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Al~tract As the infrared technology continues to advance，there is a growing demand for mulfispectral detectors for ad— 

vanced m  systems wi th better target discrimination and identification．Both HgCdTe detectors and quantum well GaAs．／ 

AIGaAs photodetectors offer wavelength flexibility from medium wavelength to very long wavelength and mulficolor ca— 

pability in these regions．The main challenges facing all mult[color devices are more complicated device structtures， 

thicker andmuhilayermaterial growth，andi,iiore difficult devicefabricationt espe cisllywhenthe array size getslarger 

and pixel size gets smaller．In the paper recent progress in development of two—color HgCdTe photodiodes and quantum 

well infrared photodetectors is presented． 

More attention is devoted to HgCdTe detectors．The two—color detector arrays are based upon an 13．一P—N (the capital 

letters ix~an Re materials h larger I~ndgep energy)HgCdTe triple layer heterojuncfion design Vertically stacking 

the two p-n juncfions permits incorporation of both detectros into a single pixe1．Both sequential mode and simultaneous 

mode derectors are fabricated．The mode of detection is determined by the fabrlcation process of the mulfilayer rtmteri— 

als． 

Also the performances of stacked multicolor QWIPs detectors are presented．For multicolor arrays，QWIP’s nar— 

r。霄 band spectrum is an advantage．resulting in low spectral c~osstalk．The major challenge for QWIP is developing 

broadband or multloolor optical coupling structures that permit efficient absorption of all required spectral bands． 

Key
． 一n-P-N H~dTe— photodetectors, 坠 “ and de tom qu and simultan ou operations 

focal pl县ne arrays 

Introduction 

M uhico lor capabilities are highly desirable for 

advance infrared (IR)systems．Systems that gather 

data in separate IR spectral bands can discriminate 

both absolute temperature and unique signatures of 

objects in the scene．By providing this new dimension 

of contrast， multiband detection also enables ad— 

vanced color processing algorithms to further im 

prove sensitivity sbove that ot single-color devices． 

This is extremely important for the process of identi一 

ng temperature difference between missile target， 

war heads and decoys．Multispectral IR focal plane 

arrays(FPAs)can also play many important roles in 

earth and planetary remote sensing，astronomy，etc． 

Currently，multispectral systems rely on cure一 
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bersome imaging techniques that either disperse the 

optical signal across multiple IR FPAs or use a filter 

wheel to spectrally discriminate the image focused on 

single FPA．These systems contain beam—splitters． 

1enses and bandpass filters into the optical path to fo— 

CUS the images onto separate FPAs responding to dif— 

ferent IR bands．Also complex alignment is required 

to map the multispectral image pixel for pixe1．Con— 

sequently，these approaches are expensive in terms of 

size，complexity，and cooling requirements． 

At present considerable efforts are directed to 

fabricate a single FPA with multicolor capability to e— 

liminate the spatial alignment and temporal registra— 

tion problems that exist whenever separate arrays are 

used．This“integration”of muhispectral capability 

affords sensitivity to different IR bands within each 

*受到渡兰国家科学研究委员台部分资助(PBZ28 l1．／P6) 
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DUAL-BAND INFRARED DETECTORS择，

A山Ro问坤阳o咯叩喇呐ga肘阱al必Is
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AlIstrH地 As the infrared technology continues to advance. the :re 15 a growing demand for multisp四tral detectors for aι 

va配ed IR .systems witb better target discriminatìon and identification. Both HgCdTe dete-ctors and quamum well GaAs/ 

AIGBAs photodetectors offer wavelength flexibillty from medium wav吧length to v吧ry long wavelength and mulucolor ('8 

pability in these regi.ons. The m.ain challenges facing 811 multicolor d险vices are more comphcated. device structtures. 

tbick町 snd multilayer material growth. and more difficult device fahrication. especially wben the array sîze gets larger 

and pixel size gets smaller. ln the paper recent pcogress m development of two-color HgCdTe photodlodes and quantum 

well infrared photodetectors is pre且由ted.

More attention is devoted to HgCd.Te detector~. The two-oolor detector arrays are based upon an n-P-~ (the capital 

letters r田an the materials wÎth larger bandgap energy) HgCdTe tnple layer heterojunction design. Vertically stackm@: 

the two p-n junctio皿 permìts incorporatîon of ho由 detectros into a single pixel. 80th sequential mooe and sÎmultaneous 

mode detectors are fabricated. The mode of detection is determined by the fahricatíon process of the multila可'fer m.ateri 

als. 

Also the perfonnances of stacked multicolor QWlPs deteçtors are presented. For multicolor arrays. QWIP' s nar

row band spectrum is 四 advanta，ge. resultÎng În low spectral crosstalk. The m町or challenge for QWIP 15 developing 

broadb皿d or multi∞)lor optical coupling structures that permit efficÎent ab皿rption of a11 required spectral bands 

E叮'嗣由 n-P-N HgCdTe photodetecto!!.. QWIP:;.. dual-band detectors. sequential and sÎmultaneous operations. -focal plsne Brrays 

IDtroductiOD 

MulticoloI capabílítíes aIe highly desíIable fOI 

advanee infIaIed OR) systems. Systems that gath曰

data in separate IR spectral bands can discriminate 

hoth .bsolute temperature .nd uníque sígnatures of 

objects in the scene. By providing this new dimension 

ol contra肘， multiband detection also enables ad 

vanced color processing algorithms to further im 

prove sensitívity above that of single-color devices. 

This is extremely impor归nt for the process of identi

fying temperature difference between missile target. 

war heads and decoys. Multispectral IR focal plane 

arrays (FPAs) can also play many ìmportant roles ìn 

earth and planetary remote sensing , astronomy. etc 

Currently , multispectral systems rely on cum-
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←「主

bersome imaging techniques that either disperse the 

optícal sígnal across multíple IR FPAs OI use a fílteI 

wheel to spectrally dìscrìminate the ìmage focused on 

single FPA. These systems contaìn beam-splitters , 

lenses and bandpass filters ínto the optícal path to fo 

cus the images onto separate FPAs respondíng to díf 

ferent IR bands. Also complex ahgnment is IequíIed 

to map the multjspectral image pixel for pixe1. Con

sequently , these approaC'hes are expensive in terms of 

size. complexity , and cooling requîrements. 

At present considera ble efforts are dìrected to 

fabrícat. a single FPA with multícoloI capability to e

liminate the spatial alignment and temporal registra

tìon problems that exist whenever separate arrays are 

used.τhis ,. integration" of muluspectral capability 

affoIds sensítivíty to diffeIent IR bands wíthín each 
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and every unit cell of the array so that temporal and 

spatiaI co—registration between each spectral field 

now occurs on the pixel leve1．This approach offers 

multieolor advantages without the complexity of mul— 

tipIe FPA systems。thereby offering significant re— 

duction of weight and power consumption in a sim— 

pler，more reIiable and less costly package．They can 

be implemented as a capability upgrade to existing 

single color systems with only minor modifications to 

FPA control and signal processing electronics．since 

power and space requirements for muhispeetral FPAs 

are identical to singIe—co lor FPAs．It is expected that 

beyond five years，as the two—color array technology 

in demonstration currently moves into production， 

there will be demonstrations of three—and four color 

capabilities squeezed into pixe1．Four colors may be 

about the limiting number of bands that can be 

stacked in a、single pixe1．For applications desiring 

greater spectral decomposition，alternative approach— 

es are being developed[ ’ ． 

Both HgCdTe photodiodes and quantum well in— 

frared photodetectors(QW IPs)offer the muhicolor 

capability in the middle wavelength IR (MWIR)and 

long waveIength IR (LWIR)range．Each of these 

technologies has its advantages and disadvantages． 

QWIP teehnoIogy is based on the welI developed 

A。B material system which has a large industrial 

base with a number of military and commercial appli 

cations． Therefore QWIPs are easier to fabricate 

with high yield， high operability，good uniformity 

and lower COSt．HgCdTe ma terial system is only used 

for detector applications． On the other hand， 

HgCATe FPAs have higher quantum efficiency，high— 

er operating temperature and potential for the highest 

performance． A more detailed comparison of both 

technologies has been recentIy given by Tidrow et a1． 

and Rogalski口’ ．They compared the technical merits 

of two IR detector arrays technoIogies：photovoltaic 

HgCdTe and QWIPs．It was clearly shown that long 

wavelength IR (LWIR)QW IP cannot compete with 

HgCATe photodiode as the single device especially at 

higher temperature operation (> 70K)due to funda— 

mentaI Iiraitatioms associated with intersubband tran— 

sitions． However，the advantage of HgCdTe is less 

{ ＼l 
．．．．．．．．．．．．．．．．．．． 一 — ～  

distinct in temperature range below 50K due to prob— 

lems involved in HgCdTe material(P—type doping， 

Shockley—Read recombination， trap—assisted tunnel— 

ing，surface and interface instabilities)．Even though 

QWIP is a photoc0nduct0r， its several properties 

such as high impedance，fast response time+long in— 

tegration time，and low power consumption。welI 

comply with requirements of fabrication of large 

FPAs．Due to the high material quality at low tern— 

perature， QWIP has potential advatages over 

HgCdTe for very LW IR (VLW IR)FPA applications 

in terms of the array size，uniformity，yield and COSt 

of the systems． 

Considerable progress has been recently demon 

strated by research groups at Hughes Research Labo— 

ratory口～s_and Lockheed Martin：9--l~]in muhispectral 

HgCdTe detectors employing MBE and MOCVD for 

the growth of varieties of devices．Also QW IP s 

technology demonstrates considerably progress in 

fabrication of muhicolor FPAs[ ～ ．Devices f0r the 

sequentiaI and simultaneous detection of two closely 

spaced sub—bands in MW IR and LW IR radiation have 

been demonstrated． 

The paper summarized here is a culmination of 

recent progress in critical technologies necessary for 

multicolor detector development．This paper reviews 

recent progress made in two—color detector technolo— 

gY from the infrared industrial community
． 

1 HgCdTe dual—band detectors 

The unit celI of an integrated two—color FPAs 

consists of two co—located detectors，each sensitive to 

a different spectral band．Radiation for both bands is 

incident on the shorter band detector， with the 

longer wave radiation passing through to the second 

detector．This device architecture is realized by plac— 

ing a longer wavelengh HgCdTe photodiode simply 

behind shorter wavelength photodiode．Back—to—back 

photodiode two—color detectors were first implement— 

ed using quaternary Ⅱ一V alIoy (Ga In J As Pl ) 

absorbing layers in a lattice matched InP structure 

sensitive to two different short wavelength IR 

(SW IR )bands[ ． Integrated two—color technology 

HgCdTe has been developed at Santa Barbara Re— 

维普资讯 http://www.cqvip.com 
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and every unit cell of the array 50 that temporal and 

spatiaI co-registration between each spectral field 

now occurs on the pixel level. This approach offers 

multicolor advantages with~ut the complexity of mul

tiple FPA systems , thereby offering sigmlicant re 

duction of weight and power consumption in a Slffi 

pler , more reliable and less costly package. They can 

be implemented as a capability upgrade tO existing 

single oolor systems wìth only minor modifications to 

FPA control and signal processing electronics , since 

power and space requirements for multispectral FPAs 

are identical to single-color FPAs. It is expected that 

beyond five years. as the two-color array technology 

in demonstration cunen t1y moves into production 9 

there will be demonstrations of three- and four-color 

capa bilities squeezed into pixel. Four colors may be 

about the 1imiting number 01 bands that can be 

stacked in a ‘ single pixel. For applications desirmg 

greater spectral d四omposition ， alternative approach 

es are being developed [1 ，~]. 

Both HgCdTe photodiodes and quantum well in

Ir.red photodetectors (QWIPs I offer the multicolor 

capability in the middle wavelength IR (MWIR) and 

long w.velength IR (LWIR) range. Each 01 these 

technologies has its advantages and disadvantag四.

QWIP technology is based on the we1l developed 

A 3BS m.aterial system which has a large industrial 

base with a number of military and commercial appli 

cations. Therefore Q""IPs are easier to fabricate 

with high yield. high operabi1ity. good unilormity 

and lower cost. HgCdTe m.aterial system is only used 

lor detector applications. On the other hand. 

HgCdTe FPAs have higher quantum efficiency , high 

er operating temperature and potential for the highest 

performance. A more detailed comparison 01 both 

technologies has been recently given by Tidrow et al. 

and Rogalski[3 ,4]. They compared the technical merits 

of two IR detector arrays technologies: photovoltaic 

HgCdTe .nd QWIPs. It was clearly shown that long 

wavelength IR (L WIR) QWIP cannot compete with 

HgCdTe photodiode as the single device especia l1 y at 

higher temperature operation (> 70K) due to lunda

mental limitations associated with intersubband tran 

sitions. However. the advantage of HgCdTe is less 

distinct in temperature range below 50K due to prob

lems involved in HgCdTe material (p-type doping. 

