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Recent hotspots and innovative trends of infrared photon detectors

Lhenhun Ye
By Laboraery of Infrared bmaging Materials and Detectors, Shanghai Instines of Technical Physics, Chinese
Academy of Scignee, China

Infrored detection fechnology vsually works in the passive sensing mode and contains the advantages of leng aci-
ing-distanee, good anti-inerference, excellent peneiranon oF smoke and haey, and all-day operation, which has
been widely used in space remote sensing, military equipment, astrongmical detection and other aspects, So far,
kccond-generation and third-generation inlrared photodetecions hove bees deploved widely. High-end third-gen-
graticn mnfrared photodeleciors have Been graduonlty promoted o practical applicotion. Fourth generation and
more forward-looking research inchuding new concepl, new lechnelogy, new device has been proposed, This pre-
sentation ocuses on the resenrcl satus of infrared technology ot home and abyoad, emphatically introducing the
hot spots und development trends of infrered photodetectors. Firstly, the concept of SWoP3 is introduced due to
tocticol ubigquity and strategie bigh performanee. Secondly, the high-end third-generation infrored pholodetecions
with ulira-high spatial resolution, ulra-high energy resolution, elirs-high time resolution and ulirs-high specireal
reaclution are reviewed. Technical characteristics and implemeniation methods of witimace-perfonmance infrared
deteciors are analyzed. Then. the fourth-generntion infrored photodetcctor based on the artificial micro-siruciure
is discussed. The realization approaches and technical challenges of muli-dimensional informotion fusion such
s podarizotion, spectrum and phase are mainly introdeeed, Lastly, highly innovative irends of Duture detectors ane
discussed secording to upgradation from sn-chip digitizztion w sn-chip,

Innovative path to improve the performance of InAs/GaSh type-11 superlattice
photodetectors

Donghai Wi, Zhichuan N
1lnsnituie of Semiconductors, Chimese Academy of Sciences, China
2Center of Materials Beience and Optocleéctromics Engineening, University of Chinese Academy of Sclences.
Chimi

Smee its proposal by Szi-Halasz snd Esaki in the 19705, InAs/GaSh type-11 superfattice{ T2S5L} nuterial has been
extensvely studied and sppears o be on excellent candidate for giving breakthroughs i infrared technology, InAs:
CraSh T2EL material bas mony odvantoges such as ofs unmigue band structure engineenng copabilily, innevalive
dusign of device structure, Auger recombination suppression, large carmier effective mass and exeellent material
inifoemity. With the development of molecular beam epetaxy (MBE} growth teehnology and the mutungy of Gash
substrate, infrired photodetector based on InA=GaSb TXEL material has experienced o rapid development over
the past decade. High performames focal plane armavs (FPA) from short=wivelength (SWIR) o very long wives
lengeh (YLWIR) infrared spectral bands have been demonstrated and it performance hias neached a comparable
level with the stute of the urt HgOd Te detecton As one research group from Institute of Semiconductors; CAS, we
e deveted to develop high performance InAsGask T25L photodetectors. With constunt efforts dunng the past
fen venrs, muy imporfant brepkthroughs bave Been made mweludmg focal plone army from SWIR w0 VLWIR o
SWIRMWIR, MWIR/TWIR, LWIR/TWIR dunl band focal plane ammay. In this report, swe will review part of

the past schievements wnd present some of oor recent breakthroughs.
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Recent progress of Infrared photodetectors driven by local field

Peng Wing
Shanghm Iastitute of Technical Physics, Chingse Acodemy of Sciences

Im the past decodes, infrared (1K) photodetectors have been widely applied in remote sensing, medicine, commu-
mication and mamy other important Hekds: The smaller se, Bghter weight, lower power, higher performance amd
lower price arg expected in the next generpticn FR detecnion system. In rgcenl vodrs, many new ypes of arldvanced
IR phistodetectors with extracrdinary designs, operaling modes and materials come W the Fore guickly. Here, we
will introduce the progress and challenges of IR technology and give a report on dur progress in the development
ol novel [R photodetectons,

The study of condensed matter spectroscopy on ferrocleciric oxides
ZLlhnpao Hu
Cost Chima Mormab University

Thee studies of lottoe structurs and phase transition of mutter and phonon-clectron coupling propenty are of funda-
menial mlerests i condensed matter physics psd motenal sewence, The structore charsctensies could determme
th variety of functiohalitics and some potential applcations of material, Magy mamre charactenzation echnigues
have been used to probe the lsttice sructure and phase wansition se far, such 0z X-ray diffroction, Meutron soot-
tering technology, tempersture dependence. of diclectne constant, spectroscopie cllipsometry (SE) ainfrared spic-
troseopy (TRY and Reman scattenng, cte. TR and Baman scitenng spectroscopes. are complementary and haghly
sensitive fo-small distprions of the structural [ferroclectnic-porselectric phase) or non-structural { ferromagnet-
ic-parnmagnetic phase) tansition on molecular senle. Simultaneously, SE could determine the dieleotric funetions
and optical transition behiviors. of motertals. These condensed matter spectroscopic methods cun provide many
kigmiificant physical evidences on the structure property, such as phonon and sofl mode behavios, dielectne fime-
fRofL, apiisal treansition, e

The performance of the HOT LWIR interband cascade detectors

Martvnuuk Prowr
Miafitnry Lmiversity of Technology

This tulk presents wn inferbond cascade photodetector performance desigmed for longesave mirared range (LWTR)
and-high operating femperpiure (HOT) conditions. The deviee was-developed and fabricared based on the iype-
I superdnttice (T25Ls) "Ga-free” InAsInAsSh to include active lover, confact Invers and nunpeling regions. The
detecior redched detectivity, 0¥ = 32107 cmble172W Tor tomperpiairg, T = 300 K and LWIE - 110 pm,

InP/InGaAs Shortwave Infrared Single-Photon Avalanche Detectors

Chen Liv
Yimnan Litdversity

P/ InieAs single-photon avalache diodes (SPADs), which combine the advantages of shor-wavelength infraned
diteetion, single-photon perfgrmance, sab-nanesecomnd response mme, and miniafurizition, have been widedy em-
ploved in Aelds such as guanfum key distnbution. eve-zafe me-of-fight luser runging, non-line-sf-zight imagmg,
ol frme-resolved photelumineseence, Ab present the InPInGats SPADS hove been well developed and produced
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s commercial products, and the performance 15 sl being continwously optinized to obaim lower dork counts,
hugher maximum count rate and higher operation tfemperature in Burepe and the United States, Thenes are distinet
performance improvement on the demestic InP/inCeds SPADs concerning the deviee specthication and stability.
Thes paper first analvees the development of the InPAnGaAs SPADs, and imtroduces soame resemch work om the
InPIndEAs SPADS insluding the design, processmg and performance measensment,

Polarization-Sensitive Photodetectors based on 2D Layered Semiconductors

Phongming Wei
Institute of Semiconductors, Chinese Acadamy of Sciences

T dimensional {200 materials have been attracting wide interest duew their peculiar siructural properibes amd
[ascinating applications in the arcas of electronics, oplics, biclegy, and catalysiz. As the promising swbstitutes for
the papless gruphene, transition metal dicheleogemdes (TMDCs, such o Mok, W ele ) which also hove luyered
eryatalline strocture with: stromg im-plane Bonding bal weak mtedyer acton (van der Waals Torced show natural
band gaps, Photodetectors with high polurization sensitivity are in great demand in sdvanced optical commiunici-
tson. Here, we demonstrate that photodetectors based on 20 layered GeSe, GeSe; and GeAs, which are extremely
sensitive to polarized Iight {from visible 1o the infrored), due o 15 reduced in-plane structural ssmmetry. The po-

lammetrie finage sensor based on GeSe also showed igh performance.

Progress in Monolithic Optoclectronic Devices Composed of 2D Materials

Jianbin Xu
Chinese University of Hong Kong

Innovative optical payloads and big data technologies support for the realization
of SDGs

Fansheng Chen
Shanghat Instituee of Technieal Physics, CAS

Narrow-gap 2D Semiconductors for Infrared and Terahertz Optoelectronics

Kol Zhing

Suzheu Institute of Mano-Tech and Mano-Bionics, TAS

Marrow=gap semieondustors Tike TEYIT-NT matenals and their superlactices boose the dofraced (IR} amd wraberz
(THz) technologies and play a enincal role i the fields of secunty inspection, bo-medical imaging, free-spoce
communecaton, gus defection, ood so on, Mowadevs, conventonal [R and THz devices encounter great challenges
refernmg o the comples stroctures and expensive epatosy growth, imcompatible with sitheon chips. eie, The nsimg
ol two=dimensonal 13]'}.]- miatenals, with the :H.1'|.".’|||n'||:,':_|_'~_: of atpmie thickoess; van Jer Waals ||pt..:3:|':|.ﬁ-:_:l|:| and fun-
tostic physical characteristics, paves the way for the evolution of advanced optoclectronics, For this énd, we have
pasd our contineous effort on the growih and bond engineering of novel narmow-gap 20 semicondoctors and their

spphicahions IR & THz devices, espocally for lasers and photedeteciors,
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Mid-infrared chalcogenide-silicon hybrid integrated photonics

Hiregtzmo Lin
Lhedne University

Mid-infrored {MIE) range (2-20 pm} 65 a significent wove band that pluys an important role in various applica-
trond, meleding theimal imaging, spectoseopie seosing, medical dipgoosiz, commumcation, industosl environ-
menial moniforing. High-pecformanee waveguide-integrated MIR photonic devices are promising for MIE gptical
communicaion oetworks and on-chip optical sensing systems In this tolk, we will present our recent works on the
wegrated silicon and ehaleogenide phoetomie devaces for the 2-micron wavelength range, which include high speed
wiveruide integrated Te photodetectors, novel inverse design devices, ele.

