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I. PURPCSE

The purpose of this contract is to design and develop & 5 watt, 500

megacycle silicon transistor having minimums of 50% efficiency and 10 db

Technical Requirements NO. SCLa?OOE/ll dated 23 August 1961.

ments are summarized below.

BVemo

BVERo

Examination or
Test

Collector Cutoff
Current

Collector Cutoff
Current

Collector Cutoff
Current

Emitter Cutoff

Current

MAXIMUM RATING AT 25°C

GROUP A INSPECTION

Conditions
JCE = 75 Vdce
IB =0
VCE = 28 Vde
Vgg = ©
VCE = 75 Vdc
Vgp = ©
VEB = 5 Vdc
IC = 0

1

75 Vdc

5 Vdec

12 watts at 25°C case temp.

1.0 Ade
200°C

-65°C to + 200°C

" power gain. The device will be constructed in accordance with Signal Corps

These require-

Units

Symbol Min. Max.

I CEO - 100 ua
Ters -4 he
ICES - 100 pe
IEBO - 100 ua

Slei il L

e R k. Lk

o A-zl‘s._a;,,'m; R o
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Examination or
Test

Static Forward
Current

Transfer Ratio

Base Spreading

Resistance

Output Capacitance

Small Signal Short
Circuit

Forwaré Current

Transfer Ratio

Power Gain

Oscillator Output

Conditions
Vop = 28 Vdc
IC = 357 pAdc
Vop = 28 Vde
I, = 357 mhAde
Vop = 28 Vde
IE = 0

Vop = 28 Vdc

I,= 357 mAde

£f = 500 mec
VCE = 28 Vdc

Ic = 357 mAdc
f = 5dOﬁmc

Pi = 0.5 watts
T, < 55°C
VCE‘= 28 Vde

IC = 357 mAde |
F = 500 mc

Symbol

hEE

ro!

Cob

P.G.

P.O.

Min Max - Units
20 60 -

- 10 ohm

- 5 p,p,f
12
10 - db

5 - watt

In addition to the above, a Group B inspection which includes temperature

cycling, moisture resistance, shock, vibration, and acceleration tests will be

performed, A thermal resistance (6 J-C) requirement of 1L.6°C/watt will be met

snd storage life tests for 1000 hours at 200°C with specified end points will

" be performed.
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II. ABSTRACT

The majority of effort, during this quarter, has been concentrated on
experimental studies of the proposed techniques which will be requiréd to
produce this device.

The resistivities and diffusion parameters of this device have been
determined and have been successfully employed in the diffusion cycleg.

Photoresist techniques have been developed which allow excellent
definition and registration of the required photoresist patterns in the
silicon dioxide, however, improvement is still required in the defining and
etching of the aluminum.

In the fabrication of the insulating layer, the main difficulty is one
of opening the emitter oxide area after anodizing or silicon monoxide
evaporation. The difficulty is inadequate adherence of the defined photoresist
to the substrate resulting in lifting during immersion of the wafer in oxide
etch., Devices with only a few pefdent of the emitter areas opened have been
fabricated and display excellent diode characteristics. These results indicate
the feasibility of the anodized aluminum gpproazh to the fabrication of an
overlay structure.

Alternate approaches for producing the iasulating layer are being considered.
These include metal mask evaporation of a dielectric material only over the
base metalling and the use of a second thin metal film over the anodized film,

which can be defined and will act as & mask for defining the silicon dioxide.
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ITI. PUBLICATIONS, REPORTS AND CONFERENCES

On 28 November 1962 a conference was held a* Radio Corporation of-
America, Semiconductor and Materials Division, Somer:'lle, New Jersey between
representatives of the United States Sigaal Supply fLgency aad Radio Corporation
of America. The conference discussion included the overlay structure, high

frequency measurements on units, and case type required for this unit.
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FACTUAL DATA
A, Introduction

Previouslj, major effort was expended on the»developmehtuqf high
po@er, high frequency devices employing the interdigitated or comb fypé
structure. This structure 1s composed of a series of emitter stripes
~connectéd to a common terminal separated by base stripes attached Fo a
second terminal as shown in Figure (1).

