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Influence of emission quantum wells on the efficiency
of up-conversion infrared photodetectors
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Abstract: Up-conversion infrared (IR) photodetectors show great potential in large-array and low dark
current IR detection due to the advantages of pixelless imaging and being free from thermal mismatch
between photodetectors and read-out integrated circuits. The emission efficiency of near-IR photons is
one of the important issues that influence the up-conversion efficiency. In this paper, cascade IR up-
converters with different numbers of emission quantum wells were designed and fabricated. Based on
the IR response measurement and simulation of carrier distribution, the influence of the number of
quantum wells on the emission efficiency of near-IR photons was investigated. The experiment results
indicate that the near-IR emission efficiency can be improved by adopting single emission quantum
well, which consequently improves the up-conversion efficiency.
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Fig.1 Conduction-band profiles and electron wave-function
envelops of GaAs-based cascade infrared up-converters. The
origin of abscissa is chosen at the top surface of the substrate
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based photodiode currents versus up-converter biases

UTELAM R CAT B 5 ok, DT IS DR T Ak 4 DN 45 1) o
HLU. O T BN e R LLAMEI D R, 5 2k
— LI PR I 25 1 ' R g 1 3 00 TS ) P
&2 FIron I IRAURE FUAG ) , 20 A1 'G5 R HIAd HL 2
BN ETE AL (VERTEX 80, Bruker) A A E DL
D3 e 75 2 25 A8 ot i L R 1 P . [ e 0 %
149516 FL A P PR P I SR % (SRS70, Stand-
ford Research Systems) R4 , i KJ5 HIE 58 FAG
A B AL PR 5. ARAEIE 3 (b) thICLL A L
TR RAREE AT, A SRR B 8848 KGR FE I I
JAHLEZ 3.5 V. O T A s i E MR L, > 4%
PFR AR R SIE I 3.5 V. & 4 Jirs il A5
R A SHEF B #REE 3.5 V i (80 KT
Xof IO A PRI 45 14 A T i 7 i R AR B, T B M
PR AT R H — 3, VAR PR 28 i Il 1X 25
PR AR —F0 45 SRR B 1 R AR i 14 o iz P
i d == L REA R N B v 91 AL B

device A 80K 3.5V T

—
(=}
T

\ ----device B 80K 3.5V

e = =
» =N %
i T

=
()

S
=

Si-based PD normalized responsivity/(a.u.)

3.0 3.5 4.0 4.5 5.0 5.5 6.0
Wavelength/ nm

N
n

K4 AR B &RE 3.5 V AL JE 80 Kl B T fir %)
AT 45 140 A X i 7 5

Fig. 4  The normalized responsivity spectra of Si-based
photodiodes of up-converters A ( black line) and B (red
dashed line) at 80 K, 3.5 V

T b He e R GE R A B b e AR g
FIRY A1 7 PR O I SR AE A8 L g hoOnm 5 e
AR e R HL AL A G RICR OG R IR ( dE AR
FI B0 H R0 37 B H AR 190 375 SR A5 LT ZR e M
R ) FOREIR DN &5 19 5 RO LE [, an s X
TN
Loy 9 Ly gy Mg Mo - (D
AR (82 S AR Xsf A [ 14 RO ROR R —
Y W AR ) 28 T 20 AT DURAS LT A R By 3 2141
DG SRR R [R) A I 32X ' B T A AR A AH [] F Ac
RORUL B RERRIN 8% B T R0%. YA ER s i)



3 HEAEHY 65 OB F U B2 SN 38R 1 285

M JS7 P SR [ B, AT LA S e 480 245 M 7 L 3 1) 22
S FORIET BRI ZOCRCR AR P, 7EAH
[7i) 2P 48 1 87 PR U BSR4 i 17 P
TIE LR BT ORI AT Y.

