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ABSTRACT

ABSTRACT

The third generation HgCdTe infrared focal arrays (IRFPAs) with the
characteristics of large scale, very long wavelength infrared (VLWIR), multi-color
and single photon detection have developed rapidly since 2000. It plays an important
role in military, space remote sense and science exploration. However, the traditional
P-type HgCdTe materials with Hg-vacancy doping can’t satisfy the need to fabricate
the VLWIR detectors, because the lifetime of minority carriers of such materials is
quite small. Thus, the manufacture of P-type extrinsic HgCdTe materials becomes the
key for the development of the advanced IR detectors.

The extrinsic P-type doped HgCdTe material has the high minority carrier
lifetime and can effectively improve device performance of LWIR or VLWIR
HgCdTe IRFPAs. In this work, the P-type doping technique of Liquid-Phase-Epitaxy
(LPE) has been studied. The structural and electrical properties of the HgCdTe
epilayers were investigated. And the P-type HgCdTe epilayers were applied to
fabricate the LW IRFPAs successfully.

The main research results include:

P-type doped HgCdTe epilayers grown by Te-rich LPE were prepared in different
ways. In order to make the doped atoms become the acceptors, the ambience, pressure
and temperature in the anneal process are the key parameters. For different doped
HgCdTe epilayers, different anneal treatments were adopted. The HgTe source was
applied for the Hg-vacancy HgCdTe epilayers grown by dipping Te-rich LPE to adjust
the carrier concentrations of the materials. Considering that the As atoms in HgCdTe
materials have the amphoteric doping behavior, the extrinsic As-doped epilayers were
annealed at 400 ‘C under Hg-saturated conditions for the P-type activation. And a
N-type annealing at 250 ‘C under Hg-saturated conditions follows to eliminate the
Hg vacancies in the materials. The Au-doped HgCdTe epilayers were obtained by
sliding boat Te-rich LPE technique and the N-type annealing was used for such

materials.



ABSTRACT

The structural properties of the LPE epilayers were investigated by FTIR, XRD
and EPD techniques. The Cd compositions of the HgCdTe materials are in the range
from 0.21 to 0.23.The thicknesses of the epilayers are about 15 um. The full width at
half maximum (FWHM) and the dislocation densities are 30~40 aresecs and less than
<2X10°cm™.

The electrical properties of As-doped and Au-doped HgCdTe epilayers were
investigated by the Hall measurement, p-PCD and SIMS technique. The accumulation
of arsenic atoms was observed in the surface layers of the HgCdTe epilayers after the
annealing at high temperature. The arsenic atom concentrations in the accumulation
layers are in the orders of magnitude from10' to 10" cm™, much higher than the
concentrations (~10"° cm™) of the bulk materials. The dependences of Hall parameters
of the epilayers on the temperature can be well explained by using the double layer
model. The activation energy (7~8 meV) was obtained, indicating that the
arsenic-doped acceptor has a shallow acceptor energy in HgCdTe compared with that
of Hg-vacancy acceptor. The anomalous profiles of Au atom concentration in HgCdTe
epilayers are formed because of the quick diffusion of Au atoms. The activation
energy derived based on the single acceptor model is higher than that of As-doped
acceptor. This result means that some Hg vacancies still exist in the Au-doped
HgCdTe epitaxy after the N-type annealing. Compared to the Hg-vacancy material,
extrinsic doped HgCdTe epilayers have higher minority carrier lifetimes. The
theoretical simulation result of the experimental curves shows that the radiative and
Auger recombination are the dominant recombination mechanisms in the extrinsic
doped P-type HgCdTe. In the Hg-vacancy doped HgCdTe, the SRH centres originated
from the native defects degrade the minority carrier lifetimes of the materials.

The simple system with a small chamber for the Hg-rich tipping LPE was
designed. And the HgCdTe epitaxy was complied by Hg-rich LPE. The results
measured by SIMS, IR transmission spectrum and microscope show that the epilayers

with the Cd composition of ~0.2 and the thickness of 3 pm were grown on the
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ABSTRACT

CdZnTe substrates.

The anomalous Hall effects of the p-type HgCdTe epilayers grown by Te-rich
LPE were observed and analyzed: Three classical anomalous Hall behaviors have
been categorized. The anomalous properties can be explained by using the layer
model. The results show that the anomalous Hall properties are induced by the surface
oxidation or contamination, which results in the inversion of conduction type of the
surface layer. The surface charge density and electron mobility of the inversion layer
were obtained by the theoretical simulation of the experimental data. When the
surface inversion layers of the samples were removed by etching in the 0.2%
Br-MeOH solution, the electrical properties of the samples showed the normal
characteristic of the uniform p-type materials. The electrical properties of the
materials didn’t change when the substrate was fully removed by the solution (HCI:
HNO;: KCrO3;=15 mL: 15 mL: 2 g).

The 1-V characteristics of the HgCdTe diodes made by the intrinsic and extrinsic
p-type doped HgCdTe materials were measured. The relationship between the
material property and the device dark current was analyzed. The device fabricated
with the extrinsic doped material had lower dark current because of the higher
lifetime. It was also found that the surface accumulation of As-doped atoms in
HgCdTe epilayers degraded the performance of the devices. The surface
accumulation should be removed in the technology of the device fabrication. The
statistical results of RoA data of the various devices shows that the device fabricated
with Hg-vacancy doped material can have higher performance when the cutoff
wavelengths of the devices are less than 10.5 pm. In IR waveband with the longer
cutoff wavelength, the extrinsic doped HgCdTe detectors show the advantage in the

performance.

Key Words: HgCdTe, LPE, electrical properties, Hall effect, minority carrier lifetime
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SIEE RO R R ABR B bR 0820 0% E B 6 R K5 F 88k 1%
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FIERBAR, ZRRRRLIMETFHEBFEE HEM. WK, ZhFe/NIR 5
B RN N T 1K1K §5 ARE R SR 9208 —AUE T #F
. G =+ENERE, “RAMEFEERERRF EESRM, R13GHT
B FHAG R 2 B AR SMET T R A BE
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Manufacturer web Size Pixel Spectral ~ Oper.temp. D‘O\p)(cmHz'” ‘why
sit size range (K) NETD (mK)

() (pm)
Raytheon 128x128  40x40  9-11 80 -

256x256  30x30  8.5-11 77-100 -

Rockwell/Boeing 256x256 4040  >15 77 -
640x480 27x27  >10 77 -
225%x256  40x40  1-4.6 120 >10
640x480 27x27  1-4.6 120 >25
BAE Systems 256x256  30x30  8-10 80 -
384x288  20x20  3-5 <120 18
640x512  24x24 35 <110 12
Sofradir 128x128  50x50  7.7-10 80 1.1x10"/10
128x128  50x50 3.7-48 90 4.3%10"77
320x256  30x30 7.795 77 <20
320x256  30x30 3.7-48 <120 <10
640x512  15x15  3.7-48 <110 <17
DRS Infrared 256x256  40x40 LWIR 77 1.2x10"(D"500)
technologies 480x640 25x25 LWIR 77 3.5%10°%(D"500)
256x256  40x40 MWIR 77 5.5x10"%(D"500)
480x640 2525 MWIR 77 4.0x10"(D"500)
AIM-AEG 128x128  40x40  8-10 80 <15
Infrarot-Module 128x128  40x40  3-5 80 <15
GmbH 256x256  40x40  8-10 80 <20
256x256  40x40  3-5 80 <10
384x288  24x24  8-10 80 <40
384x288  24x24  3-5 80 <25
640x512  24x24 3.5 80 <18

BEE SNEBAR SR EAR K TR, 2000 EUE, FRKLMETHNE
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1) KREBRACEPERFRRSNER R

MBE 7ER FUFT K (GaAs. Ge Ml Si) LR Ih SRR R A4 K430 TREGER
REBSMEF BRI AR R . £ RHIRERRA R B AR S SRR LR ITAD, 4R
i B FEHBIESRA R, KERAEKEER, B e R L BRI K
B KRR A AR N Rockwell 24712 MBE 7 4 A 60X 60mm” FE4E48 & L
HE KRR R AR Si SRR R 10 52 A FE (A8 Frdl sk KT RUNE IS T EA
#. B RERZFESEHE AR, 12/ MBE 7] LA IHTE KERIE S 19%0H) Si &ATE E
ARKTERRAMNER KL, BRTERE/K AR T 6 2117, SR, SiERERINE
PREHRIGERE T R RS, WROKPHAS T 8RR E. BT, JERAERE
R ER BERE R RIMEREHT AR R AL SMRM B AR R BIE K B 5.

2) WEREZE

WAL BASMEPIBARR A T TR E HFriRBIaE S . M HgCdTe
LLAMESF R B BOR © 284 Bl Raytheon 72 & 7% 5, £ T FE FI R IA
B 1280x7207, LU €A 7 B LIS IR/ . PR KR, SEa
HMEF TS T EM AL S F RN Z BB, MBE HEHIESH
B 7% RSN ERE R R AR SE 7 T BRI (5 5 = S b

3) EmIfEEE

TR (HgCdTe) AL AR 2318 i T VB AEAE 80K FHE, 4R LAk A s
HEFEZHRMBANA . BITERE (HOT) HgCdTe L AMFMIBHIHI & EA—HE
RHFRARE FSCERX SR . & TERER HeCdTe 4 4ME NS AZHET
n"nHBREEY, BEBRRFREFRETERE TREEFRRRFRESIEN
(Al TR TAEEDY, XBMnRRSS P BB RAEL, TS P BB 2y
1672 HgCdTe PRIl M7 &, X R HIZH HOT HoR KR B EE 78, DRSP
FIFTFEN SR RS RIE T FI I ERERAEANEHI% 55 P B As $82% HgCdTe #1%, X
—KIX T HOT FHALLLAMRIIBR IR B T BB, X FEFFHK LPE
ARER=ARRREFHEARS HETATBEROME.

