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3BG 7TBOEFSTNJTTFO 9FO*$T /7 -FVWFO #FMHJVN

&WFO PO NPPOMFTT CVU TUBSMWWF GOHBUT DIBMFEBTT FO
TUIMM QSPEVDF HPPE UNBHFT GHSSHFEPSAZ XBIWOFOUKKHH U |
UlrF JNBHF TFOTPS DIJQ BOE XJUI! ISBMAMNIOBEUJPO S
TVCTUSBUF UIF XBWFMFOHUI! SBOG PG YWUFOERFEFDUP
JOUP UIF WITIJCMF TQFDUSVN UPNUIFRHFQBS XJU/ (@)
VODPPMFE NIJDSPCPMPNFUFS BSSBJD GFES MEP OWl XIB W F
BMMPXT UIF EFTJHO PG VOJWFSTBMDBDBWMZIIFIT UPF

BEWBOUBHF PG UI/IF GVTJPO PG PBUJDBM BOE UIFSNBM

*3 JNBHJOH JT BMSFBEZ VTFE TVIDODBDBMYVMMO UDG NB
GJFMET *UT EFWFMPQNFOU MJLME FUWIIBWP MPREH PRUNTFS TIN
IFBEJOH JO UIF EJSFDUJPO PG DSBPDHE I FSOFTTIRINM WU UR

BOE IJHIFS TQFFE

"EEFE UP UIJT JT UIF NVMUJTQFDMBBOMDPBILBUVQF DBISIF

SBOHRHVSF 5IFTF CFHJO XJUI TIPSU XBWFMFOHUI JOG
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X1JDlI XJUIl JUT XBWFMFOHUI PGPO EJSFDN MZ PA/SWANX T | F
WIJTJCMF TQFDUSVN 7*4 BOE JOHRBI$ SIFOPSHFS BB TP 3D B
S5IJT JT GPMMPXFE CZ NJE XBWFMHOBIUSBOBBEB SSFHP N 8* 3

r YN "OE MPOH XBWFMFOHUI JOB@BSFE -8¢3 GS

YN JT BMTP HBJOJOH JO JN@EISUBG B BMITWBSJIJPVT

"T XFMM BT UIF IJNQSPWFE QFSGPSWNB®DF URKBIS3 JN|
NBOVGBDUVSF XJUI DPNNPO JOEVTRSE QSPHWVOUTFHOP O
MJOFT FOTVSFT TUFBEZ QSJDF BERERVPQFROVYIGY S UTFGP
BQQOQMJDBUJPO BSFBT JODMVEJ®H*JI UBSIBY TTHNOM PG H

UFDIOPMPHZ

5VSOJOH OJHIU JOUP EBZ

*O QBSUJDVMBS UIF I1JHI TFOT483WJNRHROEFOZGBENIDT |
*O(B"T UFDIOPMPHZ QSFEFTUJORIH W AWF®&F$ \DIBN §G BMIP
S5IFTF BSF VTFE XIFSFWFS JOTVGGIDIJHOBGMORISNBMO E
DBNFSBT JNQPTTJCMF S5I1JT UZQNRPGJDBSIFGB BU EVHE C
EBXO PS OJHIUUJNF F H BJSQPSWFIXMNBEDOGH THOD VI U
TESWJIDFT GPS TDJFOUJGJD BQI®GMBEPBBVRPOGTZ JBOBNBM
PCTFSWBUJPO BOE CFIBWJPSBM 8MBSRBES/O1 NBWMIXBN M

BQQMJIJDBUJPOT BOE VOEFSDPWFS PCTFSWBUJPOT
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*O BEEJUJPO XIFO UIFSF JT JOTWVGEOPNFOBCOCERPLM IH I
BJSHMPX DBO CF VUJMJ[FE "JSHMPET PPONBSTI®TUNMFBL
VQQFS SFHIJPO PG UIF FBSUI'T BDNPWEOIBSFPBEQBYMO PK
UIF 67 BOE 9 SBZ TQFDUSVN PG MFBYMEMBOB BOPBUS |
5IF CIHHFTU TIBSF PG BJSHMPXHSPNBUO GSPN WIN BJS |
vQ 0G QBSUJDVMBS TJHOJGJDBNIDEB W &B TJTP J B U@ PRAJ
PDDVSSJOH JO UIF JPOPTQIFSF RE®E RKPHPIZNFKRAFDVN
BUPNT FBDI JO EBZMJHIU XI1JDIPUINO® WMBWU BS HI QB ISNM £
SFDPNCJOF BT MJHIUKBZH IPATOUPUOF HMPX XIJDI JT BM’
WJTJCMF GSPN TQBDF EVSJOH UIHIE®BAFZTTUPGJIHIUT UI
BUNPTQIFSJD SFTJEVBM MJHIU OTTUBBWMNHTUHSBEBUEB Ol

