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SECTION I - ABSTRACT

" Delivery of the third group of "state-of-the-art" devices was made
during the period covered by this report. The accumulative total

}
of these shipments 1s 225 units.

The primary considerations of this report ere the design analysis
of the present DPT 685 devices, and an alternate design oriented
tovard alleviating power dissipation problems, as related to

second breakdown phenomena, and toward frequency ﬁerfomnce.

The balance of the report is concerned with the N type diffusion
improvement, the introduction of the 11/16 Coldweld Copper-Ceramic
Package, and the electrical performance of the existing DPT 685

supplemented by a series of curves.
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SECTION II - PURPOSE

The terms of the contract require the contractor to establish a limited
production fa.cility using prototype equipment capablé of producing parts
directed toward a rate of 200 transistors, that meet the applicable
specifications, per eight hour shift. During the contract period, ‘the
contractor shall deliver a total of 2,475 transistors, of whicﬁ 375

are to be engineering samples, 100 are to be pre-production samples,

and 2,000 are to be pilot production devices. The 2,000 transistors
produced during the pilot line run shall meet the applicable technical
specifications. The specifications include performance as an amplifier -
the transistor must be capable of 25 watts of power output at 100
megacycles with 10 db of power gain - and as an oscillator - the
transistor must deliver 25 watts at a frequency of 100 megacycles. In
addition, the package must be such that the transistor is electrically

isolated from the case,

The prototype equipment required for the establishment of the pilot
production run will be developed and supplied at the expense of the

contractor.

Upun completion of the pilot production run, a Step II Study will be
made to determine the requirements of a manufacturing facility capeble
of producing 50,000 units per month, meeting the applicable technical
specifications and based on one eight hour shift per day. The
necessary plans and schedules required to esﬁblioh the production
capability, based upon equipment capacity and pilot production yields,
shall be incorporated in the Step II Study.

-2-
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SECTION III - TECHNICAL DISCUSSION
Chapter 1

Introduction

The following two chapters in this section contain the essence of this
report. A thorough review of the processing changes, progress, and
problems encountered during the period of interest is made. The
Electrical Characterization carried out on the DPT 685 during the

period of interest is reviewed and two points made clear:

1. The device is cptimized, performance wise, about its bias

level (80 volts, 600 ma), and

2. The required power dissipation level exceeds the present day

second breakdown locus.

It is for the above reasons that the design work in Chapter 2, Parsagraph
2, was done. There it is shown that in order to reduce the thermal
resistance to an adequate level, it is necessary to increase by some 50%
the emitter stripe length, Using this as a starting point, the required
device design for the bias level (70 volts at a suggested 60 watts) is
derived. It is shown that the design is adequate insofar as frequency
performance is concerned. The problem involved is a high voltage (70

volts) and possible attendant thermal run-away problems:

1. The second breakdown problem is associated with the amount of

energy stored in, and dissipated by, a transistor. The higher
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the operating voltage level, the greater the problem with second

breakdown.

A change from 80 volts - the present level of bias - to 70 volts
is minor, but a possible change to 25 volts would involve a
substantial modification of the processing sequence. On the
other hand, studies of potential Military use show that the

25 volt capability is preferable due to the consequent freedom

from voltage converters in field equipment.

"



2.1

Chepter 2

Device and Process Engineering

Introduction

A comparison of two possible designs for the 75 Watt-PEM tran-
sistor has been made. Calculations show that the current

device, produced under Contract No. DA 36-039 SC-86733, is
marginal as designed. A series of devices which would perform

as desired are derived in Paragraph 1 . In particular, two
devices are explored. A transistor biased at 70 volts and 715 ma
is shown to be acceptable, but susceptible to second breakdown

failures. The other device is the current DPT 685 transistor.

Substantial progress has been made in diffusion. The principal
improvement for the quarter was the replacement of P'205 as a
source for n-type dopant, by POCl3 on all n-type diffusions.
A new collector-contact diffusion, also featuring POCl3, vas

designed and put into operation,

The package processing section reviews the program under progress
and gives drawings detailing the new 11/16 Coldweld Copper-Ceramic

Package,
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2.2

Device Design

Over a period of seven years, Pacific Semiconductors, Inc., has
evolved a relatively simple first order design theory which com-
bines the theoretical knowledge of the designer with a backlog of

empirical information which is also readily available within the

company .

In any design, one finds a set of often conflicting requirements
vhich serve to limit the degree of freedom available to the
designer., In particular, the requirements of high power and high
frequency are conflicting. High power historically demands a
large area to dissipate the resultant heat, while high frequency
demands a small area with its resultant low capacitance. The
designs to follow illustrate these problems and do so in what is
hoped is sufficient detail to enable the reader to determine for
himself the difficulties to be encountered in making any given

alteration in device parameter.

The results of the design work presented in this paragraph are
given in the following two tables. Table 2.2.1 shows thne physical
designs and provides evidence that the designs are adequate from a
frequency viewpoint. Table 2.2.2 shows some of the pertinent
electrical characteristics which a device would have under the

designs in Table 2.2.1. The two designs presented are:

1. The current design, optimized at a bias level of 600 mA and
80 volts, and vhich is known to be inadequate for reasons of

thermal dissipation.
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2. A design ortimized at 715 mA and 70 volts, which is called

out in SCS-129.

The reader 1s referenced to the bulk of this paragraph for a more
detailed insight into the design theory used and to Table 2.2.3

at the end of this paragraph for clarification of the symbols

used,




TABLE 2.2.1

Design Comparison

Current Design 70 Volt Design
of DPT 685 for Transistor

1. Silicon-metal-silicon.,

2. The ratio of the width of 1/2 of the difference between the widths of the
emitter-base and collector-base junctions to that of the emitter-base

Junction.

B
¥

&

Parameter Units nyt "vl"
l Base stripe/emitter stripe rat'.:Lo2 1 .6

k Bunitter stripe width, s p 90 90
1 Enttter geometry’ b 20u-S0u-20w  1Bu-ShuelBu.
Base geometry’ B 20.-501-20u 18,-18u-18u
l Stripe length, L cm 1.0 1.56
Bnitter are~, A, cany 90 140.4
1 l Collector area, A, cmy 270 309
1

i B. Vertical Dimensions

I Enitter depth, d " 1.8 1.8

; Base depth, 4 " 2.6 2.6
l Base width, W, " 0.8 0.8
! Collector width, W, H 22 19

i Dice width, Wy n 126 123
1

b C. Collector Region

i’ l Resistivity, Po ohm-cm 13 +2 11 +1
l n-concentration, K, /cmj 6 x 10** 7 X 10
B |

1

1
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TABLE 2.2.1 (Continued)

Design

Comparison

Current Design

T0 Volt Design

of DPT 685 for Transistor
Parameter Units A "Vl"
C. Collector Region (Continued)
Depletion width, wc(V)
at V = V (bias)? u 13.3 11.5
at V = V (breakdown)> 19.4 16.8
Capacitance per area, C c/.t\c
at V=V (bj.a.rs)2 pfd/cmy .08 .093
Capacitance, Cc
at V=V (bias)a pfd 21.6 28.7
Current density
3(=) ampsfen” 577 612
J max® amps/ en® 167 107
2
J (operating) amps /cm 67 50.9
D. Base Cutoff Frequencyh
Parasitic Resistance r{ ohms .026s/L .022 s/L
r.; ohms 2.34 1.27
Frequency £, cps 3.62 X 1.09 4,37 X 1.09
2. Refer to Table 2.2.2
3, Jmax = I maximm/Ae
4, Hereafter, s in u, L in cm




TABLE 2.2.1 (Continued)