4) Kk &REKEK
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HEZEFHAFIRIAE AL T AR X BB HgCdTe A 4MEFTH
BA—HEER EHRNESRM S, XhER=ARL/MEF IR REFTEX,
B ) DEFIR #Ri8 7 HK ¥ HgCdTe U4METFHERMEE, HEEHKESOK T
#5% 15 pmP”, T SELEX"ARIIRIET 55K F, #uLEAA 15 pm #) HgCdTe
LLAMESFEEEISE, FEFIRAE S 320x256. ARIKARIFKA T ARK pn &il#&
TZ TR S0 He 2247 P 2 HeCdTe AT R Arik,
BB K R KA TR o B2 AR E 27T DU R MR koM
BTG, REmtae”. Ba, B bEERAESES M BN He
SRrkEl. ERBRETA As, Au. BEBANY G FREEAREBHEYRT
PRI DT 5 i B R SR
1.6 BXHHFRBERNRAR
1.6.1 AR E K

DLKHIR, 26, 20T, EKREAFERSE = HgCdTe LSMEF K
M BAE 2000 FE/5HBETREMNKE, EFEF. B TAREHRNE T AE
THRHEEEMEM. R, £5K Hg 40P AR NARHKK B, FEERR
FHEAE. ERIRE— RN, BARIARRRLIME TS RN E
EREZ—. FHik, S&EEER P EMBEN TIFEEERNIZER.

FEAAE P RBAARI T LUH L IR T F A IR RS, R REAKR
AMETFREEMARERE. BET, As. Au EHANARERBRET, FERA
BZLR n"on-p WMBM R ERBLEBAR, EEASGERENA, BR, Xt
FERTRBANBRETF IR RZETHERZE—FINR, WNPRSB R
RIRREE . IR B HIRZL R R TR AT AEH RIS . 55, FEXR
BHISMESREI % As BB p-on-n WEHSFHL, HERRKEMEKRK
AMEFEB RN RNBEARRE, AZEAREEREK, BWERLERA
3% BAE A R BEBIX—FA . BB LM T T 3B AR 10K BB B
HBEX AT RIS ORI, X As BRERBARSNSE T ZH
KR P RBIMEERAE T T M. ARERERE Hg MASMNES AR, HRRER
M BB RN E KR 4T ST T 28 B L B RTRE TR AR . e, BFFTRE
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P RHB IR AR R ST A

RS E R P BLB Z AT K W M B, RIS RINE B P B 2R IR T As,
Au FTEEBOEREME DL R ST B T I AU MR 22 B AT, i b
B As. Au K P BB MRS He 200 P RUAPRHERE, I AR ERE
KB HegCdTe FHEMERERINIR, FHRBTFUS RN A TAP R % T ERKB S
Wl

1.6.2 ABREH

BZ LR N, ARETRT U THRAR, BIXABFMEHZHWT:

B 515, FENMETASMERRESRS KSR R RS
AR TERRAOR B AR L B & AU KRR AAMEF IR RS B Al
RIFFRIR . BfE —RASTHIFT H AR F L.

B RHRRIMEMEMERIIRIE. EBENE TRHRRINEM R EANE G
FAERIR T R RE . BRHAIMNEEREAR, X HEAIHEAR, ZIKETR
EEAR, ERANATBRMET BIERNE RIS AR RIS, B4R
TR 7R ar OO IR T B AR I BR

BEF: PARMEABRSNES RN HI& . BISET P RURR 2 RS E
MEMEHEIE, NET As. AuBZPRIAEK TR R B BT K. 55N ERR
FAAMESARTT R T ZAl BT

B9 P RARERINEM B A X T ERBAMHSNE As. AuiBik
TERRAPEHOMEREBET T VAT R . AR T ERE., R TIRE, DFHEa
FRESEOMT T HRAST. ELERTERE T BRR T HESRE.

BHE: PRBERMEN R EERBN. AT R P BRI AR &
FHER R AR W, JEAER RS BT T RAE. RN BT T AR
KIRERAELETE.

BANE: As. AuBRMEREBARIE. APRINERARITR T HESH
SRR G IR R . WR T ARSI ER TR, FaHT
Asy Au BRFERRME THIZRRASMETE SRR .

BLE: REERE. RN EIERRBITLE, S RAEFENRZ,
FEEARREIBIFIT [ -
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BT R IEM B R HIRIL

BE BERRINEMEHERERIRIE

SFHESHME RiRE, BITRANT BRI, MHAKEAR
MO B E B AT A T R RANER R A RER A IR T KR
B, FEH 1. FRMREERE. A2RONENRER; 2. RIEFR &
EH RSB X HEMHBEAR: 3. ATHRESRRTRENZKE T HRER
R 4 HHTBZMES BERNERUREAR LRI 5. WEMHDT
7 o FOEBUR B T R MR B A
2.1 AR ARRBR

LAMEB DR IR FEALERARTR, SRR ZNA, R
AR PR, SR, NREREEBIRE. WESE. FREFR
FA B B DAY (FTIR) . SRR EEIR TR T B
SRR H (AL A F A B P AR AT A (I B R R @ I LA OLIE R AR LT
JNBR:
DA RIES R (BRERN) KT REEREOTEHE;
2)4 T 1 B ARk Bk T B AL R B TR AT A1t
3K E B BT IR LTS 5 10 20 0 B, @ BRSBTS SR

70
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400 800 1200 1600 2000 2400 2800
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[ 2-1 HgCdTe 4+ 3EF BRI M ES G
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P RUBIRRERRAEL S & R R

2-1 AFEEARPBASNES LI, AHOEIE B RATRT LUE B4 ERTELAY
BB, RRHER: BELIE HeCdTe HEMBNFEA R ERS, PEOGELEKE
BHRERETY, HERFETEN2-1 K.

1
" 2n(Av/ N)

K, dASNERER, n HSNERMITAE, Av i NANTH AR ETEHE,
STEFFERRE, Avh A, B ARREZE, H A, BB AR ERES
3, MARPEN=3, HIATUBAISNEZ K ERE .

BANER, "TCTHEAPRIINA S, BAARY, M Hansen-Schmit £% A AT
DRI R SHI KRR

E, = -0.302+1.93x+5.35x107* T(1 - 2x) — 0.81x* + 0.832x> 2-2

2-1

% Hansen-Schmit X} &84 55 B ZE RO 52 X, 4RI BT 0=500
em B, SRR KO T RER S REMYE, WK ARk .
2-1 Fi7n, BUEH Toaxs B 2-1 RFEBREE d. B A 2-3 /B X RS

T=Tmax exp(-ad) 2-3
BB C miffrn, Hox MBI, HAR
_he g
Eg= n 2-4

BReEK 2-2 THHS x.

& 2-2 NEXUS670 £ 4Py i{x
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BE FHRRIEMRHERRRRIE

ARERR ST, FTRF 0 Nicolet 24 & 427 i) NEXUS670 £ZL4h6i%4,
& 2-2 fiR. @i BRI AN E I T E R RR RN EM R RS A
2.2 X ST EATH

X SHRRE—FEKIRIE0.06~20 A EHE. EHMEPRERN-ITERE
TR 1912 4F Lave SR T X HEBLSAOATHME™. BE, X FERATH
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0.3um HIEERLIN 2% Br FEEVER. JOGIERET, B RS5EMEM. Br
W RIS S AR KW E R . SERH, R A6 TH B HI7E 15 pm/min,
M TITAE B2 o A SR Y B

FEERIFRZE, TENRAMET, HRERETHEENTS. KREKH
Hy ER KT RRP AR, AR, MAERR, FZA5NSRE, —F
IMRERTHEA30CU L, WE3-7 FAREAR.,

38



R P HRRRRBARS AR R

e
500 |-
BABA -
/ WHE
L |EkKEE EREK
-
i ™\
L]
400

FE / min

B 3-7 B A TR R BRSNS S A2 98 iy )

LR BRE SR T BRE . KAZ+08 kA, WABRERMES,
ST MR E A KR E . B R R LT, MR RIS 0.1~02 C
/min PLSERRAMEAEK . KB EEE 440 'C~500 C ). £KEHRE, Wit
TR, RS HIRSE. DERBAEHR ERE Hele 470, WE 3-6
TR, UMEERRERES, FRERINEERTZIRS . SMEERE, SME
MRBHE R R IR T, BB RS E S N FF S

FERMBRE AuBRMES, Au RFCERIUZETH, REE@ELMAN
HIE K IHBR Hg ZALENTT. AREH, B Au B2H06 T He 0008 K&
A BKEBETE 250°C, BABERA Heg 18, FEEILTEEISAT, &
KSRy 48h, LAEBRAARL 1) He 2547,

3.2 MR AR SN AR A et
320 455RE

ERBASNEE K — B T rEA KR IA S RAEKERE, RTHREL
BB R E EREHRNACE . TIANERNERE d W5 4EKHE v KA RS,
Harman 545 T SME R AR A R A5 S A IR 5 R BT,

d() = KQAT,t Y2 + 28t32/3) 4-1

v(t) = K(AT,t /2/2 + Bt'72) 4-2
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P RUBARESR B BB R TR

Hef, KAMBSEHHXRE, AT NEKBROEARE, BRMERE, thd
] X T SERRRIAE M R, B TR ARYE SEPR Il B 45 R sE « X TR R
MR, AR P CIHDxAE0.22~0.234 4, HRYEHansen-SchmitfEHr AR, 7
TTIKEET, HEH % EE0.099~0.131 eVZ [, FME KK $9.5~12.5 um.
AMNELEKIR B R460°C , M R 51720, 18 C/min £ 47 , A& At (8] ZE40 minZE A5,
HPE R B HIEE10~20 pm. RIEFE —FAK2-1~2-41081, MFFRRBAE
SMERPRLRLLAME S G, T LA E MR R A 5 R A .

