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PROJECT 5115: SEMICONDUCTOR DEVICES FOR HIGH TEMPERATURE USE

National Aeronautics and Space Administration
Grant NGR-05-020-043

Principal Investigator: G. L. Pearson
Staff: Anthony J. Domenico

The purpose of this project is to prepare power rectifiers and

solar batteries which will operate at temperatures up to 5000C.

During this quarter, Schottky barrier diodes were formed by nickel

evaporation upon undoped GaP grown by vertical liquid epitaxy, work

upon a method to alloy ohmic contacts in the vacuum system used for

the metal deposition was started, and an analysis of some device

characteristics was made.

Diode Construction

As stated in the last quarterly report, some success has been

achieved in the hydrogen atmosphere growth of undoped GaP using

the vertical liquid epitaxial configuration. for example an

epitaxial layer approximately 100 microns in thickness was grown upon

a tellurium doped GaP seed.

To evaluate the quality of that particular material, an array

of nickel Schottky barrier diodes was formed. From depletion

capacitance measurements, the carrier concentration of the undoped

GaP is approximately 3 X 10 15cm-3 . Furthermore, eight of the diodes tested

had reverse breakdown voltages in excess of 100 volts, with two diodes

having breakdown voltages greater than 210 volts. These results

are especially encouraging in two respects. First of all, the

results confirm the data previously obtained with vapor grown

material.1 However, the liquid epitaxial system should be capable of

producing controlled thin layers more easily and with fewer crystal

imperfection: than a vapor one, and therefore is presently preferred.

Secondly, the carrier concentration stated is as low as that

previously obtai ed with the vapor system and represents better

than an order of magnitude improvement over earlier liquid epitaxial

efforts. Further work will continue Li this area to produce the

thin layers needed.
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The problem of producing reliable ohms(_ contacts of low

resistance still remains. A new approach has been taken in this

area. The "mini-vac" sputter-ion system previously described has

been modified to allow alloying in place concurrently or immediately

following the deposition of the contact material. The modification

consists of the addition of a substrate heater and a thermocouple

j	 monitoring system in the vacuum chamber and the construction of an

external current power supply. This work has ,just been completed

and the new system will be tested this coming quarter.

Device Analysis

Even though alloying in place may produce reliable ohmic contacts,

low total series resistance for the device is also required.

Therefore, a simple analysis was made to investigate the relative

magnitudes of the contributing factors to the total resistance.

The resistance of the device at high forward current levels is

composed of three terms: the contact resistance of the metal contacts,
-i

the bulk spreading resistance in the highly-doped substrate layer, and
I

the bulk spreading resistance in lightly-doped "active region". Of

course the relative importance of these factors is strongly dependent

upon the geometry of the device, particularly the metal contact size

and the sample thickness and carrier concentrations in the GaP

layers. Several graphs have been prepared to illustrate the applicable

ranges of values for the problem of interest here.

In Fig. 1, the contact resistance is shown as a function of the

diameter, d, of a circular contact for several different values

of "specific contact resistance 11 , rAs can be seen, provided that

c 2
the value of r is less than 10

-3 
D-cm (a reasonable value for metal-

c
semiconductor systems) the contact resistance is less than 2 ohms for

dot diameters greater than 250 microns.

The spreading resistance in the substrate material is presented

in Fig. 2, Again for reasonable values of resistivity (e.ge, the

tellurium doped GaP with a carrier concentration of 2 X 10 17 has a

2
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resistivity of n.3 :1-cm with a conductivity mobility of 100 cm2/volt-sec

the substrate spreading resistance contributes only a few ohms to the

total value for thicknesses on the order of 200 microns and dot

diameters greater than 250 microns.

