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Abstract: Uncooled infrared detectors are widely used in the infrared field due to their low cost, small size, and
low power consumption because they do not need the cooling device and can work at room temperature. In
military application field, the uncooled detector has gradually entered the application domain of previous
refrigerated detector, and has been widely used in some low-cost weapon systems, even replaced the original
uncooled detectors in some application fields. In the civil field, it has shown its advantages in price and ease of
use, and has aroused widespread interest and attention in civil in-vehicle night vision, security monitoring and
other application field. The working theory of several typical uncooled infrared detectors such as Bolometer,
pyroelectric, thermopile, etc. were introduced, and the status of the main products that have been commercialized

at home and abroad was enumerated, the development of pixel pitch, array specifications, performance and
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packaging of mainstream bolometer devices was focused, which were currently the most widely used. In addition

to the bolometer, pyroelectric, SOI diode and other products that had been commercialized, some new uncooled

detection technologies or new detectors were introduced in detail: such as the application of metasurfaces in

enhancing absorption in certain wavebands, the research progress of new materials bolometer, new bi-material

uncooled devices, graphene, quantum dots,

nanowires and other photoelectric detection tech-

nologies. Finally, the future development trend of uncooled infrared detectors were predicted in the end of the review.
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Fig.l Applications of uncooled infrared detector
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Fig.2 Development of uncooled infrared detector
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Fig.3 Bolometer. (a) Diagram of pixel structure!'”; (b) Diagram of pixel profile diagram; (c) Pixel SEM image; (d) Partial microscope diagram of

640x512 focal plane array; (e) Partial SEM image of 640x512 focal plane array; (f) Microscope diagram of wafer; (g) Package diagram;

(h) Bolometer detector; (i) Bolometer image
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Tab.1 Comparison of several packages

Package type Feature Major manufacturers Product
High cost, difficult to achieve civilian
Metal package use when applied in the military field, Early ULIS, DRS,

and will gradually fade out

Upgraded form of metal packaging,
Ceramic package packaging volume and weight,
and reducing packaging costs

High integration, simplified process
steps, suitable for mass production
and low cost production

Wafer level package

Simplifies the manufacturing process
of uncooled IRFPA, reducing
packaging costs to the extreme

Pixel level package

SCD, NEC, BAE

using cheap ceramic materials, reducing  The most popular packaging
technology in recent years

FLIR, ULIS, Guide
infrared, Iray

This technology is still in the research stage
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Tab.2 Main products of microbolometer from major manufacturers

Thermal Pixel

Manufacturer . . Array scale Package form NETD Ref.
material size/um
80%60/160x120 <50 mK
FLIR 12 Metal/ Ceramic / Wafer <40 mK; <50 mK;
US) VO, 640x512/320%256 level <60 mK (24]
17 336%256 <30 mK
DRS 1024x768/640%480/320%240 ) <14 ms /<40 mK
VO, 17 Metal/ Ceramic [25]
(US) 640x480 <14 ms /<50 mK
= 640x480; Wafer level <10 ms /<60 mK
320%240 Ceramic <10 ms /<60 mK
Lynred o-Si 1024x768; Wafer level <12 ms /<50 mK [26]
(France) . 640X480: <12 ms /<50 mK; <40 mK;
' Ceramic <30 mK;
384x2880x120 <10 ms /<60 mK
1024x768 / 12 ms/<45 mK
(lSsrCal:l) VO, 17 640%512; Ceramic //<35 mK [27]
640x480 Ceramic 10-18 ms/ 22-50 mK
12 1280x1024; 640x512 Wafer level/Ceramic 7 ms; 10 ms /<40 mK; <50 mK
Iray 14 1024x768; 640x512 Ceramic 7 ms /<40 mK
. VO, [28]
(China) 640x512; 384%288 Metal 10 ms /<50 mK
17
384x288 Wafer level/Ceramic 10 ms /<40 mK
15 1 .920x1 080, 1280x1024, 1024x768 Metal <50 mK
160x120, 240180, 384x288, 640x480 Ceramic <60 mK
DALI . 17
(China) a-Si 384x288 Metal <50 mK [29]
’s 80%80, 120x120, 160x120 Ceramic <50 mK
384x288 Metal <40 mK
640x512; 400%300; 256%192; Wafer level <12 ms/<40 mK; <60 mK
12 1280%1024; 640x512; 400x300; <12 ms/<30 mK; <40 mK; <60
Guide infrared 256x192; Metal mK
(China) VO, ’ [30]
. 400x300; 120x90 Wafer level <12 ms/<40 mK
400x300; 800x600 Metal <12 ms/<40 mK
20 <12 ms/<40 mK; <60 mK
640%512;
17 <12 ms/<40 mK; <50 mK
((é;l’\;llg) VO, 17 Metal <12 ms/<40 mK; <50 mK [31]
20 384x288 15 ms/=<40 mK; <50 mK
25 <10 ms/<40 Mk; <50 mK
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Fig.4 Thermopile detector/pyroelectric detector/InGaAs detector. (a) Schematic diagram of thermopile detector; (b) Thermopile sensor of Yatai
photoelectric Company; (c) Pyroelectric detector product of Heimann company; (d) Comparison of pyroelectric detector product and match head
of Heimann company; (e) SW InGaAs detector of Lynred; (f) Image of 1.7 um near infrared InGaAs focal plane arrays produced by Shanghai