Thé interdigitated structure is hindered by fabrication technique limit-
ations that make its application marginal at the power‘outpuf and frequencies
required by this contract. Included in these limitations are the attainable
ratio of metal thickness to finger width, the ratio of emittér periphery to
emitter area, and the inductance associated with the bonding wires and. narrow

metallized fingers.

B. Overlay Structure

All thiree of the previously mentioned limitations on the_coﬁb.type
geometry”cén be overcome by tﬁe use of an overlay structure. The outstandiag
feature of this structure is the conéept of complete emitter metallizing
over both the base metallizing and the emitter contact areas. See Figure (2)
for an example of the overlay structure. .

In this structure, the base metallizing grid is defined using phbtoresiét
techniques. This is followed by the deposition or formation of an insulating
film‘over’the metéliized base metal grid. The emitter contact area caﬁ theﬁ
be made as narrow as photoresist and etéhing techniques permit (0.2 to 0.3 mil).
A second metal film is then deposited over the entire wafer and dgfined
over the area containing the emitter and base,

It‘cén be seen that this structure will result in a slight increase in-

emitter-base cepacitance due to the capacitor like construction. However,

5
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FIGURE 2 EXAMPLE OF OVERLAY APPROACH
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since the input resistance to the device is extremely low, the additional

input capacitance will not be a problem.

C. Frequency Considerations 7

In order to cbtain the required powsr 1wl of 10 db at 500 megacycles,
8 gain-band Figuo: or merit (K) of approximave.y ».& ko0 's necessary. This
gain-band figure of merit indicates a maximum vosat Transzit time of 2.5 x 10-;0
seconds in the device,

To achieve the specified current gain of 12 db, a total transit time of
8 x lO_ll seconds is required which is shorter than the value calculated from
the power gain. Hence, the required current gain will be more difficult to
attain than the power gein.

Calculations performed using both 20 ohm—centimetef and 6 ohm-centimeter
material show the advantage of using the lower resistivity material. Aé
indicated in Table I although the 6 ohm-centimecer material has a higher
capacitance, the total transit time is consideraoly .= <r than that

abttainable with 20 ohm-centimeter material.

]

o —

[P

[N

=

Time (’Yac)‘

DEVICE PARAMETER , RESISTIVITY OF STARTING MATERIAL
Six Ohm-Centimeter, ' Twenty Ohm—Centimeter

Collector Depletion Region 43 x 10712 seec, 81 x 10712 sec.
Transit Time ( '7“m) ‘ '

. . -12 -12
Base Transit Time (¥ ) 13.9 x 10 sec, 7.3 x 10 Sece
Sum of ¥ plus 56,9 x 10712 sec. 88.3 x 10712 sec.
Output Capacitance, Common 3.4 picofarads 2.3 picofarads
Base Configuration
Emitter Transit Time (7’8) b x 10712 sec. b x 10012 sec.
Emitter to Collector Transit | 6.0 x 107°% ' 9.2 x 107 sec.

Poc——
D

TABLE I

COMPARISON OF SIX OHM-CENTIMETER AND TWENTY OHM-CENTIMETER MATERIAL FOR THE

MORE IMPORTANT PROPOSED DEVICE PARAMETERS AT 30 VOLTS

3
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Progress Development

(1) General : : - -

The 5 watt, 500 megacycle device will be a trivle diffused,'NPN,
Pplanar transistor. The emitter will be in the form of very small
squares or cireles srranged in & reguler ayray. The base metellizing
will be a ﬁatrix of conductors crossing at right angles entirely
surrounding the emitter areas, The insulating material used to cover
thé base metallizing will be either an evaporated silicon monoxide
£ilm, an anodically formed Al O, film or a combination of the two.

23

The dimensions of the device geometry and a comparison of these dim-

ensions to a 3 watt, 200 mc comb type device is shown below.

Total Base Area (BA)
Emitter Area (EA)
Emitter Periphery (EP)
Pellet Size

EP/EA

EP/BA

The ratios EP/EA and EP/BA indicate the relative emitter periphery

attainable in a given area. It 1s apparant that a significant improvement is

Overlay Structure
S5w, 500me .

Comb Structure
3w, 200 me

380 square mils
68 square mils

412 mils

T0 x 70 mils

6.05

1,08

obtained using the overlay geometry.