ST 3 AR SR A L S e A 4 0 1o
T IR AR AR i A0 45 O W 7 P A DA N AR A , A
FIE S Fros LA O 0 ROt Rt 2, o sk
U3 A 8, ELAUSR B A3 F. NIRRT LR 21, 12
A MR T , A SRPFRE N L IR ZY R 35 nA B,
TEERIN 5 (14 HL LT s ) e 7, i B e 4
IO LA B IR F] 70 nA B4 23 H B U BT A A
AL AP I3 L U 229 0 60 mA S 4], B ] v A
SNLFT7 , HOIRE A F F 107 B4 e SR 000 45 Ml o7 FEL 37
IBE] 80 pA, {H B A3 1F 9 K AT SR i I 3 A% S g 7
B, RO A SR HRMA =L L. B
TS R RO R U ) — 25 R (R A o T 7R
s I FL AV BB ) e 0 B A R RCR 2 1 i HL
R TR, 33X I A 48 1 A DG ROR B 2 57 38
BN, LRV R, B 2R B ROCRCRA RIS IR T A
et

1E-8

device A_80 K
— — deviceB_80K

1E9F

1E-10

1E-11 E

1E-12

Si-based PD response current/A

. all
1E-13F Lo Twm
L L
1E-9 1E-8 1E-7 1E-6
Up-converter response current/A

PS40 o i L7 P 3 e e P i 7 P 32 A P
2

Fig.5 Response currents of Si-based photodiodes versus re-
sponse currents of up-converters for devices A ( black line)
and B (blue dashed line)

[ HARAR T R OERR T N AS SO I R
W], T A A5 AL A8 RO 23 B W) HL 5 28 e e 1 v
A3 O T e oA LR SRR AR 1R T
BIE 38 2 23 P AR R AR A 2 A 1Y
SRl 3 AR SRR E 15 07 B AR T AR L LA
BELEAE T AR MBOR TR, TR T A B feh4
o R By 25 A E A A 18 6 TR A B e 4E 80 K
i E RSPy L R A TR A 25 MR EE A 2 it B R

IO R i A | B D = i i e |11 i 2 G S M=)
AN YA AZ 1AM RS 7= A 16 AR HE 7 )
PR X s i F b, i PR R, AR
P AU X AR M 25 7R AL AR E 6 RS R, R
BRI A TR & G IX 4 A R B WA S A v, (E
TE & GIX 2 SMBA — 52 43, LRI X iz XA
N X YA B 7 DR T B % 28 10 07 =X i iz
X, HAF Al Tk Rl 4R 5 2 & F 4, I L FE s X
AR S R I AR T . e X B Bl R L TR
Ffw LK, A AT RE S A B2 R E AT RO, [
HZE N B X ALHE GaAs J2 HE AR I X (4 Ing,
GagonAs L FIEA R WA REL B T2 XE /L
e ARIEIRA T, 288 PR A T AR E T, b
R X IR 2 5 XA 2 S K A Ak T R T 2%
M S 4 91 T P DR L A R I I b 5 e R 1Y
2L A M 1

TR I 45 5L B, 7R 4T 41 17 L O 35 ~ 100
nA YOI Z N, A 2R R OERCRI B & T B #%
. FRATE W TR AT 1HE. R4 R R0k
TSI ABC R T E AR RO
(14 P T RCRAE — G B A HL VG L I B T s
S E A BE RS KL AR UER IR 6 R B 2RO
X )5S 7R B, AN XE & B = A BiF 0 55 7Ok AR T
A FR T H A A RS BRI S X 25 Ok B R
I AN 5 P 2 B I B ) R IR AR A B ™ . S
A E R B A A ME DL E BT (AR YRR 1(b) P
F B, T304 BR B2 A A P R U, O A v T AR
15 X SR —A RO B o A vk BE K, HE A~
BT E IR BB ST A B, Koy R
— AR, YA R A S SRR TR T R FE
HIFRDEHR T T 25 & 6 i 7 F28 7Ok g &
PRI AE LA 21 0 i 7 F G v L, A B R B XY
W TRCRE T B 274, BN % 8 U800, Kk
ST R T B 884 55—, HE LXK
ZANYZS TR BE AN AT, A BRI R N X
2L T B A, AR G B AT BE R
F B fRlk. L5 X P 7 T K 7 21 AR S LI 35
~ 100 nA B[ Z B, AT SRS R GCBER A 254
(B A % YRR T HA = AN LOEBE B #3024
SR, P YL T 2 — L TR AESE. AN, 2%
(e ali DA R R EST SRR R S )

