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INTRODUCTION

This report summarizes the Ge:Ga detector testing at
Cornell University over the period from July 1978 to February
1979. The principle aim has been to catalog the spiking and
memory behaviors of a number of detectors. The detectors
were manufactured at a number of locations using several
different contacting techniques. Two detectors manufactured
for the IRAS program by Rockwell International were studied
more extensively than the others. These detectors IRD 1981
and IRD 1982 were "witness sample" detectors for the IRAS
bands 4 (v 80-120 u) and 3 (v 40-80 u) respectively.

During the testing period both our apparatus and the test
procedures have been changed numerous times. At each change
we made consistency checks and believe the data are internally
consistent from end to end. However, many of the tests added
recently (eg the linearity checks) have not been made on the
earlier detectors. If desired these tests could be run.

In the next few pages we outline the optical and electronic
systems. A table listing the detectors tested is included. A
photo album is then presented followed by responsivity,
linearity, and noise and signal to noise graphs.

This research was sponsored by JPL Contract 954603.



Detector Mat'l.

Berkeley #1+

Berkeley #2++

IRD #
1679
1680
1682
1683 "
1760
1813" HOB
1814 "
1817" "
1818 "
1836 "
1837 "
1838 "
1839 "
1981
1982 "

Berkeley
Berkeley
Berkeley

GGB 43

T (cm) Cavity
0.10 Berk
0.10 "
0.10 Cu
0.10 Cu
0.15
0.15 Ccu
0.10 cu
0.10 Cu
" SC004
" SC005
" SC011
0.11 Scale
0.10 sSC017
Rock Cavity
Rock Post
Rock Post
0.2 Cu

15 Aug, 11 Sept(cavity)

Contacts Tested
2
I 29 July, 4 Aug
I2
Plated 2 Aug(No cavity)
" 5 Sept
" 10 Aug, 31 July
12 13 sept
Plated 7 Sept
Plated
12 14 Sept
" 15 Sept, 19 Sept
" 6 Dec, 16, 25, 29, Jan
" 21 Dec, 30 Jan
16 Nov
12 7 Feb

*
Sent to M. Hauser
.t.

t

Sent to F. J. Low
Returned to Berkeley

T T

DETECTORS AT CORNELL




configurations were used.

OP

OoP

oP

OoP

oP

OoP

During the test program three different optical path

II

III

II

IIT

FILTERS

These are called OP I, II, III

Black Poly, Sapphire, ND (2%)

CaF2 Quartz (both AR with diamonds,

ND (2%)

WINDOW

Poly or Si

si

As in OPII with night light (note: power Si
levels for the slide were reduced by a

factor of 3.1,

the ND was moved)

The Slide open powers were

IN BAND

1.34
8.35
2.69

x 10~
x 10~
x 10~

12,

13
13

w

REFERRED TO 100 u

3.37 x 10" 13y

4.69 x 10" 13y
1.59 x 10”13y



Detector Chomber J i e Dewar
X+ Section X-X



OPTICAL PATH (unfolded) OPI

CORNELL .FILTERS

20 cm

 w—

I-5

Detector, cavity
MOS FET and RL

2% Trans Filter &
Aperture

Black Poly 0.006"

1l mm aperture and
dark slide

LNZ cooled shield

1l mm Silicon window

Black Chopper
(0.08-40‘82)

LN,



OPTICAL PATH (unfolded) OPI

LOW'S FILTERS

T s

20 cm

Detector, cavity
MOS FET and RL

2% Transmission Filter
and Aperture

Aperture

Mirror
Aperture

Mirror

AR Quartz w Diamonds

AR CaF2 w Diamonds

Mirror

1 mm Aperture and Slide

LN2 cooled shield

1l mm Silicon Window

Black Chopper
(0.08 - 40Hz)

LN



OPTICAL PATH (unfolded)OPIm

NIGHT LIGHT

-
T AR ==

20cm

e R
S

Detector, Cavity
MOS FET and RL

Night Light (0.1 mm x 10 mm
long Advance «w/mm Epoxy Bead

2% Transmission Filter
and Aperture

Mirror

Aperture

Mirror

AR Quartz w Diamonds

AR Can w Diamonds

Mirror
1 mm Aperture

LN2 cooled shield

1 mm Silicon Window

Black Chopper
(0.08 - 4052)

LN




Troansmission
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Transmission
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ELECTRONICS
.
i :-.‘,'VV
All tests were taken with a dual MOS FET TIA. A Gll18
was used with the body lead returned to the bottom of the
source resistors (50K + 6.95 v) outside the Dewar.
R, for the early OP I tests was a very non linear
~ 4 x 1029 @ Elec. For the later OP I and all OP IT and III

tests a very constant (10 mv <v< 1lv) 3.6 x 109 7 resistor

was used. No "night light" or "warm FET" tricks were used.
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ROCKWELL DETECTOR
IRD 1981
Band 4
witness Sample