Shockley-Read recombination , trap-assisted tunnel 

ing , surface and interface instabilities). Even though 

QWIP is a photoconductor. its several properties 

such as high impedance. fast response time. long in 

tegrauon time , and low power consumption , well 

comply with requirements 01 labrication 01 large 

FP As. Due to the high material quality at low tem 

peratu町 QWIP has potential advatages over 

HgCdTe lor very LWIR (VLWIRI FPA applications 

in terms of the array SlZe. uniformity , yield and cost 

of the systems. 

Considerable progress has been recently demon 

strated by research groups at Hughes Research Labo

ratory[卜 ól and Lockheed Martin二卜 1:] in multispectral 

HgCdTe detectors employing MBE and MOCVD lor 

the growth 01 varieties 01 devices. Also QWIP' s 

technology demonstrates considerably progress in 

labrication 01 multicolor FPAs[口 ~lSJ Devices for the 

sequential and simultaneous detection of two closely 

spaced sub-bands in MWIR and L WIR radiation have 

been demonstrated 

The pap盯 summarized here is a culmination of 

recent progress in critical technologies necessary for 

multicolor detector development. This paper reviews 

recent progress made in two-color detector technolo

gy from the infrared industrial commumty , 

1 HgCdTe dual-band detectors 

The unit ce1l 01 an integrated two-color FPAs 

consists of two co-located detectors~ each sensitive to 

a different spectral band. Radiation lor both bands is 

incident on the shorter band detector. with the 

longer wave radiation passing through to the second 

detector. This device architecture is realized by plac 

ing a longer wavelengh HgCdTe photodiode simply 

behind shorter wavelength photodiode. Back-to-back 

photodiode two-color detectors were first implement

ed using quaternary D - V alIoy (Ga~lnJ- lL Asy P 1_ Y ) 

absorbing layer i5 in a lattice matched InP structure 

sensitive to two different short wavelength IR 

(SWIR) bands["l. Integrated two-color technology 

HgCdTe has been developed at Santa Barbara R• 
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Fig一2 Schematic CROSS section of integrated photovo[ta[c two—Color detectors in 

an n—P—N layer structure for simultaneous operating mode 

search Center(SBRC)，Rockwell and Lockheed Mar 

tin for nearly a decade with a steady progression hav 

ing a wide variety Of pixel size(30 to 61#m)，array 

format~(64×64 up to 320×240)and spectral—band 

sensitivity (Mwin／MWlR，MWIR／LwIR) and 

LWIR／LWIRta~．Following the suetessful demon 

stration of multispectral detectors in liquid phase epi— 

taxy(LPE)-grown H$C,dTe devices[川 ，the MBE and 

MoCVD techniques have been used for the growth of 

a variety of multispectral detectors． 

1．1 Seq|le哦 l●nd simultaneous operation 

The two-color derector araya are based upon an 

n-P—N (the capitaI letters mean the materia1s with 

larger bandgap energy)HgCdTe triple layer hetero~ 

junction(TLHD design．The TLHJ detectors consist 

of hack—to-back photovoltaic p-n junctions．Vertical 

ly stacking the two p-n junctions permits incorpora一 

．tion of both detectors into a single pixe1． 

Both sequential mode and simultaneous mode de— 

tectors are fabricated from the multi—layer materials． 

The mode of detection is determined by the fabrica 

tion process．Figures 1 and 2 show the elements of 

arrays of two—color photovoltaic unit cells in both 

modes．The simultaneous mode"requires bias contact 

to the cap layer(Fig．2)，while the sequential mode 

does not(Fig．1)，The sequential—mode detector has 

a single indium bump per unit cell that permits se— 

quentml bias—selectivity of the spectral bands associ— 

ated with operating tandem photod iodes．The simul 

taneous mode detector employs an additional electri— 

cal contact tO the shared—type centre layer SO that 

each junction can be accessed independently with 

维普资讯 http://www.cqvip.com 
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ly stacking the tWQ p-n junctìons permìts ìncorpora

-tion 01 both detectors into a single pixel 

Both sequentìal mode and sirnultaneous mode de

tec:tors are fabricated from the multi-layer matertals 
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tion process. Figures 1 and 2 show the elements of 

arrays of two-color photovoltaic unit cells ìn both 

modes. The simultaneous modt" requires bias contact 

to the cap layer (Fig. 2). while the sequential mode 

does not (F咆. 1). The sequential~mode detector has 

a single indium bump per unìt cell that permits se

quential bias-selectivìty of the spectral bands associ

ated with operating tandem photodiodes. The simul 

taneous mode detector employs an addìtional electri

cal contact tO the shared-type centre layer so that 

each junction can be accessed independently with 

search Center (SBRC). Rockwell and Lockheed Mar 

tîn for nearly a decade with a steady progression hav

ing a wide variety of pixel size (30 to 61μm) ， array 

format. (64 X 64 up to 320 X 240) and spectral~band 

sensitivity ( MWIR/MWIR. MWIR/L WIR ) 

LWffi/L WIR[']. Following the successful 

stration of multispectral detectors in liquid phase epi

taxy(LPE}-grown HgCdTe devices[l1], the MBE and 

MOCVD techniques have been used for the growth of 

a variety of mu1tispectral.detectors. 
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both signal channels integrated simultaneously．The 

two indium bumps per unit cell required for the si— 

muhancous mode detectors can be fabricated in rela— 

tively small unit cells with high optical fill factor． 

Thus． two—color HgCdTe FPAs present con— 

siderable challenges in three technology arrays． 

First。 a versatile muhilayer growth capability is 

needed to form heterojunctions．Second，fairly so 

phisticated array processing technology is needed to 

make tight—geometry features，such as two bumps 

per unit cell and insulated over——the—-edge contact met— 

allizations，in unit cells as smal1 as 40× 40 m ． 

Third，the silicon readout integrated circuit(ROIC) 

chip now requires two input circuits per unit cel1． 

The distinguishing feature of sequential ap 

prnach is that the P—type cap layer is not contacted． 

Elimination of the contact has severa1 key advan 

tages【i 】 

· Only one in—cell indium contact is required， 

giving a unit cell the simplicity of a single—color ar— 

ray· 

· Only one readout per unit cell is required， 

providing space for higher performance readouts． 

· The simple structure provides smaller and 

more producible unit cells(< 40gtm) 

· Near 100 fll1 factor can be achieved in both 

colors(there are no compound features to disrupt to一 

· tal internal reflection of the LW IR signal and no sec 

ond—plane circuitry to obscure incident radiation)． 

· Each detector is precisely co—located since no 

part of the LW IR detector must be given up to form a 

cap layer contact． 

Critical step in device formation is connected 

with in situ doped p-type As—doped layer with good 

structural and electrical properties to prevent internal 

gain from generating spectral crosstalk． The band— 

gap engineering effort consists of increasing the CdTe 

mole fraction and the effective thickness of the p-type 

layer to suppress OUt—offhand carriers from being 

collected at the termiha1． 

The problems with the bias selectable device are 

the following：its construction does not allow inde— 

pendent selection of the optimum bias voltage for 

each photodiode，and there can be substantial medi— 

um wavelength (M W )crosstalk in the long wave— 

length (LW )detector．To overcome the problems of 

the bias—selectable device，the independent1y accessed 

back—to—back photodiode dual—band detectors have 

been proposed．An implementation of the simultane— 

OUS mode using a second indium bump in the unit cell 

is shown in Fig．3．The mesa shape has become more 

complicated to provide access to the cap layer for the 

third contact． Internal gain is very effectively sup— 

pressed through proper bias of each diode，easing the 

design and growth emphasis on bandgap engineering． 

The most important distinction js the requirement of 

a second readout circuit in each unit cel1．Longwave 

band filI factor is reduced from that of the midwave． 

since some junction area is sacrificed to provide con— 

tact to the buried cap layer，and spatial coincidence is 

altered．The difference between sequential and simul 

taneous operation becomes to some extent indistinct 

when two widely separated spectral bands are used， 

such as the 3～ 5川n and 10～ 12 m bands．Photon 

fluxes in the longer wavelength band are generally 

much higher than in the shorter wavelength band， 

requiring a significantly shorter integration time for 

the longwave band．and loss of true simultaneity of 

signal integration can occur．In this situation a small— 

er 1 W IR fill factor can be a benefit in reducing back— 

ground—generated charge． 

It should be noticed that two—．color detector ar—— 

rays are also connected to the RO1C by vias(see Fig． 

4)and not by commonly used indium bumps． This 

Fig．3 SEM photo of a 64× 64two—color 

HgCdTe detector array with 75 X 75Fro 

unit cells(after Ref．11) 

维普资讯 http://www.cqvip.com 
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both signal channels integrated simultaneously. The 

two indium bumps per unit cell req uired for the si

multaneous mode detectors can be fabricated in rela

tively small unit cells with high optìcal fill factor. 

Thus. two-color HgCdTe FPAs present con

siderable challenges in three technology arrays. . 

Fìrst , a versatile multilayer growth capability is 

needed to lorm heterojunctions. Second. lairly so 

phisticated array processing technology is needed to 

make tight-geometry (eatures t such as tWQ bumps 

per unit ceU and insulated over-the-edge contact met-

allizations , in unit cells as small as 40 反 40μm~.

Third t the silicon readout integrated cìrcuit (ROIC) 

chip now requires two input circuits per unit cell. 

The distinguishing (eature of sequential ap 

proach is that the p-type cap layer is not contacted. 

Elimination o{ the contact has several key advan 
(11) tages 

• Only one in-ce l1 indium contact is required ~ 

giving a unit cell the simplicity o{ a single-color ar 

ray. 

• Only one readout per unit cel1 is requÎred 咽

providing space {or higher performance readouts. 

The simple structure provides smaller and 

more producible unit cells (< 40μm) 
• Ne.r 100% fill f.ctor can be achieved in both 

colors (there are no ∞mpound (eatures to disrupt to

tal internal reflection 01 the LWIR signal and no 哩C

ond-plane circuitry to obscure încident radiation) 

• Each detector is precisely co-located since no 

part 01 the LWIR detector must be given up to lorm a 

cap layer contact. 

Critical step in device formation is connected 

with in situ doped p-type As-doped I.yer with good 

structural .nd electric.1 properties to prevent internal 

gain from generatjng spectral crosstalk. The band 

gap engineering effort consists of increasing the CdTe 

mole fraction and the effective thickness of the p-type 

layer to suppress out-o{{-band carriers from being 

collected .t the termina l. 

The problems with the bias selectable device are 

the following: its construction does not allow inde

pendent selèction of the optimum bias voltage (or 

each photodiode , and there can be substantial medi 

um wavelength (MW) crosstalk in the long wave• 

length (LW) detector. To overcome the problems 01 

the bias-selectable devìce. the independently accessed 

back-to-back photodiode dual-band detectors have 

been proposed. An implementation o{ the simultane

ous mode usîng a second indium bump in the unÎt cell 

ìs shown in Fig. 3. The mesa shape has become more 

complicated to provide access to rhe cap layer lor the 

third contact. Internal gain ìs very effectively sup

pressed through proper bias 01 each diode 咽 easìng the 

desìgn and growth emphasis on bandgap engineering 

The most ìmportant dìstinction ìs the requìrement of 

a second readout circuìt in each unit cell. Longwave 

band fill factor IS reduced {rom that of the midwave t 

since some junction area is sacrificed to provide con 

tact to ihe burìed cap layer 咽 and spatial comcidence is 

altered. The dìfference between sequential and simul 

taneous operatìon becomes to some extent indìstìnct 

when two widely separated sp町tral bancls are used t 

such as the 3 - 5μm and 10 - 12pm bands. Photon 

f1 uxes i11 the longer wavelength band are generally 

much higher than in the shorter wavelength band. 

requirìng a signi{icantly shorter ìntegratìon time for 

the longwave band. and loss 01 true simultaneity of 

signal ìntegratìon can occur. In thìs situatìon a small 

er LWIR fill I.cror c.n be a benefit in reducing back 

ground-generated charge. 

lt should be noticed that two-color detector ar 

rays are also connected to the ROIC by vias (see Fìg. 