(2) Diffusion

1726 square mils

657 square mils
438 mils

55 % 58 mils
0.668

0.255

The resistivities énd diffusion parameters of the device, based,on

the required transit times and breakdown voltages are sfated below:

X =2x 10‘11‘L
e

em (0.078 mils)

C, (emitter = 3 x lozl'atoms/cm3

e —

R i

ey




X, = 2.8 x lO-l‘t cm (O 11 mils)
C, (Base)= 5 x 10%2 atoms/cm5

W= 8.38 z 1072 cm (0.033% mils)

: L - . - b 3
Starting material 6 chm-cm (7.2 x 10 atoms/cmj)

Width of starting material in sollenmtor body = .15 X 107~ om

(C.45 mils)

e N S 3
C_ (c¢coilector contact) = % x 10 atoms/cm
v
j -2 \
X o= 1.1 x 1077 em (Be5 mils)

ce

Diffusion runs having the required surface concentration and
diffusion depths have been fabricated.

Experiments on the nse of a high doped P layer in the c¢wo > contact
region have been initiated, It is felt that this additiona -zTe#p in the
diffusion cycie will result in a decrsase in'rbb' without ac.< =Ly
affecting tne device breakdown characteristics.

(3) Photoresist Techniques

The necessary photoresist masks for the fabrication cof this
device have been processed and are satisfactory. Because of the very

narrow line width and small emitter geometry of this unit, particular

.attention was devoted to the edge definition, corner radii, emulsion

free clear areas and the opaqueness of the emulsion areas.

The extremely small dimensions .. this unit also imposed serious
limitations on the aligmment fixtures anu necessitated the redesign
of these fixtures so thaf the wafer position, relative to the mask,
could be controlled to within 0.1 mil.

Experiments in the defining of patterns - indicated the necessity
of & new whirling procedure for the applicafion of the photoresist

coating. Using normal whirling techniques, a formation of photoresist,

10
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approximately 0.1 wil high, cculd h# szeen around the periphery of the

.

coated wafers. This 1ip of ma

1

erial :revented close contact between

pas

the photoresistc mask and th: -oztca w.fzr during exposure. This re-
sulted in a decrease in pattern cefinit.or and at t.zes totally in-
adequate definitlon as shown in Figure (3).(the diff'srence 1n definition
betweea wafers with and without this formation).

The proceduré for the application ol photbresist has weern modified
and the problem has been eliminated.

Investigations of photoresist coating techniques, exposure time
and developing techniques have resulted in procédures which allow
very satisfactory pattern definition.

The degree of pattern sharpness car be seen in Figures (%), (5),
and (6). Figure (&) shows a section of the emitter diffusion array,
each square being 0.5 mil on a side. Figure (5) shows the defined and
etched reverse cxide paﬁtern‘used to open the silicon dioxi.e in the
emitter and vase region prior to metallizing. In this pattern, both the
emitter squar=s and the base matrix are 0.3 mil in widgh.

In Figure (6), the definition o.vained in defining the emitter base

o
‘metallizing is shown. The metal is approximately 15,000 A thick and the

squares and matrix 0.3 mil in width.

The various registered photoresist pattern prior to metalizing is

‘ShOWn in Figure (7a). In this figure, the outer periphery defines the

base area, the darker squares the emitter area, and the small inner

squares and matrix thie reverse oxide pattern. Figure (7b) shows the
o

unit after definition of 15,000 A of aluminum in the emitter and base

contact areas. Improvements are still needed at this time in the definition

and etching of the aluminum film since any imperfection in this will

11
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Pileup of photoresist at edge of
wafer., (Note rounded corners of
array, loss of definition and
presence of completely or rart-
ially ' closed emitter areas).

No pileup
>at edge
of wafer

FIGURE 3 EFFECT OF RIDGE OR PILEUP OF PHOTCRE-
SIST AT EDGE OF WAFER ON PATTERN DEFINITION
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Magnification LOOx

FIGURE 4 EMITTER DIFFUSION ARRAY
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Magnification 100x

Magnification 200x

Magnification %00x

FIGURE 5 ETCHED EMITTER-BASE REVERSE OXIDE PATTERN
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FIGURE 6 ETCHED EMITTER-BASE METALLIZING PATTERN
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a. Pattern Prior To Metallizing b. Defined Emitter-Base Metallizing Pattern 1