WJSUVBMMZ UIF XIPMF 48*3 SBOHF GSPN r YN

8JUI UIFJS NBYJNVN TFOTJUJWJMDPMKFSBT JO YD (B 8F

UFDIOPMPHZ BSF QFSGFDUMZ TANSIHUMFEXU®RIFOQNMPOB OO H
51FZ BMTP ITFFz PCKFDUT WFSZHDWBBYMEE PIF NPPOMFT
GBDU UIBU UIF BJSHMPX GSPN WFFRUBNSMZ TV BN MF

MBUJUVEFT JT BO BEWBOUBHF IFSF

48*3 JNBHJOH PDDVST JO B TINIJMBSFXWIATUEGMENBHJ

XBWFMFOHUI SBOHF CFDBVTF JBEVTETUURFPREHRDWU SFC
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5IJT NBLFT JU FBTJFS UP JOUFSRQRPPNBBOEFBOBNZ[F T
QVSFMZ UIFSNBM EFUFDUJPO UDWFSEIVYOLIRG FUIFNBHA
GSPN 48*3 DBNFSBT CBTFE PO *O(BUOIE BEMWTGPUSBPXJ TIBE
BOE BSF DPNQBSBCMF JO SFTPM¥YNBMOI BBHFEFUBH MSXJ

WIJTJCMF MJHIU OCKFDUT JO MBZ SFHBM PR XUB SSF D PHIOSFM B U

QBSUJDVMBS CFOFGJU PG 48*3JNGBHBIOHDBNIF\BHI JT |
DPOWFOUJPOBM HMBTT 4IJNQMFQGWBEBOH MRQWIDT NBESF!
GSPN FYQFOTIJWF TQFDJBM NBUFSJBMTDDPLD IP 8 T[ JHOAS N
TFMFOJEF .PSFPWEFS UIFTF LJQHFSING ND B R FSEBNF SYBOTM J
PS 48*3 DBNFSBT XJUI *O4C PS )H$EGRRVEBSEFORIAS FBSS BB
MFOT TIVUUFS OPS FYQFOTIJWF RSBBWPNMIOHTHG UI
DPNQPOFOUT UIF SFMJBCIMJUEZFBE@BMSW BT FH BOIEF XORPITHJ T
GBMM BOE UIF DBNFSBT BSF MOTT "PRODJUIJIW RV UIPJ RADJ
BQQMJIDBUJPOT 48*3 *O(B"T DBNFSHEPFMED WKPIDIB M MZI
DPPMFE BSSBZ TFOTPST PS FWFOPMBOB HFU XBM M \LU> B
5IFJS HSPXJOH BOE WBSJFE VTROTOEFBUNE OWZ BIQR M JI
SBQJE QSPHSFTT PG 48*3 UFDIOBWMPGIHE Q@ XSG P FMECGDIO I

JO FWFS TISJOLJOH QBDLBHFT
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51 JOOFS DIJQT FYUFOE UIF TQFDUSVN

5IF TUSVDUVSF PG B DVSSFOU 48*3F UNBDHOE PIMRHZP I TJIO
TIPXO'JBVSHO UIF MFGU 5IF JOGSBSFE QIPUPEJPEFT
PO BO *O1 &1* XBGFS TVCTUSBUF FEDBPMWE UININ UIJI
UFDIOPMPHZ JT OPU FTQFDJBMMZOXBUMMNM SNVNBBPFEFUUP
DJSDVJUSZ UIF QIPUPEJPEF BSEBQ DTIQ TUFDIICOMPARER {4 L
PO B TIJMJDPO CBTFE $.04 DIJQ XR\DU DBEEBISBWAE St
DJSDVJU 30*$ SIF FMFDUSJDBM JIAEJVBIDOVNI Q SPXWJE
5IF JIMMVNJOBUJPO UIFO PDDVSTBUFSPBANHU IBMHF QI JTV C