4) and not by commonly used indium bump5. This 

Flg. 3 SEM photo of a 64 户 tì 4, fwo-coior 
HgCdTe detector array WJth 75 X 75严m'

unit cells (after Re f. 11) 

4 
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Unit 

celI 

Unit 

celI 

Fig．4 Two—color HgCdTe detector connected to the ROIC by vias(after Ref·12) 

technique has been successfully used hy Raytheon TI 

systems for their single color IR FPAs． 

Reine and co—workers E 。‘’ ]have proposed a novel 

simultaneous MW IR／LW1R dual—band HgCdTe de— 

teetor fabricated from a P—n—N—P layers grown in situ 

by the interdittused multilayer process (IM P ) 

MoCVD onto lattice—matched CdZnTe substrates． 

Figure 5 shows cross section of the independently ac— 

cessed back．to．back photodiode dual—band detector． 

The LW phorodiode is a P—on-n heterojunetion， 

grown directly on top of the MW  photodiode，which 

is an n—on—P heter0junction．A thin n—type composi— 

tional barrier layer is placed between the MW and 

LW  absorber layers．This barrier layer forms isotype 

n—N heteroiunction st the interface，which prevents 

MW  photocarriers from diffusing into the LW ab— 

sorber layer and prevents LW photocarriers from dif— 

fusing into the M W absorber layer． 

In dual—band IR hybrid FPAs with the above de— 

tectors，one bump contacts only the p-type region of 

the LW photodiode；the other bump contacts the n— 

type region of the LW photodiode，and therefore also 

the n-type  region of the M W photodiode，through an 

over—the—edge metalization．In this way the LW pho— 

todiode is accessed directly through the two bumps， 

while the M W  photodiod e is accessed through the 

contact to the n—type egion and the array ground． 

This dual—．band device showed that the MW N-on— P 

homojunction photodiodes had good 见A products 

[Ro=dUdV) 。at bias voltage 一0，and A is the de— 

tector area] but the quantum efficiencies were 

anomalously low and in come cases the spectral re 

sponses were sharply peaked． To alleviate these 

problems．dr／sitg growth of MW diodes in the N—on— 

P heterojunction configuration by MOCVD has been 

carried out一- ’](see structure shown in Fig．5)．In 

the N—on．P heterojunction，the absorber layer is the 

n—type layer as compared to the p-type layer in the N— 

on—P homojunction，and significantly improved quan— 

turn efficiency of 65～ 8O (without anti reflection 

coating)and classical spectral response have been ob— 

tained． 

1．2 Technology and characterization of multilayer 

heterojunetions ． 

Sharp turn off of the detector’s specia1 response， 

a feature which is necessary to achieve low erosstalk 

in either bands，requires the growth of homogeneous 

n—type absorber layer at the predetermined alloy eom— 

position．Other detector requirements are high quan— 

tuna efficiency (above 70 )in both bands and high 

尼 A product．To satisfy these requirements it is nec— 

essary to have precise control over the placement of 

the electrlcal junction，which is determiued by loca— 

tion of the arsenic dopant profile with respect to that 

0f In in a heterojunction．Due to the nature of the 

growth process，the capabilities to control and tailor 

the alloy composition and the dopant profiles are in 

principle possible by M BE and MOCVD． 

维普资讯 http://www.cqvip.com 
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Common substrate 

LWIR 

Y ∞nnection 

MWIR 
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Unit 
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Fig.4 Two-color HgCdTe detector connected to the ROIC by vias (after Ref. 12) 

technique has been successfully u.ed by Raytheon Tl 

systems for their single color lR FPAs. 

Reine and co-workers[lU.llJ have proposed a novel 

simultaneous MWIR/LWIR dual-band HgCdTe de 

tector fabricated from a P-n-N-P layers grown in situ 

by the interdiffused multilayer process (IMP) 

MOCVD onto lattice-matched CdZnTe substrates. 

Figure 5 shows cross section of the independent1y ac

cessed back-to-back photodiode dual-band detector. 

The LW photodiode is a P-on-n heterojunction. 

grown directly on top of the MW photodiode. which 

is an n-on-P heterojunction. A thin n-type composi

tional barrier layer is placed between the MW and 

LW absorber layers. This barrier layer forms isotype 

n-N heterojunction at the interface , which prevents 

MW photocarriers lrom diffusing into the L W ab 

sorber layer and prevents LW photocarriers from dif

fusing into the MW absorber layer. 

ln dual-band IR hybrid FPAs with the above de

tectors , one bump contact.s only the p-type region of 

the LW photodiode; the other bump contacts the n 

type region 01 the L W photodiode , and therefore also 

the n-type region of the MW photodiode. through an 

over-the-edge metalization. ln this way the LW pho 

todiode is accessed directly through the two bumps. 

while the MW photodiode is accessed through the 

contact to the n-type egion and the array ground 

This dual-band device showed that the MW N-on-P 

homojunction photodìodes had good R.A products 

[Ro=d l!JV)"l.t bi.s voltage V= (I. .nd A is the de 

tector area ] but the quantum efficienciεs were 

anomalously low and in come cases the spectral re 

sponses were .s harply peaked. To alleviate these 

problems. in situ growth of MW diodes m the N-on

P heterojunction configuration by MOCVD h.s been 

carried out=ln ， L~J (see .s tructure shown in Fig. 5). ln 

the N-on-P heterojunction , the absorber layer is the 

n-type l.yer as compared to the p-type layer in the :'o!

on-P homojunction , and significant1y improved quan

tum efficiency of 65 --.. 80 % (without anti-reflection 

coating) and classical spectral response have been ob 

tained. 

1. 2 Technology and characterizatioß of multilayer 

beterojuDctioßs 

Sharp turn off of the detector's 5pecial response. 

a feature which is nece .s sary to achieve low crosstalk 

in either bands. requires the growth of homogeneous 

n-type .bsorber layer .t the predetermined alIoy com 

position. Other detector requirements are high quan 

tum efficiency (above 70 %) in both b.nds and high 

R.,A produc t. To satisfy the.s e requirements it is nec 

e.s sary to have precise control over the placement of 

the electrical junction , which is determined by loca

tion of the arsenic dopant profile with respect to that 

of In in a heterojunction. Due to the nature 01 the 

growth process , the capabilities to control and tailor 

the aI10y composition and the dopant profiles are in 

principle possible by MBE and MOCVD. 

一一-"
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Fig．5 Cross section and energy band profile of the independently accessed back—to—back 

HgCdTe photodiode dual—band detector(after Ref．11) 
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Fig．6 SIMS profile showing the composition 

in 1ayers with three distinct MW IR 

compositions(after Ref．6) 

Two-hand HgCdTe detectors are usually fabri— 

cared from n—P-N layers grown in situ by MBE or 

MOCVD onto lattice—matched CdZnTe substrate． 

Using M BE growth，the precision in the X-value is 

about士 0．oo5[ For MWm layers，a variation in 

the x-value of 0．005 produces a change in the cutoff 

0f 0．Olf~m at 77K．The cutOff wavelength of each 

junction is controlled by varying the composition of 

the HgCdTe used in the layers．The thickness of the 

absorbet layers is optimized for near unity quantum 

efficiency and lOW dark current．This is aehieved 
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Fig．7 SIMS profiles for In and As 

in口一P N structure (after Ref 7) 

with a layer thickness slightly higher than the inverse 

absorption coefficient 1／d(which is near lO~m)．Fig— 

ure 6 shows the three distinct compositions corre— 

sponding to the M BE grown n—P—N layers observed in 

the representative SIMS profile．The average alloy 

composition in the 6Ⅲn thick MW IR一1 layer is x： 

0．35 with standard deviation of 0．0030(i．e．stan— 

dard deviation of< 1 )and the corresponding val— 

ues of the 6pro thick MW IR一2 is 0．33± 0．0031．The 

dip in the x—value at the two p／n interfaces seen iu 

Fig．6 is a result of the change in the alloy composi一 

1  1  1  1  1  

rEo—co；_暑c00coo 

co!I}∞oc—l‘Io。善  
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Fig.5 Cross section and energy hand profile of the independently accessed back-to-hack 
HgCdTe photodìode dual-band detector (after Ref. 11) 
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Fig. 6 SIMS profile showing the composJtÎon 
in layers with three distinct MWIR 

compositions (after Ref. 6) 

Two-band HgCdTe detectors are usual\y fabri 
cated from n-P-N layers grown in situ by MBE or 

MOCVD onto lattice-matched CdZnTe substrate. 

Using MBE growth. the precision in the x-value is 

about 士 O. 005[叮. For MWIR layers t a variation in 

the x-value of o. 005 produces a change in the cutoff 

of o. 01μm at 77K. The cutoff wavelength of each 

junction is control\ed by varying the composition of 

the HgCdTe used in the layers. The thickness of the 

absorber layers Îs optjmized for near unity quantum 

efficiency and low dark current. This is acrueved 
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Fig.7 SIMS proÍl les lor In and As 
in n-P-N structure (after Re f. 7l 

with a lay巳r thickness slightly higher than the inverse 

absorption coefficient 11α(which is near 10μm). Fig

ure 6 shows the three disttnct compositions corre 

sponding to the MBE grown n-P-N layers observed in 

the representative SIMS profile. The average alloy 

composition in the 6μm thick MWIR-1 layer is x = 

o. 35 with standard deviation of o. 0030 (i. e. stan

dard deviation of < 1 %) and the corresponding val

ues of the 6"m thick MWIR-2 is 0.33士 0.003 1. The 

dip in the x-value at the two p/n interfaces seen in 

Fig. 6 is a result 01 the change in the alloy composi 
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tion as a result of a reduction in the growth tempera— 

ture for the growth of the p-type layer．This reduc— 

lion in growth temperature is required to facilitate in— 

corporalion of adequate amounts of As aceeptor im— 

purities in the p-type layer． 

Low doping is beneficial for a low thermal gener— 

ation and high quantum efficiency．The n—type base 

absorbing regions are deliberately doped with indium 

at a level of about(1～3)×10-15cm～．The p-n juric— 

tions are formed using arsenic as the dopant at a level 

of about 10 cm一．To activate As as an aceeptor it 

must occupy a Te site in the lattice．FulI As activa— 

tion is achieved for annealing temperature of 300 C or 

higher，followed by an annealing at 250C in Hg 

pressure to annihilate Hg vacancies．Figure 7 shows 

SIMS prof~es for In and As in an n—P—N structure． 

As—grown layers exhibit constant levels of In in the 

two n—type absorber Iayers．and the As profile ex— 

hibits sharp turn on and tum off in the intermediate 

p-type laver．Furthermore，the In and As profiles in- 

dicate negligible dopant diffusion during growth． 

One key technical issue in epi——growth of two—col— 

or HgCdTe detectors is high dislocation densities． 

The commercially available Cd 96Zn0 o4Te substrates 

are lattice-matched to LWIR—Hgl-xCd Te with x一 

0—22， Hgo．78Cdo roTe grown on Cd0 g6Znö Te sub— 

strates exhibit an average etch—pit density (EPD)of 

about 5× 10 em一 in as：grown layers．Rajavel et 
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Fig一8 The near—surface etch—pit density in 

M WIR／MW IR two-cofor detector structuTes 

(after Ret．7) 

Ⅱ 
： 

．
have observed that MW IR—HgCdTe (x一 0．30 

～ 0．35)layers which deposited on Cdn 96Zn0 o4Te sub— 

strates，on average，exhibit an EPD that is a factor of 

5～ 10 higher than the LW IR—HgCdTe．The increased 

EPD in the M W IR—HgCdTe is a resuh of the Iattice 

mismatch with the substrate．which is as sinaiI as 

0．04 ．Figure 8 shows the near—surface EPD mea— 

sured in as—grown MWIR／MWIR two—color detector 

structure． The Iayers in each of the two sets were 

grown consecutively．It should be noticed，however， 

that the见 A product of MW IR detectors at 77K is 

not affected by the disloc ation density at levels about 

5× 10 cm ～．The performance of LW IR HgCdTe 

photodiodes at low temperature (40K below)is ex 

pected to be strongly dependent on the EPD in the 

absorber layer L ． For LW IR photodiodes at 78K． 

the R。A product begins to decrease at dislocation den- 

sity of approximately 10 cm。[ 。⋯． 

Four—-layer P--n--N-P structures have been grown 

on nominally lattice matched CdZnTe (100) 4～ 8 

mlsoriented toward (111) B． Improvements in 

MOCVD—IMP were incorporated along with the use 

of iodine donors and more classical p-type doping 

with arsenic from DMAAs．The 8 gm thick p-layer 

was grown first(see Fig．5)．with an x—value of 0．40 

and doped with arsenic at (1～ 3)× 10”cm ． The 

near 8gm thick M W n—type absorber layer was grown 

next and doped with iodine st(2～ 4)× 10 cm- ． 

Depth(vm) 

Fig．9 SIMS datafor a four—layer P N P 

structure grown m situ by IM P-MOC~ D 

(after Ref．11) 
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口on as a result of a reduction in the growth tempera

ture for the growth of the p-type layer. This reduc

tion in growth temperature is required to lacilitate in 

corporation of adequate amounts of As acceptor im 

purities in the p-type layer. 

Low doping is beneficial for a low thermal gener 

ation and high quantum efficiency. The n-type base 

absorbing regions are deliberately doped with indium 

at a level of about (l-3)Xl0-"cm-'. The p-n junc

tions are formed using arsenic as the dopant at a level 

of about 1018cm-3
• To activate As as an acceptor j it 

must occupy a Te site in the lattice. FuH As actìva

tlOn 四 achieved for annealing temperature of 300 C or 

higher , followed by an annealing at 250 C" in Hg 

pre.ssure to annihilate Hg vacancies. Figure 7 shows. 

