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Abstract

Technique study on planar InGaAs linear infrared focal plane arrays

Abstract
Wu Xiaoli (microelectronics and solid electronics)
Directed by Professor Gong Haimei

Covering the entire short-wave infrared spectrum from 0.9 to 2.5 pm,
independent of cooling system, as well as with advanced material epitaxial technique,
ternary InGaAs photodiodes found wide applications in military, commercial, space
remote sensing, fiber-optic telecommunication and environment monitoring. This
paper studies mainly on the process research and method development of device
characterization of planar InGaAs infrared detectors.

Planar InP/InGaAs p-i-n infrared detectors were fabricated by sealed-ampoule
Zn diffusion. Device process was revised to improve the device junction property,
decrease the noise current and increase the device detectivity as well as its uniformity.
The device process was applied to the fabrication of 8 elemental linear array and
device performance was measured with the peak detectivity of 8.11x10" cmHz"*W™!
and nonuniformity 4.69%.

Series resistances of the p-type electrode of devices were researched by the IV
curving ﬁtting and TLM structure calculation and these two methods were shown to
have good consistency. Electrode process was simplified and improved by changing
the original Au/Zn/Au metal system to single Au layer which was proved to have
good adhesive ability to sample surface, less resistance and better uniformity.

Electrical property mapping of pn junction was obtained by Scanning Potential
Microscope and Scanning Capacitance Microscope with good consistency. Junction
depth of device could was extrapolated from the potential or capacitance mapping of
the pn junction.

Structure design and process improvement of 256x1 InGaAs linear array were
achieved. Measurement structures were designed to monitor the wet etching process,
especially, device structure was improved to suppress the abnormality of the photo

active area. Device performance was measured with the peak responsivity of
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Technique study on planar InGaAs linear infrared focal plane arrays

1.16A/W , nonuniformity 4.69% and peak detectivity 5.58x10" emHz'*W™.
Minority carrier lifetime was measured by Microwave Photo Conductivity
Decay and Open Circuit Voltage Decay synchronously to ensure their comparability.
The results showed that the lifetime average on the mesa were 112ns and 116ns
respectively with the discrepancy of 3.8%, which revealed that these two method were
consistent in some level. And quantum efficiency and OCVD lifetime of single

elemental device were measured and their relationship was discussed.

Key word: short wave infrared detector, InGaAs, planar, I-V curve
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Fig.1.2 Transmission of atmosphere to infrared
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TR G B BB BRI B RoA {E, 7T LU IR S0 I X 38 A R O e BB IR
if, InGaAs B SSEL HeCdTe HRIIZEHE FIFHIHERE . X HE InGaAs LLIMR
MEEZ BRI
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Fig.1.3 Image capture by short wave infrared camera on moonless night
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-1V B, BEHYR/NT 100pA, -5V B, BEEF/DT InA. FIE, MATESIE T 0
RIgKi% 2.6um B InGaAs #RMAS, h TR KR 2.6pm, Ini GayAs
f In B S x 4 0.82, ULAT InGaAs 544K InP Gi& I AILES, BILFHELE InP
EHER . AT AP AEREE, R RE N S HHOEFR InAsP
(285 55 B LY InGaAs IZETE SRR, B BT B AR DORE R, =
FHITERE . HE T EREAHE . S40EARtEE: —1V i, SPHEE BT 0.9pA,
B2 1.9pF, 2.5um RN ZER 1.0A/W, BEETHER 70%, FHWEFHEN
50% .

1990 4£, GH.Olsen!"YiF s T WS £ 4 1.0~1.7um K7 128x128 InGaAs £F
H, TENHATEELELIGERTRREG. FANLEMETERSE 1988 £
#1145 ] 256 JC InGaAs BRI A5 FEFIAH [, — B K/ A 30pum=30pm, FHHE 60pum.
Bk R EM AR -5V I, BEE TN 100pA, - 0.1pF, 1.3um B i N2 24 0.8A/W,
SEHE TR 80% . 1991 48, GH.Olsen® XTI TAEREIT T B4, AN
InGaAs ¥R ESTE 1-3pum BB AT LU BIRAF (¥ dE e, BRI EZERNA.

1992 #4E, EPITAXX 4 PUIF44 4y Bk 25 18] R (ESA)BT I 1024 7T InGaAs



A InGaAs 2SI T IR B BATIR

WA AMAREAE T . KP.Linga™ Y5 T GH.Olsen 7 1989 BRI Wi LI < A
2.6um InGaAs MK TE, RASMUYIEARSNESI T ELE P LA InAsP
ZmE, TRKENTH/NEEKREME, KPLinga KT 15 BEMNE,
AR R B RIS RE/NT 0.13% . BTRERKERE 4um, FFEE 1.5um, &
B FEZ K/ A 25um*500pum

2 E SR T R A T 7 InGaAs $RIES BT A7 T A T GUEHAL. 1996
2 L.J Kozlowski® IR T %A A HIH 128x128 £ FH 2, WM K 1.68um,
1 230K, HRAEEF RoA b 2x10°Qem?, FIHRMZ X 3.5x10 emHz" "W, &
ME 63%; 7 290K, MMMEE T RA 44 10°Qem®, “F3EHMW XX
1.35x10"cmHz*W,

1999 £, %/AF K MJ.Cohen iR T A1 it T ZEHHHIR 320x240
AT, WNREK 0.9-1.7um, AT ERMAMERE. 75 290K, MEFHEE D
F 108A/em® AEE F RoA KT 10°Qem?, FIHHIMAIAE] T 10" emHz*W
A IEETHEREAZ S, KA T JURE R, e8I pn 40/ EMERIER BTN,
B, AATEE TR EMRTZENBRIRE. InGaAs TKUE B RIKEN
1~5x10" cm?® & F 5x10%cm?>, InP FHBERBIREN 5%10" cm” REF]
5x10"em®. X5 K.P.Linga SRR 7752481, M.J.Cohen A4 BB 4 Re#ME BRI
&, BB RERENBR: AN UERT Zn BRI, HiE mGaAs/mP FHEH
InGaAs WHE I n BIF| p B HEEEE, FAFIEN Zn £ BN SEN R
FWEREEE, S pn SRR RRKYK. MITRAHIETHIR
320x240 £ FHEPIZE 290K W FIHRME R 10“emHz*W, 78 250K I H
1.4x10%cmHz"* W,

2004 % E BT R AT PHHIE T 320x256 TCHEEMATE, AT R
%, HESTR~EA 25umx25um, 7E 22°C, -500mV FHREHIRIA 120fA.