Si based GeSn materials and devices

Chugnbo L
M Ulnaviersity of Chins

With the quick developments of 51 intearnied circuits (1Cs), tredittonal electrie inlerconnect cannot mect the de-
prtinds of Basdwideh and low power consumgplion. Opical imetercenneet hag many advantages, such s high spesd,
high bandwidih, and fow power consumption, Therefore, people greatly demand Si-based optical interconnect for
chip-1o-chip nnd an-chip date ronsmissions. Although Si is good matenal for microelecironic, s indinect band-
sap chorpetenstic limits s opplivation in optical devices. One of the key points 15 (o integraie the direet materials
o B Beveral experimental resulis bave proven that pew IV materials SnGe matenals would ransform (o an
indireet semiconductor o 8 direet one at a Sn concentration of approximaioly T5-8%, However, the epitaxy of
high-gquality GeSn alloy on Si substrate is extremely difficult given the lorge Iattice mismoich between 5§ and
GeSn (=4.2%), To obiaim heh-guality GeSn eptinxy on 5i, the low-iempernture stroleey 15 eommonly used 1o
prow Ge virtual bufTer, which has been proven s improve the quality of the GeSn alloy remarkably, Growing
low-delect GeSn materinls on the 50 substrate remaing s huge challenge. In this talk, & new stralegy o grow de-
lect-Tree GeSnalloys with 0°5n content of 5.26% dircctly on 58 subsiraies by Sa scli-catalyeed molecular beam
cpitoxy {MBE)} growth will be presented. 5o condentrotion changes lnearly with Ge deposition temperature and
cof feach 5.26% using the proposed approach. The GeSa beeroepiiaxiof has beon proven 0 be of good ervaialline
quality by TEM. The langese defoct-free area can reach 3 pmox [0 pm, whereas the smallést ong can be reduced
down to nanoscale by adjusting the experimental conditions. The growih of GeSn on patierned substrate and the
applicntion of the GeSn in photwdetection opplication are olsa discussed,

Enhancing graphene detector performance at near infrared region with organic
heterojunction

Jum Wang
LUinaversity of Eletironic Science and Techmolomy of China

Gruphene indicates promisme potential in fobricoting phototransistor and photo- detector doe o 1t wigue band
stricture with promment optoelectronis and charge tramsportation properties. However, mfenor light absorption
Fate of sugtle slomme laver griphene hmits photoderecton perfoimance, The graphend’ seimicondsctor hetefo- pime-
tion is an effective strategy to break the mtrinsic limit ghsomtion of grupheéne and enhonee phototransistor perfor-
mance including Cuontum dots" enhanced structure, stocked grophene heterojunchion structure, gruphene planar
strocture, dool photegoting phototransistor, wavepuide-integroted enhanced and biloyer enbanced strocture, In
this repeors, we intrisfuced several methods o enbance detection performanes of graphene detector at near infrined
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region using organie heterojunetion structure. High device deteetiviny, fast response speed, and mulii-funetion ad-
justing graphene deviees were obtaingd with the graphens/ongamc betersjunction struciure.

Optoelectronic devices based on near infrared colloidal quantum dots

Wenhan Ciso
ShanghaiTech University

Sermiconductor guantum dots are soro-dimensional nanoparticle structures whose exeitons are confined in three
spatial directions, Interestingly, these nanoparticles can produce significant and effictent photoluminescence and
clectroluminescence effects under the excitation of extemal Aelds Therefore, notl only are quantum dots widely
ized in the fekl of Fomedical engincering, especially for opioelecironic sensing and detechion, Bul-also, they
provide important megsurement and charpeteriation weols for various Gelds such as nonotechnelogy, materials sci-
ence, biology and surfoce science. Here, we combing colloidal near-infrored quantum dots with flexible polymeric
substrztes and realveed measurements and detection based on the miterplay of the sputial distnbunon of dquaniom
dot nanoparicles and the externl electric fields, to better facilinte potential adapration 1o wearable optoeloctronic
devices, Firgly, by abserving the comresponding Boltzmann distributon of the guantum dot particles. in sgueois
solution correspondmg to the non-uniform electne field ereated by the mterdigitoted electrodes that are confined
m i e eell, we quantify and meesure the polameability of the simgle quantum dot particle, wehich enables vs to
inversely obiain the electre field imensity o realioe the sensing capability, This gives us smporiant informalion
for analyzing and predicung the collective behavior of quantum dot particles i response o o customized external
clectric field, At the same time, m order 1o mprove the understandimg of manipulstion of the movement of the
collondal mancporticles wsing electne Hields, the umgue Jlocal clectne hebld mensity and geometry imduced by the
anisotropy ol various partiche shapes that could be syothesized psang seed medipied methods 1s studied, which pro-
vides a helpiul reference for designing manipulstion elecirodes n o different but three-dimensional way, Then, o
directed self-pssembly of nanoscopic quantum dot particles startmg from the wniform and even distribution under a
specially desipned externil elecire feld s constructid tooend up formming & maerescopie herarchical cellular phise
piruchiere for the i tiime, which provides new possibilities Tor the prepacation of comples fiexible micro=mino
fhotoelectric sensing structures and building evergy storage devices, The formed strscture features o percolsting
network with numerous voids that resembles the structure of sopp bubbles while the interconnect materials here
iz quantum dots restead of suap Biguid, Frmally, through the combinabion of near-mfrared guimiom dets army amd
flesible subsirstes, and by the wse of Ruprescence resonance engrey transfer phenomend, where of gonssion spec-
tra of the quanium dots con be Tfound changing drastically when donor and accepior quanium dod nangparticle wre
petting close enpugh, we propose the construction of a hgh-throughput, resolution and lamze feld-of-view, wltr-
Fast imngninge systen, which provides on effective method ond instromentation that can be applied to the imaging
of large scale lexried cireaits and the exammation of Fomedical and hioligieal samples, and very smportantly,
novel fexible wearable dietectors,

HgCdSe semiconductors for applications in next generation infrared detectors

Wen Lt
Ulrtiversity of Western Avstralia

The rapid development of infrared (ER) impging apphications requires next peneraibon 1K detectors and their focal
plane grravs o have fepiures of lower cost, lafeer arroy formal, and higher operating wmpessiure, However, cur-
rent siate-of-the-art CdZnTe-based photovoeliaic BaCdTe IR detectors are seriousty lintited by their higher cost,

| 14 |
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smaller arey Tormat size, and lower operating temperature (usually TTR) HpCdSe, o matecial having similar in-
frared capabilitics to HepCdTe; 5 close to bemg lattice-matched to GaSh substrates, which are readily availoble as
epi-ready substrates with features of low cost, lirge waber size (up o 6 inch diameter) and low detiect density (as
low a5 500 em™ in terms ofetch pat densiryd, The successful growth of device quality HegUdSe on GaSb would ad-
dress the primary challenges confronted by current HgCdTe detector echnelogy: In addinion, HeCdSe belongs 1o
thi family of matenals with lamce parameters close to 6.1A. including ZnTe, GaSh, and InAs, which makes pos-
sihle the nBn derector structures as well as the monolithic mbegration of detector devices capable of sensing differ-
ent wavelength bunds oo o sigle chip, In ths sodk, we swill report our recent progress on developieg bagh gualiy
Crasb-based HpCdSe semicomductors for fabricaniog next generation infraned detectors with feampres of lower cost,
lorger army format, and kigher operating temperatore. High gquality HgUd5e epilayers are grovwn on Ciash {211)8
substrates with o XRIY {X-ray diffraction) FWHM (full-wadth at holf-moximum) as small as 55 ane see vig molec-
liar beam epitaxy (MBE). The growth temperature window (- 20°%C) for achieving high quality HaCdSe epilayers
i Found to be much wider than that for HgCdTe (- 5C), which makes high quality MBE growth of HgCdSe mire
sevessihle to industry manufacture, The ss-grown Hg, Cd Se samples have o range of x-values (y= 037 to (L18)
pnd cut-off wavelengeths (4= 359 mm to 1038 mr ot SURC, ond show typrcal n-type sermconducior beheviour. Ata
mgiesurement emperaiurg of BUK, the as-grown Hpl'dSe somples with a0, LB present o cul-off wavelength of 1.4
mm, an edectron mobiling as high as 13107 em®V's”, o background ehectron concentration as low as 162 10™ cm
?_umd 0 minority camer lifetime as long a5 2.2 ms. These valoes of XRD FWHM, electron mobility and ML
corrier Bfetime représent s sigmificant improvement over previeus studies of MBE-grown HeUdSe reported, and
e eomparable to those of comespomdimge CdZnTe-based HeCdTe matenals, This hagh matensl guelity s pomarg-
Iy due to the nearly Tattice-matched epitaxial growth of HgCdSe on GaSh, as well as optimised growth conditions
nid thermal cleaning processes. Tn addition, the photoconductor deteetors basied on these HgUdSe matenals also
prisent encouraging device performances. These prelummory results indicote that Gosbh-based HoCUdSe materials
con et the basic madenial guahity reguirements for fbncatiog high pedormaney infrored detectors, olthoggh fur-
ther effert is required t reduce the background electron concentration W <] 0 %em ™ The resubts of this sty show
the great potential of GaSb-hased HeCdSe materials for muking next generstion infrared detectors with features of

lower cost, lorger orray format size and higher operating temperiture,

High-mobility narrow-bandgap [11-V nanowires for infrared detectors

Zarning Yalig
Shandong University

Axa typical petype Y semiconductor, GaSh holds a nomow bandgup of 0072 ¢ and 4 high hole mobility of
1000 em™Vv's™, showing promizing applications in next-generation high-performunce room-lemperature infrared
(ERy detectors and p-tvpe balding blocks m the modern chips. However, controllable gromth of bgh-guolity thin
GasSh MWs with high mobiligy @5 the key point for achieving high-performtance TR deteciors. Here, a simple and
low-cost growth method of surfsctant-assisted chomical vapor deposiion hos also béen developed for the control-
lable growth of GaSh NWs. When configured fmo MWs sy 1R detector, the fabncated device exhibiis o phe-
ti-responsivity of 61 AW, and a st response with the rise and decay time constants of 221 and 380 ps, respec:

tiveby, under the ilwmination of 530 nm infrored light,
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High performances two dimensional materials based photodetector

Wongzhe Flung
Beinng University of Technology

Phemedetection o intensiny, polsnzation ind frequency of bghs are signifieant and wedespread i modem society
sctentifie research and industrisl production. The curent instrunents are seally bulky and expensive, especially
for the polarization and freguency probing. Two-dimenssonal (20 motertals based optoeleotrienl devives have o1-
tracted Tots of attention in mest genenation of high-perfemmanee optislectronics integrated applications due to the
perfect dongling bond-free surfuce, extemal lield wnabibity ond natural onisoropy. This provides more opporiu-
s to achieve multsdimensional hght detection epon low cost, low power comsumphion and olise=mirmatunzed
size. We hence put forwand o series of 21 heterogeneous integration desigm based on energy band engincering und
extemal field modolateon. Frst, o copcept of 0 memory sensing 5 moplemented, where highly sensttive detection
and sforage for DY Light ane realized. Secondly, switchable photoelecirical resposise mechanism is developed,
which ennbles the on-chip full lincer polunimetry, Thirdly, electrically tunibbe interlayer exciton absorption iz gx-
plered, baged oo which an ultrs-mimstursged near mfrined specirometer with fotprond <10 pm s demonstiated,
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HgTe colloidal quantum dots: from synthesis to infrared photodetectors

Kinzheng Lan

Hunehong University of Science and Technelogy

HeTe colloidal gquantum dots {CODs ) promise good applications as infrimed photodetectors i berme of their wide-
by-tunable phetoresponse and good compatibility with 5 electronics for device integration. The applications of
HeTe COB, however, are limited by the use of ageregoted CODs, We developed o higand-engineered approach
that sucemsafully addvesses this sssue amd produces well-separated HeTe CODE This approach Ticst employs
strong-hinding alky] thiouleohol liginds to enable the synthesis of well-disperied HpTe cores, followed by a
second growih process und a fimnd post-heasd modidication step enhancme their collowdul stabihty, The resuliant
micnlisperse HeTe CODs are availablem a wide size romge, from 4.2 w0 D50 nm with shamp exeitonic absarption
fully coviting short- wnd mid-wave infrared regions, together with a record <lectron mobility up to 154 em™V's"
Photodetectors with a 1.7 pm cotodl absorption edge show a room-temperature detectivity of 3,9 10" Jones,