Design Comparison

Current Design

70 Volt Design

of DPT 685 for Transistor
Parameter llnits "v" llvlll
E. BEmitter Cutoff Frequency
BEmitter Diffusion
Resistance Ty .051 .0k0
Capacitance per area CTe/A . prd/cmy 26.8 26.8
Capacitance per area C‘Lne pfd 2412 3762
fq cps 1.29 X 10° 1.06 X 10°
F. Collector Cutoff Frequency
Collector Parasitic
Resistance r! ohms 113/sL 82.5/sL
r; ohms 1.26 .586
Bnitter Parasitic
Resistance, ry ohms  1.42/sL 1.42/8L
ré ohms 00158 .0101
£ cps  5.56 X 107 8.7 X 10°
G. Alpha Cutoff Frequency 8
fa cps 6.13 X 10 6.51 X 108
6 6
H. fT cps 384 X 10 384 X 10
1. Figure of Merit GPfe cpla 3% X II.Oj56 42,2 X ].0]'6

v




TABLE 2.2.1 (Continued)

Design Comparison

Current Design 70 Volt Design
of DPT 685 for Transistor

mmter Uflits "V" nvlll

J. Power Gein G - 35 k2,2

(f = 100mc)
db 15.4 16.2

Iess 3 db for large
signal operation db 12.4 13.2

—— " % R Rt A RN Sl -
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TABIE 2.2.2

Prooable Electrical Characteristics

80 Volt-600ma 70 Volt-715ma

Design Design
Parameter Units A "Vl"
A. PBlas Level
Collector Current ma 600 715
Collector Voltage volts 80 T0
B. DC Conditions
BVon (Ic = 5ma) volts 170 150
: { BVopg ( I, = 5ma) volts 170 150
' va (IE = 5 ma) volts 5 5
Y 1 2
1 Maximum Pover Dissipation  watts 25 75
:
] - (Ic’ Vog 8% bias level)
| .- I, = 25°C
b oae Maximum Current smperes 1.5 1.5
[
} - C. Frequency Performance
‘ .’: Pover Gain db >10 >10
- I, Vg St blas
. £ = 100MC
aw o
1, Actual,

e 2. Specified by SC8-129.
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TABLE 2.2.2 (Continued)

Probable Electrical Characteristics

80 Volt-600ma 70 Volt-715ma

Design Design
Parameter Units "yt "Vl"
D. Other
Capacitance pfd <25 < 30
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Generalized Line Structure

In Figure 2.2.2 is shown the general plan and cross section view

of a generalized transistor.

The analysis of & transistor operating at high frequency indicates
that the performance is limited by the combination of various
resistance-capacitance time constants and the delsy time required
for carriers to move from emitter to collector. For a given
thickness, the carrier transit time is invarient with width and
length of the transistor. The width of the active region is
responsible for determining the resistance-capacitance product,
vhile it is independent of the thickness aad nearly so of the
length. In fact, it is so nearly independent of length that we
ignore this dependence in our first order theory. Therefore, to
& very close approximation the transistor can be specified, as to
frequency, by considering only the width and thickness of the

active region.

The power requirements of a transistor dictate the length re-
quired. For a given length, a given current can be made to pass
through the transistor and a given amount of power dissipated.

It is the power dissipation problem which is primarily responsible
for the redesign of the 25W-100MC transistor (DPT 685) to qualify
it for the rigorous power requirements of Contract NO. DA 36-03Y
8C-86733. Therefore, the required power rating specifies the

minimum length of the transistor.
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Thus, "width" and "thickness" are used to satisfy the frequency

requirement and "length" is used to meet power demands.

In Figure 2.2.1 we have an equivalent circuit for use with these
tra.nsistors.l Considering the transistor to operate as an
amplifier with a lossless feedback, 8K, to cancel the internal

feedback, one finds as below:

-—T—
=1 -1 -1 -1
b. ft = fa + fe + fc
Ce fb = 2xn Ty Cc
. £l aw 2nr ¢
* e e ‘Te
-1 - ' '
e. f, 2x C, (re +rl+ re)
. fy =123 (1412m x¥%)?
W, WZ v
B T
T.  The reader 1s referenced to the end of this parsgraph

for a definition of temms.

& oo aail
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Mroach

This theory will be used in the following sections to derive a
design for the 75 watt-PEM transistor. In point of fact, two

transistors will be designed:

1. The design of the current device (DPT 685) will be derived
in detail and it will be shown that this design is not

adequate to the task assigned it.

2. A seventy (70) volt operating-bias device will be designed
which performs with the desired power ocutput at the

desired frequency.

These two designs can be compared and contrasted with one-

another to further illuminate the problems encountered in such

a design.

Thermal Design

One of the basic problems inherent in the original design of the
DPT 685 was the thermal resistance problem. It is well to attack

this problem first.

The DPT 685 has, at present, a thermel resistance (measured at

four watts dissipation with a case temperature of 25°c) of:

O o
1. amc(es C) = 2.3 C/watt

From manufacturers d.atal the thermal resistance of beryllia oxide

1. National Beryllia Corporation, Haskell, New Jersey

-lo-
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at 200°C is one and one-half times that at 25°C. This means that:
(o} o
2. eRJC(aoo c) = 1.5 eRJC(25 C)
o
= 3,45 C/watt

Provided that we assume 6§ vs T curve for silicon similar to that

for beryllium oxide.
The required maximum power dissipation requirement for the tran-
sistor under SCS-129 of 12 February 1962 is:

3. P; = 75 vatts (with a case temperature of 25°¢)

Using equations Number 2 and 3 we obtain for the Jjunction temperature:

;= 25+ 75 (3.45) = 285°C

This value is too high for comfort. When one looks at curvesl of

o I A T AR 2 .3

ot Pt et ped ped Pl et i el i ] g i g M B M | o
F
"

resistivity versus temperatures, that point at which resistivity
drops radically appears to be in the neighborhood of 500°C depending
on the exact resistivity used. The lower this resistivity, the
higher the trigger temperature. The approach here will be to
restrict the temperature of the junction while using the minimum

value of resistivity. The 70 volt design best meets this requirement.

As an absolute minimum, the transistor must be capable of dissipating

50 watts, which can occur in the no-drive operating condition.

1. Pearson and Bardeen, "Physics Review", 75, p. 865 - 883, 1949

- 11 -
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By taking a maximum junction temperature of aoo°c and calculating

for amc:

= 200 -25
- 15

= 2.5°c/watt at 200°C

5 9R.)‘c

Therefore:

6. o

g = 1.67°C/watt at 25°C

Tor eqnservative design, and to assure a high yield process,

wve get 6 to be:

RJC

7. @ = 1.5%°c/watt at 25°C

RJC
It is possible to compute the approximate thermal resistance of

a transistor knowing the properties of the materials used in its
construction (silicon, beryllium oxide, molybdenum, etc.) and the
critical regions where heat is generated in the device (the base-
collector junction under the emitter). Possible, but not very
practical. The properties of the ten-to-fifteen interfaces in the
heat path between Junction and case are computationally uncertain
quantities and the variation from device to device is too great.
However, empirical expressions can be generated and, at FPSI, a
value for such an empirically derived junction-case thermal
resistance has been generated. This value has been checked on

both the 5W-TOMC (Contrect No. DA 36-039 SC-85960) and the 25W-100MC
(Contrect No. DA 36-039 SC-87342) transistors. These dsvices both
employ beryllium oxide isolating tabs and are similar in design

to the 75 watt trensistor. The relation is: |

.12 -




. gt Ll y T a0 ZRE B ts Cat i - N g P R A T T LT . S _ L ¥ _ I

8. 6, = 210 (siny, Lin am, 6, in °c/vatt)

sL R

R

Using equations Number 8 and 7, we arrive at:
9. sL = 140 cmp

The value of s is determined from the frequency design and this

leaves us with a minimum value for L, the equivalent stripe
length of:
10. L = }_1!9- cn

Collector Region Design

The collector region design is dictated by a number of factors.
It 1s usually easier to start the analysis with a look at the
base-collector breakdown and a determination of the minimum
resistivity needed to support this. This is to be followed

with an analysis of the current carrying capability of the
collector-base space charge capacitance. As stated before, we
shall design the transistor for two separate operating voltages,

simultaneously.

