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Abstract

The side-passivation research on HgCdTe IR detector

Abstract

Xu Qinfei (microelectronics and solid electronics)
Directed by Professor Gong Haimel

Hg,..Cd,Te is a continuous compound of binary compound called CdTe and HgTe.
You can get all kinds of response wave band that covers all important infrared
atmospheric window through regulating x value to change the Eg value. It was
attached importance to people because of the reason above and its excellent
performance in the application in the area of avigation and spaceflight, accurate
weapon guidance, infrared alarm and recognition, reconnaissance and monitoring and
so on. However, its physical and chemical stability is bad and which brings the
difficulty in the preparation and touches the stability in the long term. Many scientists
try their best to look for substitute of Hg; «Cd,Te, but they can’t fade Hg;..Cd,Te out
the application in the infrared area until now.

Side area can’t be negelected following the improving of characteristic and reliability
of infrared detector. So, it has an important science and application value to research
the side-passivation and tries to improve the situation of side face and surface from
both theory and experiment, reduces the surface state density, and improves the
characteristic and stability.

In this paper, we mainly focus on the performance and thermal stability of detector
with side-passivation. Firstly, the detector with four types of light-sensitive area is
prepared by two kinds of passivation films. Secondly, we compared the performance
between detector with general passivation and detector with side passivation. Thirdly,
an experiment about hot-dip was done to compare the thermal stability of two types of
detector and detector with different areas to say that the advantage of side passivation.
SEM was done to compare the surface morphology. We can see that many defects
were left in the side face after IBE. However the side face was polish after etched by
bromine cthanol, at the same time, anodic oxidation can abate the state of ravine
further. The test shows that etching and side-passivation can remove part of defect induced by
IBE.

The performance between detector with general passivation and detector with side
passivation was tested. We can conclude that the performance of detector with side
passivation is as excellent as that of detector with general detector. Its detectivity can

reach 1.6 X 10" cmHz"?W™!. All we talked above show that the side passivation is

I
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feasible.

An experiment about hot-dip was done to compare the thermal stability of detectors.
The detectors were dipped at the temperature of 70°C(16h), 70°C(16h), 75°C(16h),
80°C (16h) , 85°C (16h) in the bake oven. We can safely find that the cut-off
wavelength tend to shorter after hot dipping at 90°C. And it indicates that Hg run over
the surface. The performance of detector with side passivation tends to be better,
while the performance of detector with general passivation didn’t change a lot.

The comparation between side-passivation detectors with different areas show that the

area i8 smaller, the thermal stability is much better.

Keywords: Hg,.xCdTe, longwave infrared conductor detector, side-passivation, hot

dipping, ultraviolet irradiation
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1.1 FRRAIMRNB[MUEHLHEN

T RKHg .«CdTe 2 — T B YICATe M Hg TeMIE S B 1E, HPCdTeR ¥
Bk, BWEELA 1.6eV(TIKT), HeTeR¥ 4B, BHEHLA-03eVITKT),
PIE BRER AL, BT Hg CdTefIZEH R EE KT TR EMA xE.
BT AT EA BN RKE, EdELBTRENRE, qTURB/LFEE
HEBAIKSEFONWNER. MERERTHR. EZRE. LiE., &
2R S RATEMSHRSES S AAMRE SR, 185 BRNSE SR
R R AR R T S B AT A E .

#1959 FREEFEFEHAAWD LawsonZ N H RIRE L S HBER
HgixChTe)a, FHERKMBRENRBNZFH R LE S FELY BN FRARE
HT A5, AemRBu a2 RO RLIM RN . K HgCdTeH
FHERB T AT, Pl TFABRE/NMNAMERR FRER, $REHE
e/, HUBRREER, KUES; ABRELHD, BAATHRERE, BETH
EWMR; BTIBERE: BRTHFEK: RMEKT, REREK, BTHES;
RAERKWEUDUERE, TRIROAFFZROESE—ENYFE; Py
Bk RF R, BT HiESECCDERKMSIEM. EitHgCATeR &K H
B, BETAIMERRN KBRS,