Institute of Technology and Physics, Chinese Academy of Sciences
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JEHL T T T TR A U A SRR
AT B £ AR 85 Sy e SR ME R JE o AR
SRR TR T ERBRGORAE FEAT AL S HE R B A B
Wi, XL SR AT BEMDEH SR Dl TR AT uli
ROV it AR ) o 28 R AR BT IO T RE . X S84
AL BEAR AR R LB Rk 5 il
RV RA AL %25 TAR O AT RE . SCHRA 4 T — 2 i
TR LR, R NER 3 FrR.
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Tab.3 Summary of new uncooled infrared detectors
Material Material charz_icterlstlcs or Device type Device performance Ref.
functions
Silicon Very low power consumption ~ CMOS-SOI-NEMS Reduced power consumption [43]
vy p P and highly adaptable
At wavelengths 2 =4.8 pm and 1 =9 pm with
. the absorption magnitudes more than 0.98
VO, +A .
 +Au Enhanced absorption Bolometer and 0.94; tunable dual-band absorption [44]
peaks can be achieved.
. The peak wavelength can be tailored
VO, +A
AU Modulation wavelength Bolometer from 2.4 to 10.2 um. [45]
a-Si +Au Enhanced absorption Bolometer NEP: 100 pW/Hz'"?, D">5x10" Jones [46]
Si Ultra-thin, highly-doped Bolometer Fast and highly-sensitive [47]
Polycrystallin At 30 Hz, noise equivalent temperature:
—7 172 L
e films of High TCR, low excess noise Bolometer 2.1x 1(.) .K/HZ ’ resgponslvnl% 330 V./W’ [48]
Mn-Co-Ni-O detectivity: 0.6 x 10° cm Hz"“/W, noise
equivalent power: 3.7 x 107 W/Hz'"?
High TCR and a low TCR: -3.95%/K, the TCR can be increased
Si,Ge, 0, corresponding Bolometer and resistivity can be decreased by optimizing [49]
TV resistivity can be achieved using .
: . the film contents at low oxygen concentration
various compositions.
With a variety of reported
photodetectors TCRs up to 900%/K, and the ability to
Graphene ranging from visible to THz Bolometer resolve temperature variations down to 15 pK. [50]
frequencies
Modulates the back-gate voltage to increase the
Graphene Can bg synthesme(.l inexpensively Photodetector photoresponse by a factor of approxlmately (51]
via a non-toxic process 600 compared to that for a conventional
graphene photodetector.
Tunable optical response 10
H kD *of 7.5 x 107 J t
HgTe CQD and CQD detectors avepeact’ ™o ones a [52]
L. 2.2 um at room temperature.
the ease of fabrication
‘ Has a bent cantilever due to the Optical The curvatun? radius of tbe multilayer cantilever
SiN, . . . and the optical sensitivity of the system have [53—54]
micromachining techniques readout FPA . . g
increased 5 times and 5.74 times.
The photodetectors comprised
. nanostructured photoabsorbers, n-InAsSb/p-InP
InAsSb Nanowire . . .
. On InP substrate (nanowire substrate) p-n heterojunctions, and 3-D [55]
nanowire Photodetector . . - .
plasmonic gratings. Spanning the entire
MWIR regime from 3 to 5 pm
The dark t density is 130 mA/cm’ at
InAs A rectification ratio greater than ~ Heterojunctions ¢ dark current denstly 18 maven-a
. a temperature of 300 K and [56]
nanowire 300 at room temperature photodetector -
a reverse bias of 0.5 V.
Low cost, the major choice for
mid-IR sensing applications . . 10
PbSe operating Photoconductive D':4.2x10™ Jones [57]
in the 1-5 um spectral range
21 BEWMBRE AR IR S