A. Collector-Base Breakdown

A.l The 25W-100MC transistor currently in production. (To
be designated hereafter as the "V".)
n. Vg (bias level) = 80 volts

Therefore:

12, BV = 170 volts

CBO

-13 -
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B.

and, from experience:

13. Pe = 13 + 2 ohm-cm

. N, = 6X 10 /en®

A.2 The 70 volt bias level transistor. (To be designated

hereafter as the Vl".)

15. VCE(bias level) = 70 volts
therefore:
16. BVCBO = 150 volts

and, from experience:

C

18. N,

7 x 10%%/en®

Collector~Base Space Charge Width

The collector-base junction is, to a good approximation, quite -
abrupt. As a result, the collector-base space charge region
extends mostly into the collector region. By taking an abrupt

Junction profile, and using Poisson's equation, we arrive at:

1/2
19. W, = (2¢ VCB/q Nc)

Where the terms are defined in the appendix, at the end of

this section:

B.1 The "V" version (80 volts bias level)

- 14 -



20. a. Vo (80) = 13.3

b. Vo (170) = 19,4k u

B.2 The "V," version (70 volts bias level)

b. w, (150) = 16.8 4

C. Using equations Number 24 through 26, we can determine the
minimum width for the high-resistivity portion of the
collector region based on supporting the required breakdown
voltage and on knowledge of processing tolerances available

to the designer.

C.. For the "V" version:
The process being used currently results in a

collector region width, wc, of:

C.2 For good design, we put for the "Vl" modification:

5. Wy = 19 +2.04

D. Space Charge Region Current Capacity

Following the work of Ryder, we can estimate the maximum amount

---—m———----

of current which can be put through the base-collector space
charge region without adve:sely affecting device performance.

The problem is as follows.

-15 -
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There 1is a certain basic amount of fixed charge in the bvase-

collector space charge region.

e Qeyyeq = QN Vo Ag

There is also a quantity of charge in transit across this
region by means of the drift mechanism.
J Vo A

Qobile = A

C

25.

If the mobile charge begins to approximate the fixed charge
in magnitude, several mechanisms begin to operate. 1In

general:

A. The space charge region attempts to change dimension to
continue supporting the voltage applied across it. The

result is a decrease in base-carrier transit time.

B. Electrons in the base region sec & negative charge in
the collector-base space charge region and so are

repelled, forcing a large surge of base current.

The results are:
a. A fall off in gain.
b. An increase in ré.
¢. A rush of current out the base lead, which is

frequency fatal to the device.

- 16 -



The designer can combat this by utilizing either of two
defenses, Ile can increate the overall active area and €o
decrease the current density, or he can lower the resistivity
and increase the fixed charge present. A useful figure of

merit in these cases is J equivalent J(=). This

paremeter is found by setting the mobile and fixed charges

equal and solving for J.

26, J(=) = qN_ V

The values of J, most casily determinable for any transistor,
are those of its operating current, J(op), and maximum current,
J(max). These quantities, together with J(=), are reproduced
below for the assumption of uniform flow across the emitter-

base junction:

D.1 For the "V" version:

27. a. J(=) = 577 amps/cm2
b. J(op) = 6000/sL amps (s in u, L in cm)
c. J(max) = 15000/sL smps (s in p, L in cm)

D.2 For the "Vl" version:

28. a. o(=) = 672 amps/cm?
b. J(op) = 7150/sL amps (s in u, L in cm)

c, J(max) = 15000/sL amps (s in u, L in cm)

-17 -



E. Collector-Base Capacitance

The next item of business is the collector-bease capabitance.
This calculation is not so straight forward as it might seem
at first glance. The desired signal does not see the collector
capacitance in its entirety. That portion of the collector-
base space charge region which does see the signal lies almost
directly beneath the emitter. The collector capacitance is
then made up of two components; one of which is in the signal
path and another which is parallel and thgyretically tunable.
However, it appears that good nractice dictates that we

consider the entire capacitance as the effective capacitor.

For an abrupt Junction, the capacitance per unit area is:

29. 1/2

Q
|

(a €N, /2V)

30. C

Full collector capacitance
1/2

A, (q e Nc/2 V)

T Py

i Pend o i bl Sy 0N N BN BN DD B B

The capacitance desired is that at the operating bias.

ey

 d

E.1 Capacity for "V" version:

e

31. C, = A, (.08 pfds/cm u)

E.

R I At
N

Capacity for "VI" version:

G O O N Pum uis)

32. Co = A, (.09 ptd/em u)

o

- 18 -
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Frequency Design

It is now possible to proceed with the design of the DPT 665 as a
high frequency transistor. We need one additional piece of infor-
mation before we can gain real insight into the problem, however.
Our knowledge about the physical device must include information
about the emitter and base regions to allow a complete calculation.
A single set of parameters for these regions will be used for the

versions of the DPT 685 under consideration:

55. Emitter depth, De 1.8 u % Assumed for good engineering

34, Base depth, D, 2.6 u practice.

leading to:

35. Base width, W B

A. Base Cutoff Frequency

This parameter results from the charging process of charging
the base-collector capacitor through the base parasitic

resistance, One can write for this parameter, after the

introduction:
36, £ % = 2nr C
R b

The value to use for CC is that value of collector capacitance
which is actually seen by the signal, which corresponds to
that under the base region. This quantity was derived in

equations 31 and 32 for the two versions under consideration.

-19 -



To derive the expression for basec parameter resistance,
\

reference 1s made to Figure 2.2.2. From\this it appears

\
that we can write for ré: |

| : (1)
3. 1y = 1/2(?1 Ryp + zﬁ R'SB)

From past experience, we have found that one can put for

XB'a.nd. )Lé:

‘ 38. X = s/3
AC-s
7 e

L] .
We have for RSB and RSB’

39. Rgy = 100 9/O0
Riy = 1260 /0

To compute Ac we must make some assumptions. Normally, the

base region on either side of the emitter is of the same width

B
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as the emitter. However, this need not be so. In fact, since
the emitter must carry the greatest current, it becomes useful
to have the emitter larger than either one of the two base

regions. We have chosen the following configurations for the

two versions under consideration:

a. For the "V" version:
BEnitter width 8
Base width s (on one side)

Collector width J3s

1. This expression is the pearallel sum of two resistances - each composed
of two resistors in series.

- 20 -




b. For the "Vl" version:
Emitter width s
Base width .6s (on one side)

Colleé¢tor width 2.2s
Therefore, we have for rﬁ:
For the "V" version:

bo. a. ry = .0226 s/L (s in p, L in cm)

For the "Vl" version:

b0, b. r' = .022 s/L (s in u, L in cm)

From equations Number 31, 32, 36 and 40 we can now compute

the base cutoff frequency:

-1 .
41, fb = 2 ry Cl

or, for the "V" version:

b2, e, £t = 3L X 10716742

i
I
|
|
|
|
|
| b of, = 2.95 X 109/6% cps
I
1
i
1
!
i

B e I

and, for the "Vl" version:

W35, & £.°1 = 2.85 X 10

-14, 2
b /e

b, £, = 3.55X 10]'3/82 cps
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Emitter Cutoff Frequercy

This parameter in the high frequency analysis comes to pass as
a result of the process involving the charging of the emitter-

base capacitor throﬁgh the emitter diffusion resistance.

The expression for this quantity is:

-1
by, fe = (2x re CTe)
The emitter resistance is determined from the well known

expression:

45, r, = KT/q I
The barrier capacitance of the base emitter junction is
difficult to compute. The emitter-base junction is biased

in the forward direction during operation. This results in

a very small effective voltage across the Jjunction. Since the
Junction is formed by the superposition of an n-type on a p-
type diffusion, and, as a result of the low bias level on the
Junction, the emitter barrier capacitance has the form of a
graded junction capacitance. Furthermore, one can pick for
the actual potential across the junction, v-vBE = 0.2 volts,
and be assured of the accuracy of solution since the variation
in barrier capacitance as *'VBE across the zero line is very
small., The emitter-base capacitance is therefore governed by

the expression:
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4. c = & [2 qd/3e (w-vBE)] /31,

where: W—VBE = 0,2 volts.
The slope d is the same for both designs since we have fixed
the base and emitter diffusions to be almost identical in

both versions.

