

DESIGN THEORY 

The purpose of this section is to provide a design theory for AC 
temperature compensation of transistor small-signal amplifiers. The 
first element in this theory is the predictable stabilization of the DC 
operating point, Ic and VcE> 0? transistor by means of temperature 
sensitive resistors. This subject has been suitably treated in recent 
articles3>^>6 and will not be discussed in detail here. However, since 
it is inextricably connected with the present theory for AC compensation, 
appropriate mention of it will be made when necessary. 

Basically, in this report the AC compensation of a transistor 
amplifier is determined by matching the values of the individual smal1 - 
signal fourpole "H" parameters of the circuit? at its operating tempera¬ 
ture limits. From this, the temperature variations of the circuit 
resistors required to balance transistor parameter temperature variations 
are calculated. In addition to its temperature behavior, the quality of 
an amplifier design is determined by the extent to which it concurrently 
provides the large AC power gain and the small DC power dissipation 
desirable in integrated circuits. 

The amplifier circuit considered here is shown in Eigure 1. Regard¬ 
ing the transistor as specified, this circuit has five resistors (Rg, Rg, 
R2, R3 and Eq), one voltage supply (Vgc) and. six temperature factors 
( T'E, 7e, 72, ?3, 7C and 7v) which are available to satisfy both DC and 
AC design constraints. (Figure 1 effectively defines the above circuit 
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quantities.) 3y anticipating the lower and upper operating temperature 
limits of the circuit (Ty and Tx respectively) and selecting the corres¬ 
ponding transistor DC operating points (icy, Vcîv and VCEx respec¬ 
tively), the essential transistor DC characteristics (1^, and 1^, 
VbEx respectively) and AC characteristics (h]2y, h]_2y, h2iy, ^22y 
hm, hiPy, h^, h22x respectively) may be found from measurement. (Bie 
present theory assumes the range of amplifier operating frequencies is 
such that the transistor fourpole parameters remain purely real.) Prom 
the DC analysis37M four (e.g., VCc, R2> «3» and ^ of the above 
circuit quantities are specified as shown in the appendix. The remain¬ 
ing quantities are determined primarily from the AC analysis. 

Considering Figure 2 and the fourpole equations 

VV.-V, (>, 

it is evident that the "H" parameters define the small-signal AC charac¬ 
teristics of the circuit. Consequently, amplifier temperature compensation 
may be accomplished by suitably restricting the temperature behavior of 
the H parameters. In this case, the imposed restrictions are 

^Jy ^Ix 

H21y ” H21x (2) 

and E22y = H22x * 

The reverse voltage transfer ratio, H]_2, is not included here since i^s 
effect on circuit behavior is negligibly small. Substituting the approxi¬ 
mate values for the H parameters from Table 1 gives 

(hnv+h2iyRe)R23 

(blly+h2lA)+R23 

(hHy+h21yRe)+R23 

and 2/Rq 

^llx^piY7 eRe)7 23¾ (3) 

(tllx+h2lx7eRe)+723¾3 

(hm+h2ix7e^e)+^23^3- 

1/7cRc . (5) 

It is found that a most useful solution to (3), W> 511(1 (5) 
equating numerators and denominators. Choosing 72 = 

723 = n2iy/h21x ’ 

Re = 7 23^3^117 

7e = 723 
y 

V D _V> 
'23“23 ~ny 

results from 
this gives 

_, (6), (T) 

(8), (9) 
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Ihis particular solution to (3), (M» Bad (5) offers sinçlicity in 
analytic approach, realizable component requirements, and relatively small 
penalties in gain performance to achieve temperature compensation. Other 
solutions are possible but are inherently more complex analytically and 
also present additional problems in implementation. 

In order to assure 7e > 0 and Rg > 0, (7) and (8) require 

R23 > hHx 723^23 > hlly * (10.) 

Equations (6) through (9) specify five additional circuit quantities, 
giving a total of nine of the original twelve unknowns. Die remaining 
quantities may be chosen as desired within reasonable limits. Normally, 
7V = 1 and 7e and % are selected to maximize the AC power gain (¾) and 
minimize the total power dissipation (Pz) of the circuit (see the appendix 
for P*). When these goals conflict, a reasonable compromise results if 
one maximizes the quotient of the AC power gain and DC power dissipation. 