2005 4F3EE AERTT IR A T PME & T AN 1280x1024 1 1024x1024 JGH
InGaAs 453 4T SMEETE(E 1.5), WAL 4 0.9~1.7um, JETE R~ 20x20um?,
HAEETF RoA 4 1.5%x107Q-em?(256K)FI 8x10°Q-cm?(280K), X Ri&4 A 1IEFTHR
Y 1 B AR P AR e A S T



B—% 518

& 1.5 1024x1024 InGaAs £ FHE 4144
Fig.1.5 1024x1024 InGaAs sensor chip assembly

1.3.1.3 7E R HRIERE

BT InGaAs SSE AN RS M REFI AT SR LR RIB IR, T ESCHL T /A
@ik, FEMEE TR, GaAs EHAsMETFHEMFIILELHEAL,
HEBKNESEES, THEAMRK. 2EH, HAMBRM—EA 7 AR RALZ
FIASEHE FER TS £, AP EFES ) InGaAs £FHEFI R4
B RASURE AR KN AR BIEES. R ZE0E. BUBHREN.
PEABE AR . ok, TR MR IR KN AZA .

FEESFAEY¥ T, InGaAs AHVBEEENA, FlanF AN HA LK
B I BL(0.9um~1.7um) IR JERFF R AN . XTFTE R R AR K2R 2 %0
G BA L AN 2 1 S — 01 F o B 7E SR AN B 3 T I A R Bl
LAMRGR, IXFRYURIZE R WO AERIER, FIAUEH . InGaAs AEHLAIEZIIR
BT BB H A2 0.9um~1.7pm BB ER TEMFENL, HTS5 P &%
FLEEHY InGaAs B 54K, BT RBRARGEAR, EMHEHRE T HHKER
R

1.3.2 BAHIRIR

[ At LR R ZERT ] InGaAs #RIIEE, R IEEARYET
B ARG B MAS 55 RBARTRE . PRBKEAEREENR S WEITR
Bi. PR SETRET. RIUIBERI R, P EBRTFREERS 13 FrisE 4
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I InGaAs L5 AT IR T AT

s, HE 44 BRI TEOSHENK 2.2um £ niS 4l RN 1.0um
~1.7um I3 InGaAs HRFAEFEFEMF; HAELHFFTA InGaAs FRIA: EE
RLF TR, HAFTE 0 R 2R SR e A 0 e R

PR B RS S (E BEARWIFUET R A GSMBE J5ERF I Ino 53Ga047As
p-i-n YEELEMIEE, MM ETE 1.3um FFATF 0.80A/W. 2004 £ RARATIER Lt
P EHARNE KT B InGaAs BITHRISEAT TIRRMHF, K InGaAs R
BB IEF K A 1. 70m SR BE 1.9um. 2.2um F1 2.5umP, H3RE THUF
HIBRpEvERE, BAEERHEWESRN 2x10"ecmHZ?W', 3x10"%cmHz?W" F0
3x10"%cmHz* W, R KA RS B HUR S YT f & LA K InGaAs 05+
B BT TRAFFS, HEIFFRT & In 9K InGaAs WG . B A HAl
BT, Ik SRR T RS AR MR BESEAR EEFHHTHE
(10Gb/s) Y65 R4 K InGaAs/InP LK Y rIRIIAE, MWMEAE 13pum FAT
0.80A/W. AR L HgEH M FTE SR IB R A A4 s, STRALIB A EE AP K
R InGaAs SSFBEAT T 1R 75 FHUR IR ME RO AT, 3 BT 2006 SERIE T
STLE I 128x1 2851 InGaAs SEILLAMETFHEAHI%, 76 278K M-FIHIEEER
WK 1.03x10% emHZ*W, RFEHRH 183% >, JLfE & T 256 TTIEM
BT InGaAs LFIHRMAE, 278K W FIJERME RN 1.33x10"? emHz"?W™,
BT WA SRR A M R 19.3%P,

1.4 SRS B L AME P T AR K B RS B

30L4ER, LAMRMBHARCME— R B TTALREFNEARR] T8 ZRE =
4 I 7] 3R 5 AR 4 (TDI)8um~12um  FIFHEFI3um~5pm F)640x4804% TTInSbiEHL
Mg, BETSEHRAAMETFEMFIRARELENE R EB=ZROEFNH. E
WA EE RAT T KRV IEERT2010 FHTHTRR, HFMEHER=A
LT AMESETE RE BB AR IR , B E AR 7 3 17 58 = RALSMEF T MG S AL R AR I
RREL.

= RLLHMETFTE RSB AR Z W R LT LR E K-
DEFHE RN G T ERE h>10800, BIIRHZ1IKx1K, BAOETAE;
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B—E 5IE

HTARRER, DMESSIMRThFEM DA BRI RGN

3)AEBA TAELLSME T T e 71 45 Bas i 1 Al BB E0E B i se — 804 TIRL
AT [ 1A% AR I KR

4B RAAR AR B RS, EZER— RN RfERES.

BERUSMETFEREFMEREFUT = O)REZEEETERLIME
TS, TG TERE>1057T; QIEBALLAME T H 5 AR AR E
REA, WHTAAALRR GBS TEMHMEIERES.