47. 4 = 2.58 X 1o5l/m“

Therefore, bearing in mind that s and L are different for
each modification, the barrier-capacitance for both designs

is:

48, CTe/sL = 26.8 pfd/cm u

Using equation Number 45, we find for the emitter resistance:

For the 80 volt design:
49, a. T = 355K
50. a. r = .,051 ohms

e

For the 70 volt, "Vl", design:
b9. b. T = 335%

50. ©b. r, = .04O ohms
Putting equations Number 4ui, 48 and 50 together for the "V"

design:

51. a. re'l = 8.58 x 10"1° &L

b, f, = LI1TX 1011/5L cps

-23 -
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For the "Vl" design:

52. a. fe'l = 6.74% X 1022 sL

b £, = 1.48X10"/sL cps

Collector Cutoff Frequency -

The parameter arises as a result of charging the base-collector

capacitor by way of the emitter-collector-resistance. For this

item one can write:

-1
] ]

53. £, = 2« o (re +tr, + rc)

The collector-base capacitance is that seen by the radio fre-
quency signal and hence is the capacitance derived earlier as

equations Number 31 and 32,

The emitter diffusion resistance was derived in equation

Number 50.

The parasitic resistances ré and ré remain to be derived here,
The collector parasitic resistance arises mostly from the high
resistivity, non-depleted collector region. Almost no effect
is seen from a well designed collector contact. As a result,

one can put:

Sk. ré " P A

W - w_ (bias level)
[ o = Vo i eve ]

-2“-
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Using equation Number 54, and putting in values from equations

Number 13, 17, 20 and 21, one can find:
For the "V" design:
55. i = 113/sL (s in p, L in cm)

For the "V.," design:

1
56. r. = 82.5/sL. (s in u, L in cm)

vhere s and L vary for each design.

Considering the emitter parasitic resistance, one finds a
considerably more difficult problem. Tnere are essentially -

three factors which affect the emitter parasitic resistance:

1. The bulk resistance of the emitter silicon, which is

quite low.

2. The bulk resistance of the lead wires and stripes on the

silicon, which is low but appreciable.

3. The variable resistance resulting from the metallic

interface of the silicon and metallizing.

The last factor is usually small and of the order of the
metallizing resistance; or so large as to render the device
inoperable, An empirical expression has been derived at
PSI which adequately expresses the emitter parasitic

resistance for a well constructed transistor:

-25 -
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57. rl = 1.42/sL (s in u, L in cm)

Knowing the required parameter, we are now in a position to
calculate the collector cutoff frequency. Using equations

Number 53, 55, 56, 57, 50, 31 and 32:

For the "V" design:

12

58. a. £ ' = 1.510 X 10°*° sL (.051 + 113/sL + L.42/sL)

¢
'1 -12 llho""
b, £.7" = 1510 X107 ° sL ( =7 + .051)
c. fc°l = approximately 1.73 X 10710
59. £ = 5.78 X 10° cps

For the "Vl" (70 volt) design:

6o. a. "t = 1.285x 1072 51 (.040 + 82.5/sL + 1.42/sL)
b. fc'l = 1.285 x 10712 5L, (83.9/sL + .040)
c. fc'l = approximately 1.08 X 10710
61. £, = 9.25 X 10°

There remains the calculation of signal delay time, Historically,
this parameter limits the performance of a transistor more than
any other, It is a function of the time required for carriers

to drift and diffuse through the base and base-collector space-
charge regions. The equation assum?s that diffusion is the

only mechanism effective in passing through the base region and

that drift is the prime mechanism in the base-collector region.

- 26 -
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One may write for this quantity:

1.2 D 12D =nW

_ n n C -1
62. fa—;—w-z—-(l""ﬂwz v )
B B T

Considering the base region, we have for the necessary

quantities:

63. D, = 18 cm?/sec

WB = 8

Therefore, we have for both designs:

1.2 Dn ) 9
64, — 3 = 1.07 X 10” cps
 d WB

There are variations which appear in the collector region
due to the varying widths of the base-collector space

charge region. Using equations Number 20 through 23:

For the 80 volt design at 80 volts:

W (V)

Vr

65. = .696 X 1077

For the 70 volt design at 70 volts:
T W, (v)

Vr

66. = .602 X 1077

Combining equations Number 62, 64, 65 and 66 one obtains:

For the "V" design"

67. fa = 6.13 X 108 cps
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For the "Vl" design:

68. £, = 6.51 X lO8 cps

High Frequency Performance

The designer is now in a position to write an expression for

ft and for the power gein bandwidth GPfE:
-1 -1 -1 -1
69. ft = fa + fe + £
70. G f° = f£_£,/b
R 2 bt

Using equations Number 51, 52, 59, 60, 67 and 68 one obtains:

For the "V" design:

-1 12

1.63 X 107 + 8.58 X 107%sL + .175 X 1077

-3
[
.
H
L}

1.83 X 1077 + 8.58 X 1025

&)
1}

L

For the "Vl" design:

12

72, £. 7% = 1,54 x 2077 + 6,74 x 107 %sL + .108 x 1077

t

£, = L6bX 107 + 6.74 X 107 %L

The value for povwer gain-frequency can now be calculated from

equations Number U2 and 43, and 70 through 72:

For the "V" design:

7.3 X 10
7}0 a. G 2 =5 0
sz s® (1.8 X 10™7 + 8.58 X 10”

12

12sL)

- 28 -




x < . EN - " " AN T —l i TR AR APRSERrehg

TR AT P i o5 A N T SO A RPN

The

the

the "Vl" design:

8.8 X 10-°

$2 (L.64 X 1070 + 6.74 X 10

m——

2
a. GPf =

designer now takes the results of his thermal analysis,

device specifications, equations Number 73 a. or Tk &.,

and his knowledge of fabrication techniques, end choses values

for

s and L.

When these factors are all weighed one arrives at:

a.

For the 80 volt design, which is already in existence,

the following values were chosen:

| o
.
L]
]

90 u = base and emitter width

lom

n
-
"

This yields for figure of merit:

7. b, GPf2 = 35.0 x 10%°

or, at a frequency of £ = 100 X 106, one hundred megacycles.

35.0
15.4 ab

75' GP

M

less 3 db for large signal operation:

T6. Gp = 12,4 db

Since the present DPT 685 design is typically 10 db measured

in the package and 11.0 db in the uncapped condition, we have:



Ipss due to leads and header pins:

770 -Gl = lch db

loss due to cap:

780 -G2 = 1-0 db

b. For the 70 volt design, the designer arrives at:
l. s = 90 u = enmitter stripe width
2. .6s = base stripe width

3. L = 1.56 cm

The above combination leads to a thermal resistance of:

9. eRJC(25°c) = 1.5°C/vatt (see eauation Number 8)

This yields for figure of merit;

Th. b, GPf2 - L2.2 x 10%°

or, at a frequency of one hundred megacycles:

= 16,2 db

less 3 db for large signal operation:

81. Gp = 13.2 dd
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R

A -

R YT T S S

General Remarks

The two designs which have been derived herein are summarized in

Table 2.2.1 at the beginning of this Paragraph. The designs are

adequate for the power and frequency, provided improved packaging
cen be found. The areas in which problems exist are those of

thermal-resistance and second breakdown,

Insofar as thermal-resistance is concerned, the general increase
in device length should assure trouble-free operation for the 70
volt design. It appears that the 80 volt transistor design upon
which the thermal design equations are based is probably operating
nver perhaps only 75-90% of the emltter stripe., If this condition
is rectified by better lead placement, as in the 70 volt design,
then an improvement in thermal-resistance should insure more than

sufficient heat dissipation to assure no problems with the design.

The second breakdown problem appears to be the most formidable.
That this is a basic physical phenomenon, there can be no doubt.
That the problem is accentuated by use of imperfect techniques
and materials, there is also no doubt. This leads to an examin-
ation of the various approaches one can take to improve device

performance in this aspect:

A. Tre higher the bias voltage in a transistor, the less the total
power dissipation which that transistor can support. Thus, the
lover the operating level, the more ;bower can be pulsed through

the device.

