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GaAs/AlGaAs QWIP IRFPA for 10.55 pm long wavelength

Li Xiangyang, Li Ning, Xu Jintong, Chu Kaihui, Xu Guoqing, Wang Ling, Zhang Yan,
Zhu Longyuan, Wang Jigiang, Lu Wei

(Institute of Shanghai Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China)

Abstract: 640512 Quantum Well Infrared Photo-detector(QWIP) long wavelength infrared(LWIR) focal
plane arrays(FPA) were made by using GaAs/AlGaAs quantum well structure. The response spectra were
at 10.55 pm. Integrated with rotation sterling cooler which gave a temperature of 50 K, the FPA was
measured to find the results that NETD was about 22.5 mK. The FPA assembly kept good performance
after the switch-on-off cycling test and thermal vacuum test. The illumination non-uniformity of the focal
plane with a cold shield was calculated with a numerical method. The results were compared with the
approximate analytic method. It is shown that numerical method should be used for small F—numbers.
Thus, the measured non-uniformity is believed to be dominated by the illumination non-uniformity. By
using the MEEP FDTD software, calculation about the near-field photo-coupled electrical-field energy
were designed and results show that current QWIP structure parameters are near optimized in term of
optical diffraction.
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Tab.1 Material structure of LW QWIP

Layer Thickness/nm Material Description Doping conc./cm™

6 1800 n—-GaAs Cap layer 2.5x10"

5 50 AlGa,_As Barrier,x—0.22 Undoped

4 ~6 n—GaAs Quantum well Si doped (1.0-1.5) x10"

50 periods

3 50 Al Ga,_As Barrier Undoped

2 1200 n—-GaAs Bottom 2.5x10"

1 300 Al 5Ga, ;5As Etch stop layer 2.5x10"

0 500 pm 4" s.i. GaAs Substrate -

BF, FliE £ k2 2% GaAs Z APy 7o
Sh A R R I B A B AR 4 fk J2= A0 D T Y
JE& oty BHL 4 )2 45

AR AF B RS 2 0 Ol 2 2 B0 RN B 0T
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Fig.1 Photo of LW QWIP chip (partial area)
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Fig.2 Diagram of cold shield assembly
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from scipy import integrate

from math import cos, pi, sqrt, ceil, floor
from statistics import stdev, mean
d = 25.7
phi_A = 13.27
pitch 25.0/1000.0
length=640
width=512
def cal_lum(delta):
f=lambda y,x: ((d**2)*y)/(d**2+delta**2+y**2-2*delta*y*cos(x))**2
callum,abserr~integrate.dblquad(f,0.0,phi_A/2.0,lambda x:0,lambda x:2.0%pi)
return callum
lumd=cal_lum(0.0)
largest=ceil(0.5%sqrt(length**2+width**2)+1)
lum_calc=[]
for i in range(largest):
lum_calc.append(cal_lum(i*pitch)/lumd)
def find_lum(x):
i=floor(x)
return lum_calc[i]+(x-i)*(lum_calc[i+1]-lum_calc[i])
lum_array=[]

for x in range(length):
for y in range(width):
1lum_array.append(find_lum(sqrt((x-length/2.0)**2+(y-width/2.0)**2)))
print( %), stdev(lum_array)/mean(lum_array)*100)

Pl 3 R i A5 T M E AN H SR N T B R T

Fig.3 Numerical calculation program for non-uniformity of

illumination in focal plane
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Fig.4 Comparison between the numerical calculation results and

approximately analytic cos'd
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Fig.5 Response spectra of the device
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Tab.2 Some final-test results of FPA assemble

labeled OV16

Parameters Measured results
Array size 640x512
Pitch/pm 25
Response spectrum range/pwm 10-11
F—-number 2
D'\/cm-Hz"- W 2.8x10"
NETD/mK 22.5
Frame rate/Hz 10
Number of output 1
Blind pixel rate 0.177%

Non-uniformity
FPA operating temperature/K

Weight/kg
Power

Cooler operating voltage/V

6.53 % (un-corrected)
50
0.64

10.39 W @steady state;
17.71 W @max

28
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Fig.6 Two cool down curves under different temperature

in high vacuum
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Fig.7 Optical field distribution calculated with MEEP where the

red line is the source and white line is metal of grating
and green lines shadow area is PML layer and colorful
area with red/blue means Ez amplitude with positive and

negative value
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Fig.8 Distribution map of Ez energy density with device parameters

T — B AR T B AT LA I8 RS B = 4 1
FL, LA RORE S 7 R 4 W A0 P 2 L B 3 SR Aok
XRE R 25 R A5 5 9B AR, Al LUBURE X &1 B
PRI 25 79 1 RE DG AL S Bt 3 47 i BiE ST

4%

FIH GaAs/AlGaAs #1 & i T T4F F 50 K 1)

640x512 H F B B 10.55 wm Z1 4h £5 7 10 5 0 45
Xof B A Ve AL B BRI 2 PR BB R AT T A B, FI2 ¥
BER SR R R 25 0] LA B 22.5 mK ., T 4 I A5
2 A E 35 ) P T SOk IR 2 2 ¥ R IR R A e P
il o >k Fl MEEP 4% & 7 BF 00 &% OG5 3847 1
TR, T T GaAs JFEBE 1 ZI il 5 187 1) 4 A7 5 8802 1
SR Sy BE— 2D B R 10.55 wm K P 20 Ah i 1 B AR T
AT R0 25 1) i 203 S AR 4

S &3k

[1] Levine B F, Choi K K, Bethea C G, et al. New 10 pm
infrared detector using intersubband absorption in resonant
tunneling GaAlAs superlattices[J]. Appl Phys Lett, 1987, 50:
1092.

[2]  Jhabvala M, Choi K, Waczynski A, et al. Performance ofthe
QWIP focal plane arrays for NASA’ s Landsat Data
Continuity Mission [C]//SPIE, Infrared Technology and
Applications XXXVII, 2011, 8012: 80120Q.

[3]  Zhou Xiaohao, Li Ning, Lu Wei. Progress in quantum well
and quantum cascade infrared photodetectors in SITP [J].
Chinese Phys B, 2019, 28(2): 027801. (in Chinese)

[4]  Oskooi A, Roundy D, Ibanescu M, et al. MEEP: A flexible
free-software package for electromagnetic simulations by the
FDTD method[J]. Computer Physics Communications, 2010,
181: 687-702.

0103008-6