BAHgCATA/MFRIZR CEMB R KRR, BHTHeCATeAE R B HEA
FERE: —RGHTBELE, —RESASTHY, XRMKKHAT 24t as
fiRE. AT RRXEER A, AMERERGEBAHCATeMFME . HARERT
=nRNEDMEL, WHg «ZnTe . HgiMn,Se « Hg.«Cd,Se%, B8 T —ibif
B . BREERR & AT IR AR B AR B A BRI . BARBI¥E K —H
HREIFERFBROFNRER, BREES, NARGEBERRREHIIN.
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EtE, BEXSGHFEETERKR, XBEEHALESELEEIHLEMR
Z0, EARBHNHCATe ¥ S K, HRAEFTHEHRERN —BE.
HgCdTeRAH R R HREKE . R, KIS HHe-CAREBMBERBLERM
AEMAREN. Bit, MERBAERIROEWESE. AT RIERFHERE,
3% B AT S HERER S A, 0 0 B8 B R TR O T SR R B A0 AR 3P 18 i B BT B Ak
TR, PIAL(FRIR) X4 TR IBURE. MRRRALIEE SR, BAMRTE
MUERNER, UREAEPHRERBELRE. WIMREOFRRE
EXHERERAGUR, SAMIRSRENRTERER, Fi@lmERBAEN
B BE .

PRI X AL SMR T B P RE R AT SEME BRI R, BEE IR Bon @
REZE S, MEERFASHLLESLRT 28, MFKEHH 100 0 m 5%
FHRUE, BERERAZE 100 m MEAT, WEEDRSBIREERN 20%, 3t
TREESEEKEHR s6um KOLSHME, EEMR 100 m MAEME, W
R G BIREEARE 36%, XAMEAERBRAEN. L, BEEHRBESTLI
KRR R TR ERNARIRR, HARRRE4ONEEREAR, W2
WHILE ERRWASENEARRE, RPRDMUE A RS RSB
ERmOROZER. RORGEE, RESCGHOHRNEEYE, FT0EENE
REXFIN AN E.

1.2 ERIMARIK

H A8 A # & ESPRITER SR 4ME RS — X PIRE T, EMBXRLRE. T
FmARE RN AEKBREAE, H&RTREABITRAAA 651 mX700 p
m, TR THFAANMREEE EKPREALBEEAK 2 15, mNELHIEWE
PEALSSAFRG 2.5 1%, HREL DM EALEFN 1.5 £5.

HRLHE, BRYERAITE/I RS MEREESINSEME, RAGESEM
RIFRS, BRASTERVD, MTTBUERRISS MmN MR E, AES R M
EETHAER. ERNEALKTFE, T #tEanRa.

1988 £, Honeywell AR T Wi KA SMER B AT AR AR R
WR TR, R ERRBE LSRR ER S ENFFEEMT KRB
. HRRWESERERTRR. 2MERRATESEHRE.
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Fig2.1 Surface field effect

E212 n M¥SURMEERGEATHRETIEE. ¥ THRUBRER
MRAFHUSHERRAREERE ¢ BRI TR0, EEY RN 3% K
MERFIESE, RORAXRF EREERAEEERT RAEEATE. RIEME
REGEL.SHXAESEESKRES Vs MXRRY

Ve =N r q¢"°“’° —— @1)
2 h(Z7y 4 cosh(=z2— ==
n [cos (kT) cosh( T N

AF:2EE21, N REREXKTBEF P En LHEEPLOH, # s=rmn
=rsp , RESTOMEFHNEEERRE, no A po AT HERTIRE,
n BRAMHBTIKE, k FBoltzmann ¥, T HEME, Eis £RREAIE fermi -
REZEEHETR) , AP

9¢,=E,—E.=E —qV,-E, 2.2)




FE WRRALEARTREEAR

XEBEi RAENKEfermi f8%. HRQ.1) TH, Hds=0 B, Eis=Eg ,
n,=ps BIRMATAIESN, ROABSHREFHRKE. HE2.1 TTMERSR
A RELER S HAREAERE S, MARER. AU TSRS
# n EMCTHE, EXREHARER, UBAREOES. FXLEFERAR
EMERZBEEBRAEWEPHEBRF SR, ZIEBHLIEH IE BN
FEREREHTTRS RS

ERXFERT, ARRAEAEEH?