The principal area of concern appears to be the spreading

resistance in the lightly-doped epitaxial region. The problem

essentially is that the carrier concentration must be sufficiently

low to insure the high breakdown voltage required. At that low

carrier-concentration, the resistivity is quite high. Furthermore

the epitaxial layer must be sufficiently thick that "punch-through"

does not occur, i.e., at the maximum reverse operating voltage

the actual epitaxial layer must be greater than the depletion layer

thickness. These parameters are seen in Figs. 3 and 4.
i

In Fig. 3, for example, at a breakdown voltage of 350 volts, the

carrier ccncr:ntration must be less than 3 x 10 15 cm-3 . 
2

At that

carrier concentration the depletion layer using the abrupt

approximation  is approximately 11 microns. From Fig. 4, n = 3 X 1015

corresponds to a resistivity of 21 Q-cm.

To calculate the spreading resistance the correction factor "B"
4

can be used, such that

RS	02d B.

Values of B for various dot diameters and material thicknesses are

given in Fig. 5.

To continue the illustration , Fig. 6 gives the appropriate

values of spreading resistance as a function of dot diameter. For

a dot diameter of 250 microns, the value cf spreading resistance for

21 Gi-cm material, 11 microns in thick;aes3,is off-scale and is in fact

approximately 46 ohms. The spreading>, resistance for this case, the

thinnest possible epitaxial layer having a breakdown voltage greater

than 350 volts, is not less than 5 ohms until the dot diameter is

greater than 700 microns.

0
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A final contribution to the total resistance should be

mentioned. It can be termed a "residual resistance 	 includes

such external factors as a mounting case resistance or lead

resistances. The residual resistance should be negligible in

comparison to the other terms.

In summary, the bulk spreading resistance of the epitaxial layer

appears to be the most important single factor in the overall

device resistance. The layer must be kept as thin as possible and

the GaP must be of sufficiently uniform crystalline quality that

the contacts may be made adequately large in diameter.

Plans for Next Quarter

Further work will be continued on the examination of the contact

problem in GaP and in the growth of undoped GaP in the vertical

liq _d epitaxial system.
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DOT DIAMETER, d (µ)
25000 700 500 350 2512

rc = 10 -1 a-cm2

20 I 	R = ^-c ,^d2

rc = 10 -2 11-cm2

rc =10-3n -cm2

rc =10 -4 11 -cm2

10 20 30 40 50 60 70 80

I /d (cm-1)

Fig. 1 - Contact resistance as a

function of dot diameter, d, for

various values of specific contact

resistance, rc .

B48ICA

a
V

w 5^U
Z
QHN
U)
w
e:

U I
QH
6U

5F



O

ca(n	
>

N
 O

 ^
4

 .,4
C

 O
 +

-)
-
4
 w 

Lo)
U

l 	
r
l

c
	

rj

u
	

e
 Q

)
>~	

u
 4

1
c
t
 
.
H

 
cc

4
J
 ^

, =
 r~

v
2

 U
 +

j +
1u
l

E
 
t
i
 
y

c
'U

E
0

r,C
 O

 O
 ul

47	
N

 
O

a
 
o
 
m

o
v^	

c
0

a
 >

I	
O	

r-1

N
 
+
1
 
O
 
U

U
 is •,i

h
0
 
7
 
•
,
4
 
>
,

w
 w

N
 
\
 
_

w
	

g
	

\
LLI2 

O
	

N

a
_
W
)

V
 N

O
 O	

1	
^^^

o
 rn
	

m
	

^
^
^

Q
	

Nn 	
^

t
i
.

uuNO
N
^E

_
o
 
O

O
 ^

^
L
O
	

—
 
u

u
 
N

iO

A
 
OO

E
 
O

u
 
i

c
s
 CD

n
7
 
»
 