ZR RSN, TER, HEHRNBES A, ETHRET SRS
7RI+ MG, T InGaAsH & FBF & T a1 Foma S AR R
b hE, UTFEENAT EEAEHERNSBELS AT HNER, HLdlyE
BEH T JLF:

1.4.1 InP E% 7

InGaAs #1818 CURMCRT LR GE L0400, w2, T eI #8fRmm sk,
WR/NER IR R, ISR E1% InGaAs RIS HISMEN B —BH InP/InGaAs/InP
W R, T InP FIERIER AR 920nm, X{F8 InGaAs 2544 B 77 F M
RARLIET 920nm, FTLART BLEEXS InP 2 Y8 SEIN InGaAs #5478 K23 /7 [ W
IE

1983 4E, Paul 2 A\PE 3 36k InP /2 #7125, ¥ 870 InP/ Ing 53Gao47As/InP
RIS e S YA AR R 7T A 0.9pm FFE 2] 0.5um, SEIL T X /] oG I 5L o
2003 ££, %M Indigo A FPHRE T HEY BN InGaAs A FHEERMES, HMEN
320%256 F1 640x512, B& T Wi 0.9um-1.7um RISEIELLAh, IXFHERIIAR ST AT oG
AR LLAM B R EF WA Y o

2005 4, EETLTRAEBRATPHRS T 320x240 445 L 6 FHE KA,
HIEALM R AR, B AR XS ELAMNIAT HOHAT AR .
AT SEEA AT OERIR, MATRAS Paul A5, ¥ InP #TREE, B
FRAFNXLE, XFRMSENETFRERERK 500, 850, 1310nm 4435H1HK 15
%\ 70% 71 85%.

2007 ££, FEETLREBATCY DDA ZE LI =W T T 0 R B
i) SWIR AEHL, HAEFE X 640x512 InGaAs L W EFEF, H70K/N A 25um,
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PR InGaAs ZFIETF B BABIH

BRI T2 E B AR SRR R, (RN Ky BRI Mot XA
IEHLAMENUFTZE A e 5 2R T g, WSOt 58 sgrvi, mhH
T DL 52 B0 7 B P R R R (B 1.6). AT R SR 50 I 2 A 5K
LT 52 RGN Bk S0 R B BT 5 . 3R AR A R LT G R
L.

s

B 1.6 FRREERASNE R
Fig.1.6 Spot diagram and infrared images

1.4.2 "4 TSR BRI

2004 4E, Marso 2 AP5%& T —FEET HEMT £ 05 B4R F 2R
Mg, HIEAREMNZE P WK EEKT InAlAs-InGaAs I Z 4B TSER, B
FLRW, XG5 E I S2 BB B n B R A, 7E 1300 A 850nm AR K
Wi S ELAE M 1V R 0.03 T3 1.6V T 0.4,
1.4.3 RIE In 45 1R

1994 £E, Kim % APl T —Fh i 8L i mi R =M 4R R R T T 28
KRS EASEE=MARR n A9H InGaxAs TEE, MREKD N
1.65um(Ing s3Gag47As)« 2.07pum(Ing7Gag3As) 2.64pm(InggsGao.1sAs), TR [H]
WL InAs Py 202 HER LA/ E G R SR AR L, I3 AN IR 3
BV PR B R B L L& pn &5 DUE RIS RN SR BR0F, =FP R
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B—% 58

BUBTRENT 15%F 95%, BHANT 0.01 5 10mA/cm® 2], KLEE5R
53T AR 4 SRARIE

1.5 JefR & InGaAs LLSMERI BRI G55 2K

InP/InGaAs p-i-n WM LB (B 1.7): SmEMFEE, H
FERHET pn EHHETE. GHESGRERMBRN p-in" S/ E L
T %0 b B S SRR B AR AR AR, X R AL R E R M LR, TR,
FAAR BT AR T B BB PR LD s B R PR B R 2 E A8 AR R U T Sk AR A
S HEE PRI PR A 2 P AL RE n-in S ELEES n B InP
BHHAT p BABE, XMTERSRER TSR AR, TSN EREK pn s
BT InP B, RN T 8RB e R RS, (5758840 f S s SRR I 5 AR XY R
AN, BEATHSBRSE, EiF LN T BRI InGaAs HRI 2518 ¥ L #
SR G, T E A REA nGaAs FRMEE— M0 T EARX H B S B4,
Bl FHEE InGaAs 2 T ZHHFHA.

exposed
side wall +
p ~InP -
\ n-InGahs n-InGads ;. doped n~InP
N £
) A
7
n-InP n~InP
Mesa structure Plannar structure

B 1.7 6HES5TFHEA nGaAs BB L REE
Fig.1.7 Structure diagram of mesa and plannar InGaAs photo detectors

1.6 ARABAHMEEZEAR
23 LLBF S T o BE InGaAs R FIRMEE A B/, WA T EEF ER-FHE

InGaAsHRI A5 454, X84 T EHAT THILHA, HERRBTHX TRENRILE
Jrik, HnGaAsEfF LEMFRM T EHEBRMRIETR. H—EEE T 45K
FFEMBHIR R, BR T EHELS KInGaAs £ FEMHAAIRE R BES: &R
R R TSI, TTRT S RE T, BEX T ZMBuL
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A InGaAs &I FHRMBHABIR

PLT PSS TSR EE N, 5= 2l x4V iR LS BT I T S0 5 X
FERE, 3 ELXT SRR EIp R T ST T ol BNERARM AN AHEA R
WAL T fpnkh HREERORE; FAEEZENAT FHEE256X1
InGaAs& T8 MG W5 T 280 SAEBTIRGMWIIBR, PR TH
W R ST S IR 5T FUR S IR B A A R T B — B SR AT
R SERENNR T PR A A TR DT HA, SFEMA T ST Ra SR FRN
R XK FLERETNEELE.
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B PHEHEERMENSNRES TEMR

B PHEHEEEREERIE RS T2

21 5%

FARBH LN B E B RELEMR—N pn 4, HEAGHE T/ERE
i 2.1 Rt EEASHEIEAT, TR T RIS T R RE R IF
T E WP AERT -G, BREBERT. X% E BB T pn &1
FEREHRIZITAE, £ ps n BARF=AGHR. HILTTIL, pn Z4FHERZIGHR
SAEM RSB E E, T p-n EHRSE TERERE InGaAs MK ET 2.