S, =8, exp(-V,/kT) 2.3)

So APHBRTHEROREGEE, EERERBAR. MCTHERM B K4
WESPHFAEXNEREIESRE, BEIIFEMCTH R R 1R 3 76 Py 8 Sk B AL
BT, BR—AEZERTSP) . RIE Fang F Howard WHERIW, k3
RERBETETREZETHA, RORBEREOEERHTEE NI HXER

33m e’NY?

3N,é?
V=22, peg ] . 2.4)
5“0

' 2g,6b ’

XP:m, ARFHEBRE, ¢ ABRTHRAE, es. eo FHUHRBNHEERM
BABREY. BERCRMESREPER, LETNERENRTOT B, E&E
RN, MRERUBERIEFEN. JEERAN; DT 3X10"em 6, BIHE
EHRAEAGEERE 1X10%m/s, BHTECRMSIENEREARLIERA,
FeEEREE EAEBEXA A2, EEHRA.

2.3 2B ERATMOMATENER

REYEER 20 A 60 FRUBRARYBZPH—ANEE, MARERD
HE A SUR .

BB ARE, VARGRENTRTFHALEER, MR RXAKNE
RAERKGEB TS QLEED). AR 5~500 BT RIFEEMNBTHETE
ASHEITT P A R ARRE, B AR LR A, TUREEXARE
PN RS IS B ME TR AE KRB AR R T B dhZ, Xt
06 45 R FARE — E LA S B s i LA, AT IR FE AL
PP IALE, X5 LEED 4 R%¥MARTEMKI ik,

FAXM AL FATHEHEESERRENBBEANEN. &RBERE LR

9



WRRASMER BN R A LR

Y EAROOBBONBFLNEAR. ATHRTERBRONSERSINMT LEED
GEFEBWHN LR M. s, BT AP FATSHEED IR EER T
75 RHEED) KRB R 45 .

XA R’ X HEREBEAEHREERRRERMAREONSHN A —F
B. HRHERNKERNRERFRE X HEE, NEERHItBRFIZEAERR
THEH, BEEATRSEHETEZRATEER, BRARRHKRS. X4
BFRRPASE X FERBRELEERBGLEARGAZR, RGNEES AH
BETRHMEFHEAR, REAAERTFAEANRBKIER. BKEENE
R ] 1%+0.03 K.

RERSOHERRAARFHA —EERE. AR FESREIMLEM
BFHREXFEMFE, TURANRTFHES. EFEREEHMNREXDTE,
RAOVEZREFATETESHNERNYERRT .

KB FRIERARKAEFANEENEZ — ARERIMESH LT AIHE
FERNSPHEFRRASHBEFRRIRERS, Bl —RIIMRETE,
PRHEFR, WEXLHTFHRESMHE, UHIETXLIARSEENER.
BTRASETFIENETFRAARMEREY, RETHELTREARIEE
BENfidhsk, HPABLFRBERMMBs)REINHEN T RSN,

EER, BTRPRANERE, TREEEELTRNE. EEARKN
FRBAMLETRAARMOARERE, NTREREORBE, MREEERXD
AENBHRLETIE WABEREBRTFSPLIASHRBEBXR.

T2 B B F BB T B B AL RR A P, X AT R R AR R
BEBPREAANEE, YEFALIAARHRIBATEZRENTS, X148
FA AL HREERRER BT, BESE S RRHEEREL &S,

T2 R PR T B MR ] R BB AR FRE. FIRRDE
5, AFATERNFPHBRTHREIIFHEMNRES, BIEHERERREE
5~30 BANHET, THRURES. DREOCTFE, BURRSER T arE K
HEMEHK, WTEIINHEAXNBTHEERS, RESRAZENEE
24, AEMAENRBTFAIFRELIRT. BFZHERHALER, FERER
REBT.