70—

3

LPEV345¢

8

T 8 T

Transmission (%)

<]

¥ e
539.9, 52.191— =y
667.3, 53.104
798.4,53.492
921.8,53.677
1049.1,53.715
1172.5,53.383

3
—
1623.8,26.482

-
o
T—

1200 1600 l 2000 2400 2800
Wave number ( cm'l)

57
g_

B 3-8 WARSK & RSN EATR LT ShIB 5 it i 2%
3-8 K i 7k = WO ANEAT B BE R AL ANE SOt thek, HEHR
(Cd Hgy )1y Te, A 7z AL FEBL Eey 73530 40.049 5 0.8519,  HH B R F i J R e
AT A BIH A 4 Ex=0.2307, EEEA11.19 pm. FATXHBARSNERT R} HIE 71 39
ST TR, SRNR-1FUR, MREERTHES%E,
R3-1 KRR S BB SNEM R [ 5

Ml m2 A3 =¥ =%
Cd#H43x 0.2305 0.2307 0.2299 0.2310 0.2306
J& B (um) 10.94 11.19 11.42 10.29 10.91
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SREE P IURHAR R WA SME R RO &

322 BREH
HgCdTedHHSMEE R E(11)BERESRA R EAKN. SSBd, MEi&E
& BRI 5 (333) 3 FRAT BT T 0 S T A BE S 2 S R B IE R 28 1 .

3000 -

2500 |- 26=76.4929 °
> 2000
7 L FWHM=35.2 aresec
_;-3 1500 |-

1000 |-

500

0 1 A 1 " I i 2
38.46 3848 38.50 38.52 38.54 38.56 38.58

Omega (° )
K] 3-9 LPEV345c X X0 RIniE ihsk

WA, RAMEBFEKal L, KK A1.54056 A, MRTESZELNE
R (333) M e M B TR A BE, 17 (hkI) [T [8) BE () R0k =0d

a

de—— —— 4-3
vhZ+k?+1?
BA2-550 015
a_nk\/h2+k2+12 44

2sin@
KB, 20-76.4929°, RALAHKA-4FH G H $a=6.4656 A, 5F L%
FIRRRFA .
AR TSR LK 55 (FWHMD 2P0 8 544 R & 5% 7. FWHM
REFZAEEHE TR, FWHMBZE, S48 & ESE s am s,
A R ET: R, FWHMITE, MR REFTE”RE.
B3-9. 3-10R13-1145 H THe 47 AsB M AuB 24 R FAPELHIFWHM, 4>
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P LB IR FRAOEL I & R AR

51 435.2 aresec. 38.5 aresecF132.7 aresec. FHT %A fubg ILEC IR EEAEAT IS, W
HSMEE KRR R R BB AR E .

As-doped

FWHM=38.5 aresec

Intensity
8

- L i L

0 2 1 i A i i i L 1 A
38.36 38.38 3840 3842 3844 3846 3848 3850 3852 38.54 38.56
Omega (° )

& 3-10 LPEV193b X 5T£EX0 G IR#E th2

3500 |
20| Au-doped
2500 |-
2 [
@ 2000 - FWHM=32.7 aresec
Q
g I
1500 |-
1000 |-
500
0 L 1 L n 1 1 L 1 2
3820 3822 3824 3826 3828 3830 3832 3834 3836
Omega (° )
B 3-11 LPEL0677 X ST 3N A8tz
3.3.3 frdEEE

RIS R PRI —REBREG, W TR EEEEWH. REEF—
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SBEF P ARRRIBAHSNER R I &

RRRRLLSMEFEEOR, N TRERAROAE TR T R R NER,

SR AR B TEAREPD R MBI O AE T E. HELFEE
WF: FEXAREATR A, BTAEATHES AESERERR, K3
BESFTRABETERT, NTI7ZE %0 E TR, B A maR R g b,
BT UG B R O AL

As-doped

B 3-12 REB A ERE M : (2) Hg 61 (b) AusZe (c) As B2~
43



P BB RRHRRARL S & R AL RB

AR PR FAACE B AR USSR T 25 BE o SR B S e Ay X S
T, HACH A Hy0:HCLHNO;:K>Cry07:CrO5=80 ml: 8 ml: 12 ml: 5.1 g: 2.5 g,
JR PR 18] 3~4 min. R UM RE A BAREE T SRS ARt
BE. WRRMEERT—REEN . LR, AT EA IR EsE
¥, —BGS800 1048, DUIERS SRR RRE . gl it
BB T WENG SWERERENXR, RALMIEHHERETHER.

B 3-12 AR Gt R RS AR K B thii 2 5, & EPD % E
B RIBRAEECh 1000 £, FHELHW B 4 100100 pm?, SRALH 10 4N
KIS BRI E. %R R 3-2 fim

* 32 NABRBRT HE S Yt

BIuRR Hg =1 Au As
Rrkts 3% B 1.2x10°cm™ 1.3x10°cm™ 1.8x10°cm™

HI% 3-2 AT 15, RRIBZEBIMT B B B 1x10° em™~2x10° em™ 255,
R TR TARSNER LR UL, AL 2 E BB T R IR A B BRI
FLEEAANE T ZRBARKF . i TR R R SHR R SNEM B &8 [T R4
WAESMNEAA R} HRL 58 2% BEAR LS B RANE MR R R £ .

3.3 BRBAHSIEA B

HE BRSOV, ERBASNEERR T HFEREROEMESS, FE
KERRERBER, FXELMRE TR E RBEMEERORE. KT,
BARBAHSNERE N E BRI As RFHBRLBIERAZE, Bib, HFEKEH
SFRRETRA S P B cap BERBARSNE B A BEAHFE XS HATENE
B ERBASENEK, FREY, BRIt DEREKRS, BREK
&, RAE T RERR ERBARSNEM R, o SEI KRB R E RIBAASMER AR
5%,

3.3.1 EKIFERERERI

BT ERBARSNEBR MR TR, T T K P RARSNEEK, RFFFH,

KA BOE L IR R & RIBARSNEA BH A

a4



B P BRI SRR %

Bl 3-13 AT RAKERTE. B, BB EKA B AR S
MIESRY T, B TANETFAAE0, ST LB S A, 7E SRR 1A B A
BEE RIS HIRNNE. DL EBISNERRR T RIS H Hg, EK7EH
MR A SES T, Hg RGO Hg SUE, ShSROFUn— 2 B 7 US4 py 41
BT . MBSt AR, T AT DUE IR 42 SeL R 5 e o e 55 4
&, SEBSMER R &K

N e BE 22 FrEE St

/ IS A

TR

 3-13 ERBARBAS EEKREE

Bl 3-14 AALH PRV A B AR, WA REE S ERRE L,
AESTAFAN N E R, B R IR AN R S A B,
TR RS B R AR TARRS 3 A (0 2 18], SR K B B R s N B 1)
ARE, WTRELE, FEREPERARFETEZNIEE.

TR TBCA 884 B A S IR AP AN B 3-15 BIR . SIRE BB SETTE, o
USRI A KIER BERORE R 5350, XA OB RS, A BB
EJy, P He BRGIENRE, EALRY, RITETENESARE
SRIMRE T .
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P RUBILRRER SRRl 2% B M RAFF AT

.
o
.

B 3-15 FT ERBABAESNEE KREIE
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H=E p RRSRIRSNEM B EI&

3.3.2 BERURER 2 R R ok

KB, BE T KRB RATEE KR4S, BUaT DURYEAR Bk 2
B Cdv Hg. Te WIALLL. KRB, BAIHEAEKERE N 400C, SMEHEH
Cd A7) x=0.3, W 3-16 EPL AR EHR.

10

IR

1l

] BirdaaE

J

i

10
a0t ot 2

 3-16 B R SRR RPT A

AUEH, BBEHRECARNEEIY 10°KEL, CAARIERD, IUE
Hg BE/RDE T2 )L, TERMMERS, dFRENRE, EEs0H
BRD. SEBPRAK Hg WHITE 150g 24, HMFTEMAK Cd RE 4mg £
A, T Cd AEMERF G RAR, BMEDIE], W F mg 48 Cd R E .

J, RAMRBAEKKAE, BIHRE— AN ORRREE, FMAEN
WIS R, MTISKEES TR, R0, W% RREEHERTER
W, BR, i) LRAEKKER, HARRETUANEE. SELMELNEE
JR A AR B 5 SERRIR BERIZE A, 2, SRR B £ 1A P 8 L FCZE BT B
RIFHEISNET, X BOUEE L 5 PR B R A 2RI, X B AT ScR R Tu:
. Xk, RS Ik B SR R Bl SEI Cd (%R %8
HARETHH T Te, Cd, Hg TEME R, KE Te. Hg NRE, BHERFK
Te, Hg RFRAG RS/, FEEKRK, SIS ZnCdTe # KM, FHHE
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P BB IRER R AR % B A

IS Cd BB, EFISCPrREREM, X, FHEKEEB3RE4
- KIERE, REERFRE TATHBRGAER, TUHEESLRIRE.
3.3.3 Hg BRBAR R Bt W RE (KT 5T

£ 400 CEAAKKBET, ROMMSERRL 2 atm~3 atm, X{EHR
FERIRRAEHIRB RN . RSB, B a B AR RIBLNERE, #1584
BRHETEHBORE, FIMEREMAEKSRE S, BARMBAEHAEE D,
AR LT R K.