4 e

P LIARETSMAIN 87 LD A G119 KO3



286 EANP/IRSTE SN g o 35 %
d‘ " L] L] L ] L]
20 fo===—= device A 80 K_flat-band voltage < References
16 | RAX . | [1] Rogalski A. HgCdTe infrared detector material; history,

12

log(hole concentration/cm™>)

#;l 'l 1L L 'l B
20 ™ device B_80 K_flat-band voltage o

log(hole concentration/cm™)

0.00 05 0.6 0.7 0.8 0.9 1.0
Position/pm

6 A.BAFAE 80 K i 5Pl o A5 R A=
T A R AR AR i B RS 3T

Fig. 6 Calculated hole distributions for up-converters A
(upper panel) and B (lower panel) at 80 K and flat-
band voltage. The origin of abscissa is chosen at the top
surface of the substrate

FIEEM T LR SCR I BN R, ROERR S
HL RS O B A DI AR OG. il Bt il BAT
A=A SOCBE A LR F, X g i ROk
YT T SRR, SRS RO A A
TR AE R A CHCR, B R A R G L5
A AR AR A 2R T A R L
Lo v s o e B2 MG AR FL R 2 B 0 A R A, TA
A RICBF R LA ZO L N B T
A=A KO AR

status and outlook[J]. Rep. Prog. Phys, 2005, 68(10) .
2267 —2336.

[2]Tidrow M Z, Beck W A, Clark W W, et al. Device physics
and focal plane array applications of QWIP and MCT[J].
Opto-Electronics Review, 1999, 7(4) :283 —296.

[3]LI Yan-Jin, HE Li, YANG Jian-Rong, et al. Study on ther-
mal mismatch stress of HgCdTe infrared focal plane array
[J]. J. Infrared Millim. Waves (Z=5 %, fi] 1,
o, S W ORLZLAMET T d R BN ST, L0oh
E=XiEFR), 2008, 27(6) :409 —412.

[4]Liu H C, Li J, Wasilewski Z R, et al. Integrated quantum
well intersub-band photodetector and light emitting diode
[J]. Electron. Lett, 1995, 31(10) ;832 —833.

[5]Dupont E, Liu H C, Buchanan M, et al. Pixel-less infrared
imaging based on the integration of an n-type quantum-well
infrared photodetector with a light-emitting diode[ J]. Appl.
Phys. Lett. , 1999, 75(4) :563 —565.

[6]LUO Yi, HAO Zhi-Biao, WANG Lei, et al. An up-conver-
sion infrared photodetector based on quantum cascade struc-
ture ; China Patent,2011104389994 [ P]. (%' %%, & %,
T, & —FMEE IR B R b
4], 2011104389994 ). 2011. http://www. sipo. gov.
cn/zljstl/ .

[7]KANG Jian-Bin, HAO Zhi-Biao, WANG Lei, et al. Studies
on carrier-blocking structures for up-conversion infrared
photodetectors[ J]. Acta Phys. Sin. (JEfEM, ME %, £
iy S LLAMB b e g v O T B A5 4 B4
9%, WIEEEIR) , 2015, 64(17) . 178502.

[8]Liu H C, Buchanan M, Wasilewski Z R. How good is the
polarization selection rule for intersubband transitions [ J ].
Appl. Phys. Lett. , 1998, 72(14) 1682 — 1684.

[9 ] Hillmer H, Marcinkevicius S. Optically detected carrier
transport in III/V semiconductor QW structures: experi-
ments, model calculations and applications in fast 1.55 um
laser devices[ J]. Appl. Phys. B, 1998, 66(1):1—17.

[10]Buffaz A, Carras M, Doyennette L, et al. Long range res-
onant tunneling in quantum cascade structures [ J].
Phys. Lett. , 2010, 96(16) :162103.

[11]Ban D, Luo H, Liu H C, et al. Optimized GaAs/AlGaAs
light-emitting diodes and high efficiency wafer-fused optical
up-conversion devices[J]. J. Appl. Phys, 2004, 96(9) :
5243 —5248.

Appl.