High-speed type-11 superlattice photodetectors

Bale Chen
ShanghaiTech University

Hizh-speed extended short wovelength imfrared (e3WIRYimd wavelength mfrared (MWIR} photodetectors have
many mportant apphcations such as frequency comb spectroscopy, next generation optical fiber communication,
el others. I this work, T will report ogh-speed photodenecion with type-TT superlattice ag an absorber for eS-
WIR and MWITR detection.
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New photo-thermoelectric detectors: from infrared to terahertz

Yating Zhang
Tianjin Unrversity

Teraherte wave, as the intersection of microwove and infrared, is the trunsition frequency band between clectronics
wnd phtonies, I hies a wide range of nnportant spphicotions, due o the sdventigzes of high penetration, low photon
enerpy and large elecirical bandwidih, wherg teraberte deteciors play an unportant rofe, However, the performanee
ol “ferahenz detectors s Iimited by low responsivity, low working temperaiure, or low response specd. Becently,
many new Lhermoelectnic materiols have been used o5 working materials for terabere detection. Those new ma-
terals include wo-dimensional matertals, carbon nonotubes, three-timensional graphene, wpological allovs amd
perovakiig. Especially, the addition of perovekite and three-dimensional mateals has brought breakihroughs in
the performance. Since. 2020, our research group hias reported a series of terpherte detectors based en perovskite
pnd 30 graphene, schieving quite gosd perfonmance. The MAPBIZ defector has g response of 273 mASW 1o 2.52
FH and o response tome of 76 ns; 30 grophene detector showed wide resposse range from uliraviolet w teraherte,
with response lime of 43 ms, SOm AW @2.52THz:
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Spatial description theory as a complementary of the semiconductor transport
equation for HeCdTe single-carrier avalanche infrared photodetector

Funzheng Xie'; Werda Hu
Shanghai Institute of Techmcal Physics, Chinese Academy of Scienues

e infrared photodetecion is very imiportant for 24 hours remote sensing nomilitary appheations. As well as civil-
i applications such as medieal imaging and wenther forecasting, In neeent vears, the applicaion of space lidar,
high-speed optical communication, infrared quanium communicntion, and high sensitivity and low noise detection
shows the high demand for low power dissipation, high gain, ond high signal-to-noise miio infrred photodetee-
tors. One promising techaigue 15 the narmow bandgap avalanche phetodetector. Especinlly the MOT single carmer
pvalanche photodetecion, which bas very high gan, low exeess noise Bdor, low operaling biag voliage, and high
speed ot the sume time, Wich the carefully desigmed structire introduced below, the MOT avalanche photodiods
could work at ugher lemperaiures as well

Avalnnche process in the MCT is very complex. Following onfv the svalonche theory designed for sermconducions
with a pedatively wide bandgap i nob aeournie enough. & new theory should be bailt based diveetly on the domi-
nant microscopic processes of MOT, The transport of carriers in the semiconducter iz deseribed by the semicon-
ductor transport equation, which is derived from the Boltemann transport equntion. There are four pesumpdions in
deriving the semiconduetor runspert equation,

Frra, the fime scale of interest 5 much Lofger than the mean free ume. This assumprion sill holds, And the tme
genle ol interege i al maost w the order of sub-nanosscond.

Sccond. the scottering should be local both in time and space. Allov seattering and other seattering provide a
Inrge-angle chonge of momentum and chonge the trajectony of electrons enormously, this will introduce seatering
dependent scanering event into the svsiem, which is historv-dependent scatiering, Thas, the scattering i not Loeal
in time and space, This assumption could be deleted T ihe spatiol coordinate of evory carmier i specified.

Third, the scofiering should be weak. The reason is the spme as 10 the second assumption, as well as the solution.
Last, the externnl feld should be smoll enough. In oo avalenche phetodiode, the elecine field and the dervatmve
of the intensiny of the electrie Beld are very lorgeoo achiese high electron sceeleraion efficiency. This assumplion
eould be deleted i the spatin] coordinate of every carrier is specified.

For the calculation of the excess noise [octor, we only necd to calculate the probobility distnbution fusction of the
moltpliceion. Becmse the dack ond Iight mubeplcation 5 calenimed separatoly, the excess noise fetors of bt
and dork excess noise factor could also be derived separately.

In conclusion, Avalanche in narrow-bandgnp semiconductors 15 moFe sensitive 1o carmer energy and direction. As
mentioned phove, many assumpdions 10 the semiconduscior tmnsper equnbion are nol satsiicd 0 descnbing nar-
row-bandgap semuconductors, espeainlly HeCdTe, avalonche process. This is ihe result of that the method o the
clagsical theory of the semiconductors transpot equation deseribing o group of cormers that 8 no longer soitable.
Based an the ahstraction of APLY measuremend; the spatial descripiion theory swaps the roles of temporal- and
spatinl- coordinates in the semiconductior tronsport equation and constructs an avalanche theory suitable for nar-

rovw-bandeap semiconducions, especialily HeCdTe
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ESIT2022-0814-5
CdTe/PbTe heterojunction grown by molecular beam epitaxy for high-Perfor-
mance mid-wavelength infrared photovoltaic detectors

Yoo Wang: Hanlun Xu; Zivang Ren; Yihu Zhai; Huizhen Wo'
Zhejiang University

Chjective and purpose: Mid-infrared (MIR}) detectors play @ pivotal role in nerospace, greenhouse gis detection
und many oiher felds. For g photodetector, both sensitivity and response time are critical porometers for applica-
tion scenaries, I known that photodetectors based on 1=V compound semicomductor (sueh os HegCdTe) and
M- compound semiconductors (sach as Thsh and ThAsGash SLaj, show high detectivity and high-speed at low
fernperature such a5 77 K. However, at room temperuire their performance sharply deterioratés. PhTe and PhSe
pre V-V compound semicondectors with narrow and direet band gaps, which were widely used in traditicnat
MR detectors for Jong hstory, but lew speed of the TVSVT compound ditectors Timited there opphication scenanos.
Recently, we have realized o rwo-dimensional electron gas (IDEG) system with high concentration of electrons
aoed Tigh mobility af mterface of TT-WLIV-VT compound semiconductor beterostructures (such as CdTePbTe and
EnTePhTe). It v revealed that fewer scatterning centers exist m the naturally fonmed 2DEG of heterojunchon than
the 2DEG ymplemented by gxmmsie dopmg, which renders lngh mebibity of carmers an the umigque 2060 syvswm.
MIE photodetectors with high-speed and high sensitiviey based on CdTePhTe heterojunction have been devel-
ol

Methiis:

Fibm Deposition: Highegualiny CdTe'PhTe hetervstruciure fibms were commied oul on freshly eleoved (111§ onented
BaFl ina solid-state MBE svatem, A CdTe compound effusion cell was ozed for CdTe growah, & PhTe comipond
effusion cell and an additional Te effusion cell were vsed for PhTe growth, Jpm PeTe was deposited ficst af a
growth rate of 1.0pmv'h as the PhTeTe flux mtio was 7, Then 100nm CdTe wos deposited af o rate of O.60pm ‘he
The streaky reflection high-energy electiron diffrsction {RHEEDR) pattems and high-resolution X-my diffraction
(XRI) pafterns were abzerved which ilostrates e good gualite of CdTePhTe hetersjunction. Afrer filim depo-
sion, the device was fabricated by those steps: (i} wet eteh g conductive channel ag o G0 &times:B000m
rectangle: (1) deposit Oo'Cu by the magnetron-sputterng method and employ Bft-off to form the electrode; (i)
A 1 0pran anmssabing ot A0S 58 used to difTuse the Cu ante the 2DEG channel 1o form ohmic ¢ontact; (v} deposit
insalation Taver om part of e CdTe surfises; (v deposit O Au masking Biyver by magnetron-sputfermg and Hifi-olT
imethod, A miessurement sysiein is employed for phatoourrent response spectng, which s consisted of 510 black-
haodiy light sourve. SES-5R540 chopper. Zolx Omiini-a 300 rrating monochromator, SRESSREST0 prenmplifier and
SRE-SRESD lock-in amplifier

Results: RHEED and XRTY results indicate the high quality of the CdTePhTe film grown by MBE. The response
spectrum of our detector eovers 2 =~ 4 pm, and the peak detectivity i a5 high as 4 &nomes; T Jones at room
temperature, Measured impulse responses and the noise power speotra ol varous low températures indicate
that our detector performed excellently ol Jow femperstures as well, A 130K, the highest peuk detectivity of
I3 mes; 1011 Jones is achieved, also withvan extremely fast responss Time.

Conclusion: Tn eur work, MBE was ufilized for high-quality CdTe/PbTe heterostructure growth. CdTePbTe het-
erostructure was apphed to fabrcate MIR photodetectors with o masking lover to introduce a lateral phofovoltme
ellet, The fast relosotion mrechanizm of phetogenerated carmiers in PhTe and the high muokility property of the
2DEG an the CdTePhTe interface are emploved for the extremely fast response time with high peak detectivity,
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ESIT2022-0815-12
Research on High Gain-bandwidth Product Mid-wavelength Infrared HgCdTe
Avalanche Photodiodes

Hao Xae', Huijun Guo'; Ligi Zhw; Liso Yang's Chusin Shen's Baile Cha®; Lu Chen'; Li He'
1. Shanghat Institute of Technical Physicy, Chinese Academy of Sciences
2. BhanghaiTech Univemity

HgCdTe svalmmche photodiwodes {APD) have been demomstrated to b one of the mast prosmsmg paths for low Mux
wnd high speed applications, suchoad free space laser communication and hvpes spectial imaging, In free space
Ipser communication and hvper speciral imaging opplications, the number of photons 1s detocted devreases rapid-
Iy, and the acceptable date mte o5 limited by the following two factors; one 15 the possible bandwidth 1o schieve
pioton discrimraton aceuracy, the gther is the sufficeen ourpin power of the laser within o very dorrew piilse
width, igh-performance HaCdTe electron avalanche photodiodes (2-APDN detectors have been demonsiraied due
tor 165 considerable high internal gain and low excess nose. Besides, the bandwodth of the device 15 determined by
thee response ame, which s mundy resultant of 1) the diffusion time of munority carners o the sbsorptron regeon,
) the tramsit tme of cirmers generaied by the ovalanche process i the mulbplicstion regon and ) the RO mme
constant, A member of well-known mfrared detector research insttutions such as DRS and CEALeti have camed
out in-depth theeretical and experimental research on the bandwidth of HaCdTe APD devices; and obtined focal
plane devices with o bandwadth of 200 MHz-4 GHz, which hove been successfully w=ed in the lunor laser commu-
mieation demonstration {LLCDY and 12 eapected to open a new bomzon of applications in quanim ophas snd deep
fpace opticsl elecommunications,