B 2.1 B oRESHE TERE
Fig 2.1 Structure and operating principle of photodiode

SETH AL InGaAs/InP p~i-n ZLAMRIIBS B A g T 28 BT Zn 1) p BARTE R
B 2.2 J G. Olsen™% AFRE M IE T RAT MK InGads RIEE, HIT ELER:
B SE7E 100 1 m E K InP 4 E LA 3 b m B Ino ssGao. wAs, SRJE K 1 1w m Y InP,
BAK—2 SiN #itbE. 7E SiN B EFF 30x30 w m* /ML, BT Zn P EOER p B
gk, p RUEEARN Au/Zn, n BLHK Au/Sn, SIN AHURHE

B 2.3 K2 EAL RS TR A FIRIER 640x512 TLETH ST Ino siGao vAs HEF
HAKEE TS, EAAEMBREEZ—E SINAESFLENRFE, &
LIRS FAZIMLE SiNJE EFFFL, B ZnAs /B8 Zn YR InP By HE]
TnossGaechs ETERL pn &5, RETH SiN EFk, BEHTREREEK. p B
A Au/Zn, n BARA Au/Ge, BITHHAE S0 H B ERAHE.
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P InGaAs LFIAE T HHRIUFBATA

N-: InGaAs 3pm

N-: InP 100 pm
Aug sSnos
4 +
Eutectic (AuggSng 2) Die Bond

& 2.2 IF M5 Ing s3Gag 47A.2.2 Front-illuminated
Ing 53Gag 47As detector

(a) (d
n-InP Substrate
Silicon nitride Passivation Metal Oyerlay
(&
(b)
SiNx Re-passivation
{c)

@ 2.3 %?R\B‘Bﬂ' In0_53G30.47AS ?ﬁfc"‘{ﬂﬂ%%]ﬁi

Fig.2.3 Device process of back-illuminated Ing s3Gag 47As detector

AERA Zn WAEY BT R E& T FHEHE InGaAs A5MRNE, B
SRAEM LV 4P DL R B AR T MR SRS, W T AR T Z T a84FH pn 4%
PEUL R 280k RE, FEE, A TR T EELTIBAH & REME, DSokEmN
TSl T )\ Tuh el sstr, JExTHIERERT T R1E.
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B PHEAEBRMERIIES KRS TEHIR

22 BHTE
221 EABRHELZE

Sil0z layer

(c) Zn diffusion

5i0z layer p electrode

Zn diffusion

Si0: layer

n-InGals Zn diffusion

(b) (d)

n electrode

B 2.4 HHAEMETE (Processl) :(a)InGaAs #kH, (b) Zn ¥ 8L, (o) SiO2 #lifk, (d)
R AR &
Fig.2.4 Conventional device process (Process1): (a) InGaAs material,(b)Zn diffusion,(c)
SiO2 passivation, (d) electrode fabrication

HHEEE InGaAs Y RIRIEE T E (Process WA 2.4 Fios, B 24a H
n-InP/n-InGaAs/n-InP #E, &BEH: (DFE_ LMK lum BIKEH 2x10%cm™
f) n B InP 287 2,(2)2.5um KI5 223 B 25 5x10"cm™ 1 n B Ing 53Gag 47As SMEJE
(3) 1um BIEI FIRE N 5x10"%cm™ ) n & InP 152

7 n-InP/n-InGaAs/n-InP #1RH(E 2.4a) LAEK SO, I B, BTy 8L,
it Zn BB BUE P HUX (B 2.4b), §7HUE AR Si0, T PILL(E 2.4¢).
FREE AL S BORE BT AR AR KB 2.4d): 7E SiO, FIALEL ETTAL, BFERAEK
Aw/Zn/Au(200/700/2004), 490°C FiB:K 15s FERLASHEIY p BB fl, B8 n R
2 5 XHRE A n-InP A3 RIEEE IS Au BB E.

2.2.2 /AT E

BT Zn 76 InP FFAFAE BRI R I Y, FE BRI — E R RS MR L Zn 1]

PR RE Y 8. Si0, B—FRIFH Zn ¥ B, BTUAAT DIZERER Y BUREK
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FHEZ InGaAs L5 AP HE RIS HARTIR

—2 Si0,, AR RY B MRS EEXE Sio, BRI T AT, PHE
InGaAs #RMI# T2 FHFAERN EENHG ISR RS p RKEXE
2, FHORE X AT LURE 41 B A ER Y BUd R S 1 BUR MERE AR 9 T R
bR/ A B S RO R, BT LB BUR BRI R R T REROSE, RN, E
i p EARAIE KITFRLE SiO, MR FHHAT. Ak, TS EENRATT
AT, EAFAHNYT Y, EscIyRriEs), Finy o idiE
PR IR B 5£0.1°C, B 2.5 AR 5E 535 CRT LR R A (iR IR 52
KEIMELRER); RN p BARKEXFEIT TR, 7 p BREKES
1B KRTAE AR Si0, . Bt E T2 (Process2) EE . ()P BIHERA K
QUEMITY AL, HETH: QG)p BKLEK; @S0, FIEEAEK; (S)p BKE
K (6)EhnE B, MmERKEK; ()FBEREK.