With the H parameters completely specified, the power gain 

G = Hf] Ry, _, 

(I^J(Í^LÍ 5!l (1+Ri/Rc) 2 

the input impedance 

Ri = Hu+^Hl - H]j , (12) 

1+h22rL 

and the output impedance 

Rç = VHU~ He (13) 

H22Rg+^ 
of the circuit in Figure 1 may be determined readily. The following 
section indicates the agreement which has been achieved between this 

design theory and measured circuit performance. 

EiPERBEHTAL RESULTS 

Die results described in this section are based on the behavior of a 
typical small-signal diffused base silicon transistor. Die temperature 

range of interest is Ty = -30oC^.T^100°C = Tx. Several typical sets of 
DC operating points are listed in Table II. Die DC and AC data correspond¬ 
ing to Set No. 2 are: 

a. DC operating points 

IQ, = 1. ^ma, Vciy = I3.O V = 2.6 ma, = 7-0 v . 
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b. 

Igj, - 31*W> = 0.5 V . 

DC characteristics 

Igy = 42-34^, VBiÿ=0.T4 V 

c. AC characteristics 

h =39*3, h^ =2.82xlO"^ohms"1 
21y 22y 

■21^*93.2, h^S^^O"5 ohms"1. 

Notice that the transistor AC characteristics change drastically for the 

temperature range under consideration. 

Threp separate sets of terminal conditions were investigated, ühe 

first condition assumes that the amplifier terminal impedances are image 

matched by the source and the load (i.e., Rg = % and Rl = Ro)# 

second condition assumes that the amplifier is an iterative stage (i.e., 

% = Eqj Rl = Ri)- ^16 third condition assumes that R_ = 1000 ohms 
and that Rç is the total load on the amplifier. In this case proper 

adjustment must be made in the formula for ^ I&ble 1 (I/Rç-*^ nere) 

and in equations (ll) and (12) (Rr-^Rp here) to achieve meaningful results. 
Since the latter case is most easily decked experimentally, measurements 

were taken for it. 

Figure 3 shows the normalised power gain, G(t)/g(25°C), versus tempera¬ 
ture for the transistor whose characteristics are given above in both a 

noncompensated circuit (all 7,s=l) a circuit compensated with thermis¬ 

tors according to the design theory of this report. Rç is taken as the 

total AC load of the amplifier with Rg=1000 ohms. In the noncompensated 

circuit power gain varies from to °f its nominal or 25°C value, 
while in the thermistor compensated case, the maximum variation is +8£> 

which is well over an order of magnitude improvement. The temperature 

behavior of current gain and voltage gain in the compensated circuit is 

quite similar to that of power gain as exhibited in Figure 3. 

Figure l shows the normalised input impedance, Ri(T)/R;i(250C), versus 
temperature for the same situation as Figure 3. It the noncompensa^eà case 

input imocdance varies from -291½ to of its nominal value, while the 

thermistor compensated variation is lhe improvement in stability 

here is aboum eight times. 

According to (I3), the amplifier output impedance, if Rç is included 

within the amplifier as it will be in all applications, is approximately 

equal to Rr and should therefore be temperature stable since yç = 1. If 

the above amplifier designs are provided with image-matched terminations, 

the total variation in Eq is 22$ for the noncompensated circuit and 9$ in 

the thermistor compensated case. Similar behavior prevails for iterative 
i __vw- Tv> n-° ■Mmi o&l 1 t»hp‘ ¿10.(11 tioii oí PL Drovicün^ 

degenerative AC feedback tends to stabilise RQ. 

). 



Eie actual design and performance of the two circuits compared in 
Figures 3 and 1 are given below. 

NONCOMFENSATED CIRCUIT THERMISTOR COMPENSATED CIRCUIT 

R-P520 -n. 
JL 

Re=° -n- 

R2=4o,500-n. 