BCTPSCT BMM MJHIU JO UIF WJTJCINF TQFDUSVN BOE V¢

IPX IPXFWFS UIFSF JT B XIPMF $B®MHF XIGDB Q@MJIDBU
OFDFTTBSZ PS EFTJSBCMF UP DBQVYUYSBEMOPUUKKN T7TW4U IF
TQFDUSVN XJUI B TIOHMF 17*48*BBN@KFPIST DRV IMPB M
MBOEJOH BJET JO BJS USBGGJW PGFBBUBPB TFRIMIMI DI
UIF SBOHF r YN GPS UIFSNBMWPFBERS WP OOEB'ET B |
UFDIOPMPHZ GPS 48*3 XIJDI JOVS¥SQUHGMWMBEBUIVGSMEA I
UIF JODBOEFTDFOU CVMCT PG USBUBPEIFOHKMREIGIIUT JC
BOE YN )PXFWFS UP JODSFBMFUZB @WHRBEZFBIOO BT WJIE

MBOEJOH MJHIUT BSF JODSFBTJOHRMZZ CTBIWWHO HFK) MBI F
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TPVSDFT XJUI -&%T XIJDI NBJOMIZCIMN-I U QEHOATSY® B Id-EW
IBSEMZ JO /*3 *U JT UIFSFGPSHRFYRGEJIJBOWIURZ BSBIMHFE

48*3 TFOTPST JOUP UIF WJTJCMF TQFDUSVN

#FDBVTF UIF TUSPOH BCTPSQUJPQG INQFUPG WIYMNCMF [
MJHIU CZ UIF TVCTUSBUF IBT BF ETPTMCSIINGFEOWB NTFBGBED L
NVvDI UIJOOFS 5P FOTVSF TBGF UBJUIFOXAMIRPWGU UIF 7
EBNBHJOH UIF *O(B"T EFUFDUPS NMBEEFSGPBEG *B EE"JULI P
BSF JOUSPEVDFE KVTU CEFMPX UIF QURUPBIPEFT X
FOWJSPONFOU BDU BT BO FUDI TUPQXJUNCTFRVEC
IZESPDIMPSJD BDJE )$M SFNPWWH TAMFDUIJYWFMIZVEQOE
QSFDJTFMZ BT GBS BT UIF *O(BJT1UFUDN UUWP Q AOBPFSS
DIJQ GSPN YN UP KVTU YN LIOWSFU USBOUQBISBOL
GPS WJTJCMF MJHIU <> TP UIBYQUURFTEGSGFBE DBO
XBWFMFOHUI SBOHF PGHVSF 5IFYNO(B"T TFOTPS GPS Ul
7*48*3 SBOHF JT BTTENCMFE PO UIBUSD4JCGFBHEHPVU I

FTUBCMJTIFE XBZ XJUI B GMJQ DRIJIRUOPXXXB+S BOE QSJP

4QFDUSBMMZ DPNCJOFE EFUFDUJPO

'PS OJHIU WJTJPO BQQMJDBUJPOT IlUFrFPO(B'SF3 JNBHJ

UFDIOPMPHZ JT FOIBODFE XJUI UIF&SGRBM 8NBBOEGH DBN
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-8*3 JO UIF GPSN PG VODPPMFE NMDFSE JONGEBNBBSWBES T
DBNFSBT 5IFJS UIFSNBM EFUFDUHSDP ®PNEZ XBEX UIF
PCKFDUT BHBJOTU B DPRMVSFCBOLBBRYODEBUJIJPO XJUI
UIFSNBM JNBHFT 48*3 DBNFSBT UIWVJIGJDBIQMI /P ®IF
PCKFDUT XIJDI JO UIF UIFSNBM JNBHMEFG BEOWRMAF WBRS F

SFDPHOJ[F

SIF TFOTPS FMFEFNFOUT PG NJDSPGPB BNSFURBEFBWESBT
PG *3 BCTPSCJOH DPOEVDUPST PS TBNIBRAOBWDUPSI
EFQFOEFOU SFTJTUBODF JT NFBPOSHEE BAFIDB VYV VB UBRCNA
BT BO BCTPSCFS UIFZ DBO BMTHDRF® BIBE&.&ESPN QPM.

BOE DPNCJOFE XJUl FWBMVBUJPCPHMPSHIZVIUT JO $.04 UF

3FBM UJNF UJNBHFT GSPN CPUI TQFDBSBNHIXBVEVMZ DB (
QSPDFTTFE BOE r FWFO NPSF JNQESWBPEUMZIUFRMOP P
GVTIJPO PG 48*3 BOE -8*3 UIVT BMIMMBHIF TGF-AVIR.D UV POFEG
upPp B HIWFO VTBHF TJUVBUJPO G8WB MY P FSBIM MEZUE B B\J
QFPQMF PS WFIJDMFT CBTFE PO YW8F3SINBHENBMGERIT T.
BEEJUJPOBM BEWBOUBHFT XIFO WJOVYBBOBFDPBIOJU.