560 -
1 A
520 - &
: A
500 -
¢ 480
B A
5 460
©
Q
. 440 +
£ A
L 420
400
380 A
360 T T T T T T T T T T T
-50 40 30 20 -0 0

distance to furnace mouth

B 2.5 FRIEY BUPRERE AT (BEA 535°C)
Fig.2.5 Temperature distribution of the diffusion furnace
(setas 535°C)

TEACRERIAL RS — AN EE R R IR KRR T SR T A S iR
WRFHALE, 78 Metal/InP AR KB X FEF, BHCHERER In. P TESHE,
FRAEBTHBY EES, WRA In TRR P nERESRBRE T HKT H, T
BHEEBITER P PR E, XFARNT BEsFES T RilERRmAL
SR BIES), DAEEREE P nRNAIE. L, 7E Metal/InP A R R
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B PE AR RS TERR

K Si0, BB IE S B RS AL A K [ Bz, #HELE n 5P LRI H
SRR, R InP REHITTEME. ER—RNE, £ AP FREEKERE
F, In GRLEREBEFYE, TP oRETAET Au AR Au PH
TI7E Ag/InP ARKIBKF, P TRERZKEYT H.

2.3 |ALER
BAETFEWNE 2.6 i, HBITK/DA 4000 mX 4000 m, KHIEELEH T
t, TEETIARELBRAERE. 55, BERENGE. BRBENFEH—
EWHLIEH T B Keithley236 B AT 4 f2 R BRG] F5RAERNER
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SEVE InGaAs JRFMF p-n &5 4 s 22 FURTE

41515

p-n 452 InGaAs JoREFEEM LN, FEFHE InGaAs BRIl &1
TR —fEI Zn §EL T E7E n BUAR R IHT p BB SR, HPBRHKRES
R, 4R pn BHIEE, WMARBHENETFREEEEXREENEMW, HiX
P B ERRIE 2 InGaAs TRIUZE T 25T <8

EFTMIT L, 2B 152 B R AEE % R = 8 7 RS IMs)H,
B AR S B BRAERE S P R BE AN A i, {ELR, SIMS RUTINAR Bl
BRI R, ARSI Ok B 24T HERIE, T0H & RAER2IH
MTEIRE T [ — 4R RIE S R . F#5RE B35 SPM(scanning probe microscopy)

—MEENMBRAE S, HfMEH oM SKPM(scanning Kelvin probe

microscopy)-5 373 .25 43 i SCM(scanning capacitance microscopy)A& & HI P FH E
ERF BHER, BITUBRRNERESRER LN —ERESAE, JRNMAT
EEA R R AT PP, R #ERA SKPM M SCM RREIL Zn #
InP/InGaAs/InP AR 1Y 8L, FFEET T AP MBIR AL VAR A, HRERE
J71ETE InGaAs AR R AR M T 54

4.2 FHHEH B ESKPM)TR
4.2.1 PR R

SKPM WAL E 4.1 Fimt, Bl Bb Rk 2R MRS
DL BE 5 S8R4T 2 18] (8 B 352 (CPD) . ZE88— R+, DU 3((Tapping
Mode)73 KL S TEIR1G SR o HIAS IR FiL IR MEINTE I L P RS I R AR AR R AT E A
RREEET M LR, LE BB RREN, B ESREEFHERS
ERB RTINS, WAEEBRTHRE SR FRMER, U, NSBRK
FEENIREAN T LIBFIRE R RTS8 ZafinT, BRIk EHis Ria
By, SRR, —ANERTRIEGEERMNESRLE, X, #HR EKFREY
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F, = ——i—c}Z—AVz = —E—C;Z—(V;C sinot +V,, —Vepp)

tot

= —%%S_[(Vdc —Vopp) +V, sinart]’

1dC 1
= "z“d‘;{[(Vdc -VCPD)z +‘2‘Vacz]

20V, ~Vepp WV, Sin ot — —;— V.2 cos2wt} (4.1

MR 41 TH, $REMBEIFTEATE, BPHEN o KOESER
FER CPD A3k, BRI IAE Ve, ZDIEN o KFENSTENF

i Va5 Vepp KA, MXFHTAATLUARSREFANETMESE, Dk
A AR Bk AR PR BE (B 4.2, K 4.2).
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Fig.4.1 Measurement setup of scanning Kelvin probe microscopy
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Fig.4.2 Relationship of measured Vcpp and sample’s Femi-Energy
VCPD = A¢/q = (¢tip —¢sample)/q = {¢tip _[Zs + (EC —EF)]}/q (4.2)

4.2.2 InGaAs 5 InP #5124

HEWRESHE P 5 InGaAs HRWNEY LT BEEH, ZTHED
InGaAs ZIII-VIEHME 7t R F4ME, FH InAs 5 GaAs DMEHEC ELFE K,
HRREBEASPBAEBA M, M GaAs B 5.6533A ZE4LE] InAs HY
6.0583A . — B 0 S o i R 28 ) Y A 384 1 B 250 ROV, T 6 PR
B8 K PR S TR R BT SRR 0, ST T AIERMERIES, —HHIRAR AL
FRARA.3). InGaAs FIZEH 5 A 7E InAs [ 0.35 eV 5 GaAs ] 1.43 eV Z[H]
Aotk SR AR BN 3.5 pm 5 0.87 um, R HISE I LALAMERIRK&E
MEl. #4141 T InP, Ings;GagarAs, IngGarAs 7E 300K B HIFH RIS 4

1.24

A= E. (o) (pm) (4.3)
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K 4.1 InP, Ings;GapaAs, IngGaiAs FIFFEZH(300K)

SR InP Ings3GagazAs  In,GajxAs

ARiE 45 NE=2 R Ny

IR EEA)  5.8687 5.8687 6.0583-0.405(1-x)

A RE(EV) 1.344 0.75 0.324+0.7(1-x)+0.4(1-x)>

RN EEE 125 13.9 15.1-2.87(1-x)+0.67(1-x)*

B RES 9.61 11.6 12.3-1.4(1-x)

FEHRF T 1.3%x107 6.1x10"

BE(cm™®)

HFIET®E <5400 <12000 40-80.7(1-x)+49.2(1-x)*x10°
(csz'ls'l)

FIRE B E <200 <300

(csz'ls'l)

BHEwEEE 5.7x107 2.1x10"7 2.5x101°[0.023+0.037(1-x)+

B (ecm™) 0.003(1-x)*1*?