I the earlier vears, Emmons formulated the response time theory of svalanche photediodes thut the bundwidth
if the transit-lumited decresses as the paim inoreses when the pnin (M1 1z more than the inverse of hole-electron
ornstion soefflcent b (k. Therefore, the bandwadth of HCdTe e-APD has been theonetically predicted 1o
bz independent of the gain, own oty strongly dominast electron multiplication {yuite low E-factors), which show
the capacity o obtain high gam-bandwidth prodects. However, when the ghotocurrent s high, o large mumber of
electrons exist i the depletion wgion, and the electrieal fizld in the depletion region might vollapse due fe the
et charge effedt, thus hmming the meresze of the gain-bondwidth prodiset, The experimentil results also proved
that the deviee handwidth actelly decresses with the merease of the gain while the bias voltuge and photocurrent
exceed a certain value. This work studied the effect of the Light injection dose on the electriv field, guin und band-
width of the device, ond the structure of the device was optimized by simulotion, Froolly, o Mid-wavelongeh Infro-
e HgUdTe e=-APD device whose bandwidth doesa’t decease with the inerease of gain s fabmcoted, which fays
the fusidation for a record high gnis-bandwidth product device in the fsture,

ESIT2022-(822-1
Study of Sum Pixel Pitch InGaAs Detector

Y Tian": Chun Led Yo' Har Mei Gong"™: Xue Li's Xiw Mei Shoo's Tao Li's Bo Yane': Xino Yuan Yu'; Jia Sheng
Can’
I. Shanghal Institute of Technival Physics, Chinese Academy of Scienees;
2. Shanghartech Universiy

Short-wave infrired detectors are widely used o medical; defense and ndustrinl felds, Infrared - detector made
of Tattice motched Iol 3300047 ATnl hes the mlvantages of high gquontum efficiency, high sensdivity ood other
wdvantages in the shor-wiave mfrared band, [n particolar, the InGaAs detector still has good performance af roam

|28 |
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temperaigre, which con reduee the limiatons of refrigerafion equipment amd piake it Tuve great sdvaniages: in
muniaturizstion and bow cost . Decreasing the pooel patch of the deteetor 15 not enly bencficial oo reduce the size,
welght, power consumpiion and cost of the detector svstem, but also conducvie fo improve the imeging spatral res-
elirtion and operatog tempeniture, thas mcressmg the svsiem Tunctonahiny ansd the value of the imbeng svstem m
& given space, However, as the pixel pich of facial plane arrays continues o decrease, when the diffusion leagth
of camers generated by incident light is greater than the pecel pitch of pixels, the detector amay will gencrate large
dark current and crossialk, which will fead to the reduction of MTF, and finolly the mnge sensor imagmge gquality
detenoraies, The Bbrcatron of wltra-smsall pise] focal plane defectors regquires not only. the explornbion of faboea-
ton fechnology, bur alzo solve the challenge thar the crosstalk between proels increases as the pisel pitch decreas-
¢s.  This paper combines the features of low dark curment of plane-type detector and low electrical crosstalk of
mesg-type detector, innovatively introduces 3 micro-mess structure detector. The micro-mesa structure detector
fiabrication process was explored, weludmge the mucro-mesa wsolition trench fabncation process, the solation
trenich etching process amd the micro-mes passivition process, then successfully fabrcated Spm pexel pitch mi-
ero-micsd InCrady infrred detectar test structuced. By designing the crosstalk test strucetures, the crosstilk signal of
thi pixel to its nearest and next neorest 4 pixels was tested by using o blockbody mdition source, and the crosstalk
suppression ¢fect of the migro-mesa struchure sas anvestigeied, The expenmentil results show that the crosseslk
signal j5 375 mV for the nearest 4 pixels and 383 mV for the next neasest 4 pisels of the planar deviee, when the
solation trench formed by elching (about 1.3jum) 14 deeper than the PN junction formed by diffusiond about 1.1 pm),
the crossfalk signal 15 2.36 mY for the neorest 4 pixels and 3.8 mY for the nest nearest 4 pixels, the crosstalk sig-
pal bstween pixels deeremses by one order of msgmtude than thst of plane-tvpe device. When the depth of the ise-
lation trench formed by etching (about 0.7m) 35 shallower than that of the PN junction formed by diffusion, the
erosstaulk signal strength of the nucro-mcsy device s comparalde to the crosstelk signal of the plane-type device.
That 1=, the selaton trench between pixels con effectively suppress crosstolk. but the solation trench depih muost
exeeed the PN juncoon depth. The dark corrent chireterstics of moero-mess ivpe deviges ore further investigod-
ed, and the experimentsl résults show that the dark current inereases due to the material daomage introduced by
etehing the pixel isolstion trenchs . The dark current density of the 5 pm pixel pitch plunar device is 1.14E-TA /
emZiE-0 18, which of the micro-mesg tvpe device is 3 33E-60em 20,1V, inereases about 29 times thon that
of plane=tvpe device, The paper also desimed micre=mesa test structores with different solation trench widihs o
investigate the dark cumeor characteristics versus the eiched isolation tawh width, and the yxperimental resuls
show that the device dark current & proportionsl to the trench width untl the trench ctehing touches the arca of
the chffusion junction, where the dodk current increases dromotically due to the exposure of the PN junction, Thi
resulss of the paper provide o theoretnzl basas for the Rabocotion of 3pm pisel piich InGaas focol plone arrsy (FPA)
deteetons,

ESIT2022-(1524-1
Simulation of SAGCM Structure InGaAs/InP SPAD Using COMSOL Multiph-
VSics
Rui Yang"

Hugzhong Institute of Elecro-Optics

InCia A& single photon avalanehe photodiods (SPAD) is important for quantum commumcation, and LIDAR
ppplications i the near-imfrared (MIR) wavelenath range, between 09 wm and 1.7 pme Compared with other
optocleotronie devices, SPAD hes two mn advontoges: gh quantum cfficiency und high detection efficiency.
I vhois snudy, the design and simulatmg of 8 separne absorpion, gradimog, charge, pad mulisphication {SAGCM)
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stureture InCiaAsInP SPAD were conducted by using COMSOL multiphysics, The electre-field distriburion was
studied under the given thickoess smd dopant concentration of cach laver of the SPATY. Tt was found that the edge
pre-breakdown of plonar-tyvpe SPAD resulted from the antense elecine field at the junction beod can be prevented
fronm happemmg by usimg goussan type dopant distechuton profile. The punch-through voltage and the breakdown
voltage were also focused. The resulis show that the punch-through veltage and the breakdown voltage was 55V
and 65V respectively, In addition, the electnie field nonuniformity of the avalnnehe arca mereases greathy after the
has voltoze cxceeded the punch-through voltoge.

ESIT20:22-0805-3
Bandwidth Characterization and Optimization of MWIR HgCdTe e-APDs

Ligi Zhu'™; Huijui Guo'; Zhigh Zho’s Zhivang Xie's Hoo Xie'; Lu Chen'; Chun Lin", Baile Chen™
1. Shanghai Institute of Technical Phvsics; Chinese Academy of Sciences
2, Shanghar Tech Unpversaty

Mlid-weanvelength infrared (MWIR) avalosche photodietéotors (APDY deteetors hove sttroched uitessive inferests dug
fur thie applications n chermcal sonsmg, military and astromomeal ientificaton. Recenily, the emergence of high-
apeed free-spice ugﬂiunl (FRO) commmication and dual fregquency comb spectroscopy requare the MWIR. devices
tor opeeeate with high 3 dB bandwidth, measwwhile mointaining hich respoarsovity snd bow noise. In the earlicr years,
Emmens formulted the svaluoche photodiedes response time theory thet the bandwadth of 1he wansi-limied
decreases a8 the won isereases when the gain (M) s mone thai the iverse of bole-clectron wmzation coeffieaent
patio | 17k). This also implies thar for the desaces with lower kK-tictors, the handwidth would be compromiged as
higher gains. Therefore, 8 high gam-bundwidth product s expected for Hgl-xCdxTe APDs with a composinon x
less thon (0.5 due to the very low impact wnesation of holes and bigh mebility of electrons, 5. Pes ot ol have olso
dermomstrated an extended short-wavelength HegCdTe devices ( lambda = 2.9 pmb with 430 MHe bandwidth for
long-range froe-space aptical communication, Otherwse, the bendwidth characteristics of HI-Y pin and APDsy
have been demonsroted to exhibit excellent performunce. However, the bandwidth of HgCdTe MWIRE APD has
been rurely reported s far

The primary purposye of this work 15 to charactenze and explore the high-speed performance of MWIR
Hgn G9CH0, 3 1 Te e-APD, The dewice with w 20 g digmeter shoiws @ dow dak-cuaiveat, high gain-and low excess
ferise. The dork curvest 5 wround 10-13 A the low-biss reoge. A significant svalanche gain can be observed,
which groduslly neresses ond resches up s 1356 under = 11.4 ¥, The expermental excess soise valoe F 13 05
lizss thisn the theoretscal limnt of Mobityre. A hogh responsivaty of 1288 AN at 2.5 pm wavelength s also demon-
strated wider zero bias, Here, o latersl-Jdiffusion length of about 3.2 fimis found by charscterizing the afea-dipen-
dent responsivity of the devices, The response bandwidih of the devicesis 633 MITz under = 1 ¥, which is muinly
limited by the electron later] diffusion process, Under lewer bins below = | ¥, the bandwdth shightiy imeneases
with reverse bias. That g due o the ineresse of depletion region, ciusimg o reduction of Iteral diffuson tims. As
the reverse bias increases, the gain of the APD ncreases, lending to d alight decrenss of Bandwidih, Onthe athi
hand, the bamdwidth devrcases us the photocurrent inereasces, which could be due to the spece charge offeut, The
RE-limited bandwidth of 6.5 Gl is extructed from the small signol equivalent cirenit model. The senies resistance
Rs i extrected o be 586 ohim, which s refatively high, snd may be due to the unoptimoozed Indiam bomp bonidiong
process. Moreover, the depletion region thickness can alsd be edtimated from the extracted junction capacitance by
easuming the plonar-junction deviee to be o verticel cylindrical capacitor und a paraifel plate capacitor. To alleviate
the show loterol-diffusion process, on upside-down p-i-n- structure i proposed to ochieve a high gsin-bondwidih
produet of the MWIE APD- device, It indicafes that over 30 GHz bandwidth and [ THE gain-bandwidth product

can be realized with 1 2 gm mtrinsic regmion.
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ESIT20:22-0801-2
Complete and robust energy conversion by sum frequency generation based on
Invariant Engineering

Congfu Zhang', Homgiun Lin™", Zhaolu Wang'
1. State Key Laboratory of Transient Optics and Photonics, X8 an Institule of Optics and Precision Mechanics, Chi-
nizse Adcaderny of Serenee, Ching;
I Collabotative Imovation Center of Extreme Opbies, Shanxi University, China