3

O
 
5

^
Q

\

\
 
O 0

O
Q
	

O
—

«	
E

O
 n

E
 .c

 u
	

u
—
	

u
p
h
i
	

x
i

b
C

4
=
	

p-

0„	
5

„

'	
I

'
I

o
i
t
	
i
 

I

C
' J

1	
I

1	
I

^
E

LC)
u

\
1

p
\

M

\
	

1

NO

9)N
	

O
cV

)t8'3:)N
V

iS
IS

38 O
N

iO
V

38dS



_f0
7C	

0
	

—0
( 70)  X

 'a3,kV
-1 N

0113-ld30

crWI
r

c
r

QU
nO

z0a
La0— zWvzOv ^

Ec

A0
c	

r
W
	

J
a

J4
J
Q

i
 
z

W
0

;
^
Z

gJ
 V

 Q

X
C

0
O

H
m

cr	
z

W
 
N
T

r
	

N
 

C
O37

QJ
Q

^
`
^
	

J
Y

v
Q

N
W

D
Y

(
D

m2

W
2
0
2

0
 0

2
 n

.0
O

F
 
>

h
-

00

M
)^n '30V

..-
.O

A N
M

O
Q

H
V

3H
B

 1V
:)1i3U

O
3H

1

g
	

o

Q)	
0

u aq
 -H

C
3
 M

 4
J

4J
0

k
0

 4
1

 u
>
 
0
 
a

C
 V

)
 U

v
 
C

 
U

x
 
x

C
ain
4

1
 c

,r~

c
o
 V

 
V

U
 
>
+

,
4
 
@
 
4
1

+
)
 
1
 
0

00
 
0
 
0

V
 •H

 -m
.=

 4
J
 4

J
[-^

 U
 V

^
 
C

I Q
 ^w0

•
 
^
p

C
U

 C
 u

)
-H

 c
a
 c

o
P4



L
c
E

 OW
mc
u
 c

a ° a
c
C

 4
j

C
7
 
0
 
+
^

L
a
 •1

O
 G

 •^

>
+

 U
 O

+
1
 q

 
E

r
^
 O

 T

•r1 	
+
^

^
 T

r
 •

r
•
I

m
a)>

fti tC
 3

U
 
'
O

,
4
 
4
-
1
 
O

:1
 O

 v

1
 O

 O
,H +J
-&

J , 
U

U
 
Q
)

h
D

 7
 4

J

0
4

F
-0

EucZOQ
o
 
^

O
 
HzWvzOUW

_

QI
x

QU

0O

i

t

NwC
4

!
,

V_
u•N

O
 
^
C
o

oC-1	
i

w
 
M

i
 
E

z
'
O

J

H
( N^
^

U
 
O
 
a

m z cr W J
<
O
O
M
O

U
U

I
i
H

^

( u,a-V
) d

'A
l.IA

I13I53N
	

v

IO O



GC+
)
 
-

u
 
c
o

 !~
•^
	

-3

o
 e

U
 C

S
 C

J

E
 
•
^

yZ
 
O

c
4
	

O
^
 O

 ^
m
 
0

V
I 4

J
 Q

>

U
 
C
 
U

b
A

 w
 r1

G
	

U
-1

4
 cC

 m
10co

 
m
 
k

Q
) m

 O
>~	

w

rn
 R

a
 mm

t
i
 
C

u
n

 o
 xU

•
r
l
 w
 
+
^

W

X

S
^' toWxYUz

I
f
	

m
i

5
7
f
,̂
^
v0

i	
~r4st

uI	
\

O
O
	

—
	

O
0

9 '8
0
1
:)

d
i N

0
1
1
7
3
a
a
0
O



a
CrCr
-15
WU
z
a
r-

wCr

ZI0
0a
w

a
N

2C

I r'f
1

rr

r

f

I 1
1	 1

1

1

l
of

I

i	 1I
1
t

1

I	 1
I

I
I '

r
d

5

It

DOT DIAMETER, d (µ)
2!

 Z)vUU llnJ ^JU J^U 2^iir T y 'T—T-
1

125
T

P = 21 n-cm

(n-3x 10' 5 cm - 3
with µ c = 100 cm2/volt-sec)

t=IIµ
t = 15µ

t = 23µ

p = 62 11- cm

(n= I x IC I ° with fay = 100)

t =23µ

p=10011 - cm

(n=6 x 10 14 with µC = 100)
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Fig. 6 - Spreading resistance, R s , as a

function of dot d?.ameter, d, at vari.c::s
material thicknesses and resistivit.ies

such that voltage breakdown, VB,

z 350 volt
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