* 3-3 ERMBFHBARSNEA KR He 5%

R+ B
GRS A £ KHI(g) EKE®) Hg # X (g)
1 22073 210.88 9.85
2 ; 222.24 211.65 10.59
3 212.72 201.59 11.13
4 211.53 197.54 13.99
5 222.12 211.86 10.26

KR, RAOGH TAEKSEPERINIIR. 4RNE 33 DER. ATUF
H, EAEKERE, HXT 150 g R, SR4AKM HgBRE 10g A£G, &
K& HE A FBT BEM Hg Bik. BRIEPBROESHA, RE&}
& Hg BRSBTS R R R BAR

R T ERBABSMERBCR A T 25K, 2T IR 25D, I BEHK
ROREIBE L L B FE A SN E AR AR N2, XX TAE KRB AN T
FEEER L.

3.3.4 BER T
BERBASNERE “TRERRR”, —KAELT Keg £6, MAERS,
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=T P ARRRBARSNER BRI &

BRRHE 150g 24, HAFE CdER Hg M2, FIUBRASHER, M
KBS EERES Cd S BERD, CARBIRER, EAIRBEET, BAER
BIHBBOL . MASCENARBTHEAHE, CEEENEEE.

FXEET, BEREREBOURIFTEKKIMNEE . BEREDT: BEE
WA AR, A JFE I EI(10mL HNO3:20mL Hy0:4g KoCroOq) R H AT %
8, HT ZnCdTe /&5 HgCdTe WIS R MER, L6, BLEMETH
WEE, FLIERMEISNERFAE, A 3-17 firs.

(a) BT (SN
B 3-17 ERWBARSNER BHOAR E

Composition

4 6
Depth (um)

& 3-18 B RIBADSNEM ELHT SIMS Pk 45 B
B 3-17 FAfLUEH, ZEEMET, R RME SR EESEEMETE
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P BB TR TR AR % B AL R T

WIRTZED B, EdRE)E, RIEMEIFENINEER, 22NE, HEEE
3um e, XRARLR A ERINIRE T RIBASNEREL .

BAVERL SIMS WK T & RIBAFSNER R Cd 5, B 3-18 FiR.
BRRTLUES, EMRE3 um 2 A, CdANMHEE 0.2 4, EAEREEE,
FEERERINGS pm), Y Cd AR L7, SBULERR R B RBAISNEH
RHOSMNEZ R, it SIMS WA KB K Cd it E P Cd 58, X5
i BME T RE M4 R 5.

B 3-19 A B A KR i B AL AMB S Bl 28 , BT 4 2 2 A R e iR L 2 12,
TRRRINE BRI FEES 54 0.19 F1 2.8 um, 5 30Tl E—3.

| & experimental|
| calculation |

LPETO11

Transmission (%)

20+

10+

0 1 1 e 1 i 1 1 L 1 1 1 i 1 A
500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Wave number ( cm-l)

B 3-19 ERBABSIEARL AL A1B 4T 60 1 2%
HFE S A KREFERRKRRE, FURIMNERBHRIE SE BN,

[ERFEHISNEA KR ERBER /D . I H, MRS, BRRSER
BrRAEZN, SEFRNERBESELEERRNES.

Bl &k As BRINER LR EHERMRFRBE—SHEAT . K
T, ERDN B ERRBAREN £ R B RBARSMNE R FHEIAN TERTRIRA T
EANBASHEN TESH, 2N ERER, BCRETAAERRE
ABAFSMEEK &, B 3-20 AAFTRIMH ERABEFBBASMEE KRS
R

BAERRGEREE A AR, TR 10~15Kg SRR, FRRKIE
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B= P AR AR AR SNEM B H %

JE AR IAR GG SIS bR, AT BERRETR I Hg $ik, BT R
KRZOEHEIREHISN, FOMEEK RGN L3 T KGR L R T
JEW Hg TR Hy IR DR S 2K, ABR M A KIEFR RGERT LA 3 He B4
MERERRRS, TR TIEA Hg IERISMEE 80T LU 1 He 7S it 5% .

H, EHRAR

[

> KEFRRS

77774

R YIEES

10~15 Kg B R BH

3-20 ERAFEHRBMSEEKRRETER

3.4 /855

BB EE KT EK R RBAM B EER SN A e 2 P
RGHEMAER. AEHXAARFEE P EMR, XA T ARKER TR R AR TR
MAEEBAEINE T EEKT Hg AR, Bt HeTe I T He 2541
WK XIT As BRI, ERIBRETHORETY, SNFEMLEKY
MERR T EREITH 400 CIBX UL As BT IBGE, BIMEEELLM He
HASIET 250°CHI N BLB KRR AFAERM Hg 200 FFAKERANESHRT Au
BAMHHER, R Hg MASE TR N 2GR K ERAFZER Hg 247,

AT ERMB KRR, SREPEMBMIEEKOBRRMEEE
BRKGERE, A9EERFOBNYOE, &EEME TREINARRF P
RBIM BB BB 1x10° cm™ ~2x10° cm 2, |

KRR EERAR & RBAINERE R BAT TR R et RAEKT R
R, Wit T/ NERMfAE S REARSME R R S, BRI K T & RS EH
Bl BHTEBTRAMNADNERRR, M Cd BB F BB, SEAEKKS)
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P RUB IR R R O % S R AT

TERBHE, KB HELUOR SR B HR A R T, S LA S IRE T
MRHOGE S RBERES AN 0.2 71 2.8 um. SIMS RASHHRHER 6 )5 FmfE B
THEBRIETHEHE. BTERT He S8R, BRBMHIMEMEESAR
FFAERG WL o

BERBARSMESARLEH% P BB IR BRI S, X3 THi% p -on-n
HEXRMN TR G AR EEER.
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$NE pRIFERRIEMBH R IR

#IE P RRHERIER R B R
AW SIMS. BE/RIA KM L SERIENE T BREUMEINHEES
¥, FFESEAIR TAORH S R ALH R E A LEIET T EIRTE, KRBT BRAA
SNHERF B L 22T R
4.1 {RIREE As BRFFRAMH

4.1.1 RRERURER
Ei4-1 0 R R BRI E 43, E M RIE R, BIAT80K &4,

ERAYCHG. LEENTOK, ERRENE, BHIKR. NE4-1TEH,
EERR(T>150K), WHAFAEHER, AEREIBRNAERTHES
HRL, BERNE/RRBCAA. BEEEAREIK(150~80K), XiTRTRE SR,
HTREER, EETRTEERENIBE, KASEESEM, SUtHNER
RYCHHME. AN, STIETLAS0 KR, HHZXFHRNEFHA, ERRK
fE— e RN A A R BGR R, XR M2 ERR B, =
BEETL445 K, TURABEIERRYTTHEMK, RN ZERFATHT

HE, WOERTFERITERRRES L.

F l 0 T v T
L | P
SN
I i ow
.|
10‘:- : .\
3 H - ./I/._.
! = \ EuE-E I—-./-/
| ]

Hall Coefficient ( cm3/C)
a
\'
- -‘
-]
/\
(o]
=
_

2
&
g

B 4-1 B KERRER B FRBAISNE As BT RHE /R REUSBE NI XR
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P BB IR R AR AR % B MR A

10‘ F T T T T T T M T T T T T v T v T M T T

/.'
oy rna_g—n—8" "

[ .' SAMPLE 1
gm".— ,l’.
f "
= H
Ew‘.— /
ﬂ F
172 ]
2

11 S S T S TR TP TR SR S
0 5 10 15 20 25 30 35 40 45 50

1000/T(1/K)
42 KRR SRS E As BAMEF R B R SR R

Kl4-2 0 AsB 2R AT R B R PEIR R L R th 2 . 4 RKRH, X T &
AFBHES, BTFIBRESERERNXRRREMEL. &R T(>160K), &FAREHR
REC, MARREN TR, mTRIEHERS BRI, S AR,
H T RBUR > B PR & 2 IR, T SEBr 1 B TAREMR X 5 B X %A
B 5, BRI 4 23— shoulder” IR, B M IG(E 218 TR B X ;
IMREI S, BT ERBERBS S EER, AEEEEREHRKTA .

BN EAITTRETe, CANHgHKMHCATe B EHBRHg M LUE, HAK
BTHSHEEENE, XEHHAGEENBSHESHMN, —HE10" em®
KA. TEZERS, T T KNRBERKE, HeEMBLTEMHR, H
B4-17T40, 7EMRIEN, TERERRECHIE, BE—EREVEARERE, X
BB BURE S PR S B BT, BT 2k B O S B AP R Hg CATe M B EE /R 25 R fh 2%
B, XEHERPFTEEMET EHgRER 400 CHBAkFI250 TNEGRE K, HpAs
FRFEaEiE, ST mAZE, RMAPERIBEFEER,
412 As RFHFEREEASR

B ERIHRT A, B PRK, BRIIELRINIRE T AsBAPRIERK S
SEVERE . BRI KB 4 40.23 HEABUER KA 2 & 1 AH S 4T R AR
B(TTKNEE TR RRERRIRIL, S8 AK, BOMENERR
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EE p AR ARSMER R

PO 2UING, HFEFEZ —&FmRBAES EAsB AR 115290 BB (—
Z£10¥em®), EREA(77 KHRE T EFLTFRTFAZENRESSHE, BExbk
ERSHEHTRENE, FEMRERS0 KA BERTRSH N ENRE. T
Gt T IBAMEESO KMERSHE, WE4-3fR.