Infirared detection is a critical techmigue i many fields, such a5 in quantum optics, new light sources, holographic
imaging, biologicyl imeging snd Sensing. Conventional infrared detection technology requires the use of semi-
conductor detectors in the infrored wavebond, but semiconductor matenols are difficult o overcome the sensitivity
cowsed by thermal peise, Therefory, nonlingpr opfical fréquency upeonversion fechnlegy can be used 65-an ol-
temative for infrared detection. This techoology converts the taget frequency o near-infraned or visible freguen-
ey, avoiding the techmical diffiealties of mid-far infrared detector. We proposce an amalyiical methaod 1o achieve
complete enerpy conversion insum frequency generation based on Lewis-Riesenfeld invononts theory,  which s
mamed guast-adiabatic QA simple control parameter medel amd o achieve “shortcws @ odeiboticity™  (STA)
during frequency upeonversion by designing the coupling cocfficivot and nonlinear erystal polarization period
In titis way, the coupling cocfficient & considerod as zingle control parnmeeter and the phase mismaich 5. vari-
ihke related o the coupling coefficient and propagaton distinee. By combinimyg the Lowis-Riesenteld invananis
theory with fthe optimsl confrol theory, the optimel schemes pre robust against the different svstem pedurbadions
respeetively, Thes means these optimal schemes allow us o achieve a conversion efficiency of almost 100% ot any
erystal with wider wovelength bindwidth, Further, considerme the ervatal length L =1 mone a5 a0 example for ng-
mericel caleulation, it shows thot our scheme can provide efficient broodband sum frequency generation i the 2.6

paimt = 3,6 m wavelemeth range with o speetral bamdwudth approsiching to 200 mn bondwadih,

ESIT2022-0810-3
Subwavelength thin-film stack metamaterials: theory and applications

Zhengli Wen'; Jaming Hao™
I. Shonghai Instinuie of Technical Physics;
2, Fudan Uhniversity

F.ubw:wuleng'rh thin-filim stack metamateriols, asa speckal group of metsmatenals, have attracted mich attention
pwing fio ther subwavelength thickness, ease of fobriestion, low-cost and firze-ares fabrication: copueifics, ¢ic. In
thus talk, the recent rescarch progness of the theory and appheatrons based on subwavelength thin-film stack meta-
aterials as peviewed, We firs focus on the overview of the theoretreal bockground and the sewly developed wech-
nicpecs for subswavelength thin-film siaek metamatesials. Then, we highlighe the progress of recent applications, in-
cluding structural colors, photolumimescence (PL ) enhancement, thenmal emister, and infrared stealth, eic. Finally,
thee foture opportunities and challenges for further research on the subwavelength thin-film stack metamateninls pre
itlso pddressied
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Room-temperature operating PbSe infrared photoconductive detector arrays

Zwang Fen Vil Zhai; Yansong Chen; Harilun Xu; Huithen W'
Thejiang University

Objective and purpose: Infrared focal plame arrays (TRFPAS) and linvar detector arraysiLDAS) have Teen wide-
Iy applied i the atmosphere monitoning, infrored imaging in space asd military wse, Cureently TRFPAY Based on
HeCdTe, (WIP, and InSb materials have been fully mvestizated, However, because of the small bandgap and
high background noise, iW0's pegessory 0 ervogemienlly ool these TRFPAS 1o enhance the confrost in the mfrened
seenss, Which will icrease cosr and sacrifice the siz¢ of devieces as a result of Tow: opesating remperanires, Lead salt
sermcondeetor (PhSe, PhS and PhTe) s another tvpe of infrared semiconductor materisl with narmow and diseet
bandeap which bas been used For fire wommg and gas analysis, ete. Detector amrays based on these meterials have
pdvintaee of bow cost of fabocation and room=temperiimme operation, 0 s amporant W onvestgate the fabrcis
non and imaging of TRFPAs and LDAS based on these senmconductors,

Methods of Fabricotion and imsaging: To fabrcate =8 focal plane arvays and 64=2 linear arroys; we used a2 se-
rics of micro-nono fmbacation processes which can be mireduced as folloas: (1) deposthon of 200nm thck silicon
digsidet S102) possivation Ipver on the surfece of PhSe; (u) lithography of B8 cells! patterns; (i) dry etching
exposed aren of 5102 passivation layer by 1CF method; () wet etehing photosensitive area of Phise; (v) etching
of the contact arca and deposition of 200nm goldiAn) as o contact layer: {vi} deposttion of 300nm 502 as an
msulation loyer in the intersection of lengitudingl and traverse Au contact laver; {vil} etchang of ¢ontact anen and
deposthion of & 20Unm Au contact laver, Fabncaton process of Phse LDAS w6 somalar to tht of TRFPAS, thougeh
thune is ma aed 10 cepasit an msulation layer as no intersection area exists, After the deviee has been Tabideated,
photoelectric performance was charueterzed, In our imaging gystem, a high-temperature solder tip was used a8 an
imaging object and pn optical lens wos pliced betacen object and detector, Through selecting diferent prcel of
IRFPAS driven by @ step motor and resding ouf the detector signal from extermal dmeunts, we obfsined an tifremed
image of the sokder tip, We also performed the imgaing experiment of LDAS m which the tp was moved step by
siiep o obitnin o complete image

Results: The photoclectric performance of 3=8 IRFPAS was chorscienzed vsing a blackbody with unitorm illumi-
pation v the detector arrays, All pisel responsivity and tosse equivalent tfempermtine diference (NETD) wene es-
termiate] and gave an average value of [OmAW and 32mK, respectively, The responsivity ymiformity of IRFPAs
was chleulsted o be 018, which shows favoruble uniformity, and charseterization ulas guve i average detectivity
of 557 100 cmHz12W-T ot room. temperature, The mages from LDAs and [RFPAs have been obtmned, both of
them gove o highegontrast TR imsoge of the solder tip

Coneluston: Through micro-nang fabrcation process, we have fabricated 8«8 focal plane areavs and 642 lin-
car armiys successfully, indicating the possibilitics of fabricating 3232 or larger scale TRFPAS; ond the imaging
svstem wive o high confrast imoge of the ebpect. which would pave the way for investigafing lorge-scale IRFPAS
bised on leod salv semmeonducion.
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Structural design and fabrication of hollow optical fiber for transmitting mid-in-
frared and visible light

Shuoying Yu; Sheng Liu; Chenghin ding'; Junhso Chu
Eas1 Chma Normal University

did-infrnred light s widely used in the feld of lnser medical treatment. As an mporant way for transmitiing
ittick=infraned Hght, hollow optical lhers have the advantages of mo end refection, good hear dissipation and small
divergenee. However, the existing mid-infrared holtow optical fikers still need w svercome the problems of high
preparition costs, non-visthility and other issues. In our work, two facile ways ore proposed 1o fabricate the holiow
optical hber For transmitting mid-infrored and visible Lght based on following eemmon and bow-gost mderials:
porlytetralusroethylene (FTFE) tube, olimviolel (U gel, polymethy inethacrvlaie {PMMA) optical [ber and pe-
rylonitrile butadiene stvrene (ABS) plastic. A PTFEALY silica glass tubhe-based dwal-care hollow optical fiber and
s PMMA/ABS plastic-based hollow optical fiber are designed respecuively 10 obiain the hollow optical fiber which
possesses low cost. faetle (nbrncetion method ond con stmolisneousty tronsmit mud-mfrced and vistbie Light. The
fabrication procedure and ransmission perfonmonce were also explored in this work,

For FTFE/AIY dilice: glass ube-hased dual-core hollow oprical [iber, low-cost PTFE and UV gel were used as
tha low-refractive index lavers. To obimn the dual-core optical fiber spmple, the Ag/Asl hollow optical fiber was
nested o the PTVE-copied silicn glass tube, and they were connected by fhe UV gel filled in the gop. In this du-
al-core optical Dber, thezilico glass anpulus with an inner dismeter of 1 o aod o thickness of 0035 mm wes ased
to transmit visihle liser, and the transmission loss changed from 0.74 w0 .22 dB0m as the bending angel increased
from 07 to 407, The OOy Jaser beam was delivered through the Ag/Agl hollow optical fiber with an inner diameter
of 700 i and the transmission loss went up from 08540 1.22 dBm ns the bending angle inereased [rom 0 o
W, The research resulis show (lal the PTEEUY silica gloss-based dunl-cone hollow optical fiber has low manu-
facturing cost and is capable for ronsmiting high-guality visible beams and OOy laser beams, which means tat
thiw have applicotion potentinl in medical licids such as Iaser surgery.

For PMMAABS plostuc-bused hollow opiical Dber, PAMMA plastic optical fber and ABS plastsc were choscn a8
the mein matenols because of their high Bexibifiny and low cost, Te obiain the PMMAABS plosticbased oplical
fiher snmple, the oulgut end of ABS plastic capillnry hollow optical Aber and PMMA plastic opticn] Gbers were
integrnied. Among them, ABS plastic copillary hollow optical fiber was used to transmit £0, laser and PMMA
plastec opucal fibers are tghktly wripped around the ABS plastic capillary hellow optecal Gber wo ransmit vasible
light. The opucal wansmizsion performance of the hollow opueal fiber was wesed, For the ABS plosue copillary
el I opeical fiber with an ioner dinesewer of 133 mm, the ransmission loss of OOy lazer went up from 0,74 1o
122 dB/m as the bending angle mereased from 0" o [20°. For the PMMA plastic optical fibers, the visible light
transmession illuminotion could reach 171 Jux: The research results show that this bollow optical Gber hos the
charpeteristies of low preporation cost ond high Desibibiny, and the mid-infrored bser and visible Hght laser beams
cnn be ransmined indopendenthy, which isexpoctied to build lnser surgery medical equipment

The results show that both kinds of hollow optical Gbers have the charactenistics of low fabrication cost ond can
transmit imd-infrared CO, biser and visible light ot the same time. Therefore, they provide new ideas for solving
the problem ol son=visibility and ean be good candidates i the feld of laser medical treatment,
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Test and analysis of multi-spectral infrared radiation features of the tank vehicle
under camoufiage

Zengwei Wang's Jun Ge's Hu He: Lei Ding”
I. Chinese Academy of Sciences;
2, Uit 32184 of PLA