-3l -
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c.

The lower the resistivity, the more uniform the silicon becomes,
Even though the destruction of a device is finally accomplished
through the negative temperature coefficient of silicon, a
defect must exist to raise the temperature 6f a local spot to
the required trigger temperature (250 - 350°C, depending on

resistivity).

An incrcase in the level of technology would go a long way in
the direction of improving tolerance to high power dissipations.
Indeed, it is in this direction that the designer must go if

significant improvements are to be made.

conclusions then are:
1. The 80 volt bias level design is not capable of meeting the

éequired performance level,

2. The 70 volt design involves improvements in technology
sufficient to raise the second breakdown locus beyond its

present level (see section on Electrical Testing).

3., A 25 volt design would involve a radical change in bias
level vhich would result in essentially a brand-new
transistor with challenging photoresist technology. The
choice between the two electives is not an easy one to
make, although the lower voltege is prefersble from an

end-use viewpoint, Not only is fhere & lowver voltage

- 32 -
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requirement for the equipment in the field making for
lighter weight equipment, but there is a substantial
reduction in vulnerability to second breakdown. Therefore,
a significant portion of the work for the next quarter

vill be the analysis of such a low vultage device.
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TABLE 2.2.3

Explanation of Symbols Used - In Alphabetical Order

Area of collector.

Area of emitter.

Collector capacitance at a voltage V.
Emitter barrier capacitance.

Slope of impurity atom concentration
at base-emitter Junction.

Base diffusion depth.
PBmitter diffusion depth.

Diffusion constant for electrons in
base region.

Permativity of silicon.
Frequency in cps.

Alpha cutoff frequency,
Collector cutoff frequency.
Emitter cutoff frequency.

(fa-l + fe°l + fc'l)'l

Pover gain at a frequency f.

Bnitter stripe length.

Impurity atom concentration on base
region.

Power dissipation,

Absolute value of charge on electron.
Base parasitic resistance.

Collector parasitic resistance.

Emitter resistance.




TABLE 2.2.3 (continued)

ré' Emitter parasitic resistance.
RSB Base sheet resistance.
R! Base sheet resistance under emitter.

SB

p Resistivity of collector.

s Bnitter stripe width (see Figure 2).
T Temperature in degrees Kelvin,.

Junction temperature.

Thermal resistance of a transistor,
Junction-to-case, at T degrees.

\'/ Scattering limited drift velocity.
W Base region thicxness.

W Collector thickness.

WC(V) Base-collector space-charge region
thickness.

not under emitter stripe.

i e Y e e Ly S i o e e Nk s g s 3 s v ol e

xé Base current path length under the
emitter stripe.

R

I xB Base current path length in base region
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2.3

Diffusion Processes

Diffusion operations are now in the final phase of the three phase
program outlined and described in the Third Quarterly Report. The
change of deﬁce design has not affected the wuty of results
obtained in phases I and II. The sequence of processing operations
remains unchanged and the technique improvements introduced during
Phase II have made a smooth transition into phase III on the new
design. The accumulated experience of the assigned personnel in
performing the stabilized tasks of phase II results in constant
processing techniques and the abllity to quickly .ind the causes
of problems and correct them., New furnaces will soon be operative,
vhich will increase the control over diffusions, the capacity of
the line, and the ease of processing. New photo resist aligmment
stations are being installed and improvements are being made on

them to obtain faster and more accurate alignmment of the patternms.

Phase I of the diffusion processes and supporting operations was a
theoretical and practical diffusion set-up. Phase II consisted of
technique improvement and controlled experimentation. Both of these
phases were completed on the "V" parameter, DPT 685 pattern. All

of the conclusions and processes developed during these two phases
have made a natural transition into phase III, which is the establish-
ment of a pilot line with well trained operators, the use of the best
techniques acquired from phases I and II, and continued process
improvement. The nev transistor patten}, based on the Vl design of

Paragraph 2.2, has not required any major changes in the process

-3"-




procedure., Photo resist advances, such as new ultraviolet light
exposure systems, new alignment stations and Milli.}.)or‘e'ﬁltering
for photo resist application, are now all a part of the pilot
line processes. Cleaning of wafers for diffusion is done in
cascade ultrasonic systems, capable of measuring water conductivity.
In addition to the P()CZI3 emitter diffusion, a POCJ.j collector
contact diffusion has also been developed and is now replacing
the 9205 dopant source. '

The personnel assigned to the project have rapidly gained
experience in performing their assigned tasks. These operators
and supervisory personnel have had extensive semiconductor
experience and consequently realize the importance, in phase III,
of strict adherence to the processes, consisting of the best
techniques developed in phasgs J ani1 II. As a result, process
variables because of untrained or unexperienced operators are
minimized. This is especially important in photo resist and
wafer cleaning prior to diffusion, where operator technique is
an important part of any process. In addition, problems are
recognized quickly, while they are still small, and the

operators themselves often suggest the best solutions. The
project is being further augmented in critical areas by

the assigmment of additional trained personnel and specialists.

Small furnaces, previously used on the pilot line, are being
replaced with new, larger, long heat gone furnaces. As &

R

result, there will be increased capacity through diffusions and

close control over diffusion parameters. Control of these




parameters is essential because experience with the small, short
heat zone furnaces shows that there ;;s too much variation between
diffusions and among the slices in ea\ich aiffusion to permit the
transistor being made with good yields. New wafer cleaning
facilities are also being constructed. Sinks and cleaning
stations are designed to avoid contamination from one wafer
cleaning process to another., The new photo resist alignment
stations are being equipped with stereo-metallurgical micro-

scopes in order to provide the magnification and field-of-view

necessary for accurate and rapid alignment of the patterns.

The Third Quarterly Report told of the reduction in contamination

faiind puuf pn DN DN BEE GBS OB @

during N+ diffusions achieved by using phosphorus oxychloride

';' rather than phosphorus pentoxide, and the development of a

, - phosphorus oxychloride emitter diffusion. During the last

i z quarter, a POC]., collector contact diffusion has been developed

i .- and is now replacing the old P205 procedures. The oxychloride

é . collector contact process is reliable, easily controlled, cleaner,
'f‘ and run times, gas flows, and other varisbles are not extremely
- critical. Diffusion depths and collector sheet resistances are
B consistent from run to run., The furnace capacity through the
. two POCl.j collector contact diffusions equals the capacity using
.- previous I"ao5 methods. In the oxychloride procedure, a five hour
. collector I diffusion is used for doping the slices. A large

nmuaber of slices from several collector I diffusions arc then
stacked tightly together in the furnace 'for & five day collector II

-36-




diffusion. The resulting N+ diffusion depth of ,004", and sheet
resistances of .10 ohms/square, are identical to results obtained
using P205. Plans for future processing call for exclusive use

of phosphorus oxychloride collector contact diffusion.

The program for the next quarter is for continued work on phase III;
vhich is the establishment of the pilot line using the best
techniques acquired from the first two phases. Emphasis will be

on making the pilot line operation a smooth, daily routine, capable
of producing the transistors required by contract. Additional
diffusion experiments are also planned. In particular, it is
desired to optimize the methods for oxidizing silicon so as to

grov oxides more consistent in thickness and color and, at the

same time, obtain the highest possible collector-base reverse

voltage breakdowns. This investigation will compliment, and

this objective is the smooth, orderly operation of a pilot line,

using the best techniques developed in phases I and II.

L SR
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|
l will not interfere with, the basic objective. As already stated,




2,4 Packaging Processing /

Few process changes were instituted during the period of this
report as most of the effort was directed toward adaptation of
existing processes for the use of the 11/16 Coldweld-Copper-
Ceramic Package, and for the evaluation of the package itself.
Search for the most versatile and yet production oriented

assembly equipment has culminated, during this quarter, in the

acquisition and check-out of most of the necessary equipment.