R3=235,ooo 

500 -Tl 

Vcc'20 v 

Pr=53-6 MW 

Circuit Design 

Rjf*49l-n- 7if 0.991 

Re=l95_n. 7e=l-02 

R2=22,T00 723=0.1i2 

r3=155,ooo-n. 725=0^2 

Rc=4,300 Jl. 7^=1.00 

Vq^íO V 7^1.00 

P::=57 1-ÎW 

Circuit Pc-rfomance 

Calculated. Measured Calculated, Measured 

Aix=80.2, 85.^ 

AV2=-3^3, -310 

db, 44.0 db 

Ai;;=26.4, 25.9 

^=-20.1, -20.8 

3^=27• 2 db, 27Ò db 

R. =1050A, LL9O R. =5890/1, 538O-A 
IX 

(Fron Figure' 2, AiE i2/i1 and A^rE Vp/V^^.) The above circuits are as nearlj' 

similar in design~as can^be achieved considering their inherent differences 

p^, vcc and Rn are virtually equal in value in the two circuits, while 

Rl=RE+Rc is appro.:inately equal. euamination of this data reveals 

three striting features. For both circuits the agreenent between calcula¬ 

ted and measured performance is vor}- close, which indicates the accuracy 

of the theory. Jecond, a comparison of the performances of the two circuit 

reveals that the essential mechanism of AC compensation is one of suppres¬ 

sion of amplifier gain and elevation of input impedance by means of a 

careful miu of both AC emitter degeneration via Rç and temperature depen¬ 

dent signal shunting via R2 and R?. 2ie actual compensation is of course 

more comple:: than this simple statement can reveal, and an examination of 

the appendix and Table II can provide insight. This complexity is exempli¬ 

fied by tne fact that in order to achieve in the noncompensated circuit, 

with only emitter degeneration (Re), the power gain stability of the 

thermistor compensated circuit, an Rg- 4500 ohms is required. The 

c 
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accompanying power gain magnitude is reduced to approximately 8.5 db. Ihe 
third notable feature is that the only significant temperature variation 

required in the compensated circuit is in the resistors Rg and which 
have identical temperature factors. Rg and Rç may be fixed values. In 
fact, the data recorded for Figures 3 and k were taken in a circuit in 
which only R2 and R- varied with temperature. In an integrated semi¬ 
conductor circuit for example, the temperature sensitive combination of 
Rg qpd R3 could be implemented by a single tapped resistive element. From 
this, it is evident that the cost of AC compensation in terms of additional 
components is rather nominal. It might be added that, for the several, 
hundred circuit designs computed during this project, 80$ to 90$ of them - 
comprising most of the well-designed cases - predicted the 7E and 7e 
temperature factors as essentially unity. An additional point of interest 
is that the functional nature of the temperature variation of R2 and R3 
is not extremely critical. Both linear and exponential temperature 
dependencies produced results similar to those shown for theimistors. 

Assuming adequate temperature compensation for a small-sigial ampli¬ 
fier as discussed above, additional criteria may be introduced in order 
to obtain the most desirable combination of performance characteristics 
for an integrated circuit. Specifically, two additional critical charac¬ 
teristics are DC power dissipation and AC power gain. Figure 5 shows 
the total circuit DC power dissipation at the upper temperature limit for 
the compensated circuits whose DC stabilities are listed in Table II. It 
is evident that depends on 'ioth DC stability and the total external 
emitter DC resistance, as previously reported.3AT Figure 6 shows the 
gain for the cases considered in Figure 5* Inspecting the two Figures, 
it is evident that minimum dissipation and maximum gain cannot be 
achieved with the same circuit design. A reasonable compromise may be 
found readily by maximising the quotient (jyJPv• Examining this quantity , 

p pT?: p/1 
OX X 

(15) 

where PQV and Pjj. are the AC output and input powers at 100°C, respectively, 
indicates that the gain-dissipation quotient equals the DC-to-AC efficiency- 

input power quotient. A finer oreakdown shows that maximising this 
quotient calls for a combination of large AC output capability and small AC 
input and total DC dissipation requirements in the circuit, ttiese 
attributes are admittedly desirable in an integrated ampli-ier. However, 
it is conceivable that the addition of a weighting 1 actor or an exponent 
to this simple expression (15) nay sometimes provide a more appropriate 

figure of merit.i Figure 7 shows G^/Px for the circuit designs of Figure 6. 
Note that the cross mark on curve 2 in Figures an^ T corresponds to 
the circuit whose performance is described by Figures 3 ^ above. 