8 285 4 BB A I 8 v A 1 D B R . S
I GR T LR LA (R R T 2540 . Qi LiM A4 T —
FirF 2R 1045 B IR SLR A MO, X il 4141 (MWIR)
FH U LT 4N (LWIR) U B W IS0 A7 W Jd A 1 sV
2 5 M 25 4 02 el & BRI’ R AL, 7 T SiN/VO,/
SIN J& 25 TS o 8 A AT B, X W IO A Ui
KR 4.8 um 19 pm Kb, WUER5HIK T 98% Fi 94%.
SIS A RO AU L, T DA o e AR R 1Y

Kaikai Dul™ 45 A\ 46t T — B 5 88 B4R i #%
1 3E ¥ Bolometer, M T AT IK 3] 90%, 18 13 4 % 4
B JLATIE AR, AT DL I 4 A 2.4 pum 1 %% 2
10.2 um,

Aapo Varpula“® 58 A1 T —F 30 pm=30 pm iy
LA K I 21 4h Bolometer, ‘B REMS 3 25 CMOS 1.7,
FEHIRIHEAR/N (67 ps)o 7E EHIAEK—Z 24.5 pmx
24.5 um, J& Sk 30 nm & 5K 4 TR MR Uk
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Fig.5 Several metasurface structures. (a) Top view of a grid-type metasurface; (b) Schematic diagram of a grid-type metasurface device; (c) Schematic

diagram of a disk-type metasurface; (d) Partial schematic diagram of a disk-type metasurface; (¢) Top view of the dual-band absorber structure;

(f) Schematic diagram of the dual-band absorber structure

JZ (TIW), 33X J2 W02 T TH 627 1 3R I LA K
SH2ICF A T —A V4 B RE . #ig b, %8
M 2% B9 NEP A L E] AKX F 100 pW/HZ'", DK F 5x
107 Jones.

2.2 Bolometer 41 #}

S E S Bolometer Y R Y AL BUAS T 13, 1H
PREMERE LT | A% B B 1) 7 AL AR R B 2D —
A, BT 28 o-Si il RS Rt B
A AR 55, (H B B 518 H R B 8K, Aapo
Varpula® 88 ATEM] T8, 548 2% 0 ik B m] T
TP HL R O A H Bolometer, 1R 45 R
71N, S R TR PR RS (R SR 5, AN 52 5 S S S R, A
SR 45 PN R A A BIR A

o R B B T R A B 5T T A B R B A
BAX Mn-Co-Ni-O i JEA R AR 25 2017 T 45T, 3
AR FHR 2 4 260 Q-cm, TCR R AL H-3.9%/K;
i 4 1 ) 7 SRR I R 323~335 V/W, DR 0.59x
10°~0.61x10° Jones.

XF Si,Ge, Oy, B B BIF 5T 1 J2 73 — AT 5
] o Lutful Hai™ 2 A58 2ok 5450 4 45 0k 5 3% 4¢, 7F 38
Ar/Oy 19 450 LT FH G A 0 37 1Y) fe 0 R B4 B ) 3 ik
il % S1,Ge, 0, WA, 38 oF 3815 20 173 ] LA oo 28 b1 Rk
() TCR A1 1, BH , Sig 054Geg 57700 060 1 TCR A L1 3|