BHRMHEE 11107 7.7x10' 2.5%10[0.41+0.1(1-x)]*?

BE(em™)

4.2.3 B BER

MREE R 128%2 “PHZA! InGaAs &FIHRMEE, M p-n SO ELLME BN 2R
BRI REFRABERE, HATIR. WRERA Veeco Instr 24 7 BRI R4
% MultiMode SPM,5T R AE N BB ILHIREST R, BHRATHR t R 42/ F 10 nm.
SCM M EFHHE ERBIRERREETR, SRR IEER$EIRH 25~50 nm.

4.2.4 p-n EHLE

B 4.3 AR SEEEMAERESME, IEREHENLANE, AAFBE
X 458 932 S FE IR AT DA BT S X AL BRI AR : 7€ InP B E P AT LB B UME
3 Zn WY EBXE, M2 T, hGaAs BEEFRT BUIS RN, 7%
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Fig 4.3 SKPM characterization of sample cross section: (a) image plot, (b)
contour plot
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Fig.4.4 Electric parameters of a p-n junction in thermal equilibrium: (a)
Energy-band diagram (b) electric potential (c) electric field (d) space charge
density
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oo dV__db
dx qdx (4.4)

Hrr, Vb pn SEFERES, s HUERE.
X 4.2 153

d¢s — d¢"P _ dVCPD 4.5)
qgdx qdx dx

TR T R Oy wH, L,
AVepp (4.6)

7= e

AL, Ko R A A R S T AR B LI B ) A
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014 4 " » Xst 25pm
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o o005 =2 80zm spm ] Rer25pm ﬁ::-zosun
i BTN
¢ .39 [ P15 = l \
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Fig.4.5 CPD (a) ,(b) and their differential (c) ,(d) of the cross section at the x points of 0.1um and
1.25pum
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0.032V([& 4.5¢), % H sk S8 B R IZIEE AL T y=2.03um(B 4.5d). XFIEF HUIX HIH
P x WK STWUBBIRRENME, ERWE 4.6 iz, B2 InGaAs BEE
HIERE K 2.51pm, SAPEHEK S 2.5um HRF. SRR x ELRK y 770 BHER
B, GiitHIEE, TUUEBE pn SEMBIT RS, WE 4.7 iz, 2RET
MRBELET InGads B, B 4.8 AY BUL R BASEN 0 E T HOAE, TTH,

2 R AE InGaAs ¥ S0l 2 518 7-0.015 ZELHE, BT BURE A8 1.6-1.8

B moe
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Fig.4.6 CPD vertical distribution and its differential
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Fig.4.8 Peak distribution of differential CPD in the contour plot
4.2.5 p B RBIRIRE

LER AR p-n 4570, p X5 n KEKBRFBER:

Gup — ¥, +(Ec — Ep)] (4.7)

=A Ao,
AVCPD { } ﬁ‘:f:' (Dﬁp\ As> Ecjj l%ﬁy
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Frik,
AE‘F
AVCPD= I
(4.8)
kT NN
—AE =V, =""In
l Fl bi q ( ) (49)
KRS 4.8, 4.9, A5
N,N,=n eXp(q C”D) (4.10)

kT

R B InGaAs B n B4, Np K 5x10%m?, 7 x=1.25 um &, AVepp
2 0.032V, HRBEH Ny=3.28x10"cm”, X—HEHLERANEHE, HERYHKX
R InP 5 InGaAs FREDIREZE, HAER 0.094eV, TRRAGRKTIREE
%9 0.067eV, XUYLBHZE SKPM HINAMERFAER KR E, XAREMREAKHR
WEA XK. MRRETEEWE pn SAERVE, HREHERE, FE-
BALM: MRES S EZ AWK ERR.

43 FHEEEM SCMARX
4.3.1 JRREE

Hi A BHEEPHTRE BEEAS —MEENNA A EEAT 4R
RERTWRERN S . SCMUERZGWE495R FHEZH—IMOSHEE,
e R AR A R ERAR . BREDFORE P 4T AR PR B T4 B R AR, BT
BHRANRE T B FL S IR 40K DN B A5 B 2 45 0 3T U R RIS R
(N LT R AL B B 5 5 P A BRI, R RIUEAI7E107°F

SCMIlAE B A BFAEAER: ERAB A EERERN, FIFRRER
BAHBRRE S BN BERBILRAC/AY), JEREAC/AVEERFIKENK]
SEMESS R AT B 4. 1014 B 41 2R 5 2 S48 2 1A M A TMOS L2 (Covios) 72 FI R THT 4
W R A Cox I SR HACSR A, CoxBEE A, MCsHARMRE
THFREEERZLTENL.

Wit K S EARAE B R A TEX SiAT BT T R iR sel 7E 4 SR £
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Fig.4.10 Capacitance versus voltage of n-type semiconductor
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Fig.4.11 SCM measurement of the sample: (a) scanning capacitance mapping » (b)
numerical treatment
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HITEAR SALE DL R R NMNEERIALE., ﬁT{%%Hp—n ERTE, WAC/AVKT
FHRMERNL DTERSERN-1, F2]E4.11b, 7] LA E AT 1.7-1.9um
Z 8], MRREFREMEL N N.Opm. HE—ERKE, Z{InP%HInGaAsE’;E‘J??EﬁL
T HXANELE, TMEELGASEFHI—MRA, XAELEE TZInfEAFSME
By BEENAR, BEENRE, X—INSIESKPMIR T LA EI(E4.7),

RXEFEMIER BV T HIF AR —EE.