CONCLUSIONS 

The analytical design of small-signal circuits exhibiting temperature 

compensated AC power gain, input impedance and output impedance is 



demonstrated in this report. R>r practical purposes, small (e.g., less 
than 104 changes In these quantities may be achieved over large operating 
tempe raturerange s (e.g., -30ïTîl00°C by utilizing the correct blend of 
degenerative AC feedback resistance (Re) and temperature sensitive input 
shunting resistance (Rg and R3). D* added circuit co^iexity reared 
for this compensation appears to be nominal. In achieving this degree 
compensation, the basic element undergoing compensation (the transistor) 
nayexhibit changes in all its small-signal parameters in excess of 100*. 
Tonally, the design theory is directly useful with minor ^ nota¬ 
tion for AC temperature compensation of additional small-signal oircni 
using any one of the six sets of fourpole network parameters to character¬ 

ize both the device and the circuit. 
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APPENDIX 

PART I 

Referring to Figure 1, the quantities 

Ri = RE + Re at T* 

and 7iRi = + 7eRe at ^ 

are useful in defining the circuit DC constants 

ai ~ C1 s 7iIE5:Icy“7cIi;jrICx 

a2 " 7CIa:'7vICy 

a3 = 723IB,‘7vV 

c2 = 7lIE2cIRy"723Iî!yIBj: 

= vBEx"7vVBEy 

^ = VC&c“7vVCBy 

d3 “ vCEx"7vVCEy 

where 

bl = vCExICy"7CVCEyICx 

b2 = vBE}cI5)r”723VBEyIBs: 

72 “ 73 = 723 • 

From the above constants the network parameters are given by 

V (01¾¾) - waiRi+d Rp= fclRl+bl)(alRl+dl) 
(a2^2-a3Ci)nr(a2b2-a3Di) 

R fCjRi+DiWaiRi+d!) Rp* (Wál)+à2 . 
-> -ag (0201^02 5 -aj 

The limiting values of R]_ for positive DC stabilisation network 

elements are 

R1= -b1/c1 Rr "b2/c2 

R]_= -d^ajL Rl= 

Rl= - a2b2-a3b1 . 

Tu^O and nGCGSsa2*^r 

R-j_ » Rg and 7lRl ^ 7eRe • 

8 



Die total circuit DC power dissipation at Tx is 

yv Vcc vVCC 

^23 R2+R3 

PAKT II 

Diis part of the appendix gives design equations for three widely 
used d.c. stabilization networks in which all elements may be tempera¬ 
ture sensitive. 

In essence, the d.c. design theory for the circuits shown on Fig.l(a) 
may be summarized as follows: l) Anticipate the lower and upper opera¬ 
ting temperatures, Ty and T* respectively of the circuit. 2) Select the 
transistor operating point at Ty (i.e., the values of and VC£jy) and 
T* (i.e., the values of 1(¾ and VcEx)- operating points selected 
should reflect a reasonable amount of drift over the anticipated tempera¬ 
ture range. 3) With the transistor at temperature Ty, measure Igy and 
y-pvy for the selected values of Igy and Vgity. Do likewise at T*. 
4j Write two sets of Kirchhoff equations for the circuit, one at Ty and 
one at T . Diis yields a set of four simultaneous equations (two for 
each temperature) containing the transistor currents and voltages, the 
stabilization network elements (Rq, R2, R3, Rg ^ VCC see ^2* l(a) )> 
qnH their temperature factors [7±>72^>7c 50 forth where, e.g.,7i = Rq 
^DTx/Rq@Tv). All temperature changes in the stabilization network 
elements are reflected in these equations via the 7 factors. 5) Since 
the transistor currents and voltages are known from 2) ana 3); the ? 
factors are assumed known (71 = 1,72 =73 =723 215 ^ a-c* require¬ 
ments, and 7c = 1.) the set of equations may"be solved in terms of any one 
of the five stabilization network elements. (The equations are solved in 
terms of Rq in this note. See Tables I and II A.) 6) Select a value 
for R1 and compute the remaining elements from the results of Rq 
as well as the operating points should be selected to provide the minimum 
circuit dc power dissipation consistent with ac performance requirements 
(see Reference 7 in tert). 

Part HI a 

Table I gives a rather lengthy eirpression for the exact value of 

h22- 

The exact expression may be simply reduced to a shorter exact form. 

H22 = -L. + h22 ( ^ 
^ (l+h22Re) & 

where A = hqq + (l-hq^)(l+h2l) Rg + as before. 
(l+h22Re) 

9 



PART III b 

A detailed analysis of the temperature behavior of Hjg and Rq for 
temperature insensitive designs is made in this portion of the appendix. 

