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Wc have developed a first generation 15

pnl GaAs/AIGaAs  128x128 quantum well

infrared photodetectors (QW1 Ps) focal plane

array (ITA)  for a staring infrared (IR) sensor
system. There are several applications that

require very long wavelength, large, uniform,

rcproducikrlc,  low cost, low 1/f noise, low

power dissipation, and radiation hard IR

I’PAs. I;or example, the absorption lines of
many gas molecules, such as ozone, water,

carbon rnonoxidc, carbon dioxide, and
nitrous oxide occur in the wavelength region

from 3 to 18 pm. Thus, 11< imaging sys[ems

that operate in the very long wavelength It?

(VWIR) region (12 - 18 ~]m) arc also

required in many space applications such as

monitoring the global atmospheric

temperature profiles, lclative humidity

profiles, cloud characteristics, and the

distribution of minor constituents in the

atmosphere which are being planned for
NASA’s Ilartb Observing System.

‘l’he VWIR focal plane arrays Ivc have

discussed here in detail consisted of /)ourl{/.

[()-qua.ritxw)//iQW11’s . The advantap,c of the

bound-to- quasi bound QWI P over the bound-

to-continuurn QW1 J’ is ihat in the case of

bound-to-quasibound  QWIP  the e n e r g y
barrier fcm the thcrmionic  emission is the

same as it is for the 11< photoiol]i7ation

process. In the case of a bo~ln(l-to-corltirllll]rll
QWIP the energy barrier for the thermionic

emission is 10 - 15 mcV less than the

photoionimtion energy. ‘i’bus, tbc dark

cuncnt of bound-to-quasibound  QWIPS i s

rcduccd by an order of magnitude (i.e.,
Al:.

Id ~ e ‘1 = C-2 for T = 55 K). Four dcvicc

struchrrcs were grown using molccrrlar beam
cpitaxy on 3 inch GaAs wafers and their WCII

widths IW vary from 65 to 75 A, while
barrier widths arc approximately constant at

I ~, = 600 A. These QWIPS consisted of 50

pcnods of doped (ND = 2X1017  cm-3) GaAs
quantum wells, and undopcd AIXGal-XAs

barriers. Very low doping densities were used

to minimize the parasitic dark current. The Al
molar fraction in the AlxGal .XAS barriers

varies from x = 0,15 to 0.17 (corresponding
to cutoff wavelengths of 14.9 to 15.7 pm).

These QWIPS had peak wavelengths from 14

to 15.2 pm. The peak quantum efficiency was
3% (lower quantum cfticicncy is due to the

lower well doping density) for a 45” double

pass.

The pho[oeonductive  QWIPS  of the
128x 128 FI’AS were then fabricated by wet

chemical etching through tbc photosensi[ivc
CiaAs/AIGaAs  multi quantum well layers in[o

(1w 1 pm thick doped GaAs contact layer.

The pitch of the FPA is 50 }Im and the actual

pixel size is 38x38 pm2. Then the random

rctlcctors were fabricated on the top of the
detectors and were covered with Au/Ge and
Au for Ohmic contact and reflection. Ilcn In

bumps were evaporated on top of the

dctcdors  for Si multiplexer hybridization. A

single QWIP focal plane array was chosen

(cutoff wavelength of this sample is 14.9 pm)

and bonded to a 128x128 Si multipicxcr and

biased at Vb =. -2.7 V. The focal plane array
was back-illuminated through the flat thirlncd

substrate (thickness =25 pm). “1’ypical dark



current-voltage curve and spectral response
were measured at T= 55 K, This ini[ial array

gave exccllcnt images wilh 99.9% of the

pixels working, dcmonsb-sting tlm high yield
of GaAs technology. The Cxccllenl

uncorrected photocurlcnt  uniformity of the
16384 pixels of the 128x128 I’PA wi[h

s tandard dcvia{icm of only o, 2.4Y0. ‘1’hc.

uniformity after correction was 0.2%. As
mentioned earlier this high yield is due to the

cxccllcnt CiaAs  growth uniformity and the

mature GaAs processing technology.

Video images were taken at various
frame rates varying from 50 to ?00 Hz with
f/2.6 KRS-5 optics at temperatures high as T

= 45 K, using a multiplexer having a charge
capacity of 4x107 electrons. However, the

totaI charge capacity was not available during
the operation, since the charge storage

capacitor was partly filled to provide the high

operating bias voltage required by the

detectors (i.e., vb = -~ V). The measured
noise equivalent temperature difference
NEAT of the 15 pm imaging system is 30

mK at T=45 K for 300 K background. It

should be noted that these initial unoptimizcd
focal plane array results are far from

optimum. The QWIP device structures was

not optimized;  the gratings were also not

optimized for the maximum light coupling

efficiency; no microlcnses  were used; no

antireflection coatings were used; no
substrate thinning was used (in the case of

VWIR  imaging the hybrid was thinned to 25
pm, however, it was not sufficient to improve
the light coupling efficiency to snlall pixel);

and finally the multiplexer used was a

photovoltaic InSb multiplexer which is

certainly not optimixxi  to supply the proper

bias and impedance levels required by

photoconductive QWIPS. Implementation of

these improvements should significantly
enhance the QWIP focal plane array

opcmting temperatures (i.e., 77 K for 10 pm

and 55 K for 15 pm).