ZERBERE D, ROMEH R TEHERE, BidxFE R L AYISM

10



FoE BERMASRRTEERA

Brekm; mMRARSHEEAG T HATAIRNER, BEENAE.
R BT IE AR, MU R H LR T RULERAN, HIE NGRS R R,
BATELR KRS SRR I AT . MAXE T RS H AR B HARE
%,

A FRBESEUTRIEHE TS, 4B FRERGREN, KA
AP TR REXNME TR, B EEE T ARICEAN SRR TFHE
Ftksh, FARMERRENRT A TENTERAETPE. A TREEE
WHRERBHET, ATREIREZIN SR THESES, BRABERTLH
ROBKETFA R4S, BEEFHMERNREFERREOEUFR. W
REPMITEFRBEKNRERTEASNET, XHLERD LB,

R 5T BB R RER IR A R, IEARE MR A 1~2000 KK
¥, eI T oL IR S o AT oL B T 2R 2 B B R R T S T A B AR AT T 9 9%
Jeh b, BT RTFFERENLESSNMEGMEROIBHE KX, EHITAER
JeBt LT R 2 DR R H IR BN BIE . Ei B R T T R
AR TS RREARM . S@RNY BELE.

ATRENIHE, S EHMENERN EXRRET HETEMEET).
EERHRBAHARR, REMERE, £HRARRUERESESRSE, KKK
BT RS BEERNHAR AR EREULNZES, TEENETHERGHR
o fTEFRERE B Ert—2REeE, XMEETRERXRES FRE. 4k
FRE. FEURBROER. EHETFEMENTRE LF—PML, HHEEs
RATH E U ORE &, WHBRR TR

BT RETHRE NS T QB ABERRE, BERENETREENENR
FARMESER. BREFFTHERE, EIHAXLEEEZORSER T
VLAEWR B 7 F G, BRE S TAERERIRMAE .

B FERLEREX OB, WTUABRN S AN THRORE, FI5
R E & R, T T MBS RMOEAMELER. TURALRHE. B
Sy LT RE B RIS AN AR R e T BRI MR BT LR A HR3BN.

25 R AT ERIR AR S R R, R 7E A R B S5 h0 FE SR AR B IE A1k T o4
L, RRERBEE. BAHETRENKERAFRNRARE, BoHEK. X
A FERENRERW R BRRERRER, BREBTHFTFHEERER

11



B R AL S 2R M T S AL B X

TERETR, BEERERRTORSBORNE, URBERCHOETR.

FE St BE W R A 2 R - AR 18 R (B B )T L £5 Y T BT R R
PR e A% R N R MRS, T HLRERM> TS T, BERM
AFRRIRE. WMV RA. REYZ FOAEERS.

BREHEMNLIRTFBRMIARESN, BERHAURRAYEN—IEEY
. FEMNHNEZRREFBEREMILETIATY, HELREFMERILE,
BIEBNERRED BB ERKE BB MEKHERT R TIOME, B
WHEEFERBANEEERAM AT ISR FHMLESKARR, Bit
B AN ERAF .

BHTAGMBHRMEELXR, BARAERMEHRNTE. HiSRALLYE
GREH T HEM B A AR A B TSP RANS TERER. 5EHE
R A SR F BORAEA ST BR KR R, F R RO T AL 53 s i AR L A
e, WERAARJLMHENRTFHARNERHERGERER, NSEREERD
EHEMNNAEEATREERNYELR, HmETEREORRLE. BKS.
EHABRBEPURRRSE. BHE. EnFEHEnEtass.

EERERATRREDBHRTHEXRBRENRR. Bid LBL T R HHEM
RE—EEUTHNRTER, RRAKELSMN—FTENER. X TLRE,
DHRHEM T EATARAR BRI A OEREE. REA T H S ENTHRRAT
WA ARTSRFZRMHEER, RERNEFAHRS.