An examination of h-parameters shows, typically 

723 = * 32 ¿L 
hoiv 93«2 

.420 

bg2y = 2.82 X 10*^ « *316 

h22x 8.95 X 10-5 
indicating that the temperature variations of h^ and Ï122 are of similar 

trend. 

Using Hnp = _L_ + h22 (R23 ^ ,-L^ 
Rc (1 + h22Re) ^ 

viere ¿ = hu * (1^) (1^) 

or within 1$ 

h22V 

A - hi T + hpi Rp + 

ühis A is temperature invariant when Rg and 7e are chosen in the 
manner outlined in preceding text . . ¿y = = K • 

Since h22y Rç^ * 1 and h22x Re < 1 

1 + hppy Rç ~ 1 + h22x^e^e ~ 

this approximation holds well within 1^ for practical designs .J 

Using these changes 

E22y = _i_ + hg^ (R2^ + Re) + 

Rc K 

= _L + h22x (723r23 ^e^e) + ^ 

rpRc k 

1 is the predominant term in H22> 

Rc 

R22v ( ^23 + Re ) 811 or^-er magnitude smaller, and li1 

K 
an order smaller still. 

10 



Ill 

Bie temperature variation of is therefore of little consequence, 
niaation of the above equations indicates that 793 tends to offset 
temperature trend of b22 and thereby acts as a temperature stahiliz- 
infl.uence upon 

If this is true, Hggy = when Jc^1- 

To check this, set Hpgy = EppY 

1_ + h22y + 1^) + AW + (723¾ + 7+ ^ 
Kc K 7cRc K 

solving for 7q 

1 Be 
K L 

h22y (¾ + ^e) " h22x (^23¾ + ^e^e) 

Using Rc = U3OO 

(R23 + Rg) = 20,000 -H. 

(¾¾ + V^e) = 85°0 ^ 

K = 28,200 A 

h22y = 2.82 r 10"5 V 

û22x = 8-95 ï 10'5 V 

= 1.4 z 10-2 
^ = 7.7 r 10“2 

7C = 1.04 ^ 1. 

Eiis tells us that ve can reasonably assume a temperature insensitive 

Rc and have K22 essentially temperature invariant. 

Since Rq = Krr + Hll _U- 
H22R, 

it is obvious that Rq is also temperature invariant since Rg, Hu, ^22> 

and 1 S are essen'tia^y constant with temperature. 