SIMS profiIes for In and As in an n-P-N structure. 

As-grown layers exhibit co旧tant levels of In in the 

two n-type absorber layers. and the As profile ex 

hibits sharp turn on and tum off in the intermediate 

p-type laver. Furthermore. the In and As profiles in

dicate negligible dopant diffusion during growth. 

One key technical issue in epi-growth of two-col

or HgCdTe detectors is hìgh dislocation densities 

The commercially available Cd队 9GZnOωTe subs trates 

are lartice-matched to LWIR-Hg】-虱Cd.Te with ,,= 

0.22. Hgo. ,.Cdo." Te grown on C苟且 96ZnO.Ot Te s. ub

strares exhibit an average etch-pir densiry (EPD) 01 

about 5 X ] 05cm -:2 in as-grown layers. Rajavel et 
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Fig. 8 The near-surtace etch-pit density in 
MWIR/MWIR 阳。-colol" detecto l" st l"lIctU l"es 

(after Ref. 7) 

aPl. have observed that MWIR-HgCdTe (,, =0.30 

- O. 35) layers which deposited on Cdo. "Zn" "Te sub

strates .on average. exhibit an EPD that is a factor of 

5-10 higher than the LWJR-HgCdTe. The increased 

EPD in the MWIR-HgCdTe is a reßult 01 the lattice 

mismatch with the substrate , WhlCh is as s.mall as 

O. 04 %. Figure 8 shows the near-surface EPD mea

sured in as-grown MWIRjMWIR two-color detector 

structure. The layers in each of the two sets were 

grown eonsecutively. It should be notieed t however t 

that the 儿A product 01 MWIR detectors at 77K is 

not af!ected by the dislocation density at levels about 

5 ;< 10'cm- 飞 The perlormance of LWIR-HgCdTe 

photodiodes at low temperature (40K below) is ex

pected to be strongly dependent on the EPD in the 

absorber layer[l;l. For LWIR photodiodes at 78K. 

the R~A product begins to deereas.e at dislocation den

sity of approximately ] ü5cm~[川l" J

Four-layer P-n-NιP structure s. have been grown 

on nominally lattice matched CdZnTe (100) 4 - 8' 

misoriented toward (111) B. ]mprovements in 

MOCVD- IMP were incorporated along with the use 

of íodíne donors and more classical p-type doping 

with arsenic Irom DMAAs. The 8 尸m thick p-layer 

was grown lirsr (see Fig. 5}. wìth an x-value ol O. 40 

and doped with arsenic at (1- 3) " 10" cm -'. The 

near Bμm thick MW n-type ab :sorber layer was grown 

next and doped with iodine at (2 - 4γ>( 101
'i cm-J. 
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Fig.9 SIMS data fO I" a fou l"-layer P-n-N-P 
st l" uctllre grown in Sltu by IMP-Mα=:VÐ 

(afte l" Ref. 11) 
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Next a small eompositiona1 barrier has been added at 

the MW／LW absorber 1ayer interfaee．This was fol— 

lowed by the n—type LW absorber Iayer．8～ 1OHm 

thick and doped with iodine at(1— 2)× 10‘ cm ，on 

which a 2Ⅲn tick p-type layer，doped with arsenic at 

(1—3)×10 em～ ，was grown．The bandgap of the 

p-type cap layer was wider than that of the o type 

absorber layer，with Ax=0．O4．The growth run was 

terminated with a thin CdTe layer(0．15
．urn )tO pre— 

vent outdiffusion of Hg during the interdiffusion fin— 

nealing and cooldown．Finally，the HgCdTe layers 

were annealed under Hg—rich conditions for arsenic 

activation．In the FPA，the wide gap SW p-type lay- 

er js the Common contact to all detectors in the array． 

Figure 3 shows a scanning electron micophotograph 

of a section of a 64× 64 dual—band HgCdTe detector 

array．Tlhe 23 n deep M W mesas were defined by 

ECR dry etching．Figure 9 shows SIM S data for the 

iodine donors，the arsenic aceepors，and the HgCdTe 

alloy compOsition．Note the abruptness of the transi： 

tions between the various layers，which illustrate$ 

the excellent eontro1 of donor and aceeptor COncentra— 

tious and of alloy composition． 

1．3 State of the art of two-color HgCdTe detectors 

Integrated two—color detectors have been imple- 

mented in a number of variations of structure and 

material for operation in either sequential or simuka— 

neous mode．Figure 10 shows examples of spectraJ 

response from MWIR／MWIR，MWIR／LWlR ，and 

LWIR／LWlR two—color devices．Note that there is a 

minimal crosstalk between the bands since the short 

wavelength band absorbs nearly 1 OO of the shorter 

wavelengths．One might ask whether the additional 

processing and complexity of building a two—color de— 

rector structure may adversely affect the perfor— 

mance，yield， or operability of two—color devices． 

Test structure indicates that the separate photod iodes 

in a two—color detector perform exactly as single—col— 

or detectors in terms of achievable R A product varia— 

tion with wavelength at a given temperature． 

The simultaneous mode two—color detectors were 

delineated as mesa isolated structures and contacts 

were made to the top n—type layer and the intermedi— 

ate P—type layer．FilI factors of 128× 128 MWIR／ 

M W IR FPAs as high as 8O were achieved by using 

a single mesa structure to accommodate the two indi— 

um bump contacts required for each unit eell with 

50pm size． The bottom n—type layer served as the 

common ground．Figure 1 1 shows the uniformity of 

resp6nsivity for each of the bands． Band 1(2．5～ 

3．9 m )had operability of 99．9 ，with 23 inopera— 

ble pixels．Band 2(3．9～ 4．6 m)had operability of 

98．9 ，with 193 inoperable pixels．Quantum effi— 

ciencies of 70 were observed in each band without 

using an anti—reflection coating．The见 4 values for 

the diodes rangedfrom 8．25× 10 to 1．1×10 ncm at 

f／2 F0V．The NEDT for both bands as a function of 

temperature is shown in Fig．1 2．The camera used for 

these measurements had a 50mm ，f／2．3 lens． Im— 

agery was acquired at temperatures as high as 180K 

with no visible degradation in image quality． 

The experimentally demonstrated 64×64 MW／ 

LW  dual—band MOCVD HgCdTe array is character 

ized in Table 1．The array has a unit eell size of 75× 

Fig．10 Spectral response CUr*deS tor two—color HgCdTe detectors iD vari。us 

dual—band combinations of M WIR and LW IR spectral bands(after Ref
． 1) 

d 
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Next a small compositional barrier has been added at 

the MW /LW absorber layer interf.ce. This w.s fol 

\owed by the n-type L W absorber l.yer. 8 ~ 10μm 

thick and doped with iodine .t (1 - 2)λ10'5cm-~ ， on 

which a 2μm tick p-type layer. doped with arsenic at 

(l -3)XI017cm 飞 was grown. The bandgap 01 the 

p-type c.p layer was wider than that of the n-type 

absorber l.yer. with ßx=O. 04. The growth run w.s 

terminated with a thin CdTe layer (0. 15μ，m) tO pre

vent outdiffusion of Hg during the interdiffusion an• 

nealing and cooldown. Finally. the HgCdTe l.yers 

were annealed under Hg-rich conditions for arsenic 

activation. In the FPA. the wide gap SW p-type lay

盯 i8 the Common contact to all detectors in the array 

Figure 3 shows a scanning electron micophotograpl、

of • section 01 a 64 X 64 dual-hand HgCdTe detector 

aπay. The 23μm deep MW mesas were defined by 

ECR dry etching. Figure 9 shows S1MS d.t. for the 

iodine donors. the .rsenic accepors. .nd Ihe HgCdTe 

alloy composition. Note the abruptness of the transi

tio05 between the various laye凹，. whìch illustrates. 

the excellent control of donor and acceptor concentra

tions .nd of a1loy c四npositíon.

1. 3 State or the art of two-color HgCdTe detectors 

lntegrated two-color detectors have been imple

mented in a number of variations of structure and 

material for operation in either sequential or sirnulta

neous mode~ Figure 10 shows examples of spectral 

回spcnse from MWIR/MWIR. MWIR/LW1R. and 

L WIR /L WIR two ∞lor devices. Note that there is a 

minimal crosstalk hetween the bands since the short 

wavelength h.nd .bsorhs nearly 100 % 01 the shorter 

8842 00OO ZE-EEEa 

w.velengths. One might ask whether the additional 

processing and complexìty of building a two-color de

tector structure rn町 adversely .ffcct the perfor

mance , yield , or operability of two-color devices. 

Test structure indicates that the separate photodiodes 

in a two-color detector p臼forrn exactly as single-col

or detectors in terrns of achìevable RaA product varia

口on with wavelength at a given ternperature. 

The sirnultaneous rnode two-color detectors were 

delineated as rnesa ìsolated structures and contacts 

were made to the top n-type layer and the int盯medi

ate p-type layer. F i1l factors of 128λ128 MWIR/ 

MWIR FPAs .s high as 80% were .chieved by using 

a single mesa structure to accomrnodate the two indì

urn bump contacts required for each unit cell with 

50μrn size. The bottorn n-tjo"Pe layer served as the 

cornrnon ground. Figure 11 shows the uniformity of 

responsivity for each 01 the bands. Band 1 (2. 5 ~ 

3. 9/lm) had operahility of 99. 9 %. with 23 inopera

ble pixels. B.nd 2 (3. 9 ~ 4.6μm) had operahility of 

98.9% 、 with 193 inop凹able pixels. Qu.ntum effi

ciencies of 70 % were observed in each band wlthout 

using an anti-reflectÎon coating. The 儿A v.lues for 

the diodes ranged from 8. 25 >飞 10' to 1. 1 X 1 (I'Ocm' .t 

f! 2 FOV. The 2\lEDT lor hoth h.nds .s a lunction 01 

ternperature is shown in Fig. 12. The carnera used for 

these rneasurernents had a 5Ornrn. f/ 2. 3 lens. Im

agery was acquired at temperatures as high as 180K 

with no visible degradation in irnage quality 

The exp盯imentally demonstrated 64 X 64 MW / 

LW dual-h.nd MOCVD HgCdTe array is char.cter 

ized in Table I. The array has a unit cell size 01 75λ 
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Responsivity(mV／Flux) 
‘a' 

Fig．11 Responsivity uniformity for 2．5～3 

Fig．12 Noise-equivalem difference 

temperature for two—color camera having 

50ram。f／2．3 1ells．a8 a funotion of 

operating temperatut~e (after Ref．1) 

Fig．13 Relatice spectral response data 

at 78K forthe MW andLW detectors ID 

one of the dual—h nd detectors in 64×64 

dual—band FPA (after Ref．11) 

里 

詈己 
a 

E 

Z 

Responsivity(mWFlux) 

恤) 

9“m band (a)and 3．9～4．6“m band 【b)(after Ref 1 J 

75“m。．The arrays were hybridized to fl dual—band sil— 

icon multiplexer readout chip that allowed the M W 

and LW photocurrents to be integrated simultaneous— 

ly and independently．The M W and LW average Cut— 

off wavelengths at 77K are in the 4．27～ 4．35~tm and 

10．1～ 10．5Ⅱm ranges，respectively．Figure13 shows 

the relative spectral response data at 78K for the MW 

and LW detectors 1n one of the dual band FPA．The 

MW response is quite small for wavelengths beyong 

4．5∞1，indicating low LW—tO MW crosstalk(defined 

as the ratio of the M W photocurrent to the LW pho— 

tocurrent when only LW radiation is incident On the 

detector)． consistent with the measured crosstalk 

value of 0．4 ．The Mw  response at wavelength less 

than 2．9Fro is suppressed．presumably due to fl high 

recombination rate for sw  photocarriers at the inter— 

face between the wide—gap p-type window layer and 

the CdZnTe substrate(see Fig．5)．The expected fil— 

tering of the LW photodiode response spectrum by 

the M W layer is clearly evident in the sharp increase 

in LW  response at 4．3Ⅱm． The measured LW re— 

sponse spectrum is negative at those wavelengths for 

which the M W  response is high，which is attributed 

to electricaI crosstalk due to finite series resistance jn 

the input circuit 】】]_A simple small—signal model for 

this crosstalk mechanism predicts that the crosstalk 

is given by R ／(RL+2R )，where RL is the dynamic 

resistance of the LW  diode and R is the impedance of 

the input circuit． There are two approaches for re— 

during this MW ·to—LW electrical crosstalk!increas一 

∞一黑 4 J日oE：z 

一)I量 上aⅢz 
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75μm'. The arrays were hybridized to a dual-band sil 

icon multiplexer readO\l t chip that allowed the MW 

and LW photocurrents to be integrated simultaneous

ly and independently. The MW and LW average cut

off wa,'elengths at 77K are in the 4.27-4.35μm and 

10.1-10.5μm ranges. respective-ly. Fig飞lfe 13 shows 

the relati,.e spectral response data at 78K for the MW 

and L W detectors 1n one of the dual-band FPA. The 

MW response is quite small for wavelengths beyong 

4.5μm. indicating low LW-to-MW crosstalk (defined 

as the ratio of the MW photocurrent to the LW pho 

tocurrent when only L W radiation is incident on the 

detector ). consistent with the measured cros~talk 

value of o. 4%. The MW response at wa ,.e1ength less 

than 2. 9μm is suppressed. presumably due to a high 

recombination rate for SW photocarri盯s at the lnter

{ace between the wide-gap p-type window layer and 

the CdZnTe substrate (see F理. 5). The expected fìl 

tering of the LW photodiode response spectrum by 

the MW layer is clearly evident in the sharp increase 

in LW response .a t 4.3μm. The measured LW re 

sponse spectrum is negative at those wavelengths for 

which the MW response is high. which is attributed 

to electrical crosstalk due to iinite series resistance in 

the input circuit[>> A simple small-signal model for 

thlS crosstalk mechanism predicts that the crosstalk 

is given by R,/ (RL + 2K). where RL is the dynamic 

resistance of the LW diode and R. i:s. the impedance of 

the input circuit. There are two approaches for re 

ducing this MW -to-L W electrical crosstalk , increas 
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Table 1 S~mmary of performance data for 64×64 MW／LW dural-band HgCdTe FPA (after Ref．11) 