BT HELER, SRMRHBERETRENLE, BEERABEERBREN
KR, FHRERENE M, REOEHERBER BibREYERE—ITAER
BNMAERNER, BWEFNAY, RIFRHER. O

2.4 XSHENZEXFR
ENB—THAIFHEUE. CREGREEIHN. 6B S BN E 8RR E
E—EHEKHLRT, #FRRATEAERR T EELNBESERENE.
BREFBHENG, \HESENEEFTE s . BAEEN (BF
ATHRFRIBIE, B 1opm) HADFY BKES, BREALHARNRERA T
EEERS AT HFRLMREY,, REFE=- V. FRETFMOFHEA
LS| R

12



EE WERAMLBRANTEEREAR

Hg) Cd Tt B3 F IR M — R ANEIATEL, B FIREL N 5410Mem”,
BEERIMNEHEBESBACIEZ LR AABIH “HNE”, FTNE
2, ab>>p, b>>1, FHFWNER:

R, =V (2.5)
hc lwt n
AL VE B
~Lmt 1 (2.6)
" wt 2he nyp, )

% n=0.6, I=w=50pm, t=8um, ny=5*10"*cm>, hc/A=0.1eV, TJiXZ|&H
KWIREER 1¥10°V/W,

HESHRUBEILMNGES, HPBEANRARFN=E-F4WRE,
BHPEEABN 1UfBE,

BN BB H— KRR gr BARS], XF N A HgCdTe, g-r B 50 4L A

i P
V_({0)= 0
gr( ) (lwt)”z (r(n+p))
X F Eg=0.1eV B/ HgCdTe, DHBRTFHHEIERBHRESRE,

n2

T=2T”'_n(_n-:-—p) T A E R T A . (2.8)
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MEBHFELEARIERERES, WHDTHEMA:
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S, ERMERRTHIFEG, BREWENZOWMNERNESE, BERNEISE
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q¢:

S=N_r, (2.10)
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KFRERROT R EFEMNRERRAAKERESE, [RHEZ A,
FERME T Zd A2, KB & t 30 ) i R 0 57 10 PR S SR T B MCT 3R ZnS
HIKE B 0T . ARSI RAREREAK 150nm EE ZnS. X F ZnS, H_FEH S
NE, ERABEHR,

3.5 BiRRE SRR
AZELRF, REGRHEMENS FEEABRE—THUES S&% R0 EmEEi
R A SME R 38305 MBS 0 sml9647-07, E/RMBHHEESH LR FTIR
(SIS0 BE MR R & A A S RBIE K IR 3.1 iR,
SHFREAME, A% FH Micklethwaite 1238 AR HE W18,
x, =0.07901+1.101*10*Zn~6.179*10”° Zn? (3.1
HA, Zn ABRELER Ve MAE—IERKIBLFFEEE, Zn=1/eZITCO, d
FPERIERE, DLpm BT, MR G IHD N

In(d/500),

x =x, +(1.038*107 ~1.165*10° Zn)[ (3.2

0

#E KT TM.Chu 71 D.Y.Tang #0 Hey-CdyTe 254 B 5414 x FURE
T XRHER AR EH/HI.

Eg(x,T) =-0.295+1.87x—0.28x* + (6 —14x+3x*)*10~*T + 0.35x* (3.3)

EEBE T Hg«CdiTe @A IBIETEK A ¢

k=1§£(#m) (34)
#3.1:
HE%S sml9647-07
B TR 77K 4.16E+14 (cm™)
ZR 3.43E+16 (cm™)
B PH 2 77K 1.31E-1  (Q/cm)
EiR 1.78E-2 (Q/cm)
TBE 77K 1.16E+5 (cmF/Vsﬁ
EiR 1.03E+4 (cm’/Vs)
A 11.14 (um)
X 0.19
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Tab.3.2 the location of pixel in the detector
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Fig.3.6 the pixel array of detector
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Fig. 3.7 Schematic of HgCdTe black body performance measurement

3.5.2 BiRBMEMEXEBAME
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FHm A RORS.

Kk HeCdTe Yo PHR 25 AR B sp BEF =R sB B ELE v T LAHIE HIHT a8
it fe, BRYERPIRT 772 MKKHgCATe 4SRN 38 G & H FEm
SEBHEE vy SHEMENXR, RIAEBEY>1 BERDP, =0Z-ED?*
> 1.0 X 10cmH, ZWHS4®, REEXRMABEIHEW, 3 n EHpCdTe
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3.9

KE.5) Pk H—EHEAF.L - w . d FHABEHK. BHE o ARE
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BEHPER n MEESEMAR 2 ZH YR