3.5%/K, HLBH R AT LAF] 629 Q-cm. Koppulal® 2 A X
$i,Ge,0;_,, i) Bolometer #E17 1 WF5T, % BLHE finka 25
M5, B FEAR T 2.2~53 1%, TCRIEE T 6%~
10%, 15 FE R T4 40 umx40 um i Bolometer, i = H,
JE MR R 2R R 4.37x10° V/W ., BRI 1.19%10° Jones.
FLAS IR K JF AR5 R 1.2x107'° VY/Hz,

23 AERK

Wil 25 A1 207 SRR AR R I R R, e A TE K 4
L3 AR AN B AT 14 5 e B £ AR R 2% )
ot 2 (1 D6 1

2017 4F, U.Sassi®™ % A B T —Fh 6 2204 b )%
BRI, 3 35— PRIk 09 77 B & Jm S5 4, F e 4R
TE A7 25 0 38 18 1Y TOURSM B FL 25 4% b, AT TCR ik
£ 900%/K, Ff HBe M - 31 B3R EE AR b 15 pK.

2020 4F, H 7<) Shimatani®®" $i8 7 — Ffr 3L Tk
BN I K 2T 4D (LWIR) A7 SR IECHL IR 2 . 2%
PRl FHAR IR EE (LINDOs) Fof JIE, 3 2 4 IS 1) SR L A4
BRI, e AN . SRS A SRR AR
25 R L, 3 A 28000 8 9 A R T AR K &Y
600 £ [ HEI I o IZAIFSE 25 5 A7 B4 J5 S5 80 i3 i) [
R ARBLAS 9 F R SR AR PR L BT AR R AR
A3 BT ST 4 P o

U LEAE, 36 [ | BN A [ A 5 AR AN [ A
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JE RIS T S8, i — A BaiE T bR Y M R AR A RN
TEAE MR AR RS, X BT Y £ AR 2% 3 83 2k
o 90 K SR DA S 25 K ) AT P T A S BT AR
I, iR B TARR B & OR7 AR RS, R BT
BV 2 E AR R . AR HRTIE A & R AR
(R SR BF RN, LI LR A 19 & Jo AR, P ¥ T3 A W Ay
T, A T BE AL Gt B 2T A0 o B I0 25 1 AR A A ok
HRA M ) AR 5
24 EFR

et ER T R 0 TRV R A VR A i
WG| T AR5 K 2019 4R, 28 K241

Water

Tang 55 NP1 T —F0H HeTe ek & T S wlER
FPELLAMR I R, BRI 25 A HLMCE WM, DY
(2.2 um 4t DK 7.5%x10" Jones), Wi 7 B} 18] 45 (29 K
260 ns), AT LLH T 8OR A 2050 IR P o 8] 6(a).
(b) Fl (o) A2 % H I 5 (0 45 44 N BRI . R4, A
F U R — T R B 4 HgTe Jie 1A 1 4R 2517,
AR 35 8 & R 450, AN RSH ) HeTe &+ 508
SWIR (<2.5 um) Fl MWIR(3~5 um), 18 1 ok 722 fii [ Y
P AN, BRI 25 7] 7E SWIR 52 20AT MWIR A5
v 1757 ) i 8

SWIR

6 AR LLAMEM AR, (a) et HeTe CQDs Y& FELIRINZR A #1445 H 5 (b) BN KR A /K BB R SWIR PEME; () 2 hmafk
SFETRIBFRAY SWIR B4 (d) InP (111) B %) AR KA InAs QKL FE51); (e) 100 umx 100 pwm YK LR FE51 5 | 22 55 i 14 ;

Fig.6 New uncooled infrared detector®>. (a) Illustration of the device architecture of flexible HgTe CQDs photovoltaic detectors; (b) SWIR images of

two plastic cups with and without water; (c) SWIR images of a printed logo of University of Chicago; (d) As-grown InAs nanowire arrays on InP

(111) B substrate; (e) Wire-bonded close-up view of 100 um>100 pm nanowire array

2020 4F, Sean Hinds % A1 kA1 T RIS A
1920x1080 (1 ¢ #& & F &5 9 & 5 3 4 4h (eSWIR)
AHL, P 300 nm £ 2100 nm, 4 ICE]FEHN 15 pm,
TEZR N TAERE, ZEMRA 1x10"2 Jones, RFHLA 32 fA .
TP A R 2, I AE ALK T MCT, i B
i 1 1 FEL 0 T BRI AT RS ] R IR
TEK K AR T gl T 5 MCT. InSb %5 {5 {3 41 42
it