Thee sank 15 an imporsnt militory weapon and carner of the anmies of varous couninres, and an imperant embod-
inent of o couniry’s miliwry strength, The tank movieg i the ground background con penerate sirong infrared ra-
diation dus o the high wmperaiure part, forming it own infrared charpcteristics, which is very ensy 1o be detected
and recognized by the infrared detector. The acquisition of infrared charactenistio dotn of the tank and its land
errvironment, such gs temperature distrnbotion, rodionee, mdinton intensity and other chamcterisic parameters, b5
very impertant for the detecton and positioning of the tank, the develepment of anti-ank guidanee weapons, the
peacarch of tnk stealth defense and infrared suppression. The research on multi-spectral inlrared radiation ¢har-
petcristics. of ground targets is one of the hol spots m the infrared field. In this work, the multi-spectral infrored
richintion features of fank vehicles after comoufloge were experimentally studied. The mamn purpose 5w evalunie
the camoullage effect of ihe multi-spectrum camouflage shelier agonst ground infvared mdiaion and infraned
reconmnissance, Experimental tests were carricd oul on two T-39 wnk vehicles. These twe T-39 ank vehicles are
wrrnnged in the same feld of view under thesnme background, and one of them s covered by the nulti-specinum
comdouiioge sheler, The west equipmendt includes visible phi comeni, medinm wave nfred thermal imsger, longe
wive infraved thermal smager and pimespheric environment mersurement equipment, The changes of mdianee,
radiation fux, gray seale value and radiation temperature of each observation mrget and climate enviromment Be-
tors within 24 hours were recorded, Climate and environmental fatiors include air temperniure, humidicy, wind
diregtion, wind speed, oir pressure ond vesibility, Observation targets inglode o tonk, a-square cobin vebicle, o tonk
with camoullage shebier, a square cobin vehicle with camouflope shelter, prazs and Mackbody, The theemal charoe-
terigtics of the front and rear ends of ihe taqs tanks are of concern. According o the experimental test-daga, the me-
dium and fong wove infrored characteristicos of two ok vehicles in cold and thermal static stales were anolyzed.
Ini the cold siatie stofe. the tnk does not start, while in the thermal siatie stofe, both tanks ore stared ond left for
30 minwies, The resulis for the cold state atate show thie the radintion femperaiure change trend of the ank with
canufiage shelier iz the closest to that of the grazsland background, and the sadintion temperanre peaks of alinost
the same time; while the tnk without camouflage sheller reaches n higher radiation temperaiore peak ab-another
timie, When the radiation tempersiure = low, the tempersture difference betwesn the fank without camoufloge shel-
ter and the grass background is small, while the tempersiure dilTeresce betwesn the ank with comouflage sheiter
nd the grass background is farge. The change of radiation Nux and mdinnce of each observation trget is almost
consistent with the change of redintion temperture, The observation azumuth of the target has a certain impact on
the camoubiage affect, bt the overall change rend 15 still consistent. The radmbon wemperahere changes colloc-
ed by the long wave infrared comers and the medivm wave infrared camera arg abmost the same, In general, the
temperature difference horween the tank with camouflage sheher and the grassiand background is small, and has
p good comouflage effect. However, the resulis of thermal siatic siate show that the comauflnge offect of the nk

with comouflage shelier 15 not sipnificand.
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Design and Simulation of Anti-reflecting Nanostructure for Visible Shortwave
Infrared Focal Plane Array Detector

Miaoyuon Yu; Haimes {i:mg'; Chunlet ¥ie'; Xue Li; Xiumer Shaog Yizhen Yu; Yu Tian
Shanghai Institute of Techmeal Physics, Chinese Academy of Scienves

Fhe typical In(h, 3350047 As/InP photodetector with a spectral response of $00nm-1T00nm 15 widely wsed for
applieations as wlecommunication, remole sensing, astronomical observation, geography imaging, homeland
security, With the benelit of substrale-removal procosses and wafer-honding technology, the spectral responae of
IntiaAs image sensor can cxiend to $HE9EInm. However, quanom efliciency of such o device in visible specirm
15 quibte Iow, (nomaelly < (04}, when compared with the silicon-bpsed counterpart, Kecently, optical metisurfce is
considered a5 o new breakibrough w dmprove the performanee of [nGass photodeieewr in the whole Vis-5WIK
wavelengih range. Based on Mie scattering, sub-wavelengih scale nane-semiconducior has been demansiraied as
pnti-reflection film due to the outstending performanee on manipulating optical feld. Hereowe presenl o compre-
hensive study for desipring the opiical metnsurfvce on the boekside-ilomnated InGaAz PIN focal plone amy
(FPAL With the precisely eptimised parameters, the integration of periodic npnosireetures aims ab elfesiively sup-
pressing the reflectivity in visible spectrum, in other words increasing the anamittance of light from the hack-il-
luminnted side,

The incident Light interpetng with the InP laver con be divided es three parts, the port of Light sbserbed by the lov-
ir, reflected by the laver, and ransmiting through ihe laver, Simalotion resuliz show thot bare Inf lover i3 highly
reflective and abaardive over the entire visibie wavelengrh ronge, which impedes incident lght to ke convered
inio elecine signal. For o practecal PIN FPAL the thickness of InP contact laver should be established in the range
fromm Linm i 200nm, The tronsmittange was highlby sensitive 1o the InP contoct loyer, which means uitra-thin Inf
cpikaver should be applicd oo Vis-5WIR InGaAs FPA. With irnsminanee improved in visible specirum, the part
of light wiich is résonated by nanosirucione can iwansmit through the InP laver o be absorbed by photodetecior.
Transmittance of visible specirum of InP also imdicoies that resonent centor wavelengih of nanostruciure shoold be
chosen ol the visible wavelength whieh bove relotively high tronsmittomes.

Aceording 1w Mie theory, diclecine sob-wovelength seale nonoparticles con possess SIRNE SCAUCKINYE FES0NMNCEs.
For example, researches demonstrated that subswavelength nanopanticks can genernle strong resonant light-scat-
tering under white light illumination and in SWIE. Well-designed 51 nanostructurs array can posscess strongly
substrate-coupied Mie resonmmces, yvicldmg almost zees total reflecionce. over the entre spectral range From the
iliravioder wothe pear-infrared. Addionally, Fabry—Pero resononees 15 also ineloded in explaining the mecha-
nism of anti-reflecting in nanestruciures, Tioy, Znd are also proved effectvely capuuring and redirecting the lighs
through the excitation of optical resonances. To improve response. signal of the visible light. advenced nomostruc-
ture should be integrnied on the InP loyer, with sppropriate aspect-rofio of norostreciures (o generade Faboe- Perot
resonnnces in visible lght pange Trom d00nm-600m,

In this wark, reflectivity and transmittance of InP layer integrated with designed 50N, sub-wavelengih nonostrsc-
tures are simulated using Lumerical FOTTE We choose the auto non-uniform with mesh accuracy as 2. The bound-
ary condition in x and v direction 15 s¢L as perodic, while PML is chosen in e direction, The simulated wovelengih
1% ranging from @00mnm o 1700nm with 100 frequency poinis, Aveording 1o Mie seattering and Fabry-Peros reso-
fanees theory, the 5N, sub-wavidength nanosiruciures are designed ot different center resonance wavelengihs and
simulated with different thicknesses of InP lover. The simulnted reflectiviey of the designed nanostnuctures, oom-

parcd with the case which ¢oated the surface of InP layer with single anti-reflecting layer, dromanticolly decreases
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from 0.3 1o 003 ar 430nm wavekength, The trassmittpee: of InP Ioyers integrated designed panostrocture is.also
sumitlated with different InP faver thicknesses. Simulotion result shows that, compared o single-loyer anti-refleet-

g conting, the wansmittance of 10mm InP laver imtegrated with designed nonostrechune smproves from .54 00 0.75
ot 43 inm,

ESIT2022-0822-24
The key technology of rapid refrigeration and precise temperature of cryogenic
optical infrared camera

Hui CGreng; Penyg Rao'; Bongjian Xic
Shanghii Institute of Techmcal Phy'sics, Chinese Acmlemy of Seiences

The boekground mdiption of oplo-mechanical strueture i an imporsnt felor aflecting the sensimivity of infrred
eameras, &0 cryogenic optics vsmally used w reduce the background photon fus and improve the perfomanece
of them. At present, the thermal contral scheme of refngerator combined with heat pipe and other cold chains is
mostly nsed in infrred comerms, The transmisston process of s scheme 15 prone o heat lenkage, resulting inoa
wnste of resorces, the bow eooling rate cannpt meet the demand of rapid response, and the low emperature con-
trol accuracy is easy o afect the im'nging guality, Therefore, the development of fast refrigerstion and high preci-
sion thermal control technology is one of the key problems to be solved urgently in the low teimperzsture optics of
infrared comers. Bosed on the key technologies of infrared poylosd of o certaun tvpe of high-speed flight plaifonm,
thiz siudy cormed ool the research of ervogenie optics of infrared camern. In opder i achieve 31 responss within
2005 andd high-precision iemperatufe comrod fess than 1K of the optical and mechanical struciure with all-optical
path. In this research, the breakthrough design of open throtiling refrigeration system is proposed, which is inte-
grited with the optical and mechomcal struciure. The key pomts and difhiculites in the thermal control desion of
the infrared camera for rapid cooling werd anabveed in detail sceording o the charbeteristics of opte-mechanical
strecture and the space heat fux. The open T throiding svatem is combined with the infrared opte-mechanical
structur: directly, which nvoids the heat leakage of cold cham, and also improves the dilliculty of working medi-
win selection and fow feld design. Fiestly, the working mednam with significant tempemiure drop after theotiling
is-sereened in e cooling wemperpiure 2o Then, e suiable working ssediom is-selecred n the syziem combin-
ing open 1-T throtling and complex optical system hased on the infrored optical chameteristics of the working flu-
id, such a5 the absorpiion rte and refeactive index m the infrared band. The complex spatial position and heat lopd
distribuiion of the opto-mechanical structure inerense the dithicolty of realizing the wnifonn lemperntere. coslimg
of the infrored eryogenie opical svswem, Therefore, o multi-lanice injecton relfgarasion method & proposed. The
flow field of the optical path iz optimized by CED simulation w realize the effective distribution and ratonal weili-
ention of the cooling copacity, and the high-cificiency thermnl prvection, thermal solnion pnd other tempermiure
control technologies are wsed o reduce the loss of cooling copacity. The J-T throtile low temperature opical fost
evatem with primiory precopling 8 designed. The st resulis show thar the sysiem has o sipnificant cooling eflect,
and the femperature §s rapidly redoced by | 10K in 2005, Thermal annlyzis resulis show that the working meedinm
at low temperature with the surface by convection heat transfer between the mirror, optical components, lempern-
ture wniformity and stability can meet the design requinements within the 200k, quickly reduce the temperaiure 1o
80k, the temperatare gradient 5 less than TR, thie masimsm temnperstore Buctuation s less thans R, realize the
complex internal and exiernal thermal environment under the low temperniure optical fast cooling and high pre-
cision temperature control. This smdy will provide imporian: rescarch ideas and theoretical basis [or refrigeration

pnd themmal ¢onteal of infrared comern with high response speed.
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The magic of ITI-Vs

Yonggang Zhang', Yi Gu; Yingjie Mo Xiumer Shaoy Xoe Li; Haimei Gong: Jiaxiong Fang
Shanghai Institute of Technical Physies, Chinese Academy of Sciences