=
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This section follows a general outline which can be given as

follows:

Process Changes
Process Evaluations
11/16 Coldweld-Copper-Ceramic Package

Assembly Equipment

Process Changes
The use of the Copper-Ceramic Package has permitted improved

Y R 8

techniques in beryllia tab brazing operations. The stud pins
are supported by ceramic, thereby simplifying jigging and
alloving more accurate location of beryllia tabs. Crystal to
Pin lead lengths are thereby shortened, resulting in lower

input inductance.

Coldwelding techniques, initially developed on a previous con-
tract (U.S.A.F. AF33(600)-43029), soon vill enable & highly
reliable hermetic seal to be achieved on the Copper-Ceramic

Package.

L2



As had been mentioned in the last (Third) Quarterly Report, a
wore sensitive hermetic leak check was being evaluated. During
the period of this report, a Radiflov leak Test was implemented
to compliment the existing Glycerine Immersion Leak Test, which
is most sensitive to gross leaks. The Radiflow Leak Test
employs a radiocactive gas bomb which, with the aid of an Isotope

Rate Meter (Counter), can detect leaks as lov as lo'9cc/sec.

Plating of the copper-ceramic final assembly will be accomplished

with gold rather than nickel for increased frequency performance.

Process Evaluations

Higher temperature and more reliable contact metallizing methods
and materials have been under investigation and several merit

intensive evaluation.

Methods of mounting wafers for scribing-for-dicing, which will

eliminate the use of waxes, are still being developed.

In order to increase the reliability of the large area devices,
nev methods and materials used in dice mounting are being
evaluated.

Cleaning and surface preparation methods, applied to mounted
assemblies prior to capping, have been under intensive investiga-
tion; however, no superior method has thus far been discovered.
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11/16 Coldweld Copper-Ceramic Package  (Figure 2.4.1)

The general outline of this package is the same as the 11/16 nickel-
iron resistance welded package previously used. The primary advaen-
tages of the copper-ceramic package lies within its use of copper
for stud, stud pin, cap and cap tube material, and the use of
ceramics as an insulation media. The copper-ceramic seal does not
have the high frequency limitations experienced with a glass-nickel-
iron compression seal. Power losses experienced with the glass-
nickel-iron seals, as close as could be determined, were in the

5% to 15% range, while losses due to the copper-ceramic seals are

apparently something less then 1% to 2%.

While accurate design of package and coldwelding dies is necessary
to preclude base deformation in the coldweld operation, a highly
reliable weld can be achieved without danger of weld splatter,

vhich is an €Ver present control problem with resistance welding.

A modified version of this package will be employed in the assembly
of the redesigned device. Since the design of the new package is
90% complete, the details will be presented in the next Quarterly

Report.

Assenmb i t

Some of the more notable acquisitions were:

A. A KXulicke and Soffa "Auto Probe" has been purchased to be used
in conjunction with a Kulicke and Soffa Automatic Computer Type
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B.

c.

D.

Test Set, which will provide capabilities of measuring va,

BV and h_ at test limits greater than previously available.

EBO FE

Ay

The latest model thermocompression nailhead leadbonder heas
been purchased for this contract. Among its newest features
are provisions for stitch bonding. With its greater versa-
ti1lity and more rapid bonds, methods, rates and yields

heretofor difficult or impossible, can be achieved.

A large Dennison Press has been ordered for coldwelding

operations.

A mounting station, scribing machine and other various

asgsembly equipment has been procured.

Further purchases of assembly equipment will be made as the need

requires.







Chapter 3

Testing

3.1 Introduction

A review of the various electrical tests performed during the
processing sequence is made, and the information obtainable
therefrom is included in the following paragraph. More im-
portant is a set of curves, together with a verbal discussion
of each curve, describing in more detail the performance of
this transistor. Curves of hfe versus current, voltage and
frequency are given vhich show that the present device is
indeed optimized around 600 ma and 80 volts at a bias point.
Included also is another plot of the second breakdown locus.

The locus confirms our findings reported in the Third

Quarterly Report of this contract - DA 36-039 SC-86733 - as

to the inability of the current device to handle the required

The use of the new design outlined in Chapter 2, Paragraph 2.2,

is designed to eliminate this problem.

ok

[

' I power dissipation.



‘ 3.2 Electrical Testing

All units in process are either spot checked or 100 percent tested
for device performance while in wafer form, as dice, and as
transistor assemblies (leadbonded or capped units) in accordance

wvith the following test processing procedure:

A. Base Scope on Wafer

Tested after base diffusion and prior to emitter diffusion
to check the V-I characteristics of the collector-to-base

Junction.

B. Emitter Scope on Wafer

After emitter has been diffused, a great deal of useful
information, concerning control of all prior diffusion
processes, can be genereted by examinimg the DC pulsed
common emitter current gain (hFE) and V-I characteristics

of both collector-to-base and emitter-to-base Jjunctions.

C. Metallizing Scope
All wafers are spot checked, after metallizing, for the

same critical parameters as stated above in Step B to make
sure that contact metallizing has not degraded the basic

characteristics of the device,

D. Dice Scope
ALL good wafers from Step C will be diced and inspected

for visual rejects. Accepted dice are then screened for

-l3 -
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electrical characteristics by employing the computer-driven
sorting machine on basis of DC Beta and junction character-
istics,

E. Leadbond Scope
After the dice are mounted and leadbonded, it 1s possible
to test the device under conditions approximating the
desired operating levels. At this stage, the sub-standard
devices which fail to meet the following critical parameters

are rejected:

1. Breakdown characteristics

2. Leakage at specified voltage

3. Power gain at operating frequency
k. Contact resistance

5. DC Beta at specified bias level

6. Opens and shorts

F. Final Electrical Test

Final Electrical Test is performed after capping and environ-
mental sequence as per specifications as described in Appemndix
"B".

At the end of each stage of scope testing, the causes for rejects
are thoroughly investigated.




ft Beyond processing the above tests, some of the standard units
are subjected to an extensive series of tests to characterize
‘ this 25W-100MC transistor. Supplementing the technical
informetion included in the Third Quarterly Report, the
manufacturer has obtained additional data regarding its
electrical characteristics.

Listed belov is a set of typical characterization curves
Plotted from the average readings of a large group of units at
specified conditions:

OGN Oms el b Pl g jand D U MNP NN BN AER SV . e

A. Frequency Dependence of h, in db (VCE, Ic)

Figures 3.2.1, 3.2.2, and 3.2.3 display a set of typical
curves for h fe as & function of frequency at varying current
and voltage bias levels. All measurements are taken with a

Transfer Function Bridge built by General Radio Corporation.

The negative slope of h,, within the frequency band from L0
to 400 MC (on log scale) changes at the rate of 2 to 5

decibels per octave as the collector current is increased

from 50 to 300 MA at fixed voltage (5, 10 or 20V).

D T

With collector-to-emitter voltage biased at 5 or 10 volts,
hfebogi.nstofuuoff somevhers between 300 and 600 MA
collector current. This is vhy, at the same operating
frequency, hr.l.t Ic-GOOHAil lower than that at Ic-500
MA (see Figures 3.2.1 and 3.2.2). At a constant collector

-5 .
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current of 50 or 100 MA, the effect of frequency on change

of hfe is more pronounced at higher voltage biﬁs levels.
The approximate values for gain bandwidth product (£p), alpha
cutoff rrequency (fae) at the various voltage and current levels

can be estimated or computed from these curves.

Second Breakdown Locus

Figure 3.2.4 is a drawing of typical second breakdown locus
for the 75W-PEM device as currently designed and fabricated.
The Iocus do not exhibit the constant power dissipation at the
various bias levels, but display the typical shapes for this

type of fallure mechanism,

Pover Gain as a Function of Current and VOltggg

Pover gain was measured at the following current aad voltage
levels on 10 units at the same operating frequency of 100 MC
and the same power input of 2.5 watts, as used on standard

units (measured at I, = 600 MA, Vop = 8ov):

Vop I, Power Gain
W () dotts .
50 800 16 8
(control) 80 600 2L 10
100 400 16 8
- 4§ -
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This date reveals that the standard bias conditions for the
pover gain measurement is close to optimum at 50% collector

efficiency.

hfe (In Current Ratio) vs Frequency (On Log Scale) - (IC, VCE)

The change of h fe in current ratio due to frequency at the
various bias level is plotted on the expanded scale (Figures
3.2.5, 3.2.6 and 3.2.7) to bring out every detail of the
effect of operating frequency and bias level on small signal

common emitter transfer ratio.

hFE as & Function of VCE or IC

Variations of DC pulsed beta over a wide range of current at
collector-to-emitter voltage from 1 to 20V and 25 to 70V (as
plotted from average readings of two different groups of
units) are shown in Figures 3.2.8 and 3.2.9, respectively.