All data weremeaggtred atthetemperature of 78K．Signal responsewasmeasured with anM W notchfilter at 4．0Nm or an LW li[terat 7～l1⋯  

Average values for all 64X 64 elements B stated／or all parameters except detectivity and NEDT，for which the median al 口uoted
． 

ins the LW photodiode dynamic resistance R by im 

proving Iunetion quality，and reducing series resis— 

tanee R by replacing the direct injection circuit with， 

for example，a buffered direct injection circuit． 

These staring dual— band FPAs exhibit high aver— 

age quantum efficiency(MW：79％；LW {67％)，high 

median detectivities (MW ：4．8× 10“emHz W ： 

LW ： 7． 1× 10 。cmHz W  )， and 1ow median 

NEDTs (M W ： 20inK ；LW ： 7．5mK for T E E一 

295K and f／2．9)． 

2 Dual-band QWlPs 

Despite large research and development efforts． 

，
large photovohaic I-IgCATe FPAs remain expensive， 

primarily because of the low yield of operable arrays． 

The low yield is due to sensitivity of LW IR HgCdTe 

deviees to defects and surface 1eakage， which is a 

consequence of basic material properties． W ith re 

spect to HgCdTe detectors，GaAs／AIGaAs quantum 

well devices have a number of potential advantages， 

including the use of standard manufacturing teeh— 

niques based on mature GaAs growth and processing 

technologies， highly uniform and well—controlled 

M BE growth on GaAs wafers greater than 6 in．， 

high yield and thus low cost，more thermal stability， 

and intrinsic radiation hardness． In the eommereial 

arena and in some military applications where ulti 

mate performance is not required，QWlPs have a big 

advantage in terms of COSt． These detectors are ex 

trinsic devices in which the dopant concentrations are 

limited by the epitaxial growth processes． In addi— 

tion，the intersubband 1ifetimes in multiquantum wel1 

(MQW )detectors are inherently short(about tO一” 

s)，which results in low quantum efficiency and rela 

tively poor performance at temperatures higher than 

40K．At the higher temperatures，thermally excited 

carriers dominate optically produced carriers，result— 

ins in a low signal—to—noise ratio．However，the sis— 

hal— to— noise ratio is usually sufficient for the most 

common imaging applications． Due to the inherent 

properties such as narrow band response， wave 

length tailorability，and stability(i．e．1ow 1／f noise) 

associated with GaAs based QWIPs，it is an ideaI 

candidate for large format multicolor FPAs． 

2．1 Operation of QWlPs 

All QW IPs are based on bandgap engineering’’ 

of layered structure of wide bandgap (relative to 

thermal IR energies)materials．The structure is de— 

signed such that the energy separation between two 

of the states in the structure matches the energy of 

the infrared photons to be detected．Several QW IP 

configurations have been reported based on transi— 

tions from bound—to—extended states，bound—to—oua— 

sicontiuum states，bound—to—quasibound states．and 

hound—to—miniband states 

Figure 14 shows tWO detector configurations 

维普资讯 http://www.cqvip.com 
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P.ant.meter 

TabJe 1 Summary of perfor皿皿c< d.t. for 64><64 MW!LW dual-band H回::dT. FPA (.ft.r R.r. 11) 

MW LW 

Cutolf wlI.velength {fl咱 [ðlpJ){~ml

Quantum eff皿ieucy (avg[O"JpJ) 
Detectîvîty <fI2. 9) 【 medl皿) {cmHz lI2!Wl 
NEDT 【 TSCE'>lE=295K.TNτ=2. Zms) 【冒耻rlian}{mK)

me&l ured i fl2. 9.MW: 3.0......4. 3 .ás四1.LW: 4.5-10. l Jl.m 
project.oo I f/2. 9.MW: 3.0-4.35μm.LW ， 7.0-10. lpm 

Stare efficiency 
Fìll fll. c回r=AoPT/(75 X 75阳n'J

[}ynamîc range {lI.verage) (dB) 
Dynam皿'"剖.!Itance Rn (average) <OJ

RoAoPT (averll.ge) (!lcm勺
Spectral 白白stalk

LW (7-11μm)→MW 
MW(4. 。μm)→LW

4.27[0.53 口]

79~-~[9%J 

'.8 飞 101l

10.1[2.23，司;

67~'o[293-~J 
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AlI dat ll. were me ll.su.r.oo II.t the temperature ol78K. Signal respon:>e WflS measured with an MW notch fjlter at 4. 0μm or an LW Wterat ]-11μm 
Average values for 11.11 64Y 64 eiemeut.!l且re stated for all parameters cxcept detectivlty and NEDT .for WhlCh the medlan values are quoted 

ing the LW photodiode dynamic resistance R L by im 

proving junction quality , and reducing series re~is

tanee R , by replacing the direet injection 巴ircuit with. 

for example. a huffered direct injection circuit 

These staring dual-band FPAs exhibit high aver 

age quantum efficiency CMW , 79% ,LW , 67 %) .high 

median detectivities (MW: 4. 8 X 1011 cmHz1/2 W- 1: 

LW , 7. 1 X 1010 cmHz'/2 W 勺， and low medlan 

NEDTs (MW: 2OmK , LW , 7. 5mK lor T SCE咽=

295K and f! 2. 9). 

2 DUal-baDd QWIPs 

Despite large research and development efforts ~ 

)arge photovoltaic HgCdTe FPAs remain expensive. 

primarily because 01 the low yield 01 operable arrays. 

The low yield is due to sensiti飞咀y 01 LWIR HgCdTe 

devices to defects and surface leakage , which is a 

co田equence of basic material propenies. With re 

spect to H gCdTe detectors. GaAs/ AIGaAs quantum 

well devices have a Dumber of potential advantages , 
induding the use of standard manufacturing tech

n吨ues hased on rnature GaAs growth and processing 

technologi白. highly uniform and well-controlled 

MBE growth on GaAs wafers greater than 6 in. , 

high yield and thus low cost. more thermal stabili凹，

and intrinsic radiation hardness. In the commercial 

arena and in some military applications where ulti 

mate pedormance is not required., QWIPs have a hig 

、

ad飞rantage in terms of cost. These detectors are ex

trinsic de飞rices in which the dopant concentrations are 

limited by the epitaxial growth proce5ses. In addi

tion~ the intersubband lifetimes in multiquantum we l1 

(MQW) detectors are inherently short (about 10-:: 

s) ~ which results În low quantum efficlency and rela 

tively poor performance at temperatures higher than 

40K. At the higher temperatures , thermally excited 

carriers dominate optically produced carrìers. result

ing in a low signal-to-noise rat lO. However. the sig

nal-to-noise ratio is usually sufficient for the most 

common imaging applications. Due to the inherent 

properties such a5 narrow-band response 咽 wave

length tailorability. and stability (i. e.low 111 noise) 

associated with GaAs based QWIPs , it is an ideal 

candidate for large format multicolor FPAs. 

2. 1 Operation of QWIPs 

A Il QWIPs are based on "bandgap engineering" 

。1 layered structure of wlde bandgap (宜elative to 

thermal IR energÎes) materials. The structure is de

signed such that the energy separation between two 

of the states in the structure matches the energy of 

the inlrared photons to be deteeted. Several QWIP 

configurations have been reported based on transi

tlons from bound-to-extended states ‘ bound-to-qua

sicontiuum states. bound-to-quasibound states. and 

bound-to-minihand states 

Figure 14 shows two detector configurations 
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湖 
Fig．14 Schematic band diagram of demonstrat— 

ed QWIP structures：(a)bound—to—extended 

and (b) bo und—to—miaiband． Three mecha- 

nisms creating dark current fire also shown in 

Fig．14 (a) ground-state sequential tunneling 

(1)，intermediate thermally assisted tunneling 

(2)·and thermionic emission (3)．Th gray 

indicates extended states through which 

cutrent flows 

useel in fahrieation of two-zolor QWIP FPAs．The 

major advantage of the bound—to—continuum QWIP；s 

that the photoelectron can escape from the quantum 

well to the continuum transport states without being 

required to tunnel through the barrier．As a result 

the voltage bias required to efficiently collect the 

photoe lectrons can be reduced dramatically，thereby 

lowering the dark current．Furthermore，since the 

photoelectrons do not have to tunnel through them ， 

the AlGaAs barriers can be made thicker without re 

ducing the photoelectron collection efficiency．It ap 

pears that the dark curlent decreases significantly 

when the first excited state is dropped from the con— 

tinuum to the well top，bound—to—quasibound QWIP， 

without sacrificing th e responsivity． 

A miniband transport QWIP contains two bound 

states with higher energy level being resonance with 

the ground state miniband in the superlattice barrier 

[see Fig．14(b)]．In this approach，IR radiation is 

absorbed in the doped quantum wells，exciting an 

electron into the miniband and transporting it in the 

minibe nd until it is collected or recaptured into an— 

other ouantum wel1．Thus the operation of this mini— 

band QWIP is analogous to that of a wealy coupled 

MQW bound—to—continuum QWIP． In this device 

structure，the continuum states above the barriers 

are replaced by the miniband of the superlattiee barri— 

ers．The miniband QWIPs show lower photoconduc— 

tive gain than bound．．to— continuum QWIPs because 

the photoexeited electron transport occurs in the 

miniband where electrons have to transport throu【gh 

many thin heterobarriers resulting in a lower mobili— 

ty．Beck and Faska[ 。’ adopted this bound—to—mini— 

band approach and  demonstrated excellent IR images 

from 256× 256 FPA camera． Sanders was first to 

fabricate two—color， 256× 256 bound to—miniband 

QWIP FPAs in each of four important combinations： 

LWIR／LWIR， MwIR／LWIR， near IR (NIR)／ 

LWIR and MWIR／MWIR—with simultaneous integra— 

tion~ 
．  

A key factor in QWIP FPA performance is the 

light—coupling scheme． Different light—coupling 

mechanisms are used in QWIPs．A distinct feature of 

QWIPs is that the optical absorption strength is pro— 

portional to an incident photon’s electric—field polar— 

ization component normal to the quantum wells．This 

implies that a photon propagating normal to the 

quantum wells，whose polarization is entirely in the 

plane of the quantum wells，is not absorbed．There— 

fore，these detectors have to be illuminated through a 

45。polished facet．For imaging。it is necessary to be 

able to couple light uniformly to two—dimensional(2 

D)arrays of these detectors，SO a diffraction periodic 

grating： 。]or other similar structure(such as rand om 

reflectorslZ L]， corrugated retiectors- ，lattice mis 

match strain material systems，and p-type materi 

alsCzs])is typically fabricated 0n one side of the detee 

tors to redirect a normally incident photon into prop— 

agation angles more favorable for absorption．M ost 

QwIP arrays use 2-D grating，which is very wave 

length—dependent，and efficiency gets lower when the 

pixel size gets smaller． Lockheed Martin has used 

rectangular and rotated rectangular 2-D gratings for 

their two—color LW／LW FPAs．Although random re 

flectors have achieved relatively high quantum effi 

维普资讯 http://www.cqvip.com 
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(b) 

F咀. 14 Scht"møtic bønd diagrøm of demonstrøt 
ed QWIP structures: (且) bound-to-extendt"d 
ønd (b) bound-to-miniband. Three mt"chø 
nisms creøting dørk current øre also shown ìn 

Fig.14 (ø): ground-støte st"quentiøl tunnt"ling 
(1) , intermediøte thermally øssis tt"d tunneling 
(2). ønd thermioníc emission (3). The gr町
indicates extended støtes through WhlCh 

current f10ws 

used in fabrication of two--<:olor QWIP FPAs. The 

major advantage of the bound-to-contínuum QWIP is 

that the photoelecuon can escape from the quantum 

well to the continuum uansport states without being 

required to tunnel through the barrier. As a result 

the voltage bias required to efficiently collect the 

photoelectrons can be reduced dramatically. Ihereby 

lowering the dark current. Furthermore , since the 

photoelectrons do not have to tunnel through them. 

the AIGaAs barriers can be made thick町 without re

ducing the pho阳electron collection efficiency. It ap

pears that the dark current decreases sign迁icantly

when the first excited 51ate i5 dropped from the con

tinuum to the well top , bound-to-qua5ibound QWIP. 

without sacrificing 由e responslVlty. 