11 
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TABLE IA 

Constants frequently used 

Circuit 1 

»1 = * V ^Ey 

a2 = ^Cy 

&3 = ^23 •IBx - IBy 

t>i = Vf.ttT " rc vCEy ICx 

b2 = VBEx IBy ” ^23 V&Ey Ibx 

c! = ^ ^ ICy ' I£y lCx 

c2 = ^Ex IBy ” ^23 IEy IBx 

‘h = VBEx ‘ VBEy 

*2 ~ VCBx " ^vVCBy 

d3 = VCEx " ^V VC2y 

DC Constants 

the K design arei 

Circuit j 

a-j = Ißc - IEy 

^ = ^ IGy 

b1 = VCùc ^Cy " ,v,G2y ^Cx 

b2 = VBiàc ^ V0Ey Ibx 

b = i^2 VCBx Igy ->1 vCBy IEx 
3 73 

b4 = VCBx Igy - ^2 VCBy ^ 

D5 = -3^ VCBx :Ey " ;CBy IEx 

C1 lÎX ^ _/C XEy 

c2 = *1 :Ex IBy " *2 IEy IBx 

d1 = VBLx " 'BEy 

d2 = ^CBx ” 'CBy 

d3 = vCEx-yv VCEy 

d4 = VCBx " rv >rCBy 

e1 = VCBx V5Ey - VcBy VbEj 

P V V - _Ï_Ç w V 
®2 = CEx CBy -»3 ;cLy VCajc 

Circuit 3 

a1 = ^1 IEx “ ^ 

a1E =^1 ^ "^vB ^y 

^ = XCy 

a3 = ^2 ^x " JvB IBy 

b1 = vCEx ICy ” *C vCEy ICx 

b2 = veEx !By " *3 VBïÿ IBx 

C1 = XEx XCy ” XEy 

°2 = yi xEx IDy ” ^3 Isy lBy 

di = ’/¿Ex - ^VE vBEy 

d3 = VC2x " yv VCEy 

The corresponuence oetueen stabilization network elements anc 

(e.g. Ó 1 : ft, indicates Ty) iss 

te." : era ture factors 

yi ! ^ 

/23® «2 

r23! R3 

fc- ^ 

yV! vx 

^>*1 

r2: ^ 

y3s R3 

yC: RC 

^V: VCC 

R1 

yVB* VBíj 

y3t R3 

yC‘ ^ 

r ! V fr cc 

lU 
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FIG I 
Circuit Configuration for the Amplifier Stage 
(a) Lower Temperature Limit (b) Upper Tenqwrature Limit 
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Gx / db 
Px ' m w 

Fig. 7 

Figure of Merit vs the Range of 

for Several dc Stability Designs 

22 



23 

D
e
s
i
g
n
 
T
h
e
o
r
y
 
f
o
r
 
C
i
r
c
u
i
t
s
 



DISTRIBUTION 

COPIES 

Office of the Assistant Secretary of Defense 1 
(Research and Engineering) 
ATTN:, Technical Library 
Room 3EIO65, Pentagon 
Washington 25> D.C. 

Commanding General 3 
U. S. Army Electronics Command 
ATTN: AMSEL-AD 
ibrt Monmouth, Nev Jersey 

Chief of Research and Development 2 
Department of the Army 
Washington 25, D.C. 

Chief, United States Array Security Agency 1 
ATTII: ACofS, G^ (Technical Library) 
Arlington Hall Station 
Arlington 12, Virginia 

Commanding General 
U. S. Array Electronics Research & Development Activity 1 
Ami: Technical Library 
Port Huachuca, Arizona 

Commanding Officer 1 
U. S. Array Electronics Research & Development Activity 
Ami : SELW3-AJ 
White Sands, Hew Mexico 

Commanding Officer 1 
U. S. Army Electronics Research Unit 
P.0. &>:■: 205 
Mountain View, California 

Coramanding Officer 1 
U. S. Army Electronics Materiel Support Ag.ncy 
Ami: GEUiS-ADJ 
Port Monmouth, Hew Jersey 

Headquarters, United States Air Force 2 
Ami: AFC El 
Washington 25, D.C. 

1 



DISTRIBUTION (Cont) 

Rome Air Development Center 
ATTN: RAALD 
Griffiss Air Force Base, New York 

Ground Electronics Qi£ineering Installation Agency 
ATTN: ROZMEL 
GrifTlss Air Force Base, New York 

Aeronautical Systems Division 
ATJN: ASATRL 
Wright-Patterson Air Force Base, Ohio 

U. S. Air Force Security Service 
ATTN: ESD 
San Antonio, Texas 

Strategic Air Command 
ATE.’: DOCE 
Offutt Air Force Base 
Nebraska 

Air Proving Ground Center 
ATTN: PGAPI 
Eglin Air Force Base, Florida 

Air Force Cambridge Research Laboratories 
ATTN: CRXL-R 
Laurence G. Hanscom Field 
Bedford, Massachusetts 

Air Force Systems Command, U3AF 
ATTN : ATSC-STLO-NADC 
Johnsville, Pa. 

Chief of I.'aval Research 
ATTN: Code ^27 
Department of the Navy 
Washington 25, D.C. 

Bureau of Ships Technical Library 
ATTN: Code 312 
Main Navy Building, Room 1528 
Washington 25, D.C. 

Chief, Bureau of Ships 
ATTN: Code 4sli 
Department of the Navy 
Washington 25, D.C. 



DISTRIBUTION (Cont) 

Hq., Electronic Systems Division 

ATTN: E3RR L ES3D 
Laurence G. Hanscom Field 

Bedford, Massachusetts 

Chief, Bureau of Ships 

ATTN: Code 686b 

Department of the Navy 

Washington 25, D.C. 

Director 

U. S. Naval Research Laboratory 

ATTN: Code 202? 

Washington 25, D.C. 