4.4 /NG

5t InGaAs ZLAMEMARFRUL, pn HNEXRIERBHETERRKMKE, &
ERARMEAMEHBA BUBARLILT X pn 4 - RBREM TR, &1
R, BMOTIRET UEWMA HE pn SHEX R, TWHERIESRAEFBIN
—tE, BEEERIETLEE pn &M E. BEid E, SKPM Fl SCM #FH LA
BRRER P RRBIKE, T nGaAs BRY, BELUHBIRKENER
WAR T BB — B SRR 5B .
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SN AFEAERKWRSE. Bal, HIDH InGaAs LFILSARETFEAT
BT A niEE K SPOT4 1 SPOT5 E&E XA T 3000 JG InGaAs 44N
FAEFEN, BRNE R R ESA)FH — KR LEENVISAT) LR T 1024 7T
InGaAs fEW AP EFE, 6= WS ERN N FE Rk Ei#Es TEA
InGaAs £ 5 £ F AP, T ENERA InGaAs £ FHE TSP,
HEMBEAUTEHMERNEEENE, TFEER hGaAs ML Z E R
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REARMEFEEEERMMRSE, oL, HLEFRXIT NPT IAE.
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1 TR B DA R A 1 W A Y AR T KA PR B T & — M EE K A&
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B ERIR G TEHAT I, ST &8 46 BUTrvEER £ . &
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Fig.5.1 Photo mask (a) and device photo (b) of original process
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Fig.5.2 Cross section of device from original process
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5.8 FUA TS ESCyE A
Fig.5.8 Device photo of original process
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Fig.5.9 photo mask of improved process
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Fig.5.10 Photo mask (a) and device photo (b) of improved process
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LRGN, HPE A 55 BB RAERMGE T, SIS RERA
FMAREIRIBE R R MILTA, TA 1 WAAEER 0, Tif 2 MAAEENR 4pm.
WA | ERRREMA I, B EE S E T KBRS/, THTHA
2 T AATHTETEES, 008 R R A0 A B 2pm, XN LR Pl AT BLORAE S
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BEBEFZMTEZRAT 57 BILRERRAZIME, KAEEE LR E
S5pX, 7B R SR BE R . X RS, AT AR RO S
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5.11 HhvhiEHITTE
Fig.5.11 Side-etching control method
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B 5.12 TEPRAmIES: (a) WER, (b) RMETRIM
Fig.5.12 Side-etching control in the process: (a) wet etching, (b) REE

5.3.3 FRAFHI WL A
SRR/ AR REAR S R E 5.13 B, BT HERDOCBUTIE R X BT,
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T T
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B 5.13 SIS RSN /NN (S, (b) Wk Ogiam
Fig.5.13 Spot responsivity of improved device: (a) mapping, (b) distribution along the
central line of the device
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&, WLERESBET TNE, FRE T

HA, P

NEP = =
v, V.V,

(5.1)

ﬁu‘: H : %ﬁﬁfg7 %‘&W/sz;
A,;: FRBCHEER, BALem’;
V,: {5E5HEREBEKHTRE, BV,
v,. IREEEHHRE, BAV
AR 7S D SR R AR TR AR GE 77, (R S A0 75 T 3R d /N R
TSR BRI B8 1 BRI H, REAAN I FEMR A 7% Jones BIUHE
e 75 ) 2R BN R AR BE 77, AR DRI , IX BRI (R0 28 70 1 R I 26

PRIk, R ATRIER
D=1
NEP

JZ BRI R Y, A A R R R AR AR AT AR R
R . M EAE B RS, BAR, RS R TN B R B B R
B BT ERINER MR P D) EE A rP BB I, AN U8 e P LR R S5
BB RN TP HRBEL, BIZRNER SR B KTz k. BAtk,
A RE X

(5.2)

_ (4,8

D' =D(4,AN"?
(4,41) NEP

(5.3)
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D' B SCRTER AR S 1 FLARSN ShER A ST BRI AR 1 EK * iies b,

FHAHSEA 1 HRBNEFBFNERL. D' RA—HHEME, WiRkN LEN

.,
5.4.2 WiRE

M B 22 25 F BT AR AT DR NS BRI AS LR 5 S o MR — LA
ERARER. LRGN ERIES, i e B R R ER 2, AT
FRBRERS .
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BRI AIW o
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r=ls (5.6)
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N EhEE P s
_o(G'-1"Yd’ 4, (5.8)

ar
Hh T, REMARE, To REEEE, d 2BEHHTLEE, Ap BEIIHENRE
BOTER, LREEEHHAMENEZ MES. o EKEE L.
5.4.3 HRENK
0 256 T FIRM B BB FURS, SRRM 11 TR T =28 T A

IV B, AR SARMERTF, HEINRT & TSR HE S R R EV)H
MR R (Vy), MRIERMZERR 5.3 HE T HRARNZE, &RINE 514 P, H
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(a) Device number Device nusber
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(c) Device number
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Device number

Bl 5.14 256 L FIHM F TR TE F (a). BARRNE (b), BE (¢
FE(E N E (d)
Fig. 5.14 Merit factor (a), black responsivity (b), noise(c) and peak
detectivity (d) of the picked devices in the linear array

KRB 2 5 128X 1 [ H B H B XS R E 5 (B
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B 5.15 256 TG InGaAs £:51: (a) 41, (b) /5
Fig. 5.15 256 element linear detector array: (a) package, (b) device
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U =L\/-—1—ﬁ(1a.—§)2 (5.9)
"ORVYN-1GT '

R N AIRMEB N, R OATPHMRNE, RO i MRMBWNE.

RAW'
O

0.01
20 40 60 80 100 120 140 160 180 200 220 240

1E-13

Noise/A

1E-14 o

1E-15 I
iE12. 20 40 60 80 100 120 140 160 180 200 220 240

1E11 |

D¥/omHz "W

1E10

1E9
80 160 240

Device number
B 5.16 256 LRFUBRAEREIA: IEENIRNER . bR FIIEEN MR
Fig.5.16 Performance measurement of linear detector array: peak responsivity, noise and peak
detectivity
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6.1 3|

I FR T 0 R R AT PR £ A M T 2850 T 28k i R B IR s SR, BT
B Y 2R AR R R B AL AR B T 2R B 22— WS HT ]
1, R AnBZern kB TR hRe. 183,

—-al
ea

TrayD,
Hrho Xt R E, DoAE R HARE, WhpnERRERE, RARNRE,
T, AE G, EXESHT, SRATIEHNEZEIRNW, P, RN
BB B R T SR , 7E B T2 R T OB BT R S R 1 & SRy AR A
FEST AR RS, pnBRREREWHIR T BURE LE; M THay
RREBGBTHREBENMESE, JTe DT HINRN T mas R
M2 R L H R AEHF R .

