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We report the development of Infrared photoconductive detectors which are
8_ i

background fluctuation noise limited at photon fluxes cl0 s . The detectors

were fabricated from germanium doped with 2 x 1014cm 3 gallium. Detectors

operated in the conventional manner at T = 3 K showed significant photoconductive

response for wavelengths out to 120 u rn with a minimum NEP of 2.4 x l0~~
7W Hz~~

at 94 ~jrn. Detectors operated at T = 2 K with a unlaxial stress of 60 kgf mm 2

applied along a [100] direction showed significant response to 205 u rn and gave

a minimum NEP of 5.7 x 10 17W Hz ½ at Z150 urn. The stressed detectors are

• four orders of magnitude more sensitive than any previous photoconductor

beyond 120 urn.
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made from gallium doped germanium in very low infrared backgrounds ~io
8

IS f l I~ J f t ~7~~ /~v i>Ii S f 2~ p d~ f -
incident photons per second)1. These detectors were made from a large volume

crystal of Ge: Ca of the quality used for lithium drifted germanium gamma—ray

spectrometers. This material contained very low concentrations of deep traps

and minority impurities (mainly phosphorus). These conditions were made possible

-1-
by the use of high purity Ce crystal growing equipment. The detec tor contacts were

made by implanting boron ions. Such contacts have ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

other type of contac t to p—type Ce at low temperatures .2 The ( i  ~‘~ t I~
(’flt r~i t  i t n

14 —3
of 2 x 10 cm was chosen small enough to avoid Impurity banding effects. Because

the optical absorption lengths are longer than the device dimensions at this dop ing

level , the best performance is obtained in an integrating cavity. When operated

in the conventional way,3 Ce:Ca photoconductors give significant response out to

120 i~m. The application of a large uniaxial stress along a 11001 crystallographic

axis reduces the binding energy of group 111 impurities to ~6 meV and thus shifts

the threshold of the detec tor to longer wavelengths.4’5 With a uniaxial stress of

—260 kgf nun , significant photoconductive response is seen out to 205 in.

This detec tor developmen t was motivated by the needs of space astronomy

projects using cooled optics , such as the infrared astronom ica l satellite ( IRAS) .

the cosmic background explorer satellite (COBE), t h e  far infrared sky survey

experiment (FIRSSE), and the shuttle infrared telescope faci li ty (SIRTl~). The

conditions of these experiments are such that detectors are required which  approa ch

photon noise l imited operation at very low infrared background levels.

The unstressed detectors were made by c u t  t lug 1.0 and I .  S inni thick wa fers

perpendicular to the crystal growth axis. The wafers were lapped with 1900

mesh grit, chemically polished with a 4:1 mixture of HNO
3
:HF until al l damage
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was removed , and rinsed with methanol. Implantation of B+ ions formed
14 2 14 2contacts on both faces. Doses of 10 ions/cm at 25 keV and 2 x 10 ions/cm

at 50 keV were implanted to provide a roughly square step doping profile about

2000 A thick. The wafers were annealed for 30 minutes at 200° C in argon to

remove implantation damage and to activate the boron. A 1 ijm layer of gold was

sputtered onto the p+ contact surfaces. Detectors with dimensions of 1 x x 3 mm

were cut with a wire saw. The four bare surfaces of each detector were chemicall y

polished as described above. Pure indium solder was used to mount the detectors

on 6 mm lengths of 1 sun diameter steel drill rod .

The stressed detectors were 1 x 1 x 6 mm rectangular parallelepipeds.

The long dimension , along which the stress was to be applied , was aligned

within one degree of a [100J axis. The 1 x ~ mm ends were lapped perpendicular

to the 1 x 6 nun faces, and therefore parallel to each other , to within a few

tenths of a degree. The detectors were then chemically polished and the small

ends were ion implanted as described above for the unstressed detectors. Two

250 ijm thick sheets of indium placed between the boron—doped faces and two flat

copper contact pads extruded when the stress was applied .

Low temperature, low background tests were performed En the helium temperature

black—walled box shown schematically in Fig. 1. A small blackbody source and a

150 Hz tuning fork chopper were mounted in one chamber of the cold box. The

blackbody was operated at temperatures between 10 and 25 K. Also shown in FIg. 1

are baffles used to trap stray radiation and to define the solid angle of radiation

incident on the detector. This arrangement avoided difficulties of attenuator

calibration encountered when radiation from an externa i source is used .

The unstressed detectors were either mounted inside a small shiny brass

integrating cavity with a 1 mm diameter entrance aperture as shown in Fig. 2(a),
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or directly behind a 1 nun diameter aperture for single pass measurements. The

stress apparatus shown in Fig. 2(b) acted as a low Q c a v i t y  for  the stressed

detectors when its front and rear openings were covered with aluminum foil ,

leaving a 1.4 nun diameter input aperture.

The photocurrent  was measured w i t h  a conventiona l transimpedance a m p l i f i e r

circuit
6 

inc luding a cold load resistor and a cold MOSFET operated as a source

fo l  lower.  Nega t Eve feedback he ld  he de tec tor  ( (as c o n s t a n t .  The out put

v o l t a g e was proport iona l to the c u r r e n t  t h roug h t h e  d e te c t o r .  N~ ist was measured

by digitizing the output voltage of the amplifier and using a Fourier transform

program on a minicomputer to calculate the noise power spectra l density. Rel at iv e H

spectra l responsiv i ty  was measured in a compar at ive l y hi gh background photon f l u x

by immersing the detec tor in l iquid  He at  the  end of a l i g h t  pi pe conn ected to

a room temperature Fourier transform spectrometer. The spectrometer output

was normalized with a Colay cell. In the low background tests  the power inciden t

on each detec tor was calculated by numerical integration of the produc t of the

blackbody spectrum and the relative spec tral responsivity of the detector.