A miniband transport QWIP contains two bound 

stat国 with higher energy level being resonance with 

the ground state miniband in the superlattice barrier 

[see Fig. lHb)]. ln this approach. IR radiation is 

absorbed in the doped quantum wells , exciting an 

electron into the miniband and transporting it in the 

miniband until it is co lIected or recaptured into aD

other quantum wel l. Thus the operation of this mini

band QWIP is analogous to that of a wealy coupkd 

MQW bound-to-continuum QWIP. In this device 

structure. the continuum states above the barriers 

are replaced by the miniband of the superla口 ice barrl 

ers. The miniband QWIPs show lower photoconduc 

tive gain than bound-to-continuum QWIPs because 

the photoexcited electron transport occurs in the 

miniband where electrons have to transport through 

many thin heterobarriers resulting in a lower mobili 

ty. Beck and Faska[13-H] adopted this bound-to-mini 

band approach and demonstrated exceIlent IR images 

from 256λ256 FP A camera. Sanders was first tO 

fabricate two-color , 256λ256 bound-to-miniband 

QWIP FPAs in each of four important combinations: 

LWIR/LWIR. MWIR/LWIR. near IR (NIR)/ 

LWIR and MWIR/MWIR-with simultaneous tntegra 
.HJ 口on.U~.

A key factor in QWIP FPA performance is the 

lighl-coupling scheme. Differem light-coupling 

mechanisms are used in QWIPs. A distinct feature of 

QWIPs is that the optical absorption strength IS pro 

portional to an incident photon' s electric-field polar

ization component normal to the quantum wells. This 

implies that a photon propagating normal to the 

quantum wells. whose polarization is entirely m the 

plane of the quantum wells. is not absorbed. There

fore. these detectors have to be illuminated through a 

45 0 polished facet. For imaging. it is necessary to be 

able to couple light uniformly to two-dimensional (2 

D) arrays of these detectors , 50 a diffraction periodic 

grating=2n] or other similar structure (such as random 

reflectors=~l]. corrugated reflectors=2~]. lattice mis

match strain material systems , and p-type materì

als[Z3.]) is typically fabricated on one side of the detec

tors to redirect a normally incident photon Ìnto prop

agation angles more favorable for absorption. Most 

QWIP arrays use 2-D grating. which is very wave

length-dependent. and efficiency gets lower when the 

pixel size gets smaller. Lockheed Martin has used 

rectangular and rotated rectangular 2-D gratings for 

their two-color L W IL W FPAs. Although random re 

flectors have achieved relatively high quantum effi-
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ciencies with large test device structure，it is not pos— 

sible to achieve the similarly high quantum efficien— 

cies with random reflectors on small FPA pixels due 

to the reduced width—to—height aspect rations．In ad— 

dition．it is difficult to fabricate random reflectors for 

shorter wavelength detectors relative to long wave— 

length detectors due to the fact that feature sizes of 

random reflectors are linearly proportional to the 

peak wavelength of the detectors．As a result，the 

quantum efficiency becomes a more difficult issue for 

QWIP multicolor FPA than for single color． 

2．2 State of the art of dual—band QWlPs 

Device capable of simultaneously detecting two 

separate wavelengths can be fabricated by vertical 

stacking of the different QWIP layers during epitaxial 

growth．Separate bias voltages can be applied to each 

QWIP simultaneously via the doped contact layers 

that separate the MQW detector heterostructures． 

Figure 1 5 shows schematically the structure of a two 

color stacked QWIP with contacts to all three ohmic 

contact layers． The device epilayers were grown by 

MBE on 3-inch semi—insulating GaAs substrate．An 

undoped GaAs layer．called an isolator．was grown 

between two AIGaAs stop layers， followed by an 

ohmic contact of 0．5ffm thick doped GaAs layer． 

Next，the two QWIP heterostructures were grown， 

separated by another ohmic contact．All contact lay 

ers were doped to n—l X 10 cm～．The long wave— 

length sensitive stack (red QWIP． = ¨ ．2gm)is 

grown above the shorter wavelength sensitive stack 

(blue QW1P， =8．6 m．)．Each QWIP is a 20一period 

Fig．15 Structure of two—color 

stacked QW IP (after Ref．14) 

GaAs／AI Ga⋯ As MQW stack，in which the thick— 

ness of the Si—doped GaAs QWs(with typical elec— 

tron concentration 5X 10 cm一 )and the Al composi 

tion of the undoped A1 Ga]-xAs barriers(~-550— 600 

^)are adjusted to yield the desired peak position 

and spectral width． 

The top surface shown in Fig．1 5 is patterned 

with a regular 2 D optical coupler．using reactive 

etching．A 256X 256 pixel array (pitch 40×40fire ． 

pixel size一39 X 39vm )was defined．and the etching 

was performed down to the upper stop layer to en— 

sure electrical and optical isolation of each pixel from 

its neighbors．Each pixel was also etched to allow 

metal contacts to be attached to the different ohmic 

contact layers．Usually Au／Ge contacts were evapo— 

rated onto the top．middle，and battom contact lay— 

ers． After this step indium bumps，three per pixel+ 

were placed on the metal contact pads (Fig． 16)． 

The wafer was diced，and suitable arrays were hy 

bridized to a CMOS readout IC． The gaps between 

FPA detectors and the readout multiplexer were 

backfilled with epoxy． The epoxy backfilling pro— 

vides the necessary mechanical strength to the detec— 

tor array and readout hybrid prior to thinning pro— 

tess．After hybridization step，the pixels of 2-D ar 

rays are thinned to about 5gm in thickness．This can 

be made，e．g． by removing the substrate using a 

SF6：SiCI{backside dry etch through to the bottom 

A1GaAs etch stop layer．The thinning traps diffract— 

Fig．16 Section of a two—color QW IP 

FPA after indium bump deposition 

(after Ret．14) 
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cìencies wÌth large test device structure. it is not pO '3 

sible to achieve the similarly high quantum efficien 

cies with -random reflectors on small FPA pixels due 

to the reduced width-to-height aspect rations. ln ad

dition. it is difficult to fabricate random reflector只 lor

shorter wavelength detectors relative to long wave

length detectors due to the fact that feature size:; of 

random reflectors are linearly proportional to the 

peak wavelength 01 the detectors. As a result. the 

quantum efficiency becomes a mQre difficult issue for 

QWIP multicolor FPA than lor single color. 

2.2 State of tbe art of dual-band QWWs 

Device capable of simultaneously detecting two 

separate wavelengths can be fabricated by verti归l

stacking 01 the different QWIP layers during epitaxial 

growth. Separate hias voltages can be applied to each 

QWIP simultaneously via the doped contact layers 

that separate the MQW detector heterostructures. 

Figure 15 shows schematically the structure of a two 

color stacked QWIP with contacts to all three ohmic 

contact layers. The device epilayers were grown by 

MBE on 3-inch semi-insulating GaAs substrate. An 

undoped GaAs layer 9 called an isolator. was grown 

between twO AIGaAs stop layers. lollowed by an 

ohmic contact 01 O. 5μm thick doped GaAs layer. 

Next , the two QWIP heterostructures were grown. 

separated by another ohmic contact. All contact lay 

ers were doped to n = 1 X lOL8 cm -3. The long waVE'

length sensitive stack (red QWIP.ι= 11. 2μm) IS 

grown above the shorter wavelength sensitive stack 

Cblue QWIP.λ=8.6μm. l. Each QWIP is a 20-pe口od

E士兰一j
Fig. 15 Structure of two-color 
stacked Q WIP (after Ref. 14) 

GaAs/ Al，Ga，吨 As MQW stack , in which the thick 

ness 01 the Si-doped GaAs QWs (with typical elec

tron concentra tîon 5 x 10 ]7 cm -~) and the Al composi 

tion 01 the undoped Al.Ga>• As barriers (坦550-600

主) are adjusted to yield the desired peak position 

and spectral width 

The top surface shown in Fig. 15 is patterned 

with a regular 2-D optical coupler. using reactive 

etching. A 256 X 256 pixel array (pitch = 40 ^ 40μm~ 9 

píxel size=39X 39μm') was defined. and the etching 

was performed down to the upper stop layer to en

sure electrical and optical isolation of each pixel from 

its neighbors. Each pìxel was also etched to allow 

metal contacts to be attached to the dîfferent ohmic 

contact layers. Usually Au/Ge contacts were evapo 

rated onto the top. middle , and bottom contact lay 

ers. After this step indium bumps , three per pìxel , 

were placed on the metal contact pads (Fig. 16). 

The wafer was diced. and suitable array~ were hy 

bridized to a CMOS readout IC. The gaps between 

FPA detectors and the readout multiplexer were 

backlilled with epoxy. The epoxy backlilling pro

vides the necessary mechanical strength to the detec

tor array and readoU! hybrid prior to thinning pro 

cess. After hyhridization step. the píxels 01 2-D ar 

rays are thinned to about 5J1m m thickness. This can 

be made. e. g. by removing the substrate using a 

SF" SiCl, backsíde dry etch through to the bottom 

A1GaAs etch stop layer. The thmning trap' diffract-

Fig. 16 Sect10n of a two-rolor QWIP 
FPA after indîum bump d叩oSltLon

(after Ref. 14) 
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ed light inside the illuminated pixels·increasing re 

sponsivity and eliminating crosstalk． The thinning 

also aIiows the detector array to stretch and accom— 

modate the thermaI expansion mismatch with the Si 

readout integrated circ~dt． 

Typical operating temperature for QWIP detec 

tots is in the region of 40～ 100K．Figure 17 shows 

the responsivity of both QWIPs at a temperature 40K 

and at an operating bias of 1．5V applied to common 

contact．The bias across each QWIP can be adjusted 

separately，although it is desirable to apply the same 

bias to both colors．As shown in Fig．1 7，the respon— 

sivity of both QwIPs is around 3O0～350mA／W． 

It appears that the complex two—color processing 

has not compromised the electrical and optica1 quality 

of either color in the two—color device since the peak 

quantum efficiency for each of the 20一period QWIPs 

was estimated to be≈ 10 in comparison with a nor— 

ma1 single—color QWIP with twice the number of pe— 

riods which has a quantum efficiency of around 2O ． 

A pixel operability for each color is> 97 in com— 

parison to the value of> 99．5 routinely achieved 

for single—color QWIPs．The NEDT value was 24mK 

f0r the blue QW lP and 35mK for the red QWIP．The 

difference was assigned to the poor transmission 

properties of the optics in the ¨ ．2 m band． 

Two—color detectors that cover both MW IR and 

LW IR atmospheric windows are especially important 

in many applications． To cover MW IR range a 

strained 1ayer InGaAs／AIGaAs materia1 system is 

used．InGaAs in MW 1R stack produces high in plane 

compressive strain，which enhances the responsivi 

ty[“‘ 
． The MWIR／LWIR FPAs fabricated by 

Fig．1 7 Typical responsivity spectra 

at 40K and a common bias of 1．5V，recorded 

simultaneously for two QWIPs in the 

same pixel(after Ref．14) 

Fig．18 Simultaneous images from 256×256 

MW IR／LWIR QWIP FPAs．Note appearance of 

the filter and the soldering iron in 

the two bands(after Ref．14) 

Sanders consist of an 8．6 m GaAs／AIGaAs QWIP on 

top of 4．7tim strained InGaAs．／GaAs／A1GaAs het— 

erostructure．The fabrication process allowed fil1 fac— 

tors of 85 and 80 f0r the MW and Lw detectors． 

The first FPAs with this configuration had an oper- 

ability in excess of 97 ，and NETD value better 

than 35inK．The excellent imagery in each color is 

shown in Fig．18．Note the appearance of the filter 

and the soldering jron in the two bands． 

Recently．Gunapala et al “,26．have demonstrat 

ed the first 8～ 9 and 14～ 15“m two color imaging 

camera based on a 640 x 486 dual—band QW IP FPA， 

which can be processed with dua1 or triple contacts to 

access the CMOS readout multiplexer．Single indium 

bump per pixe1 is usable only in the case of interlace 

readout scheme(L．e．，odd rows for one color and the 

even rows for the other color)which uses an existing 

single color CMOS readout multiplexer．However， 

the disadvantage is that it does not provide a full fill 

factor for both wavelength bands． 

The device structure，shown jn Fig．1 9．consists 

of a 30-period stack(500̂ AlGaAs barrier and a 60 

Fig．19 Conduction band diagram of the 

LWIR and VLW IR two—color detector 

(after Ref．15) 
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巳d li咀:ht inside the il1uminated pixels! increasing re

sponsivity and elîminating crossralk. The thinning 

also a l10ws the detector array to stretch and ac('om 

modate the thermal expansion mismatch with the Si 

readout integrated circ:uit. 