1E17

——
T=50K
—
« - -
g1E6| -
;’ E ] | -
g . = - =
g L | ™ n - n
§1E15- .
1E14 A 1 1 A 1 L A 1 1 1 i
0 2 4 6 8 10 12 14 16 18 20

Sample Number

4-3 As B¢ 5 FRBR S R 48 7R AR B /R VR BE (S0 K),
B i E /R SEOYIB KHEERTE 50 K RERKRE, HEWAHE, RAHP
R, T REEESSINME, B/RKE ng EE 2K

n, =— 4-1
" R,q

THIRE, HPROAKBRIMERRY, hRTHE,

106 E T T T T T ¥ T v T T v 3
O experimental
105 L calculation n
2t Faoe ]
g 10* E o o S E|
= f 00000 0O i/
g © ]
§ 10° 3 °© (+) 3
& 107 3 .
101 1 1 1 1 1 1 1 1 1
o] 5 10 15 20 25 30 35 40 45 50

1000/T (1/K)

Bl 4-4 As B2 E RBARSMERTR R M BB E R R B A ERIUS LR
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Administrator
矩形


P RUB IR R MR S TR

SR R ERREIE S TR ERE, S4RER, MERZEREN
SRAE 10°°~10"° om™ Z MER KRB NS, MEE—NEY, XEHREK
SHEAMF, EERFRMKERTNAEEKME, HBESRHAFERANE

=)
Fto

BOE I As BB M RER SN, W, BB —EH AR EY
SMEEER AT, MR ERBIZEMEHTUETHE, SRME 4-4 57
w, EFREBAAKRUESR, KA BERHHEER. BRIEUSHER
5EWHIRAHERR, ERRK (<100 K)XFhZEHE R R

ERABAISNER) As BRFHR R B ES BN RERMEESHEHS
MEREBU S H S RO —BUERY, XRMEAEER Hg 2467 P RUAH
HEBRRNXA, FEit, FLESLAENREE— MBI .

4.1.3 FRHY SRR AT

A BRI AR AT TR, BATE BRI R E S RN
I SIHRAT T AT LR B, BRATRANZER BT B RETE
JRIE, ARJEXSMER B E IR S EHAT IR & .

_q‘ ™
-

wae s ¥

a
-
L}
~~
2

m%

= . Sample 1
§ I °© = d=11.17m
E=Rl 3 a o d=8.89 pm
3 ; A d=7.77 pm
§1o'g

100 1 1 1 1 1 I It 1 2
0 5 10 15 20 25 30 3B 4 45 50

1000/T (1/K)

Bl 4-5 As BREFHRRMSERRRATE R EB/R WS R
B 4-5 G T — M ARMHIRAE R, BPRN=4MARRIIERNEREZR
MR ERHE . SRExR, BEE BERREAERENZL. X—
LWIRERY, S MR K, HgCdTe SMEME 2 EIREEN N LSRR
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HNE P RRRRINEM R B EE R

AT KK, HeCdTe SMEFBEA R EE A 10~15 pm, FrEHMERS
HERERSHEEREZUMIAS.

FERRARIMEM R R ER TSP, ZRIKTSZHENHLETE
HIRW, PREERTE/RMBZ BN 0.2%KR PSR MRT, A
—RAE10sZEh, ERIREEREEA 03 um £H, BT ELESBRES#K
B, FTERRKMEEREEFE—ENEE . As BRIMNEMRZERENRY
SUEMREEEREENESINS SRS Al ROZL, #TSHHERSK
IS .

1E18 . . . . . . r 1E18

Sample 2 Sample 2
4 e
Annealed

\ 400°C/10 h+250°C/48h

m
3
e

Before annealing

A Tl

. . , : . E14 . " ; \ " . .
4 6 8 10 12 14 0 2 4 6 8 10 12 14
Depth ( pm) Depth ( pm)

1E1s§-

i/
1E15 f | |

As Concentratio Atoms/cn%)
As Concentration ( Aloms/cm3)

1E14
0

(@ (®
B 4-6 IBKHT (2) SIBKJG (b) As B¢ HeCdTe HABSMER KL SIMS &5

AR HHERTR As BIFERRINER B [ BRI SRR, RATR
M ZRE T G (SIMS)YBART 5 AR R As RFEEA QAT THE, 5
ARREIRERE B, B4-6 AHTHP—HARARNREE, IS
RME— AR EOIRI TR, 1 4-6(a) R KA R BMIEE KRR MR LER,
B 4-6(b) hEHEIR KA EE B LR . SR ER, BKHT As £ ERORAESNE
HgCdTe #1 4 MR BRI, KL 10% em?®, 3FEH YA . 2 EEIBASE,
TEBRBRE 1~2 um KIREP, As FWRIE B, REWREBE 1x10% cm?,
T 2 um REHIRE, As KIRET A 10°em® £ 4.

HBPIERTUE H, EEREEREE S, As RTERERAE R4

MRAET RN, H As BT ASMERTT 8, FBREE As BTREKIEE
Whn. EIMERKS —AFRFSNERFE), As BRTHAAEESTENRZR. As
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P BUB IR SRR ] % e M BT

£ HgCdTe SMEMRLRE & SIS A A TEE B LT R 8, WRESERN
T HBREFAEME TR MERYIE RS, MEALZRT, As FFHH
B T AR . EUERIBTF Y, 22 BUR T kBRI M R E S BUK IR
SRR, W Si MRHOREIRARM, &R A R E B B B E A 7 it
BROVERERT, HENZRFRE REES RO ) EER X%
SEL T WA R AR R R (B, ASZI P AR BIBIANE A K
FEAEK U TR O FR P IHEHE AN 4545, RIEBG AT SR & — T
BRI R, AREEREASES, R Hg Z60 Te SALATEE
ERREHM, BTRKRETRERHN L, HRRKREN Te SAIRES
R, As JRFIX L Te ZRY HIFE MK Asre T EGRIERITTREMERRIFER . 5T
EAMERSH As RFERBERBALEHRARET BUEHHFE—SHR.
4.1.4 B IRRL RES R &R

FRIB K FBERRRBAISMEM B 1) As BRET 2R S50, GRE
AT MR M 2R M0 . ST FIXBEREES SRR, BRTREH
BRI A SR E /RS 4. B SIMS &R A4, As 7F HgCdTe H3RMH
BRWRELE R, TREIAKELBRENBRE. X M RE, RAN
BRI Y AT VR IF R A B RS H I SRR 4R

SRR AR T o RERRH R, HH AR N,

Oy, = Z My e
k

o, = ;qnskusk,

R~ anasn 7. 2
&=;%%m/ﬁ-

o=, + e, 43
Ry =Ry Ly + R (L Loy 44

H¥ o, o, ARENBER, n,, n, AANEBRRNBERT(RTFNZIORE, k
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FE P RRRRAEMB N RENE R

FRRRMRNBRRT(RTREN) . o sy WA BRFFHEBE, g0

KR HPETH-q TN Q do e AHNEERERE. 3% Lou H Frye &
ZH2K AR, REXKETIBREREAE-MEY, TESER, BFT
BRE T4k, B,

T s
= 11 () () 45
U, /to(x)(300)
Hep g T RPL
10000
__ 10990 46
o) = s —1.044
FRIBE 4 A
U
=L 47
=5

RIE A E-2)~@E- 7RI E /RS HM LR th T Hit il E .

EXHB K As 7% HeCdTe Fidh, BIREE MIREA M HHRIKE As
BRE, HXREREMBEEDHA Nas M ds, [REARSHHRERKRE As B2
EHR, RERBMBEREDHIA Nap M(d-ds), FIRHEERE Np ERERAEE
BHEERH, FEAEEFATEIBRSBRFRENRR, FibfRimEd
£, WARBEEMEAZERTIBRNE b LEEFX AN, BLEVWHE
230 b, Nas Nap dsy Np M Ea, FRERERFZLERUS HLWME 4-7 For,
MEBHIK 4-1,

10° ——T T 10°
o experimental
— calculation
ok 1 1t
O 9 SAMPLE 4
s SAMPLE 3 g
3 o
‘g 10°F fg 10°F
Em’- E Em’-
10' i 1 1 1 - i P 1 1 10‘ 1 1 1 1 1 PR B—y 1 1 -
0 5 10 15 2 25 30 35 4 45 5 0 5 10 15 20 25 30 35 40 45
1000/ (1K) 1000/T (1/K)
(a) (b)

K 4-7 BRPENERERZHESEE (1000T) XA
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P MBI R R & R R

B0 fOA KRR, SKER S gk, TUER], RANZERSEM
B, Bielle & 5LREEREF SRR . HERSEHEREINRET
BREREM SIMS WEMBIIN As BRETFIREEL LRVIGH, REEE
EHRESENTEEN, ZEERESmeV £, HEREAZE, 5AsBRRET
TERH) Aste R ERESARMI & . R 4-1 AFFXUEHEEN As BRHERUEGSE.