The absolute spectral responsivities for a conventiona l and a stressed

-
~ detector in their respective integrating cavities are shown in Fig. 3. The

performance of three detectors operated at 150 Hz is summarized in Table I. The

accuracy of the infrared power calibration is estimated to be ±30%.

The quantum efficiency n has been computed by setting the measured

values of NEP equa l to the photon noise limited results computed from 2 h v ( N / r ~) 2 .

The values of n obtained are large (close to unity) and are consisten t with estimates

~~~ L.t)~e absorption efficiency based on the extinction length. We thus conclude tha t
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the measured NEPs are Indeed photon noise l imi ted . Comparison of these values

of ii with the values of the produc t of quantum e f f i c i e n c y  and photocondu ct -Ive

gain nC — Rhv/e deduced f rom the r e spon stv ttv  measurements y ie lds  photoc onduct ivt ’

gains of 0.32 and 0.29 for the conventional  detectors and 0.21 for the stressed

detector. The l a t t e r  number is large considering the length  ot the s t re ssed

detector . This is due in part to the increased hole ’  m o b i l i t y  In stressed

germanium .

Experiments at lower f lux values Indicate tha t the measured noIse Is close

to the noise limit of our amplifier. Back ground l i m i t e d  ( B L I P )  performance at

lower values of photon f l u x  would thus require ’ e it her  larger r espon siv i tv  or

lower a m p l i f i e r  noise . The va l ue of cu r ren t  r e spons iv i ty  for  the conventiona l

detector in a cavity (24  A/W) is the highes t  vet reported for  a Ce :Ca photo—

conductor .~~~

It is difficult to compare the performance of d i f f e r e n t  detectors  precisely

becau se of  differences in amplifier noise, chopping frequency, background level ,

detector  dimensions , and in t e g r a t i n g  c a v i t i e s .  However the NEP s of our con-

ventiona l Ge:ta detectors compare favorably with the best result reported

previously in the literature for any modulation frequency and any background level

(4 l0 ’7W Hz ’
~) . 8 They are significantly better than the best reported value

at our frequency of 150 Hz for any background level (9 ~ 10
17W Hz 

%
~),8 The’

minimum NEP of our stressed Ce:Ca detec tor is four orders of magnitude better

than the best previously reported photoconductive performance for wavelengths beyond

120 iim (NEP — 5 x l0
13W Hz~~ in GaA s) . 9 I t is two to three orders of magnitude

better than a good bolometer operated at 2 K and 150 Hz. 
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TABLE I. Measurement conditions and results for three detectors.

Conventiona l Stressed

In Cavity No Cavity Low Q Cavity

Cutoff wavelength

at half height (Mm) 114 114 193

Peak of spectral

responsivity (~Jm) 94 94 150

Operating temp. (K) 3 3 2

Incident photon

rate N (~~ 1) 4.0 x 10~ 4.8 K l0~ ~~~~~~ 
x

Bias field (V/cm) 2.5 2 .0  0.42

Peak responaivity R

at 150 Hz (A/W) 24 7.7 19

f lL  at 150 Hz 0 . 32  0.10 0. 16pc

NEP at peak, 150 Hz

(W Hz~~ ) 2 .4  x 5,0 K l0~~~ 5.7 ~

0.34 0 . 7 1

to un i ty  w i t h i n  the accuracy of our optical flux cal ibrat ion.
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Figu re’ Cap t  ions

Fig .  I Schuma t Ic d iagr am ot ’ Low ba ck groun d t e s t  app ar atu s .  The low t e ’mpernt u r e’

b lackbody son ret, and a I SO II; Hu I chopper art ’ mounted In oUt ’ of t he

th ree  chambers in a He I emp e’ra t t ire ’ t ’u box w i t h  b l a ck  abs orb ing  surf  .iee ’s .

A conventiona l ele’tector in an i nt e gr a l  Lng cavit y is shown in the ’ t e s t

position. A Height’s W l6 4  MOSFF ’T and a 10 10 
~ F l  t c ’ & ‘ i ’cdb ,iek r e s i s t o r

were used in the e’eiei led port ton o I the amp i t t  l e t

F ig .  2 ( a )  A conve ’ut  ionS I detector suppt ir te ’d on a stee l post i nside ’ • Itt

t n t  c~ rat  lug e :iv i t  v t o  rnted in  :1 brass block wit h a ~~. 7 mm .3 r i i  I - (1’’)

A del e’c b r  moun t eel In  t he  asst ’tnb lv  used to  produce un t a x i  at  s t r e ss .

The’ at tess is app l ied  w i t h  a I / 4— 80 screw t h rough  a b a l l  hea r t  ng,  a

snugly f i t t  tng p is t on , pape r In s u l at o r s , and Cu and In pads.

Ft g. 3 Measured spectra l respons lv i  Iv  of a convent ions I and a st re’sse’d

de’tec t or , when enc I ost’d i n  C he I n & ‘grs t i  ng cavil it’s de’sc r I he’d In

the  text. Other propert tes o f these detectors appear In  co lumns

I and I of Thtiii’ I .
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