RE.6) PHAIRN FR KBFESHHHRHeCdTe MEERBEENE
BN KEESH. HeCdTe MR FESRE S FESHEREMAXK. NEEF
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s, FAE Mgl g >nenb oy » BH V>1; BRFKREEEMEn. M10%cm
€310 em >, 7EHgCdTe A, S0K LITRAHMS A BEREM; Wikn,
D MIEINBEAEE, Whnerl e < nanboy » BRGFRE Y <1. n. BS
FARIEFE D BBAR FH 0, BB FERETE, BT e & (-6
et A AN YESEEF . a T80 v ERBR TR rEEREZ
ik, MR X SULAER, BTLAn R HAE A8 B HgCdTe R B 331 BE A — FF
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Fig.3.12 the comparison of noise between general detectors and detectors with
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Fig.3.16 the Fourier optical spectrometer
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Fig.3.17 the comparison of spectral response between general detectors and detectors with
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Fig.3.18 the comparison of spectral response between general detectors and detectors with
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6 R T T H LA T AL SR R LA, AT A, BT
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4.2 WEFHL R BIRE M
4.2.1 JRER
HARTHRE, BEF DG, BEEMEZETHRETRE, RN, A
BETRMEE. SEFRR, 85CULEN, HFHyMERE (BILEKER).
FEL, S FHERRKITHEN R T 70°C~85C, 90 C KU EREXE. HEREKK
H&: 70°C (16h). 70°C (16h). 75°C (16h). 80°C (16h). 85°C (16h)
BEZWHEZERME 4.1 Fix:

temperature (C)

H 18 » a A ®
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41 HRREFETLE
Fig.4.1 the temperature of hot dipping
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X ELR S Hsm12004-50, PHEHOA %A 0.2192, A AEH 10.87, FKAIFREK
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Tab.4.1 the electrical characteristic and cut-off wavelength of material

HERS smi2004-50 (PHARE M) | sm19543-16 (EifLEE)
77K 478E+14 (cm™) 4.98E+14 (cm™)
TR AE
R 3.72E+16 (em™)
7K 138E-1 (Q/em) | 1.33E-1 (Q/om)
s PH = _
=R 2.13E-2 (Q/cm)
77K 9.56E+4 (cm*Vs) | 9.52F+4 (cm*Vs)
puig %3
=8 7.95E+3 (cm’/Vs)
r, 10.87 (um) 10.83 (um)
x 0.2192 0.2195
R A2 BTEBGPALE
Tab.4.2 the location of pixel in the detector
MERS EHAL (HE D RS (HE 2)
BHmS Q R L M
RBOLHR | BUkS | BORS | BORT | BikS
50X50um 1 9 1 9
50X50 um 2 10 2 10
100X100 u m 3 11 3 11
sml2004-50 | 100X100 1 m 4 12 4 12
(PHEREAL) | 200X2001 m 5 13 s 13
200200 1t m 6 14 6 14
400X 400 1 m 7 15 7 15
400400 1 m 8 16 8 16
BUHRS S T N P
ABEEHR | BARS | BLkS | BusS | BomsS
50X50um 17 25 17 25
50X50um 18 26 18 26
100X 100 1 m 19 27 19 27
sml9543-16 | 100X100u m 20 28 20 28
(ZnS) 200X200 1 m 21 29 21 29
200%200 1 m 22 30 22 30
400 X400 1 m 23 31 23 31
400X 4001 m 24 32 24 32
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Fig.4.2 (a) resistance of detectors at room temperature before and afier the hot-dip
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Fig.4.2 (b) resistance of detectors at room temperature before and after the hot-dip
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Fig.4.3 The change of resistance at low temperature before and after the hot-dip
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Fig.4.5 noise of detectors before and after hot-dip
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Fig.4.6 interface model of anodized dielectric film
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Fig.4.7 responsivity of detector changing with temperature and time of hot-dip
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Fig.4.8 detectivity of detector changing with temperature and time of hot-dip
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Fig.4.9 response before and after hot-dip at 85°C
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Fig.4.10 the detectivity of general detectors before and after being irradiated by ultraviolet
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