ERBARA, MR, ERRARSNE HgCdTe BT/ As ¥ HE
WA RTE 1~2 pm Ak, FERL T Bl E(10"5~10" em™) (3R 11 B S5 RIR E (~10°cm”)
HEAE,

N

RA4-1 As BRETBARSNER SRR EHE R REIUEG IRB MRS H

Ea
Number X d (um) ds (um) b Nas (cm's) Nab (cm'3) Np (cm"3)

(meV)
Sample 1 02325  11.17 1.1 190  2x10" 1x10" 5.9x10" 9

Sample3 02294  14.83 125 103 1x107  23x10®  s5x10™ 7.2

Sample4 0.2282  10.08 1.15 136  3x10' 1x10" 5x10™ 7.5

Sample 5 02430  10.25 1 105 63x10"°  2.4x10°  4.8x10% 7.5
Sample 6 0.2251  14.89 1.1 110 33x10"%  1.2x10" 4x10M 8.2
Sample 7 0.2250 13 1.12 280  4x10" 1x10" 52x10" 7.8
10°
o & experimental
10°F —— calculation
)
§104- AM
g G
E10°)
8 d=8.89 um
F1op
101 L 1 1 L 1 1 1 1
0 5 10 15 20 2% 35 40 45 50

30
1000/T (1K)

B 4-8 LMREREN As BRIMEIEZ I A ML
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SENE P RIFRRINEMEHK B R

EH/RHNE, BRUSEESXREE LM E, ERERXMEER
REFBA, XAGERHTHARHANEREIEN . ERINOER D, BRESET
As FIWRELR B, TSR LR EBE A, BRENEEE T it —D Bt

FATEL 0.2%K) Br FEABNHFARMERZN As BRAMBTHARK
ik, WERRRHE RS HCRNE R ARSI,

B 4-8 R B2 RS AR E /R L. Sample 1 23 Br FEEJE 1,
FEE% 8.89 um, B EXHMAHTA, As REEHRZECER, SRFEHTAN
RHMBLIE, EHAZERMHSHNREE RS XRABERETE.
M 4-2 7 50K XS AT W B /RIS R, Kb R AR AR B HIHIE /R
MREER . ATUFE], X As BRI ELE 2 pm B, HBERERS
HEATI N REFIETE, XRWKNREK As SRECE %R,

R42 50K T As BRI IR

Sample 1 Sample 8
11.17 pm 1.48x10" cm 19.08 pm 3.44x10" em™
8.89 pm 1.25x10% cm™ 14.05 pm 2.84x10% cm™
7.77 pm 1.27x10"% ¢cm™ 12.35 ym 2.77x10" em™
6.07 pm 1.21x10" cm™ 10.18 pm 2.56x10" cm?
4.2Au BHERRAHSN ERE R R
4.2.1 Au ERBER PSR

AEE RS K FHAHEERERNDEEK T AuB2RRR BB
AR, Hh Cd A x 7 022~023 4, MEEEE 10~20 pm.

B 4-9 a7 SR AR Au BZEMEHK SIMS WG R, WUEH, W
FOR ERBARSAEM R R RINBAN Au BT, BEEAREENEN, Au BT
T & R R, WRER 107 cm”® FHEE] 10" em™, T 2] SHEE4R I R &b
i, AufIRERZE 107 em™, ATLIEH, Au FERRRAEF SR A5
(), (B4Fr RN As B2 R R .
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P BB IRHERADEH & R AR

1013 E T T r T T T v T M T M 1 T T M
1017 I
1018 :

1015 I

Au Concentration ( cm'3)

1014

1 1 . 1 i 1 I 1 n 1 i

0 2 4 6 8 10 12 14 16

depth ( m)

1013 P | .

K 4-9 B KJG AuBdk HgCdTe B FERARSMEARSMEM KL SIMS 458

Schaake®IZE Cu BFFRR B HOBARSNER B PRI T BN Cu
RTREENRE RANFRN, REZBEES, ERELFEEME, Schaake
WH, BAMEREHTURSTH “BHBE” FHH. Cu RTFERTRME
HEIRESRAL, T SIMS MR R F @ B F R R R 513 T He R,
FeAE R He SEBR S HEAE M) Hg 25467, 48 Cu RFHEBIH . X#4 Cu RFHH
WO FRRMANE], BT Cu[RTHIRY A, 580 Cu RTHIERA
WRREARM R, T R B EHAEN B, ATE R4 R 2 UFEAN
[ KR A\ T 18 3 PRI #a %5 . Schaake X IHHER S, T HRIRAEAY, HIIBTHE T B SIMS
TARRZ RN Cu RFHIRM KA . LR AT LR Au 78 SIMS TR+ i
FHE, R, TR AufE HgCdTe 2 1T 54 G B B L IS0 3
4.2.2 Au BZAPRHNB /R BB

R 445N TERREET Au B ERBAESMERRRA B E /RIS
R, HR43WE, FHEMNERKREYANIE, FEE 10%m® £F, REER
FEET, Au RTFERINZEBRITH, R, AvBRTENREETHER
.
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SENE PR RRINER BN R E R

K 4-3 Au BRRRRIMEM R 77K FERURSH

WS M5 x JEL B (um) B IR (cm™) EIREBE(Cem/V)
LPES1367 0.214 19.1 1.4x10' 416
LPES1368 0.213 15.6 1.77x10" 352
LPES1380  0.216 11.5 3.49x10' 225
LPES1381 0.216 15.4 4.24x10" 189
LPES1388 0.22 12.5 9.92x10" 410
LPES1393 0.216 14.5 1.14x10' 496
LPES1396 0.22 11.8 1.16x10' 615

4.2.3 Au BRAMBHZEE RIUEGHHE

3

Hall Coefficient ( cm/C)
3

2
(=]

1000/T (1/K)

1 L L
20 25 30 3B 40 45 9D

Bl 4-10 B K FREEER B RORARSMNE Au BREEM B E RRPEELXR

RESISTIVITY (OHM-CM)

10?

3
;

3
r

LPES1463

"l 1 1 A L ! 1
5 10 15 20 25

10007 (1K)

L I
30 3B 40 4 50

B 4-11 BXJFTERR B FRARSNE A BB R EEREEEXR
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P BB AR PR B & R AL BT

BB Au BIRMBEMER, NRHRRERBAISNE Au BREAR
AT T 2R E /R . B 4-10 25 Au BIFFER B TRBARSMEA RO 2R E /R
WER. A ENTRMTTUEL, AuBRAMERIE P BM . X9 Au B
TERAZERRT.

10 T
e calcutation
mg10‘ E
8
o
=
é 1™
102

T e T
B 4-12 Au SR E REBARSNERTR R AR R E R AR R BRBIA LR
Bl 4-12 NIEIL Z BRI Au BREERRIVEIS TSR, ERsgh
BT L, THONKREEE . ERAHIREREN 14 meV, ZEIREN
4.5x10% e, HEIRATLUE I, 2 AR SRR RIRET . BB /R #iLk e,
RIRI DR REBIRR T RBIERERUELL. ERAITOSLR S, BT =FMAH
BRAMBKARE /RS R, mE 4-13 s,

He, BIBFIRZ LR As BRATEL THAAR Y AuBZithl, =4
K128 Hg ZRrstel, B EWAHTaTa, As MBUEREE 8 meV &4, SEFRNIR
E—B. THT Au SRR, RITEHRZ RSB INERA 14
meV, HAMEHEFRATEATUF S, EREHS, HERREMRS Hg F0—
B, MNRH AuBRETHEIERS Hg TAMHY, HE3H Hg A KEE
RIERAES, ARET Au MBIERES BFF EHGER Au B RRZERFH
ERAERE.

FHEEWIHEK Au R THE BRI R E TR Au BAAPRIFELER R
) Hg L. AIM ] Mahlein® i\, 7€ Au B24htkleR, BT /EL0IB KRR
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SEME P REFRRINEM BN R R

Sk Hg =467, |3 Hg SMEARERBHRET BERE T, 3T
B Au BRARERU, FEERMZ IR, HERRENOHFEREBRER
e BT He 2267 — R AL B VR RE T B

10 — —
10°F A
19 ] s s o amm
=} N uo® L)
5 & LAC. g
had L}
g 10° 3 an 3
3 f S .
£ f " o As-doping Ipev148¢c
é [ = Au-doping Ipes1463
=k - & \_Hg-doping Ipevi30b
=
T o
10 - | — | I —Ll i ) Y | 1
0 36 40 45 80

PR 2;)000/'215‘)(1/K)
B 4-13 AR P B35 R R MBI E R RELSBEX R
4.3 BRI DR
4.3.1 H&HLH
FoERE T ARRARMEAREIERSIHEREE S, BHE S XSRH
&, XE, BNEE=MEEVHIE IR E SV H R RR B
PR F A R .
4.3.1.1 BEKESHIH
BREREGRIFFHETENHTZRANEEREEVH. TRABRKESERS
W PETREEEL T EEEEEA. X TRERMERY, BT FEREK
AR, HEREESONEEERTES . STNERRRAE, PetersonZ A\V7HE
H, HEEESVEE T SEHK SAuger- 1 EEVEl. Auger-1 B&EREF, B
W TEEZGENT EESE S, NTBA S — RN ARE . 3T
AAT ) Auger- 15 & F @

- E 1+2p E
7 =3.8x10"%2 0 (14 )2 (14 2u)(—E )2 exp(——E £y | EF, [?4-8
A1 °°Inc( B ( LO(kOT) p(H_u koT)l |
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P BB RTRRRAB IR & R AR

B, mg, ml HHFRERRHRS TR TRE, tETHNRRS S
FAMFERM AL, EgiiHassen-Schmit AR, koW B/RKSRH, [FiF
Blochi $5z BR4r, SRt e, (ENHIA S, HE— I H0.1~032 [0,
e, RABRATE IBRHA MM B, B 5 445000,

g, =—12.5x+15.2 4-9
HEAAT Auger- 15 & % AL AR W

2
= Lrim 4-10
(n, +p,)n,

TA]

X FPEIEFHRR B KU, BT Auger- 1 E &HUEIN T/ O FEMEETELM,

Auger-7H EVHEIMIERBAREZIE . Auger-7E &Y, SHHETEES N
WRENREERES, HNBRES/GrHE BB Gr. HEW TR

=—2n"2—1‘A7 4-11

(ny +Py)Ps

Hrng, polyFEIN BT RETURE, T

TA?