H P5 Image Sensors World A9 % 38 ©Y, e A 15 1)

IMEC(Interuniversity Microelectronics Centre) 7E 2019 4
TF % 055 — A0 7 5 SWIR FEFIHEI &5, LR 51 A%
y 758%512, R JC Al #E 2 5 pm, 7 1450 nm % Kk |
AR R T 20%. 1155 A0S R H T4 Tl
ik, AR R BERKARE 1.8 um (HLAY InGaAs BRI A%
R ZBIEEAE 15 pm ] 20 pm Z[A]),
2.5 WA BE B AEGS R ]

XURE R ) B2 11 A8 TR AR o ¥4 21 M0 % o 5 T
AT LASE 4 5 R RLA SR R H B O i A, B
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I, "B # NETD ] USRI AR /N, 53R 5k BE P IE FPA
M RAS . 3R AR LT T A G TAE MBS, hRkR
(1) Zhang BN 32 T —FhoG-HLA 1 e Hiv8 41
AN, SRR I 75 2 Hh R ke R B TR) 1% 1 b b
TR AR, 24 HR I 2 W ST AN SIS, A K R RO TR
{10 TR b b ek 2 T 2 AR N o Y RS D RO T
Sl ) R A 2 AN T, 3 A i o T DA 2 s
W TR AT o OB BT B K A Calumino 23
A O HE T T R 4 SR Rk R A v
R 2%, HAZ TC ] FE R 36x16 ) FPA I F B 454,
DGR L A, S NETD /T 100 mK.
RPN AR H A g, R PR E 20
HIEEFNWL L,
2.6 HthFHEERNIZE

B T LSS 0 R A, b R O T
FE—SE R AR DA o I KA Ren™ % 45 A4
JE T —Fh InP #1JiE_E 1% InAs 1 InAsSb 4K 25 ] 45 1
il £ A3 IR LRI, 2 A 5 40 K 2 A A S R
#i . n-InAsSb /p-InP(44 K £ FE A )p-n 5 i 25 1 3-D %5
B URBOTOEME . I T AR e 9 K 2 FL AR
28 5% Tl FNATE 2 PR 858w ) v Jpt 2T S 28 WK 1
KR BT R A5 1 BE e T kR, & 6(c) Al
(d) BRI 25 B 5 A Ao R

Weng"" 3 A48 T HAE AR th i 40 4ok &
%1 PbSe F1 #§ FHE AR AL PbSe 4 &5 B 385 5 ¥ 5 1
(0 BIF 9T 3E B . O 5 7 PbSe 45 I 2% 14 45 I % 3k 3
4.2x10" Jones, J&F X6 SR ZRIWF5E, FF A T —
Fififi FH PoSe fll ity 2 7= 6 AR PR AR 35 198 7 v, #1246
WA 25 A5 2 N B

€ [ i JH B T. K 2% Harry Atwater 2 4% #ff 5% [41
BAAS 28T — s 45 90 K 0 - 24 25 0 1) A8 L R
o IZAMEE G EE R, X AT e R T
AR EBIL IR, i o7 2R ] AR F] 38 V/W, Hili i %K b
e A AR R 10 3 100 £ .

3 HiFEE

S HAFR R R, [ AR L AMR I S R
PEAL 3, FELE R Bz T LR A1) A i
A ARSE T I8 . Bl [ 50 LLAMR I AR 1) T A, 4531
JE 2020 A R BEAR BRI, AR XL PR AL

SR, AR F AR T 3847 3 2 11
WIESEER e

55— AN K BB AR AN 25T A #R R o 3
(58] 28 il ol A5 A A 7 1) O 34 B A A B RS 28
T as o O RS IR WU ME A I R,
I, — 45/ ME R IR S el R st 7. 56 =K
EFRCA AR PR BRI T 7K. TR
Ui T o, RARBUAS | ARG B AR IR AR T I T Bl
BWRRTT. B, IRARASEA, i iR Ak
WA SR R HE, A AT REAE T 3 B R e, SR
53 H#3 Bolometer #7384 .
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