VOEFSDPWFS JOWFTUJHBUJPOT JT SFRVJSFE
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/TFSTBUJMF BQQMJDBUJPOT

8JUI UIFJS FYUFOEFE PQUJDBMBNHFSSBEDUIIRSII PQIHIOT VRVD
B NVMUJUVEF PG JOEVTUSJBM BDEUITPDVQPUOZICHWBURB I
TVDIlI BT IZQFSTQFDUSBM IJNBHJOHRISK B ORS OFBJT QFS® G
FOIBODFNFOU JO SPBE BOE BJSOUBBAGHNDDPOENDOPQF
NBOVGBDUVSJOH UIFSNBM JNBHJOHFJIJPGB UHRNQFSBU'

A$ POMJOF QSPDFTT DPOUSPMDBOE NFEJDBM FMFDU

4QFDJBM XBUFS DPPMFE WFSTIMAT SEFEVRGT UGKE FFNG GFP
DPPMJOH GBO GPS NJDSPTDPQFTBQEBMTJIEBBUUP OVIT FB D&

EVTUZ FOWJSPONFOUT

OUIFS UZQJDBM GJFMET PG BQRINOID B BT PR 6 NJO AW ME &O |
TEDVSJUZ QVCMJD QMBDFT PIBWWTRSIJBMFPCKPDUU PTSV
BT GBDUPSJFT PS QPXFS TUBUJPXHM M PBSIE HS) HDRIB WS |
SFDPOOBJTTBODF NJTTJPOT BOE SFIDMF(BPDRQFSBUJP
DBNFSBT BMTP PGGFS DPODFQUYBMEJEBBTDBBS OJHBU
SFMBUIJWFMZ OFX BQQMJDBUJPQUROU4BMFNO TEWV¥SH Y
GPS PWFSMBOE USBOTQPSU GVMFBUT"(PGEMBO BGEBPOIF GH
WPMVNF EFQFOEFOU USBGGJD HVJEBPMPQNEDWFNT B

*OEVTUSJBM BQQMJIJDBUJPO BSRBHFMWIMN BOUS RITGr BSS-BIMB
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UIJNF NPOJUPSJOH PG IJHI UFNQFSBUMSIF RESPEVBUJIP
FYBNQMF JO UIF NBJOUFOBODF BB BIUFS REBGB SNRBO OB F
PG FMFDUSJDBM IZESBVMJD BOH BOFMNBUWIPLCIQH UEFT!
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$BQUJPOT

UV . sichtbar ymm SWIR MWIR LWIR FIR

s InGaAs ader HgldTe nSh Bolomaetar o)
CCD 7/ OWOS MCT) Photodioden  Photodioden oder QWIP

|_| VISWIR-Kamera H
K:::}I SWIR-Kamera LWIR-Kamera
'JHVSF /FX JOGSBSFE DBNFSB UZQFT BOEBSWHIFJS DPN

DPORVFSJOH XJEFS TQFDUSBM $BEOBPDPSIEBDO HB YP MB
XBUFS WBQPS BCTPSQUJPO CBOET JO UIF BUNPTQIFSF

'JHVSF'JSHMPX BT B UlJO CMVF MJOF BRE®PWF UIF F
QIPUPHSBQIFE JO QTFVEPDPMPS EVBIORHOUIF &KM¥*NFOU.
5|lF CSJHIU TQPUT PO UIF FBSUIBUFE YGEBPO BSHF BRM™MM
JNBHF /BWBM 3FTFBSDI -BCPSBUPSZ
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'JHVSF'IJSHMPX JMMVNJOBUJPO XBT FOWPPROMPTST UIJT T
TUBSMJU OJHIU XJUIl B TFOTJUJWF 48*3 DBNFSB

InP Substrate
Dielectric AR
coating for IR

Epitaxial structure
- (InP/InGaAs/InAlAs)

Pads for connection
to camera electronics

Photodiodes Diode-to-ROIC interconnection ROIC
(In bumps) (fabricated in CMOS)

'JHVSFS51J00JOH PG UIF TVCTUSBUF UNKSEBI BIOQ*O(B"T -

MFGU JOUP B CSPBECBOE 7*48*3 JNBHF TFOTPS SJHIL
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'JHVSF"MSFBEZ QSPWFO TJODF $%$% UUNFFOTPWIJOOFE
DIJQ DBQUVSFT B XJEFS TQFDUSVN

'"JHVSF5IFSNBM JNBHJOH GSPN BO VODPEBPNVHSEB NJDSPCP
DBO FOIBODF 7*48*3 JNBHFT XJUUTFMG SBEJBUJOH PCk