T, =y, 4-12
y MER AN STEKOA S RBEAX. Casselman®ILP), *tF4H 5
0.16~0.3 2 &) H& FEFE50~300 KA, HAEAYYE AT AZE0.5~6 Z A1 (E . SERRiTH
T, yREEEANESHmEE.
PAEAATAIG, XTTPRUBIATRLRN, BB &M FOTFHEAMTE 1, 7
KRN

1 1 1

Ta Tar Tar
4312 B EE

BRNESUEMHEHZANERES, FSFHETSMTNZRERE
BE, B RNOEE. MERMET, REadRIESHHFHETEERR
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$NE P RIFFRRINEM R A R R

WREEE, ZREELDCT RS,

ik, BAISIH:
2
=i — 4-14
Gy (n,+p,)

HrpGri4-15 M,
2 a2, My 3 m, my, 300, ., 2
Gy =n; x5.8x107°e " (———) " (I+—+—)—)""(E, +3E, +3.75(k,T)")

m, +m, m, m, T g8

4-15

4.3.1.3 SRH EA4HLH

SRHE &R —MEHER . N THREPRRFEMRE, SAEEHRPE
B KIS, RERF AT B, haN D TRGREERAE
M. BTRERY, —BATREFRIGENREEERERSHFEM. XERER
AR FMREER ARG 0. BHFH T EET 0, FFER>END
TEEEETOLER, WERNOTEZHBRTES, FENEEIOLTERFS
TRARER.

SFPEFHRAM A, SRHE S AT O FHaRER KA.

_ Tyo (D + 1)+ T, (Dy + 1)+ T, N, (14 p, /p)”

4-16
Sk n, +p, + N, (1+p, /p) " (14D, /)"
Hep
Ty = 1 T, = ! 4-17
V,o,N, V,o.N,
n, = N, exp(—) =N, ex (—Eg"E‘) 4-18
1 c p k T pl v p k T

0 0
EtHSRHE & OHEESWHES, NUESRHESFOLKKRE, VnflVpRHE T
RERMHIBIER, o,, o, BT AL THEZHREE.

4.3.1.4 hR D TFHMH
TR AN D7 A5 A A SR AT RSRH=F E &I ZR&EM, B 4-19
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P BB ZRE R AR IR & R RBIR

4-19

b BT, RATESL TR, WET P MRHERMBI D T oA, Kb, &

FBAT IR SMETE 0.21~0.23 2 8], 3 BRI x=0.22, B AWRIE S 1x10% e,

Bloch RBFUHFIF=02, ="/, WEHH 4, K SRH A0, B 4-14a)
Al

o Et=0.5Bg, XT x=0.22 MIRFRRM BRI, Bt 76 77K BE T4 60 meV. 1M
Bl 4-140) T EURZ ERRME RS FEF L, HEBCHNHTR 10 meV, AN
Et=Eg-10meV.

Kl4-14(a) P, RIVBRBEPSRHE & LIIGEHK NEL, HAEAEOmeVEL, X
TRERERE, BN TOFERNEWELEET ESEM. SR, B
FRENEER STEMREBREESIEN, ANZIENEENEN. BE
BREMHE P RE, BTN EMRTE T EROEERFHER, DT
F i ISRHE S HUHIYSE, EFER KR T O HER FIRF . TEbHTH
R B2 FAE AR PR YL, HADFHEMTE ST Baf REEREERTH
&R, ZXRY, HWRHIMREEERRRER, S TFSRUHESEFRBER, #
B />FFdr HSRHE A HLHIS R .

10°
1045-
g [
&
a3 |
10°E
\ P DR | 1 L | | ! 1 1 Lo |
102 3 4 5 6 7 8 9 10 1M 12 13
1000/T (1/K)

(a) Et=0.5Eg (eV)
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S P AR SRR E MR R R

1 T

3
T

g

Lifetime (ns)

&
4

4 5 6 7 8 9 10 1 12 1
1000/T (1K)

-
ﬁﬁ
10’ PR S—t
2 3

(b) E=Eg-0.01 (eV)
El4- 14 FISRHE & 0 /b7 5 dr B AL AL AR 7 3 il 4%
BRTREN T O FRANEWHIFEER. MHRRMELSMRN S — KT
FHEMRBRAFAILX, Xfot, FATHE T RERRMBHESOKK DT Fdr SRR TR
BERIX R,

105:

105;

10* -

10

Lfetime (ns)

102;

10’

10°-

Aaaaal il il n " h
1E15 1E16 1E17

B 4-15 80K KRR A B> T 55 A SRR TR IR R
B4- 19 BEAHIR T HRERE GO T, A4V BERITEEBEHRESD

Ffrt, . BANSRHE A D FHE M 1y MBS THfr, . X, Cd
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P BB IR R TR & B TR AR

M4 73x=0.22, EtFIRERMKMRECH0.5Eght. BFRTLLEH, TR EEHLE,
FEE BRI TFIRE RN, > F A aA R AR, X2 B T BB SR TR,
BRTFE A0 LRMAR BN . T TH BRI RF R R, Hofk
P38 2D 5 iy B AR EE & FISRHE S AL R E » 48N KISREFLH] &5 = F1F
H. X5ZED>FEMIEERRE B,

4.32 BRERIDO TR0

103 L T T T T T T 1§ v 1 11T
—o— As LPEV138a _
—— Au LPES1367| |
——Vy LPEV126d
g
2
107 - f‘v 5
lllll L 1 1 L 1 1

34 5 6 7 6 9 10 1 12 1
1000/T (1/K)
El4-16- KL PRLB Je i8R SR A KD 7 55 A AR IR T 2%

El4-16 5 KIEPRIB R R AR DT R dr BRI A k. R4-403
WEERIEARG S . BFRERIREATTKIRE T ATEERENRE. Bak
NASBIRES, SEELNABRER, BE=MAFIHgT MBI,
R4-4 PRUBIIHRR SR E R

FE i BN ik EIRWKETTK)
LPEV138d As 0.23 5x10" cm™
LPES1367 Au 0.22 1.4x10"% cm
LPEV126d HgZfr 0.23 3.6x10% cm™

HEFTLUEN, BERENFEE, FERTBRAu. AsFFRRMEKD>T
Finm THeZ A B Zp R, RHAEREBIEAEXR, WHgEARERARM A+
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SHNE P RBEGRINEM BB R

TREEERRESEEE ST ONMEM, ATRET HeZ A e i b7 5
fire MAERERRK, EWHAHEH, R ERERES RS HEE XS
A, TIXPIRE S SRS IR ERX, MERENAR, DTETERE
Roass. BPRTIRES, HeZ At RREES.6x10%m”, Zim/hTFIEAMESH R
Feah, FEXE, HeZMME D TFHEGBTIERMEBRER. [LEX, AT
BRI RO TR AHTAAR2-365, ZRBERFIRENTHE LT HES
MM, X—HRESERXTAs. AR DT HRIRERRTIA LR
—HH.
80 KKWPRLB I iRR AR D T s MBI T IR B IR R i E4-17F 7R

T RAASBIE AR, [/ S AHg T B 2R, FEZATENAuBIM
B SLEA80 KT IR THE BN B 6D T v, « X HSOKEE FHEIBTTH

SRHE GHIDT R0 1y » EXE, BREEDOEEHRES0.5Eg.

10°

E \ m As
i [ ]
10° | AN Vg
A
[ 1
= 1l g, :
g I LI ]
= ) ° o
% 102; R ‘ \
10 — :
ol NP PP AN
1E14 1E15 1E16 1E17 1E18
=3
p, (cm’”)

14-17 80 KK R R A KLD T fr SR FIREMR R
HEEWL, 7280 KIEE T, BRMEKDTH aBEEWRE KN REK. %
FTSRHE & OB REH O E M RR S, HADTHaEEBSRHE S,
FEAMEB H (A As)WH D T R A A R T EAA K THeZ ALk, X &
THe= AR IR B R He S Z £ 5 NIRBER TR . X FHeZ frdt kR
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P R BIRERR R & RAEBTR

FIREESR, AFAMEB MR R EBURRPTE D THeR MR X, HBRETE
RN TR PERIR FEARR A W . B RRKE &R ERTES
FrR AR R EEE S HLE.

4.4 /Ng;

FENET BB EESE, B SIMS MR, Z /RN K> arill
R, XNTHRMR RN FET T IR, SERRY:

BERBASNEAE KRB AU EERANRERE. EDWPBAHE As
B Au BRHRRINT P BT HEMER. As TERER E MBAHINEA AR R
RESLIRIRER B2, WBRRTHARA, As ERERTEFEEENR
AN, WERRIMNEMEIFR As BT ERCEIETHIT AET Y,
EREERT BEN 1~2 pm BIREREZ . AMEECREGRE. SKRE Te &
FEREEHER)FH As R REFREY BIEARE—PHE. T IKETHR
EIREH As RTPREDS, FREMBRZERES As RTIREZ A EHH
R, R A RERTE BRI XUE M AR R R AR, XA RIE RS EHI&
SERMIELTX— K. REUELER, HeCdTe SMEMEREE T M As FTIK
FETE 101°~10" om™ ZE, TOAERLA AT H 3850 40 IR IR BE(~10"° em®)As 2%
MEL As BRETRZERRA 7~-8 meV, HERZEBIRIM.

T Au BRAEEITRYN, AuJRTHIRY B B Au 7E SIMS U1K
PRIBARGE M. TIRTIR KK Au BIM A BefAER Hg A FH Au
ZEREE .