It appears that hFE' increases with collector current at a
slightly faster rate at highe> voltage. The lesser spread-out
of beta between Ic = 30 and 50 MA, as shown in Figure 3.2.9,
may not be of any significant value because the equipment

error for hF’E measurement may overshadow such a small deviation.

The falloff of beta at approximately 200 MA is only noticeable
vhen the voltage is biased at one volt (Figure 3.2.8). At all
other voltage bias levels (up to 70V), some of hgp values xeep

on increasing even after the current has reached 600 MA. If

- 47 -
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thlis device is checked at voltage in excess of 70V, it will .
be driven into the second breakdown region before the

current gain can be measured at some reasonably high currenv

level,

Figure 5.2.10 displays the typical curves for h__, as a function

FE
of collector-to-emitter voltage (VCE) over a current range of

10 tc 300 MA. The reader will note that, between 100 and 300

MA, the effect of current on the change of h__ is more pro-

FE
nounced at higher voltage.
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SECTION IV - GSUMMARY AND CONCLUSION

This report has two essential points to make:

1.

From the theoretical design, and from the review of electrical perfor-
mance in Paragraph 3.2, it can be seen that the device, as presently
constituted, cannot perform as required in the critical power

dissipation regimen.

looking at the Design Section, we find two possible alternate designs.
The 70 volt bias level design involves a minimum of process changes

and, because of its longer stripe length, provides better heat dissi-
pation, However, the laws of physics dictate that problems will be
encountered with the second breakdown failure mode. The use of this
design can be made practical, but a large amount of effort on second
breakdown prevention will be needed. The 80 volt design involves
considerable reprogramming of processes and processing sequence. The
net result of the high tias voltage design would increase susceptibility
to the second breakdown failure mode. It is recommended that an

additional look at a 25 volt - 2 ampere bias level design be undertaken.
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SECTION V - PROGRAM FOR THE NEXT INTERVAL
The pilét line will be set up in its assigned location, new equipment;
i.e., furnsces, lead bonders and hydraulic press installed and required
operations begun to fde-bug' the line.
The 70 volt devices will be fabricated and subjected to thorough tests.
The 25 volt design will be converted into physical form, i.e., engineering
drawings and photo resist artwork, photo resist masks prepared and
device construction commenced.

The modification of the copper-~ceramic package will be completed.

Diffusion research will be continued, particularly in the fleld of

oxidations.

- 50 «
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SECTION VI - PUBLICATIONS, REPORTS AND CONFERENCES

There were no publications or conferences applicable to the contract

during this quarter.

The Monthly Reports were:
The tenth Monthly Letter Report - submitted 9 May 1963
The eleventh Monthly Letter Report - submitted 14 June 1963

The twelfth Monthly Letter Report - submitted 12 July 1963
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SECTION VII - IDENTIFICATION OF PERSONNEL AND EXPENDITURES

The foliowing professionals have expended effort on the contract during
the periods of interest; however, their biographies have not appeared

heretofore.

Joan M. Crishal

Miss Crishal attended the University of Michigan where she received the
B.S. degree in Chemical Engineering in 1948 and the M.S. degree in
Chemistry in 1950.

From 1950-52 she was employed by the Public Health Service as a spectro-
grapher. For the next two years she was in the U.S. Navy as a Lieutenant
Junior Grade in comu.nica.tiions. Miss Crishal joined PSI in September 195k,
Her initial assignments were in the areas of semiconductor crystal growth,
etching, evaporating, plating, and lifetime measurement. She also engaéed
in studies of surface treatments for control of device characteristics.
This work led to her development of new diffusion processes for the planar
structure. Miss Crishal is now actively at work on diffusion process

control and leakage problems of large area transistors.

William C. Newell

Mr. Newell received a B.S. degree in Engineering Physics from the

University of Washington, a M.S. in Physics from U.C.L.A.

He has had two years experience in the semiconductor field prior to joining

Pacific Semiconductors, Inc.

-52 -
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While at Solid State Radiations, his primary effort was in the evaluation
of developmental detector devices. His later efforts were directed toward
a resea.i-ch program conducted for the purpose of determining neutron and
gamna radiation d.amﬁge effects on silicon detectors.

Mr. Newell Joined Pacific Semiconductors in June 1962 and has since been
wvorking on the development of production processes for the manufacture

of high power transistors.

Kenneth O. Tillung

Mr. Tillung received the B.S. degree in Aeronautical Engineering from

the University of Chicago in 1952.

He served in the U.S. Navy for two years as a Communications and Elect-
ronics Officer aboard a destroyer. From late 1954 to mid 1956 Mr. Tillung
vas employed by Gardner Machine Company as & Design Engineer specializing
on heavy grinding equipment. From August of 1956 to November of 1958 he

was a project engineer at the Warner Electric Brake and Clutch Company.

Mr. Tillung joined Pacific Semiconductors, Inc., in November of 1958 and
wvas originally concerned with the design and development of automatic
multi-stage equipment for semiconductor device manufacturing. He pro-
gressed to projects involving process and packaging development and has
specialized in high-power and high-frequency transistor development for
the last two years.

Mr. Tillung is a member of the American Society of Mechanical Engineers.
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Man Hour labor Expenditures

Effort expended by nrofessional employees:

Name

Chao, P. Y.
Crishal, J. M.
Iamoureux, R. T.
Neville, R. C.
Newell, W. C.
Podell, J. F.
Preletz, M. O.
Tillung, K. O.

Trel>»aven, D. H.

Technical:

TOTAL:

- 54 -
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344
130
72

1,332

2:259
4,571
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SIGNAL CORPS TECHNICAL

8C8-129

 KIQUINDNTS 12 Fedruary 1962
TRANBISTOR, SILICON, VHF, POMER (75 VATT)
_ TYPE 8igC-2N(X-6)
1. BCOPFE
1.1 . = This document covers the detail requirements for silicom,

VHF, Power istors capable of dslivering 25 watts of output power with

10 4b of power gain at 100 me.

1.2 Maximm retings st 25°C. (See 3.2 herein):

va va va Ic Pc '.l‘J Tﬁl
Yae vae vae | Me| W 2 i
180 180 5 1.5 75 200 -£5
(at: to
Toe 25°¢c) + 200

2. APPLICABLE DOCUMENTS

2.1 The following documents, of the issue in effect on date of
invitation for bias, form s part of this specificstion to the extent

specified herein:

SPECIFICATIONS

MILITARY |
MIL-F-14072
MIL-8-19500

STANDARDS
MILITARY

MIL-8TD-200

Finishes For Ground Signal Equipment

Semiconductor Devices, Gensrel Specification
or

Test Methods For Electromnic and
Eeetrieal Conponsnt Parte
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8C8-129 ‘ 12 February 1962
: gheet No. 2

DRAWINGS
SIGNAL CORPS

SC-A-46600 Preproduction Sample Approval in
Lieu of Requirements in Specifications.

(Copies of specifications, standards, drawings, and publications re-
qQuired by contractors in connection with specific procurement functions
should be obtained from the procuring agency or as directed by the con-
tracting officer. Both the title and number or symbol should be stipu-
lated vhen requesting copies.)

3.  REQUIREMENTS

3.1 uirements. - Requirements for the transistors shall be in
accordance aﬁﬁ Specification MIL-8-19500 and as specified herein,

3.2 Abbreviations and s 1s.~ The abbreviations and symbols used
herein are defIned in Specification MIL-S-19500 and as follows:

Pi' ......... . power input
Po...........poveroutput

v e + o ¢ « « + « . sustaining voltage (collector-to-emitter)
base short-ffcuited

3.3 Des and construction.- The design and construction of the
transistors s 'be in accordance with applicable requirements of Specifi-

cation MIL-S-19500.