- gompound semiconductons have shundant features for various electronic, optociectronic and photonse appli-
cations, ol arise fFom variform magic combination of group IEand group V elements, resulling in cver-changing
charactenistics. In this paper. diverssficd ternpres, quoiemanes and Jquinones are preseoted seometrically based on
the binpnes of arsennde, phosphide ond antimonide, manly concerned of therr bondgap, Tottes constant and fthe
imateh domain on different substrates, The fearres of nitrde and dilute mitade, bismide and dilose Tsmuot, ozl
ws horide, are also discussed brcfly, An overall ebservation of whole HI-Vs may contribute o the eomprehensive

understanding of ther latent capocity and sustumable development, along with a lof of challenges,

ESIT202Z-1615-15
Developments and Characterization of HgCdTe e-APDs at 5SITP

Huijun Ciuo"; Liso Yang'; Chuan Shen'; Hoo Xie'; Ligi Zho'™"; Dan Yang'™'; Quanzhi Sun'; Chun Lin'™; Lu
Chea'; Rudjun Ding"; Li He'®
I Ky Laboratory of Infrared Imaging Mateoials and Detectors, Shanghan Instimue of Technical Physies, Chinese
Academy of Sclences;
2. 5chou] of Informatron Science and Technoelogy, ShomghmTech Umiversity:
3. Umiversity of Chimese Academy of Sciences

Thee impact ionization cocfficients of electrons and holes are significantly different in HgCdTe maternials, HgOdTe
Avalinehe Photodiodes (APDs) have been demonstrated to be o quosi single corrier multiphication mechanism in
shor-wavelength, medium-swovelength, lobg-wavelength infrured detectors - for cut-off wavelengths from 1.3 pm
fo 11 pm eomresponding to compositions xed from 007 10002, which has the remackable chamctenstics of high
i, high handwidth and almost no exeess nose, HeCdTe APDs will pliy o key rele i activie/passive ditection,
207 3D imaging, wfrared weak signal detection snd high spatial and tempoml reselution detection, which has
become nn importnnt development direction of the third generation mfrared magme detectors, At present, the n-
termational HgOdTe avalanche detector foval plone omrays have entered the proctical snd commuercial seage, but our
couniry is still in the advineed research stage. Therefore, in order o parrow the gap with the isterational fevel,
Cremeral sekentific problems such as simulamon and sructure design of HgCdTe PIN structure electronic svalanche
devices, preparation of metenals and chips for low nose and high gam PIN structure svalanche devices, and per-
Formanee evalushion methods of avakmehe single element devives amd focal-plane army devices hivve been stodied
systematicaily in Shangha Institute of Techncal Physics in recent years, The structune of HpCud Te e- AP deviees
with low noise and high gnin was designed. Based on the P-type HeCdTe film materials grown by liquid phase
eprtey on CdZnTe substrate, the busic technologies of moterals and chips were optimized, ond the key technil-
ppies sueh as clup surfoce passivation, PIM junction widih ond ¢armer concentrotion distobation progess control
were broken through. The HpCdTe APDY smgle element and focal plane array devices for eut-off wavelength firom
2.55 pm to 530 pum cormesponding to compositions xed from 0.29 to 0.45 were developed. Performance mitrics
such o= response gain, dork corrent, grin-normalized dork cureent densiby (GHNDCTY. quantom eficiency. noise.
exeess morse focton and noise eguivelent photon INEPRE are evaluared Tor both simgle element amd focal plane ar-
ray devices. The gain of ingle element shor-wavelength HpCdTe APD for 255 um cut-off wavelingth is about
31 ot 25V reverse biss, and GNDOD is about 1.537= 107 Adem” at gain of 10, 50 pm pitch 128128 amray HoCdTe

| 28 |
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APDs for cut-off wavelengths 488 pm correspoding fo compositions xed 0307 were fabricated, whose GNDCT
i5 Jess than 3= 00-TAem? at 8% reverse bins, gain resches TO0at TOY reverse bias, guontum efficieney 15 61.8%
pt L. 06 pm wavehength, the blind clement rate = 206% ond the average cxoess noise foctor 1= 166 of average gsin
of 113 for all puxels, & 50 wm peich [ 28128 array HeCdTe APDs wath xcd=t.2%4 was manufoctured, whose gam
renchis | 370 a0 8.8V reverse bias, quanmm efficiency 15 674 1% at], 06 pm wavelengeh, the avesage excess nose
tactor &2 125 ot average gan of 133, nowe equivalent photon 15 1157 ot average goin of 113, The gain and dark
gurrent charscienstics of medmm-wavelength HeldTe APDs for compositions xed from .23 o 1033 were an-
plvieed by eaperiments and spoulations, By thinmng the absorpbon regaon thicknesz, the response bandwidih of
Heln. 7903031 Te AP peaches 635MHZ ander IV reverse bias, Moreover, the mediome-wavelength focal plane of
128 28 arruy amd 320=256 areny are demonstrited the imaging, and the low notse, high sensitivity and fast imog-
ing chorseteristics of HpCdTe APDs under hoear avalanche gain ore verfied. The above research results loy g sub-
st theonetical ind technreal foundimon for further obiarmmg a three=dimensional mfrred HgCdTe avalanche
imaging detector with lrger seile, Jower avalinche noise and high speed recognition,

ESIT20:22-0815-9
In-situ ellipsometric study on composition-dependent short-wave HpCdTe in the
process of molecular beam epitaxy growth

Lk "r'img"_ Lu Chen™: Chuan Shen'™: Li He®
1. Shunghai Instinate of Technical Physics;
2. Shonghar Tech University

Hizb«xCdxTe 55 a temary seemconductor formed by tellumum, cadmmm amd mercury manly through some bonid,
il the band gap can be adjusted by modulating the alloey composition x, which s considered ad the preformed -
terigl for high performance infrared photodetectors and imaging focal plane array (FPA) detectors. In order o meet
the applicotion meeds of high spatal and spectral reselubon images for infrared detection system, sdvanced HaC-
dTe FPA devices are developing slong the divection of large-scale, mulu-dimensional, high-speed and mrelhgent,
IMereiose, highoer reguiremenis are put fersard for heerojuncton HgCd Te witl compies compositional gracienms,
such pe mult-color deteciors, avalunche photodiodes-and HOT deteciors.

Oz of the technical challenges of mult-dimensionel integrated HgCdTe growth by molecular begm epataxy (MBE]
Iresam the m=s1tu extrachion, charactenzaton und precsely control of o series of parometers such us alloy compuosi-
tion, surface rpughness, substrate temperature ond film thickness ot o relatively [ow subsirate iemperature of absout
TR0, Reflection high-energy electron diffraction (RHEED) 15 a good option, however, 1L can cause meversible
surface domage on HgCdTe matenial which has been observed by many rescarch groups. Spectroscopic ellipsom-
eliy (SE) 5 an oplizal measurement methad with charscteristics of non-contagt, high preciston, high sensitivity
i non=damiage, which ks boen proved 1 b extremely sensitive 1o the opicil properties of 1=%1 compiamla,
I-5it BE technplogy can vealizg longitudinal comiposition mtegrated structure design, real-time monitoring and
eviluntion of performance parameters durmg the epitaxisl process, and therefore will promote the research and
development of HeUd e heterogunction with comples compotent dhstrtbuton amd doping profiles, For HeCdTe,
the gritical poind (CP) energy B i oan the visible woave range, which ensurgs the high sensitivity of ellipsomelry
detection, expecially for svalue of (1203,

Im this work, real time monitonng of shor-wave HeCdTe deposited by MBE is reported. By successfully butlding
i briamd-new parameierized compostion-dependent optical constant ibrary, optical properties of HeCdTe eprias-
il films wnd CalTe buifer loyvers, composition of HeCdTe and surface rngghness can be acouiesced by in-situ SF
during the epitaxy growth process. Verified by the conclusion of Fourier trunsform infraved spectroscopic (FTIR),
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feamibility and stability of m-sitn SE s confirmed, ond 2 routine reprodocibility measurement acenrmey foc- 00015
i obtained, This work will be conducive to establish the relationship between thin film property. parmesers and
epitnxy growth paromieters, ino which case the growth parameters can be adjusted according to the fieedback of film
propeny choragenzation, %0 33w amprove the performance of HeCdTe Glms and FPA deecrors

ESIT2022-0819-12
Study on Surface Pretreatment of CdZnTe Substrates for MBE HgCdTe Films

Yangrong Lin; Liao Yoeng: Lu Chen'; Chuan Shen; Li He™
Shanghai Isstinete of Technical Physics, Chinese Academy of Sciences

Cadmium sing tellurde {CET) isa promismg materidl as @ swtable substrate for epitaxial growth of lai-
tice-matched mercury cpdmim telluride (MOT) Titms, Molecular beam epitisy growth of MOCT reguires high
gpuediey surfaee sitbstrate, However, CET haz soft and brinle leature, which is casily o form mechonical damage
luyer duning lapping and polishing process. In order 1o remove this domage foyer, surface pretreatment process
hefore molecular bowm epitaxy growth is necessary. In the article, o movel brosmne based polishing solution s pro-
posed, The sblution can significontly reduce surficce defects and roughness of CET subsirane after chemical pol-
ishing which s essential for the subsequent epiiaxy of HeCdTe. Results on surface pretreatment of Cd¥nTe which
15 used for MOT growth are reported. Both chemical polishing and thermal treatment were evalusted. As-received
2imvin = 3bmon CET sobstrates were rinded by methanol w get nd of grease and divt, Afler thad, bromine based
flution wik wsed 1o eliminate scrnehes from front chemical mechanical potishing process, Then the substrates
were rinsed by methanol and deionized water and dried by, W2 Some substrates were Ipsded into Riber 32 MBE
sy=temt, the others were lopded mto Riber Compact2] MBE system o which hod been gquipped with spectroscopic
elhpsometer (SE) After dessazsing in loadmg chamber, the substrites were transfemad o growth chambear to go
theugh bigh lemperaiure deosidation process with extra Te flux, The deosichze temperaiung was detesmingd by
infrared thermometer ond spectroscopic ellipsometer. The whole thenmal reatmiont was monitored by veffeciiom
high-cnergy clectron diffruction (RHEEDY and real ume substrate roughness was tested by spectroscopic ellipsom-
cler. The roughness ind surfsce quality of CdfnTe substrate ofter chemscal polishing were wsted by otomie foree
microscopy (AFM) and optical profilometer, Surface defect were analyveed by opdical microscope and loser scan-
ning confocal microscope. The surfisce roughness (Ra) of about Inm was achieved in measuring area of Inm =
Inmm, The surface roughness root-mean-square (mms) of 10 was achieved in measuning aren of [30wm = 1 20wmn.
I'he surfuce defoct was bess than 1000 cm™, The oxide layer and Te-rich laver started to ehminate ot abou 150°C
ahong with subsiraly increasing roughness messured by speciroscopic ellipsemeter, Eatra Te Mus wis wseful o sta-
bilize the surface roughness during thermal process,

ESIT2022-0820-12
Observation of sunspots at He 1 10830A using a low-noise InGaAs infrared de-
tector