Typical operating temperature for QWIP d t' tec.! 

tors is in the region 01 40-100K. Figure 17 ShOW5 

the responsivity 01 both QWIPs at a temperature 40K 

and at an operatin咀 bias 01 1. 5V applied to common 

contact. The bias across each QWIP can be adjusted 

separately. al though it is desirable to apply the same 

bias to both colors. As shown in Fig. 17 , the respon 

sivity 01 both QWIPs 四 around 300-350mAjW. 

It appears that the complex two-color processing 

has not compromised the electrical and optical quality 

of either color in the two-color device since the peak 

quantum efficiency lor each 01 the 20-p盯iod QWIPs 

was estimated to be ~l 0% in comparison with a nOT

mal single-color QWIP with twice the number 01 pe

riods which has a quantum efficiency of around 20 ~古

A pixel operability for each color is > 97 % in com-

parison to th巳 value of >99. 5% routinelyachieved 

lor single-color QWIPs. The NEDT value was 24mK 

for the blue QWIP and 35mK for the red QWIP. The 

difference was assigned to the poor transmissi旧n

properties 01 the optics in the 11. 21'm band. 

Two-color detectors that cover both MWIR and 

L WIR atmospheric windows are especially important 

in many appli臼tions. To cover MWIR range a 

strained layer InGaAs! AIGaAs material system is 
used. InGaAs in MWIR stack produces high in-plane 

co咽pr回臼ve strain ~ which enhances the responsivi
ty[24.25]. The MWIRjLWIR FPAs labricated by 

~I'--------------------------' 

1300 
jm 

1∞ 

。匾

-6 7 8 9 10 11 12 13 
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Fíg. 17 Typical responsivity spectra 
at 40K and a commοn bias of 1. 5V. recorded 

simulta.neously for two Q.W1Ps In the 
same pixel (after Ref. 14) 

Fig. Hs Simultaneous images hom 256/' 2:36 
MWIR/LWIR QWIP FPAs. ~ote appearanC'e of 

the filter and the soldenng iron m 
the two bands (after Rd. 14) 

Sanders consist of an 8. 6μm GaAsl AIGaAs QWIP on 

top 01 4， 7μm strained InGaAs IGaAs! AIGaAs het 

erostructurιThe fabrication procεss allowed lill lac

tors 01 85 % and 80 % 1M the MW .nd LW detectors. 
The first FPAs with this conflguration had an oper

ability in excess of 97;古. and NETD value better 

than 35mK. The exce l1ent imagery in each color is 
shown in Fig. 18. Note rhe appearance of the filter 

and the solde口ng iron in the two bands. 
Recen t1y ~ Gunapala et al L1 .~6_ have demonstrat-

ed the first 8 - 9 and 14 ~ 15μm two-color imaging 

camera based on a 640 只 486 dual-band QWIP FPA. 

which can be processed with dual or triple contacts to 

access the CMOS readout multlplexer. Single indmm 

bump per pixel is usable only m the case of interlace 

readout scheme (t. e. • odd rows for one color and the 

even rows for the other color) which l1ses an existing 

single color CMOS readout multíplexer. However. 

the disadvantage is that it does not provide a full flll 

lactor for both wavelength bands 

The device structure. shown in Fig. 1 9 咽 conslsts

of a 30-period stack (500 A AIGaAs barrier and a 60 

14-15μmQWIP 

Fig. 19 Conductlοn band diagram of tbe 
L WIR and VL WIR two-color detector 

<aftcr Ref. 15) 

b 
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^ GaAs wel1)of very long wavelength IR (VLWlR) 

structure and a second 1 8-period stack(500 l丑 AI— 

GaAs barrier and a 40 A GaAs wel1)of LwIR strnc— 

ture separated by a heavily doped 0．5Ⅲn thick inter- 

mediate GaAs contact 1ayer． The VLWIR QW IP 

structure has been designed to have a bound--to——quasi— 

bo und intersubband absorption peak at 14．5／mr， 

whereas the LWIR QWIP structure has been de— 

signed to have a bo und—to-continuum intersubband 

absorption peak at 8．5 m ，since phtoeurrent and 

dark current of the LW IR device structure are rela— 

tiveIy small compared to the VLW IR portion of the 

device structure．The GaAs well doping density of 

the LWIR stack was intentionaIly increased by a fac 

tor of two to compensate for the reduced number of 

quantum wells in the LW IR stack．The tota1 current 

(dark current plus photocureent)of each stack was 

independently controlled (by position of the upper 

state，doping densities，number of periods)to obtain 

approximately equaI tota1 current from each MQW 

stack． 

The peak responsivity of the LW IR detectors is 

509mA／W at 8．4pro and bias VB一一2V．The spec— 

ira1 width and the CUtOff wavelength of the LWIR de— 

tectors are△̂ “一1 6 and 一9．1 m，respectively． 

The responsivity of the VLW IR detectors peaks at 

14．4Ⅱm and the peak responsivity of the detector is 

382mA／W at V =一2V．The spectra1 width and the 

CUtOff wavelength of the VLW IR detectors are△ ／̂̂ 

一Io％ and 一1 5 m，respectively．The peak quan 

rum effieiencies of LW IR and VLW IR detectors were 

BiasvOt ge(-V) 

fa) 

5．4 and 1 3．2 ，respectively at operating bias of 

V 一 一 2V．The peak detectivities of both detectors 

are shown in Fig．20．The 8～ 9Hm detectors have 

shown background limited performance (BLIP)at 

70K operating temperature， at 300K background 

with f／2 coId stop．The 14～ 1 5Ⅲn detectors show 

BLIP with the same operating conditions at 45K． 

Figure 21 shows schematic side view of the in— 

terlace dual—band GaAs／AIGaAs FPA．Two different 

2一D periodic grating structures were designed to inde— 

pendently couple the 8-- 9 m and l4～ 1 5 m radiation 

into detector pixels in even and odd rows of the 

FPAs．The top 0．7Ⅲn thick GaAs cap layer was used 

to fabricate the light coupling 2 D periodic gratings 

for 8～ 9 m detector pixels，whereas the light COU 

piing 2-D periodic gratings of the 14～ 15／zm detector 

pixels were fabricated through LW IR MQW layers． 

In such a way，this grating scheme short circuited all 

8— 9 m sensitive detectors in aII odd rows of the 

FPAs．The grating structure is fabricated by using 

standard photoIithography and SF6：BCI selective dry 

etching．Next the LW IR detector pixels were fabri 

cared by dry etching through the photosensitive 

GaAs／AIGaAs MQW layers into the 0．5,urn thick 

doped GaAs intermediate contact 1ayer．AI1 VLW IR 

pixels in the even rows of FPAs were short circuited． 

AII VLW IR deector pixels were fabricated by dry 

etching both MQW stacks into the 0．5,urn thick heav— 

ily doped GaAs bottom contact layer．The 2 D grat— 

ing reflectors on top of the detectors were then COY— 

ered with Au／Ge and Au for ohmic contact and re— 

Bias v0It自ge v) 

(b) 

Fig．2o Experimentally measured detectivities of LWIR (a)and VLW IR (b)detectofs as 

a function of bias voltage at different operating temperatures(after Ref．15) 

一) 工5 一备苫芑 卫u 

，Î， N工5 一鱼 Î 。— u 
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λGaAs well) 01 very long wavelength IR (VLWIR) 

structure and a second 18-period stack (500 A AI

GaAs barrier and a 40 Â GaAs well) of LWIR stru< 

IUre separated by a heavily doped O. 5μm thick inter

mediate GaAs contact layer. The VLWIR QWIP 

structule has been designed to have a bound-tQ-qua~i 

bound intersubband absorption peak at 14. 5μm. 

whereas the LWIR QWIP structure has been de

signed to have a bound-to-continuum intersubband 

absorption peak at 8. 协阻 since phtocurrent and 

dark current Qf the LWIR device structure ale rela

tively small compared to the VLWIR portion 01 the 

device structure. The GaAs weH doping density of 

the LWIR stack was intentionalIy increased by a fac 

tor of two to compensate for the reduced number of 

quantum wells in the LWIR stack. The total current 

(dark cmrrent plus photocureent) of each stack was 

independently controlled (by position 01 the upper 

state. doping densities. number of periods) to obtain 

approximately equal total current from each MQW 

stack. 

The peak responsivity 01 the L WIR detectors is 

509mA/W at 8. 4μm and bias V 8= - 2V. The spec 

tral width and the cutoff wavelength of the LWIR de 

tectoIs are LUjλ=16% and .\,, =9. 1μ阻， respectively. 

The responsivity of the VLWIR dete<tors peaks at 

14.4μm and the peak responsivity of the detector 15 

382mA/Wat V.= - 2V. The spe<tral width and the 

cutoff wavelength 01 the VLWIR detectors are Ll.<!A 

=10%and ι=15尸阻. respectively. The peak quan 

tum efficienc阳 01 L WIR and VL WIR dete<tors were 

10 
Z回国由groond

E
B巨
型N
Z
E
h
O
)
b
E

饵
矗
审
口

-- 』 .~K 

---‘自以

-'-.二-----~
-.-.-.在~~

_h_.._.._~_.._ 币E

-.. . .. .. .…,- .~电

10 15 20 25 30 
Biasvol啕. (.Y) 

---- -

10" 
••• J5 

(.) 

5.4% and 13.2%. respectively at operating bias of 

V B = - 2V. The peak detec lÍvities of both detectors 

are shown in Fig. 20. The 8 ~ 91'm detectors have 

shown background limited performance (BLlP) at 

70K operating temperature. at 300K background 

with 1/2 cold stop. The 14 ~ 15阳n detectors show 

BLlP with the same operating conditions at 45K 

Figure 21 shows schematic side view 01 the in

terlace dual-band GaAs!AIGaAs FPA. Two different 

2-Dp盯iodic grating structures were designed to inde 

pendently couple the 8~邬m and 14~15μm radiation 

into detector pixels in even and odd rows of the 

FPAs. The top O. 7μm thick GaAs cap layer was used 

to labricate the light coupling 2-D periodic gratings 

for 8 ~ 9μm detector pixels. whereas the light cou 

pling 2-D periodic gratings of the 14~ 15μm detector 

pixels were fabricated through L WIR MQW layers. 

In such a way. this grating scheme short 口rcuited all 

8-9μm sensitive detectors in all odd rows of the 

FPAs. The grating structure is fabricated by using 

standard photolithography and SF, , BCI ,< selective dry 

etching. Next the LWIR detector pixels were labri 

cated by dry etching through the photosensitive 

GaAs! AIGaAs MQW layers into the O. 协m thick 

doped GaAs intermediate contact layer. All VL WIR 

pixels in the even rows of FPAs were short 口rcuited.