Commanding Officer & Director 

U. S. Navy Electronics Laboratory 

ATTN: Library 

San Diego 52, California 

Commander 

U. S. Naval Ordnance .Laboratory 

White Oak 

Silver Spring 19, Maryland 

Director 
U.S. Arm:/ Engineer Research & Development laboratories 

ATTN: Technical Documents Center 

Fori Belvoir, Virginia 

Commanding Officer 

U. S. Amy Chemical Warfare Laboratories 

ATTN: Technical Library, Building 330 

Amy Chemical Center, Maryland 

Commander 

Armed Services Technical Information Agency 

ATTN: TIPCR 

Arlington Hall Station 

Arlington 12, Virginia 

« T-sr T J „ 4 „ — — r\-0-C J — -V. 
UoKTjIUUJí-i UJ.ai^On UaaJ.CCi. 

Ordnance Tank Automotive Command 

U. S. Amy Ordnance Arsenal 

Detroit, Center Line, Michigan 

COPIES 

2 

1 

1 

1 

1 

1 

10 

1 

3 



DISTRIBUTION (Cont) 

Connnandinc Officer 
Diamond Ordnance Fuie Laboratories 
ATTN: Librar}', Bld,-. 92, Room 211 
Washington 25, D.C. 

USAERADL Liaison Officer 
Naval Research Laboratory 
ATTN: Code 1071 
Washington 25, D.C. 

USAERADL Liaison Officer 
Massachusetts Institute of Technology 

Building 26, Room loi 
77 Massachusetts Avenue 
Cambridge 39, Massachusetts 

USAERADL Liaison Office 
Aeronautical Systems Division 

ATTN: ASDL-9 
Wricht-Patterson Air Force Base 

Ohio 

COPIES 
1 

1 

1 

1 

U. S. Amy Research Liaison Office 
Lincoln Laboratory 
p. 0. Bo:: 73 
Le:-:incton, Massachusetts 

USAERADL Liaison Officer 
Rome Air Development Center 

ATTN: RACL 
Griffiss Air Force Base 

New York 

Chief, West Coast Office 
U. S. Arm;.' Electronics Research & Development Laboratory 

75 South Grand Avenue, Buildiny 13 
Pasadena, California 

USAEMSA Liaison Engineer 
Si "nal Section, Eighth U. S. Amy 

A.P.O. 3OI 
San Francisco, California 

Chief Scientist, SELRA/SL-CS, Ho, USAERADL 

USAEPADA-White Sands Liaison Office, SELRA/dL-ILWjULAERADL 

Corjjs of Engineers Liaison Officer, SELRA/sL-LIIE, USAERADL 

Marine Corps Liaison Officer, SELKA/3L-LNR, USAERADL 

T_ 

1 

1 

b 



DISTRIBUTION (cont) 

COPIES 

U.S.Any Combat Developments Command Liaison Office,SELKA/SL- 3 
INF, USAERADL 

Commandinc Officer, U.S.Array Signal Research Activity, 1 
Evans Area 

Chief, Technical Information Division, Hq, USAERADL 6 

USAERADL Technical Docunents Center, Evans Aree 1 

Commanding’ General 2 

Army Materiel Command 
ATTN : RM) Directorate 

Washington 25, D. C. 

Director, Electronic Components Dept., USAERADL 1 

Director, Solid State & Frequency Control Div.,EC Dept 1 

Deputy Director, Solid State Sc Frequency Control Div., 1 
EC Dept 

Chief,Technical Staff,Solid State & Frequency Control Div 5 

Chief, Piezoelectric Crystal Sc Circuitry Br, Solid State Sc 5 
Frequency Control Div. 

Chief, Semiconductor Sc Microelectronics Br, Solid State & 25 

Frequency Control Div. 

Chief,Microvave S; Quantum Electronics 3r, Solid State & 5 
Frequency Control Div. 

File Unit Nr. 1, Rm 3C-l33,Hexagon 1 

Hq, Electronic Systems Division, ATTN: ESAT ^ 
L. G. Hanscom Field, Bedford, Massachusetts 

Air Force Systems Command Scientific/Technical Liaison 1 
Office, SELHA/SL-LNA USAERADL 

Hq, Research and Technology Division 1 
ATTN: RTH 
Boiling AF Dase 
Washington 25, D.C. 

Army, ft. Mttmtrtk, NJ-MON 47*1-42 



1_I_I 



UNCLASSIFIED 

UNCLASSIFIED 