SUN Bai-Cheng'; XIANG Yong-Sheng’; GONG Xiso-Xia®; Fan Ming-Guo’; WANG Bin; GUO
Fe': XU Fang-Yu®
1.College of Physics and Electronie Information, Yunnan Normal University;
2College of Electronie Information, Yunnan Normal University;
F.Kunming Institute of Physics,
4. Yunnan Astronomical Observatones, Chinese Academy of Sciences;
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The activiny of the Sun is closely related to luman life. The tny imegularity of its activity will layve a great impact
on the Eorth. Therefore, it i= crucial to real-time montor and predict the Sun pctvity using the absorption spectra
uf thie Suncin the near-nfrored bomd such os Tioy, He §, Fe Pand sooom, The New! Vacuum Soler Telescope (NYST)
i the new generation of ground-based solar observing dévices in China, in which He 1 10830 A s the main spec-
fral line for measuring the magnetic field stroctre af the corpnn of the Sun. Generully known thut the properiics
of ifrured detectors such os the chip mmay scale, the dork current and readout noise wre vital o the sensitivity and
spatinl reselution in spectra observitions, The infrimed response muterials evolve from PRS and [nSh e InGass
itiel HCdTe wtli the seale from single pixel to 1024 = 1024 and 2048 = 2048 array, In thic paper the near-infraned
detectors for the solar mugietron measanng in the world were introduced, Then the propertics infrared detecions
by ourselves and the solar imaging were recommendad. With the support of MASA and NSF, Teledyne Imaging
Sensors developed two HepCdTe infrared detector arrays for solar magnetic field observation, TOMSGIGC and
HIRG, which have a gquantom eificiency greateér than 80%, 4 remwdont nogse design of less thisn T electrims. The
I G-mmcter solar telescope (GET) at Crreat Bear Lake Solar Observatory suceessfully developed the Infrored Tnwog-
ing Mapnetometer {[RIM ), which was loter upgraded to the Near Infrared Tmaging Spectrometer (NIRISE With
these two devices, GST has schisved impressive results in smoll-seale magmetic reconmection, selar chromesphers
aid sodar fares, opening a new era oF securpie magnetic field meazurement in the near-infraved bamd and opei-
ing & door for the world sobur infrared asfroncanieal ohservation, Yunnun Astronomical Observatory (YA and
Yumnan Mormal University firstly developed the =olar imaging and spectrn observation at He | T0E30A by NVST
euipped high-dispersion spectrometer in Chima. A reflection solar infrared imaging Light path 1 established,
which can observe the image of the sunspot by means of the high-performance 640512 InGaAs focal plane army
(FPA ) with lngh guantum efficiency operated ot TTE. Compared wiath the domimate HeCdTe detectors m astronoin-
tcal ohservabions. InGuAs FPA has certain sdvantages i terms-of detection rate, amfonmity ond stubility m a high
backeround redistion and low contrast simation. In the Lvot filter wath the bandpass of 0.5 A ar He 1 108304, the
sorlar radintion i= much weaker so that o high signal-ro-noise rario infrored detector i needed 1o observe the sirue-
ture of the sunspot. In addition, an efective data processing method 5 needed to extrect the details of the: sunspot
from: the raw images, Inthis works the readout noese, the dordk current and of the nfrared detector wre large and
wni fuosm, resulting m the strocture of the signul-to-nose ot of 6340= 517 InliaAs focal plane gray (FPA ) are dis-
cussed. The resolved sunspot fmage at He 1 108304 using InGaAs FPA can be firstly obtained all over the world
whitch will he q:mnpu.md with the image captured by HoCdTe FPA from Great Bear Lake Selar Observatory, The
established mfrared observation system can be wsed to continue the study of infraved megnetic field observaton
wh Fee 1 L3605 pm, which @5 an important spectral Bine for detecting the low=level vector magnetie field of the solar
protasphere, and cun combine the sensitivity and spatial vesolution of =olir magnetic field measurament at the
suime fme.

ESIT2022-0821-7
Overview of the development of astronomical infrared detectors
Yong Sheng Xiang': Jie Guo'™: Fang Yu Xu™; Xioo Xin Gong™'; Ming Guo Fan™
L. Womauwn Mormnl niversity;

2. Wurinan Observitones, Chinese Acadermy of Soences;
3, Kunming Institute of Physics

This paper introduees the signilicanee and development of infraped asirosomy, mainly coneerns the infrared deiie-
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tors applied w the eleseopes. Firstly, the astronemecal requirements for infrared detector indicators were analyzed,
Wi sumimarze the performance parameters of astresomicel mfrared deteetors such as the durk current, resdoat
peize and msge element size m recent decades. Then we recommend 6400512 InCrads wray fabncated by Yun-
nan Astrongmacal Dhservatory {YAD) Tor nesr mimred mmagimgs and spectrometer. The Hubble Space Telescopa’s
second-generation wfransd derector bas an-amay size of 256 = 150, animage element size of # pm, s wavelength
pange of 0.4-2.5 um, & dark current of 0, Le®-%, and o readour neise of 25 ¢0-. The Hubble Telescope has broughe
mankimnd nto a whole pew astronomical era, which gives us a glimpse of places m the umverse that no humon
has-ever resched orseen before, The aversge quantum efficeney of the 16 detectors of the YVISTA TR camern was
mensured 10 be 4, H, K)=(90, 96, 920%, the average dork corrent was |, 2e"«d pixels), and the average readous
nolse was 2048¢"- VISTA'S focal plane hos 64 megapixels and consists of 16 Raytheon VIRGO 2K <2K HgUdTe
LPE arravs. all repd out simultomeously by the stundord ESO TR control electronies for o tofal of 256 simultnneous
readoan chanmels. The entire focal plane cin be read out m Jess thin 1 second. By comparing the mamn indexes of
cach astronomical infraned detectorn, it ean provide the development dinection for the infrared detector used for
ustromimici] observation, which is an important guidance for the localization of astrononues] wfraned detectors.
YAk heve rescarched nesr infmred detectors and camers for vears, which s help to obsenve the sunspot activity
el megpsuring the mgneiron feld of the eoroma, After westing by photon curve feinsfer muthed, we Found that the
dark current of the G40=512 InCaAs wreay developed by our team cin be as low as 64 e“Ipisels), and the aver-
age readont noise of the image ¢lement s 254 ¢”-, This shows that the technical level of the prototvpe is leading
i Chinn. However, in companson with foreign sstronomical mfroved detéetors, thene is shill a ig gop. For exam-
pli, the HpCdTe Mewr Infrvred Camera (NIR Cam) cimied in the James Webb Space Teleseops (TWST) can have
dark currents as low as 000 Le"+5 for the short wavelength channel (006-2,3 pm) and 0.035¢"+% for the Jong wave-
length chanee] (2:4-5.0 pm), with resdout Moise down to 39 ¢~ for thie short wavelength chansel ((L6-2.3 um)
pnd BGe"- for the long woavelength chunnel (2,4-5.0 ), With s outstanding performanes, JWST has obtomed
higher resoluon mages of golaxes, pewly cerfifying several golasies locited m e carly universe, Ching's infro-
red astronomy started Late, the wnis wsed by the astronomical infrared detectors mostly introduced foreign low-end
products, far from the reguirements of domestic astronomical observation, so the need to improve the domestic
infrared detector research and development copabilitics. Although the development of domestic infruored deteetors
sigmi fcamthy belnnd the LS. and Eorope, bat morecent vears his been cotching up with the trond, some of the por-
formancy has been sdvanced alongside Europe, The HgCdTe NIR detector array developed by the Shanghai Insti-
futie of Techneleey Phivsics, Chinese Academy of Scieaccys hos a durk current = [O00 "> pixel s} and & deviee am-
plifict nose < 150 ¢™-when coobed by Bgud mitrogen. In the future, we should ry to break the techmicul barrers
ol infrored detectorsand resdiee the bemgn seratons of developmg, festing, corecting, improving and developing
mgain for domestic astronomy-specific infrared detectors,

ESIT2022-0821-1%

Study on Reset Time Extended CDS forlow noise hyperspectral infrared focal
plane readout circuits

Shivurg Wi Budjun Ding *
Shanghai Institute of Techmeal Physics, Chinese Academy of Scicnoes

The optical signal received by the hvperspeciral remode sensing infrened detector is very weak, In order 10 adapt
tu this low irmudintion characteristic, the low noise performance of the readout circuit is panicularly important,

At present, most of the hvperspectral short wave infrared focal plone readout cirouits use the input stage of the
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capacitive transimpedance amplifier (CTTA ) combined with the corelated double ssmpling (CDS) stroctere o
prhieve the targer that the number of noise clectrons s less than 50, However, the mfluence of DS capacior reset
time trand the e mterval bepween two samiples tdon the neise performuonee of the carcant 15 rercly analvzed. and
the desien of the carcut for contrel hng these rao duranons 15 also ackimge, The annlyssamd control of thess nme
intervals is of great sighificance o amprove the neise performance of the eireuin, In this paper, the Reset Time
Extended CDStechnology (RTECDHS) for low-nowse hyperspectral infrared focal plone readout civeuit &8 proposed,
The function of CES reser duration, the sample time mterval ond nose 15 obtmened ond smuloied. A pocel circot
consists of lowsnoise CTUA mput stage ond TS with adjestable reset timess designed, A pew method 15 propesad
to semulate the powse performance of the ciremt,

In this paper, the first-onder low-pass filter/-/delay subtragtor’-sample and hotd’ model of pixel cirenit s ercated.
pnd the imitstion of tris analyzed in consideration of the parasitic charscteristics of MOS tramsistor; By using
atocorrelabon functeon and Dhirac ¢omb funcion, the inflaence of i on outpal nose power spectnil density s
sty el aid the fssction of thind the poise power densiey S0w Fang ebtaimes), The relationship betwieen ritie y
of 1l 1o the sampling penod Taand nommalized notse power density are simulated by MATLAR. The sumulation
resulis show that the noise power spectral density morenses with ¥, In o constunt sampling penod. extending the
CDS peset b mighns redoced G, which wall dedrense v thus resulting m lower nodse,

Based on e analysis above, o low noese readout pixel circuit is designed in this paper, which adopts (eascode
type CT1A with lugh gain and lew nmse performnance; Unlike other designs where the OV reset timic 1s deter-
mumed by the externnl clock, the CDS résed tome of this work con be adjusted by 3-bats digital code, with o e
span o (= 30 s,

A new CDS noise simufation methaod is proposed for tis cireat, Considening that the sorking sequence of the
ciroust his multiple reset and sampling processes, the noise contribution of the sompled outpot is simulated using
Spectre ransient nmse analysizs, And the inpoi nose 15 coloulated according tothe nosse components. The cirout
15 desigoed fora 0,1 Bum CMOS fechoelogy, the power sopphy viltage 15 33V, and the output swing of CTIA s
AV, By extending the reset time of CT3S, the number of noise electrong reaches 2442 which is better than 50,11
swithout OO mmd 3445 without exteénding the resat time. The design of Reset Time Extended CTFS con improve
the noise performance of hyperspectral neadout circuit and can be widely used.