Cavity SCOl6

Ge:Ga Xtal #3

Slice 24 (C2)

p=17.5 Q@ cm

Ion implanted contacts
0.0454 x 0.06 x 0.06 in>

z PRECEDUKB'"K&EBLANK.NOT'FHJQQJ

II-1



IRD 1981 vB = + 0.2 v
Bias turn on

T

1.8° K
CL O CL OP

Upward signal is first
opening, about 5 sec
after the bias was
turned on

l mV x 1 sec

CL OP CLL. OP CL

Later ( 1 - 2 minutes)

-=-Closed
--0Open
+It takes time under

illumination for bias
to establish itself

Note:

Signal went from large one way,

to zero, then opposite sign

II-2



IRD 1981 Vg = + 0.25
.‘ (+ + cavity is +)
ORIGINAZ
3% ELs ; .,~L4"'..A" T‘
--Closed
-=0Open

l mV x 1 sec

- ==Closed

-=0pen

l mv x 0.1 sec

11-3



IRD 1981

Vo = + 0.30
T =]1.8°K

-=Closed

-=0pen

l mV x 1 sec

Note:

* v0.36 sec *

Spike at delayed Transition

II-4

| ==Closed

--0Open

l mVv x 0.1 sec




IRD 1981

}
|
'
|

[}
fh0.26 sec

Spike at Transition.

V. =+ 0.40
B

Note: On successive
cycles, the glitch
comes sooner each
time.

Also note the delaye
transition has an
associated spike
each time

-=Closed

--0Open

1l mV x 1 sec

l mV x 0.1 sec

Time delay from opening decreases with increasing bias.

II-3




IRD 1981

a ﬁ G .'_"
“do "v“‘
HERNY
| | | | e e
e i b 1 --Closed (positive cavity)

-=Open

DI o v :MM‘-

5mV x 0.5 sec

10 mV x 0.5 sec

VB = - 0.40

(negative cavity)

--Open

--Closed

Note: Taken 18 Jan. with old (pass A > 30 u) optical filters and
wide Bandwidth electronics

Unless noted, all other traces have 110 Hz (3 dB/Octave) single
pole RC filtering.

II-6
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IRD 1981 VB = + 0.40

T ® LK

==Closed st Opening:

S ——— — > - — o

I ==0pen

! l mV x 1 sec

Slow Opening

l mVv x 0.5 sec

Fairly smooth, no obvious transition jump or spike

II-7



IRD 1981 VB = + 0.50

o RIGDV,, |
TR “F Pong PAGR
K On o B
W4
l’ ALy
| ==Closed
|

5 mV x 1 sec

--Closed

-=0Open

5mV x 0.1 sec

II-8



I T R | I

IRD
1982 (Band 3)

V2
20 < e
IRD
ol 1981 (Band4) _
51— s
2 =

Responsivity (A/W)

0.5

0.1 | L | | | |
0.1 0.202503 04 05 1.0

VBiOS (VO“S)




S/N--500 or Noise uv&/Hz or R(A/w)

1&F=

10

IRD 1981 Band 4

Power Open=1.5 x 10w

S(DC)/N(closed)

Noise at SH open

Noise at SHz closed

2 / —
S(Dg)_r:l(open)
0 ] ‘—‘ | 1 |
0] 0.1 0.2 0.3 0.4 Q.5
vy [V]