FF % H & 351B 1 (Open Circuit Voltage Decay, OCVD)J&—Ff LL R i B ip-n4h
DT AR, BT MR F T SiABH f Fih & p-ngh & M 5 ar R AEDY,
TS & 5 % . 5 32 1B ¥ (microwave Photo Conductivity Decay ,uPCD)FI F T
STRE R C S AT, ST D FHANIEEMRIE, SRR DR E
I FI R S S HAE M B RIE P A R KRS, 4 B T & B4k
BBl WHgCdTe. Ge/GaAsFISikHEHIBRFTHET,

AT S NREW B, HOCVDIRIE A F] u PCOKI R LT,
SEPL T BIR TR F R, BRAT T BRI R — B HHK, RJTEEER
FIRENR T PHEE A TREN DT 5, FFEMAT DT RO SH/FRNELZ
AR AR

n=(1-R)1- (6.1)

6.2 pPCDIIR
6.2.1 PR

M AT R RIS R AR AN 1 B PERR T REA:
TARE SRR A SR T B0 Bk, PR AR TR BT O, BB
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FHESRMTEE 6.12), LERkHEE, FPERARTITRES, BT
PRI T W IWRN, BE ol SRR B B R W AR 2. FBS SR IRIRIA I
BRI g — NI SO ) IR S Sh 28 TF EE T4 i i S 2, 7 DA DUB A A it S
S BB Th R AR B H B S R IR LA 6.1b).

@)

measuring (b)

measuring
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] | l head
M wave
> -
laser — antenna
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o5=f(ne) reflected
] wa
wafer O,+ AG Hwave
O: conductivity , wafer
n: free carrier concentration

& 6.1 pPCD WRFEHEE: (a) J-FEBRRTHIER, (b) BN
Fig.6.1 Measurement process of pPCD:  (a) Inducement of the excess carriers, (b)
Detection of the microwave

6.2.2 PRE W

MR 62 iR, FFMEH pInP/nInGaAs-InP 45, 7 3 Zit
InP 2445 _ AR KAEKEE R 1pm B Si § n-InP W2, n=2x10"%cm>; B
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[ p-InP HOE, p2x10%em™. 7E p-n-n InGaAs FMEH R BT X 15 BB
420 2mm FEE S HEM, FHEK T/PYVAufEAR pv n BIR.
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B 6.2 FEEEM: (a) EM, (b) BWEE
Fig.6.2 Structure of the sample: (a) top view,
(b) cross view

6.2.3 pPCD iR

pPCD MR A — /MR &S B 5h % B (Autosetting)” T 2, 7EX—idfE
i, ﬂhﬂ%ﬁfﬁﬁ&ﬁﬁ&ﬁ%m%$ﬁb§ﬁﬁwi T R E e L R RO R
BT 3 3f B 40 i s USRI AR P BT LR P AR R SO Th e - ZE A TR L AR P e
ke MM A A B AT B3R E" SR ME 6.3 Fivr.
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B 6.3 A LMEREERERMELEBE
Fig.6.3 Signal decay and its exponential fitting at the center of
the mesa structure in autosetting process
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B 6.4 F:&h 9 wPCD MHEIHH
Fig.6.4 pPCD scanning of the sample
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6.3.1 PR

U ERRER, HASE AT X BILE E RN BRR T RERE,
HH, SERRTESY B 28 BT R RS FRIEN, AR TFEY#
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Fig.6.5 Schematic diagram of OCVD measurement
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Fig.6.6 Energy diagram of p-i-n junction: (a) zero biased, (b)
‘ forward biased

R T AR R FHRFEREE 6.6a), 1 KK THREDHHN:
n, =n" exp(—eV,, /kT)

Py =p" exp(—eVy, /kT) (6.2)

HA, Vo,V 238 p-i 5 n-i A BB HEE.
L —ERERE V e A RE PR (8 6.6.b), i XIEIRFIRE M(nos
Po)ZZ A (n, p)

—e(Vy, — V;.)

kT )

n=n"exp(

'—e(V;;l “ Vz)

kT )

p=p"exp(
(6.3)
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MEL BN AT LA H)
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Hep, o AT TRE, nl=nopoo
ARYE f P S
n-p=(Ng¢-Na)=N (6.4b)
X > F (7O H T BAE A :
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Bi% i X p>>p0, ERATUER:
dinp _dinpdv _ 1
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KAE(6.4) AT AT 21
dihp_e __P
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KR (6.HRAT(6.6), 7 p>>N B, REIFF K HEENEEER:
‘zz 2T 1
dt| e 1, (6.8)
6.3.2 OCVD i
SHF B ARE KL, B ERRENRLRES, P FREART ER

B BEIEAZ S, A OB Bk GE AR T R — MG AR E RS St
HFERIE RS ERE, &R G, bR TR ERITRRREEFRE
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Fig.6.7 u PCD and OCVD measurement
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Fig.6.8 Typical decay curve of OCVD measurement
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Fig.6.9 Minority carriers’ lifetime of different spots by 1 PCD
measurement (a), OCVD measurement (b) and their difference (c)
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1 1 1 1
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34 Ahrenkiel & AMZ LA
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(6.11)
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Fig.6.10 Lifetime of minority carriers in InGaAs layer with
different doping concentration
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B, QAT T AE AT, Crh pn SB2HA, VONFHAEE.
QM5 VORIRFRA:
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(6.16)
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