FIGURE 7 REGISTERED PHOTORESIST PATTERNS-PRIOR TO METALLIZING AND INCLUDING DEFINED
EMITTER - BASE METALLIZING

16




e st ol e

| MU

-

]
[N

[

—

b d

—d ]

—— = 0 L= BT

-~

b e

L

i

- iy,

L

_combination of these two mechanisms., Various substrate cleanup

result in a short circuit between emitter and base using #he anodizing
approach to the overlay. 1
(4) Metallizing , . i
As discussed in Quarterly Report Nos 1, calculation of the bias / i
voltage cgused by IR drops along the base metallizing matrix indicate that 4
this bies is negligible for films of approximately 15,000 K.. Present
metallizing techniques are applicable o the new device geometry and no
réfinement in this process appears to be necessary. ' i

(5) Insulating Layer

The insulating film over the base metallizing must be free of . i;
pinholes, adhere strongly to the substrate, offer very low leakagée and
be capable of teing placed, formed or defined in particular areas. i
Initial studies on evaporated silicon monoxide fiims show that these.' i

properties are largely dependent on the evaporation techniques. Further fﬁ
studies indicate difficulty in etching these films in reasonable lengths
Of timeo If‘
i
In these studies silicon monoxide was deposited over the entire d
wafer, after the base metallizing had veen completed. Photoresist
‘techniques were employed in an atitempt to define this insulating material

s0 that the emitter contact areas were free of silicon monoxide while

the metallized base matrix retained the monoxide film. All attempts to
fabricate a device using this procedure resulted in failure due to

an inability to etch out the emitter contsct areas. The failure
mechanism consisted of a lifting of the photoresist in 1 to 2 minu%es;
in ammondum biflouride etch, a failure of.the photoresist to mask

at the aluminum, silicon diox#ide, silicon monoxide interface or a

17
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. base metelllz ng and emitter metallizirng ‘& she ancdic formation of A1203
on the aluminum bese matrix. This anocizsw fu.. po-sesses all the T
' 4
necessary physical properties of the insulating layer. .4

procedures, evaporation conditions and photoresist techniques were
employed in unsuccessful attempts to eliminate this condition.

A second approsch to the insertion of an insulating layer between the

Initially, a device having an interdigitated structure was used as
tﬁe vehicle for the experimental work, The metallized emitter and base
areas on these units were anodized to 150 volts using a current density
of 14 ma/sq in., in a non-solvent forming sclution. The anodic _ayer

on the metallized emitter was scribed open exposing the aluminum and

a second metal film was deposited o er the emitter and anodized base

fingers using a metal mask evaporation techniqué. The anodized base
ﬁetallizing area which had an emitter metallizing overlay was 1680
square mils, a factor of~l5 greater than this device. Measurements of
Veb; indicated only 10% of the units had an emitter-tase short.

Other experiments on comb type structures modified into an overlay but

without the emitters scribed open, showed leakage currents tatween the

metallizing layers of only 5 na at 60 volts.
Recent efforts on insulating layers have been limited to devices ﬂ

designed specifically for this contract. To date these efforts have been

laréely unsuccessful in so far as fabricating a device capable of the

specified operating current. In general the difficulty is in opeﬁing

the emitter oxide, after anodizing the base metal, so that contact can

be made to these areas during.emitter‘metéllizing. Specifically, the

problem is poor adherence of the photoresist to the substrate due to

inadequate surface cleanliness.

18
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Various surface cleanup procedures ha¥e been examined with as
yet unsatisfactory results.

A second possible technique to opening the emitter oxide is the
use of a second metal evaporation. This evaporation will take place
arter‘form§ng A1205 on the base metalizing and will be approximately
2000,£ thick. It is known that this metal film will adhere readily
to the substrate with present surface cleanup procedures and that the
phgtoresist will adhere readily to the surface of this film. The
photoresist will be defined in the regions over the emitfers‘and the
metal £ilm etched using conventional etching techniques. The wafers
will then be placed in oxide etch and this thin defined f£ilm |

‘will be used to mask the remaining areas of the wafers from the oxide -
etch thereby allowing the opening of the emitter oxide.,

A third possible procedure for the fabrication of the overlay will
be a metal mask evaporation of silicon monoxide over the base metal
aftér the emitter oxide has been opened. The silicon monoxide will be
deposited only over.the base metal and no subsequent etching step is
required. A wetal mask for this technique has been ordered. Due to
the grid pattern of base metalizing, two separate evaporations will.be

needed.