II-10



eC

MF—KEQ 30 /_/? aQ

10

- T - T y
. e — H - -
3 .ﬂi B - - - - -
i TH —_— HHHH LEs - - i =%
1H T E - - - =
k ] -L & - - - : s - - - - =
§ o W I - 1 . o > -
B BHTH 3 o e = .
JLLL “
— - - =5 b + 4 - -
. . - - - - - - > =
- 1 111 H . S S ==
. e - TTHHTH - - > n ! -
v - : T ~ I= =
| i H - EESS 8 :
s 3 - ! a8 = = =
= _A - o . = -- - — 9 ﬂ .
. 1t = 5 L = - L = e D =
' - - - - L HH il 1 - i L
ERspse 3 - = = . spemm B - — — -~ -
' ] i = - i 1 e <
' SEEERE . - - - >
! 4 - o H 144 43— —— . -
11HE SLEEESE= ; i HHHEHEE T 79 t =
‘ > - - | N - - ') = =
i 1 & s i A 1) .
, RS i IEEEEEEESE Y © BEE
|- s - ] TEE I . =
: o : S Iiii3E353EEEEEEE=E T N . -
= = : HHHHE OISR R ~ ~ -
£ Sy . . 4 - H s . HHH -+ 111 / v
: THT - === T TR AT PR -
! i T - ] | i Hil == - - -
HH . . [ | T - - - ~ =
! - o= e saw - oo e I} - g
il HHH A — i HHHHTEE H4= B = = .
! : 1 ] L] ’ - - - =i ] [ ’ - -
i
. - - - - H . o e e . -
s aas = »s S88S = = e i : - -
3 L B = i - . :
seEa = ; SERE - - - - . " - - -
i YA EER 1= 1 i “ s - e - T =8 -
s e = 1 ' SSspn - ' . ] =
!
8 - 3 SSSRF R 1
‘ 14 e - e [ b 11 [ 11 N o e -
B 3 = ST H T - = -
- v : . -
= B = - - o
2 2EE 28R -4 - -t - 4 —
== =TT —
! . SEESES = i § - - — - 3 = -
b @i - . b4 41 -4 4t ¢ - - - -
1 | v 11 e — HHH H H1EH = H - =S
i b .- ~ == e 41
= Sss = | i i Eeds = - i - - =
-4 - = ﬁlrw == = e — 448 B _ — 4
) === = e - - -
L THEE - - s = ==
. - - - — =] . - — 4 4 - - -~
! (14 HH 31 3 [ e o ma S . " v —
il " - 1 i s8s 1= =t
- - —4 — 4 2 - = - ] -
! HTH P 1 ‘ YI lor el . =
o ! . - = - - = i
; ) - = ] T P - -
' . - - s = = . =
1H o - - - = ; i = ! - - ———
- 28
§ 1 H NITT - =S e
T = _ > 36 - = = =
i Ly . = = " = -
iisrsgssen = = . o e — - -
Hi THLEEEE - 1 o vemi H - g
i - [ s e E = o i 15 i
—V - = T3 3= ¥ " . - - - — o
& . - | . . = . ~ o an
Ses ;vl.lﬁ _ - - -
E o - o - . -
i
IEEE - e T - o
= L - -
. - = -
e % 3 - -, ” L -

=3 ~ o

AR ETRs

Lol

.mv.h\Q\<




ROCKWELL DETECTOR
IRD 1982
Band 3
Witness Sample

:. PRECEDING PAGE BLANK NOT iliials

Cavity SCO17

Ge:Ga Xtal #3

Slice 25(E6)

‘p = 16.9 0 cm

Io.. Implanted Contacts

0.040 x 0.040 x 0.040 in°

ITI-1



IRD 1982 VB = + 0.10

ORIGD:% F“xlf A
AT et L OF POOR, g1\

A T iR
dxidl'y

I}

i

--Closed ("Dark")

--Open ("Light")

2 mV x 1 sec

--_ . 0sed

--0Open

| 2 mV x 0.2 sec

11I-2




IRD 1982 Ve = + 0.20

ORIGINAL PAG/ 1
OF POOR QUL

-=Closed

i ==0Open

5 mV x 1 sec

|
I--Closed

| =-Open

5 mV x 0.2 sec

Hook is faster -t higher bias

21l=3




IRD 1982 T=1.8° K

e A T - % VT ORIGINAL PAGE
1 \J
| OF POOR QUALIT;

-=Closed

|
i
!

VB =+ 0.20

(positive cavity)

NEAREENE
TTIRCTRTIN B
SRR -

5 mV x 1 sec

e | e || - I
g v st - 3
JI L ELELV] i
TTTTETTTT . AR e
|
.-l..E’.Ix-.- j -=-Closed

Approximately Symmetric, but slightly better with
positive cavity

III-4




+ 0.30

IRD 1982 Vg
1.8° K

-
]

ORIGINAL, pad
OF PooR QUA%?TIYS

=-=Closed

-=-0pen

, 20 mV x 1 sec

Higher bias -+ Spiking on opening

.’
t=-Closed

20 mV x 0.2 sec

Note: Spiking decreases in later openings
Greatest spiking after prolonged period in the dark

III=S



IRD 1982 Vg = % 0.30

-=-Closed

20 mV x 0.2 sec

< i Long dark time

(6=10 sec)

| ==Closed

-=-0Open

Short dark time
+ Spikes disappear if only dark for a short time

III-6




IRD 1982

| ==Closed, all biases

f--Open, Vg = + 0.05
|

.'. I--Open, Vg =+ 0.10
ﬂllﬁﬂIIII |
INCTEI (111

= + 0.15

2 mV x 1 sec

T | || [

Hook gets bigger and faster with increasing bias

1Il=7



MINRESREC TR

*#-4,
|
Pt

-

Note:

Band #3
detector

IRD 1982
VB =+ 0.30
1/30/79

20 mV x 0.2 sec

Berkeley Detector
VB =+ 0.20
8/4/78

50 mV x 0.5 sec

Rockwell looks very much like an early Berkeley

III-8
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i, l 1| | | |
IRD
1982 (Band 3)
SR
20— s —
IRD
10 1981(Band4)ﬂ
=
~
<
~— 5 —
=
>
‘0
S
- -
o
@
' N o
% | e -
0.2 adl
0.1 TR R 1
0.1 0.202503 04 05 1.0

VBiOS ( VO“S)




S/N-=500 or Noise(uv//Hz JorR=2 (A /W)
®

u

A pen
IRD 1982 Band 3
Popen=1.5 x 10713

<—Spiking

\
‘.“S(DC)/N (open or closed)
\
]
\
\

-

Noise at SHz (closed or open)

L |

| ]
0.2 0.3 0.4
vBia.'. [V]

III-10
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Linearity Tests on

IRD 1982

Night Light

Power open = 1.5 x 10~
Iow's Filters

13

III-13



IRD 1982 Background Tests Vg = 0.2 v
T =1.8°K

AP (Open-Closed) = 1.5 x 10”13 w @ 100

Night light off

-=Closed

-=-0Open

2 mV x 1 sec

P(night light) =
10% of opf2 slide =
1.5 x 107*+%w

effective @ 100 yu

III-14



IRD 1982 Background Tests Vg = 0.2
T = 1.8° K

AP = 1.5 x 10~% @ 100u

P (night light)
= 1.5 z 10" 13y

§2 mV x 1 sec

| P (night light)
= 1.5 x 10" %

III-15



T I T
IRD 1982 (Band3)

60— o
® First Run
o Second Run
581 . o aThird Run
®
Chopper at 10Hz
S6p- v q Tlockin~ ¥ S€c
;‘I ® A (s} VB = O.2V
3} 54— ® o ®
©
c
o
? 521 A -
|
LNy’ ‘RmT o F
Slide open ~ 4.6% Ng E:
of full
48 ! | l | | I I L o b 1
0.1 0.2 0.5 1 2 S 10 20 S0 100 200

Background Power (in mV DC out of TIA)




mV out of TIA

100 T T r T T T
NIGHT LIGHT
50 CaF etc. Filters
[RD 1982 ( Band 3)
20— -
PH'= 18mm
10— -
Rm signal with slide
5| fully open ol
5/8'
oL o *
{mm Epoxy
0004" Advance Wire
| e o
0.5 e
0.2 &
01 | 1 | | 1 |
6 8 10 12 14 16 i8 20

mA of Night Light Current



Cornell Cavity

Ge:Ga Xtal #4

Slice 51

P =15.1 Q cm

Ion implanted contacts
0.040 x 0.060 x 0.060 in

ROCKWELL DETECTOR
IRD 1760

e
{ f"JV; ‘
'I }"~ -L[t‘ ‘..‘
YR ACR
YO4r 88
3 - i

Iv-1



Rockwell Xtal #4
VB s = 0,1V

Optical System I

IRD 1760

3.37 x 10~

o
]

-~0pen
4 0

Note delayed jump like IRD 1981

Iv=-2

13

“’

13 Scpt. 1978

10

BL v 4 x 10 Q

R
Op SN, o
fQ‘ :
--Closed %, )_.;,h

sl N
R4, f
"“‘u,"‘/‘t}vl

20 mV x 0.5 sec

N S A . Do o i A i o e T o



Berkeley Detector #2

in Berkeley cavity

§ BT
. PRECEDING PAGE BLANK NOT F BT
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| |
}v#o-.ft'Qvn'qy+$¢040600090¢‘¢&~f'00o‘k*yo'oroo¢ ......

|
et
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Berkeley #2

-=Closed

-=-0Open

R, v 4 x 10

50 mV x 0.5 sec

10

Q



Eagle-Picher Ge:Ga
IRD 1679 and 1680

P =19.9 Q cm

Plated Contacts
0.047 x 0.060 x 0.060 in>

vVi-1




IRD 1679 EP/CU/RI 11 Sept. 1978

Vs

0.150

RL N4 ox 10lo Q

-=Closed

-=-0Open

50 mV x 0.5 sec

VIi-2



IRD 1680

P = 3.37 x 10°

13

w

EP/CU/RI

VIi-3

5 Sept. 1978

50 mV x 0.5 sec