AIl VLWIR deector pixels were la bricated by dry 

etching both MQW stacks into the O. 5μm thick heav 

ily doped GaAs bottom contact layer. The 2-D grat 

ing reflectors on top of the detectors were then cov 

ered with Au/Ge and Au for ohmic contact and re 
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LWlR Ga ，̂JGaAs 

mul~-Quanlum well layers 

VLWIR GaAs／AIGaAs 

mulli-quantum ,a~ lllayers 

Fig．21 Structure CROSS section of the interlace dual baⅡd FPA (after Ret．15 

flection．Indium bumps were then evaporated on top 

of the detectors for silicon readout circuit hybridiza— 

tioo．After epoxy backfiUing of the gaps hetween 

FPA detectors and the readout multiplexer，the sub— 

strate was thinned．In the first step of the thinning 

process an approximately 500／~m thick GaAs was re- 

moved using abrasive polishing or diamond turning． 

chemical polishing was used 

to remove approximately 10O m．Next wet chemical 

etehant was used to reduce the substrate to several 

micrometers and SF‘：BCl3 selective dry etchant was 

used fls the final etch．As a result，the remaining 

GaAs／AIGaAs material contains only the QWIP pix— 

els and a very thin membrane(≈1000A)．This al— 

low8 to adapt to the thermal expansion and contrac— 

tion ~oeffjclent of the silicon readout multiplexer． 

completely eliminates the thermal mismatch problem 

between the silicon readout and the GaAs based de— 

tector array， completely eliminates pixel—to—pixel 

crosstalk，and finally，a significant enhancement in 

optical COUpling of 1R radiation into QWIP pixelst ． 

The FPA was backilluminated through the flat 

thinned substrate membrane． 

The 640x486 GaAs／AIGaAs gave excellent im— 

ages with 99．7 of the LW IR pixels and 98 of 

VLW IR pixels working． demonstrating the high 

yield of GaAs technology (the operability is defined 

as the percentage of pixels having noise equivalent 

differential temperature less than 100mK at a 300K 

blackbody)．At temperatures below 70K，the signal— 

to noise ratio of the LW IR detector pixels is limited 

by array non—uniformity．multiplexer readout noise， 

and photocurrent noise(for l厂，2 cold stop)．At tem— 

peratures above 70K ， temporal noise due to the 

QWIP’s bigher dark current(thermionic emission) 

becomes the limitation．At temperstures below 40K． 

the signal—to—noise ratio of the VLW 1R detector pix 

els is limited by array non—uniformity，multiplexer 

readout noise，and photocurrent noise．The QW IPS 

detectors are high impedance devices
． The differen 

tial resistance of both LW IR and VI W IR pixels at一 

2V bias is greater than 7×10 n at 40K and detector 

capacitance is 3 X 10 F． The detector currents of 

LW IR and VLW IR detectors are 2
． 6×10～1 5 and 2．5 

×10-1 8A，respectively at 40K．Charge injection effi— 

ciency into the CM OS readout multiplexer exceeds 

90 at fl 3OHz frame rate． 

The performances of dual band FPAs were test— 

ed at a background temperature of 300K，with f／z 

cold stop，and at 30Hz frame rate．The 1Tlean value 0f 

● ● 

■ 
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Fig.21 SUucture cross section of the interlace dual-band FPA lafter Re f. 15) 

flection. Indium bumps were then evaporated on top 

of the detectors for silicon readout circuit hybridiza

tion. After epoxy backlilling 01 the gaps between 

FPA detectors and the readout multiplexer. the sub

strate was thinned. In the first step of the thinning 

process an approximately 500l'm thick GaAs was re

moved using abrasive polishing or diamond turning 

Then bromine-methanol chemical po1ishing was used 

10 remove appraximately 100μm. Next wet chemical 

etchant was used 10 .reduce the substrate 10 several 

micrometers and SF06 =BC13 selective d.ry etchant was 

used as the final etch. As a .result , the .remaining 

GaAsl AIGaAs material contains only the QWIP pix 

els and a very thin membrane (屯 1000 A J. This al 

lows to adapt to the thermal expansion and cont.rac

tion coefficient of the silicon readout multiplexe .r. 

completely e1 iminates the thermal mismatch problem 

between the silicon readout and the GaAs based de

tector array , completely eliminates pixel-to-pixel 

crosstalk ~ and finally. a significant enhancement in 

optìcal couplìng 01 lR radiatìon into QWIP pixelsl"l. 

The FPA was backillumìnated thmugh the f1at 

thinned substrate memb.rane. 

The 640λ486 GaAs! AIGaAs gave excellent im

ages with 99.7% 01 the LWIR pixels and 98% 01 

VLWIR pixels working , demonstrating the high 

yield 01 GaAs technology (the operability is delined 

as the percentage of pixels having noise equivalent 

differential temperature less than 100mK at a 300K 

blackbody). At temperatures below 70K. the signal 

to-noise ratio of the LWIR detector pixels is Iímited 

by ar.ray non-unifo.rmity 咽 multiplexer .readout noise , 

and photocu.rrent noise <fo.r f /2 cold 叫op). At tem

peratures a bove 70K , temporal nQJse due to the 

QWIP' s higher dark current (thermionicεm国sion)

becomes the Ii mitation国 At temperatures below 40K. 

the signal-to-noise .ratio of the VLWIR detector pix 

els is Iimited by aπay non-unifo.rmity ~ multiplexer 

readout noise~ and photocu r.rent nOlse. The QWIPS 

detectors are high impedance devices. The differen 

tial resistance of both LWIR and VLWIR pixels at -

2V bias is greater than 7 /. 10"(l at 40K and detector 

capa C'ìtanC'e is 3λ10- 14 F. The detector currents of 

LWIR and VLWIR detectors are 2. 6 /. 10' <5 and 2. 5 

/.10-"A 咽.respectìvely at 40K. Charge injection effi 

ciency into the CMOS .readout multiplexer exceeds 

90 ,% at a 30Hz Irame rate. 

The performances 01 dual-band FPAs were test

ed at a backg.round tempe.r atu陀 01 30UK ‘啊ith 1 /2 

cold stop , and at 30Hz f.rame rate. The mean value of 



红 外 与 毫 米 蛙 学 报 19卷 

NEDT(rnK) 
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NEDT(mK) 

) 

Fig．22 The uncorrected NEDT histograms of 8～ 9gm detector pixels (a)and 14～ 1 “m 

detector pixels(b)of the 640X 486 dual—band FPA．The meaD．NEDT are．29inK for 

LW IR FPA and 74mK for VI WIR FPA (after Ref．15) 

the LW IR FPA quantum efficiency is 1 2．9 at oper 

ating temperature of 一 40K ，bias V 一 一 2V．This 

integrated quantum efficiency includes 30 substrate 

reflection and 85 FPA filJ factor．The uncorrected 

non—uniformity(i．e．，sigma／mean)of the quantum 

efficiency histogram is 2 ．The mean quantum effi— 

ciency of 14～ 15／2m detector pixels in the FPA is 

8．9 ，and the uncorrected quantum efficiency non— 

uniformity is about 1 

The estimated NEDT 0f LW IR and VLW IR de— 

rectors at 40K are 36 and 44mK，respecl vely Due to 

BLIP， the estimated and experimentally obtained 

NEDT values of the LWIR detectors do not,change 

significantly st temperatures below 65K．The experi— 

mentally measured values of LW IR NEDT equal to 

29mK are lower than the estimated ones Esee Fig．22 

(a)]_This improvement is attributed to the 2 D peri— 

odic grating light coupling efficiency．However．the 

experimental VLwIR NEDT value[see Fig．22(b)] 

is higher than the estimated value．It is probably s 

result of the inefficient light coupling at 14～ 1 5gin 

region，readout multipI[exer noise，and noise of the 

proximity electronics．At 40K the perform ances of 

both bands detector pixels are limited by photocur— 

rent noise and readout noise 

3 Conclusions 

QW IP cannot compete with HgCdTe photodiode 

as the single device especially at higher temperature 

operation(>70K)due to fundamentallimitations as— 

sociated with intersubband transitions．However，the 

advantage of HgCdTe is less distinct in temperature 

range below 59K due to problems involved in 

HgCdTe material (P type doping，Shockley—Read— 

recombination，trap—assisted tunnelling，surface and 

interface instabilities)．Even though QWIP is a pho— 

toconductor，several of its properties such as high 

impedance， fast ~esponse time， long integration 

time，and low power consumption，well comply with 

the requirements of fabrication of large FPAs．Due to 

the high material quality at low temperature，QWIP 

has potential advantages over HgCdTe for VLW IR 

FPA applications in terms of the array size，unifor 

mity，yield and cost of the systems． 

Both HgCdTe detectors and quantum well 

GaAs／AIGaAs photodetectors offer wavelength flexi 

bility from M W IR to VLW 1R and muhicolor capabiii— 

ty in these regions．W e have reviewed performance 

旦c3o0 

兽c3oo 
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Fig. 22 The uncorrecled NEDT histograms of 8---9μm detector pixels (a) and 14........15μm 

o.etector pixels (b) oí the 640X 486 dual-band FPA. The mean NEDT are: 29mK for 
L WIR FPA ancl HmK for VL WIR FPA (after Ref. 15 ) 

the L WIR FPA quantum efficiency is 12. 9 % at oper 

ating temperature of T=40K. bias V B =-2V. This 

integrated quantum e{{iciency includes 30% substrate 

reflection and 85 % FPA fill factor. The uncorrected 

non-uni{ormity (L ι ， sigma/mean) of the quantum 

efficiency histogram is 2 %. The m.ean quantum effi 

dency of 14 ~ 15μm detector pixels in the FPA is 

B. 9 %, and the uncorrected quantum efficiency non 

uniformity is about 1 %. 

The estimated NEDT of L WIR and VL WIR de 

tectors at 40K are 36 and 44mK. respec, 'vely ‘ Due to 

BLIP. the estimated and experimentally obtained 

NEDT values of the L WIR detectors do not change 

signjficantly at temperatures below 65K. The experi 

mentally measured values of L WIR NEDT equal to 

29mK are lower than the estimated ones [see Fig. 22 

(a 汀. This improvement is attributed to the 2-D peri

odic grating Iight coupling eHidency. However. the 

experimental VL WIR NEDT value [see F唱.22(b)]

is higher than the estimated value. It is probably a 

result of the ineHident Iight coupling at 14 ~ 15μm 

region ‘ readout multiplexer noi.se , and noise o{ the 

proximitv electronics. At 40K the performances o{ 

both bands detector pixels are limited by photocur~ 

rent no阳e and readout noise 

3 Conclusions 

QWIP cannot compete with HgCdTe photodiode 

as the single device especíally at higher ternperature 

operation(>70K) due to fundamental limitations as~ 

sociated with intersubband transitìons. However , the 

advantage of HgCdTe is less distinrt in ternperature 

range below 50K due to problems involved in 

H gCdTe material (p~type doping. Shockley~Read 

recombination , trap-assisted tunnelling ~ sur{ace and 

in t er{ace i ns ta b ili tíe叶. Even though QWIP is a pho~ 

toconductor , several of its properties such as high 

impedance. {ast response time. long integration 

tlI时. and low power consumption. well comply with 

the requirements of fabrication of large FPAs. Due to 

the high material quality at low temperature. QWIP 

has potential advantages over HgCdTe for VLWIR 

FPA applications in terms of the array Slze. uni{or 

mity. yield and cost of the systems. 

Both H gCdTe detectors and quantum well 

GaAs/ AIGaAs photodetectors oHer wave\ength f1exi 

bility from MWIR to VLWIR and multicolor capabûi 

ty in these regions. We have reviewed performance 
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data for dual band HgCdTe and QWIP hybrid FPAs． 

The performance data confirm that all the key fea— 

tUI~S Ot both types ot detectors function as expected 

and designed．The main challenges facing both dual— 

band device$are more complicated device structures， 

thicker and muhilayer material growth，aad more 

difticult fabrication，especially when the array size 

gets larger and pixel size gets smaller．In the case of 

HgCdTe devices，the multiple p-n junctions are re— 

quired more ditticult in material growth，device fabri— 

cation and passivation． The major challenge for 

QWIP is developing broadband．or muhieolor optimal 

coupling structures that permit efficient absorption of 

all required spectral bands．The second issue that im— 

pedes the QWIP’s peHormance at higher temperature 

is large dark current． 

Several companies plan to advance simultaneous 

dual—band FPA technology to larger array sizes， 

smaller pixels cells，and higher perIormance，espe— 

cially that required for low background applications． 

For strategic applications，special variants of dual— 

band input circuits are designed for improved perfor— 

manee at lower background photon fluxes． 

Most commercial market probably wilI be domi— 

nated by uneooled IR FPAs，except for medical appli— 

cations where high resolution and accuracy ape need— 

ed．However．uncooled detectors developed so far are 

less sensitive than the cooled detectors．It also has 1"io 

intrinsic multicolor capability 
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data lor dual band HgCdTe and QWIP hybrid FP As 

The perlormance data conlirm that all the key lea

tu四s of both types of detectors lunction as expected 

and designed. The main challenges facing both dual 

band devices are more complicated device structur t:'s ~ 

thicker and multilayer material growth , and more 

difficult fabrication , especially when the array ~ize 

gets larger and pixel size gets smaller. 1n the case 01 

HgCdTe devices , the multiple p-n junctions are re

qu i.red mo.re difficult in mate.rial growth , device fabri 

cation and passivation. The major challenge for 

QWIP is developing broadband or multicolor optimal 

coupling structures that permit efficient absorption of 

all required spectral bands. The second issue that im• 

pedes the QWIP' s perfo.rmance at higher temperature 

is large dark cur.rent. 

Seve.ral companies plan to advance simultaneous 

dual-band FPA technology to larger array sizes. 

smaJler pixels cells. and hígher perfo口nance t espe

cial1y that required lor low background applications. 

For st.rategic applications , special variants of dual 

band input circuÎts are designed for improved perfor 

mance at lower background photon fluxes. 

Most commercial market probably will be domi 

nated by uncooled 1R FPAs. except for medical appli 

cations whe.re high .resolution and accuracy a四 need

ed. Howeve.r. uncooled detectors developed so far are 

less sensitive than the cooled detecto.rs. It also has no 

intrinsic multicolo.r capability. 
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