The feasibility of using anodized aluminum as the dielectric material

has been shown on this device. Units have been fabricated with several of

the emitter areas successfully opened and the device exhibited current
gain and excellent emitter-base diode characteristics ag shoﬁn in
Figure (8).

Case Design

A high frequency power transistor case has been developed under an RCA

19

i




H
| S
N

—_ = o | NN S AR S st S o S v SR st S SR

| -

= 0,

1 V/division

I = 10 ya/division

hFE at 2.0 ma; IC =
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FIGURE 8 EMITTER-BASE DIODE CHARACTERISTICS AND LOW LEVEL CURRENT GAIN OF THE OVERLAY

- 0.2 ma/division

- 0.005 ma/division I, = 0.0k ma/division

1 v/division

80

—
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V =1 v/division

By =

STRUCTURE
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V = 1.0 v/division

10 pa/division

hoo at 5.0 ma; Io = 0.5 ma/division
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program for the 3 watt 150 megacycle dévice, It is a 7/16 double ended

. stud package utilizing beryllium oxide to isolate the collector from the

' case., The thermal resistance is approximately 8°C/W, with a pellet area of

3200 square mils.

The various interele¢trode capacitances associated with this case are:

11! )
ch =. 0.8 p,pf
|21 )
Ceb = 0.1 yuf

t
Cee = 0.5 yuf

Collector to stud = 2.2 puf
The emitter lead inductance is less than 3 x ZLO'9 h.
The seal is resistance welded and the leads conform to the 0.200"

pin circle of the TO-5 outline. A completed case is shown in Figure (9).
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FIGURE 9 HIGH FREQUENCY POWER TRANSISTOR CASE (DOUBLE ENDED STUD-

ISOLATED- COLLECTOR )
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V. CONCLUSIONS

During this quarter, the majority of effort has been expended on ,
investigations of the proposed <echniques which will be requirs=d to produce
this device.

At the present wime, photoresist definition on silicon dioxide 1s excellent
and the required diménsiong can be readilyuobtained._

The main area of difficulty in producing an insulating layer by the anodic
formation of A1205 on the base metallizing, is the vroblem of opening the
emitter areas after anodizing. Various surface cleaning procedures have been
employed in an attempt to increase the adherence of the photoresist to the
substrate with as yet unéatisfactory results.

The feasibility of producing an overlay structure by the anodizing
technique has been shown repeatedly by the fabrication of capacitors, the
modified comb structure experiments, and the partial successes realized on
this device. \

Fur-iner work will be performed in an effort to improve the adherence of the
photoresist to the substrate after anodizing. This work will include evaluation

of various surface cleanup procedures and the use of defined thin metal films to

act as a mask during the opening of the emitter oxide.
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VI. PROGRAM FOR NEXT INTERVAL

During the next reporting period, major effort will be devoted on
continued development of the overlay structure. This effort will include
attempts to eliminate the difficulties assoclated with the ancdic layer
approach and the use of metal ﬁask evaporations of silicon monoxide over only
the base metallizing matrix.
Effort will also be expended on the design of the necessary high frequency
éircuits for.the measurements of these devices. These circuits will be
designed around low power high frequeuncy comb type units having the same diffusion

cycles and cases as the proposed device.
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VII. PERSONNEL AND MAN HOURS
Table IT below shows the man hours expended during the second
- . q
quarter of this contract. J
|
. _ 1
ENGINEERS OCTOBER  NOVEMBER DECEMBER  TOTAL x
g
J. Bibby 4o - 48 - 88
. |

D.R. Carley 68 48 20 146 N

J.H. Cavitt Ll 32 38 1ik
J.F. O'Brien 8l 8l 76 2kl | L

P.L. McGeough 132 120 105 357
TOTAL %68 33p olg 9kg 3
I
TECHNICIANS Lok 33 284 1022 N
)

ALL OTHERS 65.5 49.5 8 123
t
8 1 L 2094 A
TOTAL MAN HOURS 37.5 T15.5 sh1 9 ;
{

TABLE II

MAN HOURS EXPENDED IN THE SECOND QUARTER ‘
1
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