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Research Status of Lead Selenide Thin Films Used for Infrared Detectors
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Abstract: Lead selenide thin films are typical narrow band gap materials, which are widely used as the
photosensors in the infrared detectors due to their excellent photoelectric sensitivity and responsivity even
at room temperature. The typical properties, preparation technologies, post-treatment methods, theoretical
researches and lead selenide infrared detectors research status of the lead selenide thin films are concluded

and summarized in this paper. Besides, the future development directions of lead selenide thin films are

discussed based on the conclusions.
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Fig.3 Schematic diagram of the chemical bath deposition devices (left) and the surface morphology of the obtained PbSe thin films

(right). The inset shows the transmittance spectrum of the PbSe thin film prepared by the chemical bath deposition
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thin films (right)

Downward
funneling

R 2

Gate Valve

IEﬁ:E}Q_ Desorption
[" — Transter Rod l—

Portidown)

Effusion Cell Ga N2 s

5 T ARAME VA SRR B R AR A
Fig.5 Schematic diagram of the molecular beam epitaxy devices (left) and the growth process of the thin films deposited
by MBE method (right)



F38%E F 12
2016412 A

PNE SR : ZLAMAN 23 1 PbSe MR B UK

Vol.38 No.12
Dec. 2016

W, HTHRIMERIEERETEES AT (<
10°° Pa) JREE N HEAT 0, F HLRZ A KOl R AR (<
3000 nm-h™ D, X5 HIE T BZ SRR, (H
77 T % T LS AN L i R SR AR A
HR BRI R AR E R HEr B . T
FIRE,  HECRH S FARAMEE A % PbSe T
(ORIF 9T 32 B TR 7830 0 SRR BE T, 5 B KRN
B AR = B D o

4) HASMIIRE (VPD)

B S AHPUBUR — R GE R UUBURN 5 S i b 3
S AT AER—FIHE L SARTTRE R,
FHFEA RS AR & T KT
SIS, HOR LRI 6 Bt

HAT, HASHUTURE AR O N T2 54
WL R Ak A2 7=, HoAH New Infrared Technology 72
"] (PHPE) JeME—— R A Z BRI % PbSe #f
PRMZRH AR, B 7 1% AR 1 PbSe LT SMAD
BEANE B CRE TR P2, 20k B SRR
WAFIE— R Gk, iR EE IR RELE A 1B
%, PR, XEERETURERES, W
RIRERIAK, Tk GEMIE S 45 A Tt

5) FRTEUIRE (ALD)

JEF JZ TR —FmT LR 5T DA B SR % 20
—E—EMEERIRKRE L. BT RIS

TR ADTRE A L Ab, (B 7R SR T IZ TR R
B BRI R N B S 2w R A SRk
(17, X7 RO B R GUR — R R T, Bk
FEME 8 Fiin o

HFEEE— 2 EAKN, B2EEN S
WRECAE R, LR 7 EUUR I v RS i g 1 i 2 5
FE. B 9 A Pillai™% AR ALD il % (1] PbTe
A1 PbSe FEAS [FEIIEFR VKBS 1) AR A, 2 R
VTR S50 350 B G 24 o £ ) AR A i A2 4k o B LRI
PbTe FI PbSe I AE K 75 :0id i 35 Hh 52 3135 FE 11
B, JRERER (>210C), BEEE S VLIRS
HAK, ARF RIS B0 1R

REFEFIZUBIERGRZS, BUFER
AR, HPREEN AR BRZURER
1%, Hl& R . FAh, WA PTR I RE X
PEAIR, BhSTERE e A KA, 2
R

6) WS PIRR:

TR VTR R R B S A VTR YE (physical
vapor deposition, PVD) []—Ff, ‘B2 fg EAAFE
JE TR RS T (Ar) BT R,
DURVER: 3R (A SRS . 3. g, &
J& R BBV T R B, A 2% A JE 4 4
10 fiiR™7,

2 1-Metal tech 2-Metal tech Monolithic infegration
=1
w largeFPAs
= w/ROIC
£  embedded
o
- E A
g &
g s
5 <
g -
8 !
8 | ; - Tﬂedium FPAS O
Medium FPAs -
(BxB- 16x16—32%82]" | W/ROICembedded Q
i (=
o FPAs e i z
elements (16)(4)’ %
— ) T—— - E
> Year

1995 - 2000 2000-

2005

2006 - 2008 > 2009

6 VPD HARKIK I

v
o

2,00E+09

1,756+09

1,50E+09

1,256+09

R&D technology readiness level

Industrialization level

Fig.6 Development process of the vapor phase deposition (VPD) technique

2,00 2,50 300 3,50

‘Wavelength (microns)

4,00

K7 New Infrared Technology A ] (FaHEZA ) PbSe iR AMAM 38 A 1 HRM 2
Fig.7 PbSe thin film infrared detector and its detectivity produced by New Infrared Technology company (Spain)

1009



384 H12H EANEIE SN Vol.38 No.12
2016 4£ 12 H Infrared Technology Dec. 2016
Pracugsar s 8 =
—w [ . - - - N :
e %% "% e Hyproduc U ReE
2. %8s %2 = LY
> o #r ety
FERAREERERRARE SETSE TaF g SF F b o i

]

r
I

S . .
- e -~ HHu CiFnrnarT
— By product
Lixiaant - ~ 1
[ = . - L]
— = 5 !
1 . -_
o= = =
- == - = .
FURGCE ' o 5 [
r = =
F =1
LY
= E&s & &8 S8 & & % & s&as s @& =&& &
" & W &8 &-W " & W & @ &-w
T — e ——
rF o ]
Ly ] =y 00O
—— ]

K8  ALD ffill - PR R 1 1L 72 5 2 P

Fig.8 Schematic diagram of the thin film growth process deposited by atomic layer deposition (ALD) method

(a) PbTe 700 ¥X; (b) PbTe 3000 {X; (c) PbSe 1000 {X; (d) PbSe 4000 /X
(a) PbTe 700 cycles; (b) PbTe 3000 cycles; (c) PbSe 1000 cycles; (d) PbSe 4000 cycles
K9 KA ALD i %) PbTe F1 PbSe TR £E /S 7 6 51 v 5N ) FE-SEM St B

Fig.9 Surface morphology FE-SEM images of the PbTe and PbSe thin films prepared by the ALD method with different cycles
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