3.3.1 Transistor case.- The transistor case shall incorporate a stud
wvith a mountIng nut and lock washer, physically located at the end of the
case opposite the leads, to enable ready mounting of the transistor and
dissipating the required power. The transistor case shall be electrically
insulated from the collector, emitter, and base.

3.3.2 ({)Eﬂt:_._ng positiocn. - The transistors shall be capable of
proper opere any posivion.

3.3.3 mg.% of external metallic surfaces.- The finishing of
external e aces &ceo:; e with requirements in
Specification MIL-F-1kOT2 for surface classificatiom Type II, except that
the requirements ia Spesification MIL-P-14072, Section 3, Requirements,
oovering moisture resistance and finish resistance, and Section U,

Quality Assurance Provisions therein, shall not be applicable. If, due to
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special conditions of service or design, a contractor desires to use
finishes, materials, or processes other than those specified, such pro-
posal including the reasons therefore shall be submitted to the Comtracting
Officer for approval. At the discretion of the Contracting Officer,
samples and test data may be required to substantiate the suitability of
the proposed substitute(s).

3.4 Performance characteristics.- The transistor performance
characteristics shall be as specified in Tables I and 1l herein. (See
6.3 herein.)

3.5 lhl_r_k.ﬁ;- The transistors shall be marked in accordance with
Specification S=19500 and as follows. In instances vhere the dimin-
utive size or lack of suitable surface area on the device would prevent

s marking accomplishment readable by the unaided eye, 20/20 vision, at
eight inches distance from the device, such marking may be omitted direct-
1y on the device. All required marking shall be placed on the unit

|

1l -3es tion mar .= The transistors shall be marked
with the letters e designation of the device. The "2N"
des on of the device shall be "(X=-6)" until an identification mum-
ber conforming to the type designation requir ements of Specification
MI1~8-19500 has been established.

4. QUALITY ASSURANCE PROVISIONS

4.1 Genersl. - Except as otherwise specified herein, the responsi-
bility for Imspection, general procedures for acceptance, classification
of inspection, and inspection conditions and methods of test shall de in
accordance vith Specification MIL-8-19500, Quality Assurance Provisions.

4.2 Preproduction le val. - The Preproduction Sample approval

requirements S rps Dra -A-46600 hereby replace any Quali-
fication requirements referable to the product covered herein.

e criteria for Acec
e tests, samp ac ce
cordance with 4.3.1 and 4.3.2, respectively, herein
for Life tests, sampling and acceptance criteria shall be in accordance
with requirements for Method B in Specification MIL-8-19500, Appendix C.
The respective LIFD (Lot Tolerance Percent Defective) and Max. Acc. No.
(Maximm Acoeptance Mumber) requirements in Tables I and 11 herein shall
govera relative to the details in 4.3.1 and 4.3.2 herein.

b.3.1 Sise. - The sample size shall be selected by the manu-

facturer us I herein. The sample sise s0 chosen shall de with-

Max. Acec. No. limit associated with the LIPD specified in Tadles I
berein.

B
o
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4.3.2 le acce ce criteria.- For the sample size tested, the
Acceptance %r "lc,u ‘I% Table 111 shall not be exceeded. (Rejection
number "r" = "(a)" + 1.)

4.4.4 Tightened inspection.- Tightened inspection on resutmitted
lots 1s obta Y es’E% To an LTPD equal to or less than one-half of
the specified initisl LTFD.

b b Speoified LIPD wnd Nax. Aco: No.. The LIPD and Max. Acc. Y.
specified Tor a subgroup e herein shall apply for all
of the tests, combined, in the subgroup.

4.5 Destructive tests.- The Group B, Subgroups 2, 3, 4, 5, 6, and
7 tests are considered destructive. However, the tests of Subgroups 2,
3, 4, 5, 6, md 7 can be considered non-destructive if sufficéént evi-
dence ‘s pressnted to the Government inspection authority to that effect.
Acce) .adble evidence, for example, would be repeating of all Subgroups 2,
3, 4, 5, 6, and 7 tests, ten times, without significant device degreda-
tion. This test repétition procedure need be done only once at incep-
tion of Acceptance Inspection, provided that no change in design, or of
production technigues, has been effecte..

b.6 sition of le units.- Sample units that have been sudb-
Jected to ve Dass , Subgroups 2, 3, 4, 5, 6 and 7 tests
not determined to be destructive tests may be delivered on the contract
saaple units are subjected to and pess Group A inspection. Defective
units from any samplsa group that may have passed group inspection shall
not be dslivered on the contract or order until the defect(s) has been
remedied to the satisfaction of the Govermment.

4,7 Particular exsmination and test procedures.-

4.7.1 Vol Test. - The sustaining voltage of the
ocollector re ter shall be measured under the con-
ditions specified, with the base short-circuited to the emitter.

4.7.2 Oscillator Power Output Test.- The specified voltage and
current shalT Bo sgpIicT To The respective terminals under the condi-
tions specified and the power .autput of the oscillator shall be measured
at the frequency specified.

4.7.3 Base m!ﬁl_i‘ﬁg Resistance test.- The specified voltage and
cweent app respective terminals, with the trensis-
tor in the common-emitter configuration. An a-c small signal of the

high frequency specified ghall be applied to the input terminals, and
the output terminals shall be short-circuited. The real part of the
short-circuit input impedance shall be measured and assumed equal to
the base spreading resistance.

4.7.4 Tension test.- The specified force shall be applied to each
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lead in the direction of the axis of the lead. The force shall not be
applied to more than one lead at a time, and all leads shall bé¢ tested.

4,7.5 Torque Test.- The specified torque shall he applied to the
stud and aboui {ts axis. The stud shall not have become loosened nor
the threads damaged, as a result of this test. \

4.7.6 Moment test - The transistor shall be mounted by
the normal neans, e specified force shall be applied, without
shock, at right angles to the lead and near the end of the lead.
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5. PREPARATION FOR DELIVERY

5.1 Preparation for delivery. - Preparation for delivery shall be in
accordance with Specification MIL-5-19500.

6. NOTES

6.1 Notes. - The notes included in Specification MIL-8-19500, except for
those covering qualification (see 4.2 herein) and the following, are
applicable to this document.

6.2 Orde data. - If this document 1s used with the "C" or later
issue of %c!ﬂcction MIL-8-=19500 containing LTPD-method Acceptance
Inspection requirements, the solicitation should indicate that the Accep-
tance Inspection LTFD-methods requirements in paragraphs 4.3 through
4.3.3 herein shall be cons#idered superseded by the pertinent requirements
in the "C" or later issue of Specification MIL-S-19500.

6.3 Establishment of Additional Tests and Paramsbers.- The resolution
of any additional Tests and paremeters that vill serve for optimm per-
formance evaluation of the device relative to the application need is
encoureged. It is expected that such determination(s) will be by
mitual agreement between the contractor and the responsible Govermment
agency, and will be included in the final acceptance criteria, for the
device. Pertinent electrical, physical, mechanical, and envirommental
test coverage in Specification MIL-S-19500 should be considered as a

primary guide in this regard.

NOTICE: Wwhen Govermment drawings, specifications or other data are
used for any purpose other than in comnection with a definitely related
Covermment procurement operation, the United States Govermment thereby
incurs no responsibliity nor any obligation whatsoever; and the fact
that the Governmment may have formulated, furnished, or in any wey supplied
the said drevings, specifications, or other data isnnot to be regarded
by implication or othervise as in any manner licensing the holder or any
other person or corporation, or conveying any right or permission to
manufacture, use, or sell any patented invention that may in any way bde
related thereto.
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APPENDIX B

This a_'épend:lx presents the test date collected by Pacific Semiconductors,
Inc., from the 75 devices that comprised the third "state-of-the-art"

samples shipment made under Production Engineering Contract No. DA 36-039
SC'%?}}.
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