MR THZ MBI RYL, As. AvBZM R D FHHE . As. AufERiHE
RPKZEREBIR, BN BB SEFREB IR PRATES S
Pl HeZ AL RERRRMEDSIASRHE &0, BT bTHA.
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FHE P RRRRMEH R ERYN

| S P IRHHTA B R B KR
HE=ZFNTR, RICELHKBT P HBLAMERINEME, FFETHNE
HEERARE T P BAT R S4BT, B TRERRINEM R A B FEN S SIE,
BHEMRSRZREAMFREBOTH, MAHREATURAT RIS, PRBRIT
FRIMEMBE BRI R E KB /RN, ZXFOEHE RRE SRR M,
BT RBR EK T ER SRR  AFH T LR P RRRINEM R R E
BERYM, 4T REE/RBEAEIR, BN R T H &R sratE T
2L BRT MR AR R BEESE, FFRRRMBNRE RS ER TR T #.
5.1 R AP SR U R 4%

Tt T T 10° —
o A
Y k& LPEV147c ”
10'E 3 LPEVI4%
AR R BIDUE R °
b1 l i‘—"—‘/‘,‘/A g L
g 10°E Af““ ;10’ \-\ e
=] _ E
3 4 ;,,; . l.-i"
- [ ]
2 gl 30}
- T - : v v —— . U 1 L A 1, 1 1 1 1 1
0 5 08 2(1) % ]/K?D ® 0 & X 0 0 5 10 15 20 25 0D 3B 40 45 %D
0007T( 1000T (1K)

@) 51 f0p MEERMEERE Rig O

5-1 B/ THEK P AR B E /R LB ERAXER, HHE
5-1(a) A E R RS (B FERAEXHE) R E R iz, B 5-1(b)AhERIBERMEER
Ak 4k . e SE DU ZE R AT, B /R iR B O RALRIL T B P BT AR,
H1/E 5-1(b) AT LA Y, P BAHRL 2 IR F R 2 SR 2 /N F 1000 em®/ Vs, £
1534 BHO A 5y IR TR EHE K.

B 52 B T BRI N BURRRRATEHE R & BER R KR, HMA In
BARFRARMAL . B 5-2(2) W E/RAE(BITH I E)BERERA i, B 5-2(b)
NE/RIBRERET gk, € N BT, dTRETIRETTRTERK
B, BfFRAMEETFHIBERTGEHHERNEER, FUERMNEEEE
W, BT SRAGESHE . AP R LA, N B S it o AT A F X,
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P BUB IR RRABL I 6l & J MRS

BARZ A AR RAAER . EAMEX EIRIRE, BFAESR & ESHH,
i BT T TR S LSS, BRRERIT PR, AR
MR, B/RRBEIN THMS . BERENIE— DRI, SNERTX, dF
In FERFRRAT R P IRZ 22, (RIEMEL, FEARTAHSEAEE, it i 7k
FRFHEE, MRERRECHEE, W 5-2)07R.

10° T T T T T T T T T 10 Tt
LPES1454
5 ok LPES1454 _—
= Add-A Ad—A @ 105 L
§ - £
g 10k 5
3 _ z
E E
S .l g 10
3 .
101 I 1 L 1 1 1 1 i 1 10! lllllllllll
0 5 10 1% 20 25 30 3B 40 45 %0 0 5 10 15 20 25 30 3 40 45 50 5 &
1000/T (1/K) 1000/T (1K)
(@) (b)

B 5-2 LA N BURERRAORRIR R Mgk
T 5-2(b)24 N BRI E/RTBFNRE, ERENER, AEEHESES

P, BT REETSHEEFRREERET, WEMREN R, ERITBERME
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1
f(b)= | —dx 6-7
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-FE. T —aVy
b= cosh[E_r_En_ + _l_ln(_ﬁ)] Ry 6-8
kT 2 't

n

XH, Et AREH LIRS, <, K1, B 425 i

EREWRERMED, ERET, ViR REE KTrERR, Eikr~
ARGBERTIERNRESHA, —REREBETSESEM. FEREEHERS
MR SRH EE& LIRS NE R RE, 5OFHFGEEMX, EMENSH
EFELE, FEFRIEAs. An)BREFHREEEMEM = EE A B,
6.2.1.3 HEREHRR

HEWRRERREEEEAN RN RARET, BTN p XN ER
RREMNY, HEHFAT 0 RE9FH, ERGET pn £/ AR, HERITEAKm
TR,

A C2mEY V) [ n\[m, 22

=-A- ) ex 6-9
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2
R B =[ (Vy - VNG Vs Ny =2
€€, n+p
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P BB AR SRR 2% R M RERRT T

AR BB P TR Z M AR DR BT B AT, W TR AR SRR R
RKERFRRAME, HBEWRERE 0.1eV. EKEMMRE4T, RiERRE
R
6.2.1.4 [ EBEE TR

T TR R BIA R X A A BB B R T L, R EHRR B
B, BRREBFER, RAZARHLER, HRaRafidy!

AN, mM*(V,, - V,) V3EZF(a)
Itat = 3 eXp[_ ] 6-10
h’(E,~E,) 82qPE

X, F(a)=§+sin" (1-2a)+2(1-2a)./a(1-a), a=E,/E, , P A3 BIERTT,

HAE K 8X10%eV » em, 1T (m)M? =1x102eViem®.

m,

BT EEMSRAELASL, BB ERIAT R IR B S R e 25 B R SE A R B i
HRMEERE. BdENENSM, He ZAME D FHEMRIKNERER
BE IR ) Hg LS H 51 3R AER, TIERMEB LR TR As F1 Au
BARZ LY, T RERE BRI WREN.
6.2.1.5 RHE A

SBAHESRES, MWRIREETZEMHEROEW, BARARER
#R. BHEl, REOWAFEQERIY HER. FAEE AR R RERE R,

MRS S50, BEM S W, HBENENSNAT4, RE P
RBRFRBELLFEMB XA REBE As BRTRANZE, B AEERES As
TEREERRA R ¥ 0 . FIF MR RIDE &2 00 P AUBPEL, HIRI b A 34
HEFEN LV Higk. Z2EOMRIUCh: R As RN T HRERE
WEBZ, HERKRET n'/p" 4 b TR E B FRGENRFSBREL pn 45
RE/NT PSR pn 45 BRE, AHS Tl TARE7ER L T — MK s FEL A I BB
IR TR B T L T A A M R

RV E R T RE As BEX B TR TREN 1V thek, 1K
I ERR e R MR EEE R £, bl ZRE SRR Z &N IER
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FNE As. AuBZRATRRBAERAT

i pn &R Z ik,
6.2.2 As. AuBZFHE B HRIE
6.2.2.1 KBTI R

FREF, WRRERMEBAMBEEREOE, BFEAN. ik RELE
K. Bk, WEHEIESTE, HI&7 0 onp BFME. B 5-1 ML
R R ER AR E . B 6-1(b) Roum & Reo 2B FHER G B8R 155
P B LR

R .- |4 Indium
Metal contact OO A
~~~~~~~~ Passivation I
Ry
Vv
p- HgCdTe
Substrate Rstunt pn ?;:'f
(a) (b)
B 6-1n"-on-p (a) LHIREE O)EHHEBEE
T T T T T 8.0x10° — T T T T
1.0 : i : ! oo e
< i Y : i 6.0x10° L 10. 6 1 m @80K
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E 08} i bum @ 4'0’(10'5/1
2 y i LPEVI62d 20x10°F | LEEVIGS
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Wavelength (um) 4
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P RUBIEHRRIPR I HIE R AR R

) : 1.0x10° - r 10°
10 : {2 1o n@sok | 8.0x10° / x\
— | 6.0x10° 410°
\
3 084 f'ﬂ L aox10°f E LPESI00
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g 08 I ¥ L
2 = 20x10°F \.\ {10°
s 04 \ 4.0x10°[ ]
[e] 6 | {
£ 02 -S.Ox106 \_ 12
8.0x10°F ]
0.0 fua, -1.0x10° = = - L 10'
4 6 8 10 12 14 16 04 02 Uo(.s) 0.2 04
Wavelength (um)
@ (b)

6-3 (a) P BUBAKIRHR R G B AR B NN Bk (b) I-V/R-V HiIZk

B 6-2 & 6-3 53R H T 7 80 K T BRSNS R, N IR K
Ao SE SCHEEARBETT [ _EIEME AR 3 50%A40FT RS REik 1, B ef P B35 28 88 0 (0 AH 2
B AAHH 10.6 pm, 12.1pm. H 80 K FE42Htn% 6-2 Fizx.

PR RO IEF pn R IR M. ZERMET, 10.6 pm B ILBKK
BRI BB AP RAR R 725108 1.2x10°Q. 9x107'Q-em?, 12.1pm #R1k
BRI BRBIBRMEN 5.7x10°Q. 4.5x107Q-cm?.

* 6-2 80 K TKERMRBMUNSH

B=
MRS A4 BKQum) Ro(©) RoA(Q-cm?)
' (cmHz"*/W)
LPEV162d 0.228 10.6 1.2x10° 9x10" 3.2x10"
LPES1400  0.219 12.1 5.7x10° 4.5%102 2.1x101

6.2.2.2 KE A ME R THE

KRR, SFEBEERE SIS RE B E KL R MR 4R R .
Xt -V AT SR S RIS 2 3 I0Bh A BB 2R, W 6-2(b) F 6-3(b)
TR, SRR B R Z I FERWERE . MESKEW, oY
Bt LR 2% B, EARRLMT, &8 RAK TSRS E BB BRI,
T 2 R F R LA 1«
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BANE As. AuBZHREIRGRAE

AN B BRIV S AU S .. EUETE, BREIE
5 7 B AP R A RO BEAL T2 0 IUH AR S T, £ AR A
AR T ZRERT KD SERIRRER. TXNT As BRAERE, BTR
HREREERE 1~2 um, SEEKF, SRAQMBEIT T RERELE, H
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SEANE Ase AuBRMEHNRGRIT

p'n Raytheon [Gimore2005]
O p'n Rockwel {Chuh 2004
© pnBAE @BOK [Stobie2004]
4 Seiex [Jones0E}
=
4
@

n'p vHg doping DEFIR

A fp extrirsic doping DEFIR

: p'n DEFIR
1 nfp diff. Ltd. model
| = « = -Ruiel7 [Tennant2008]
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P RAEFNREN, (B2 RA MEEBRENKS. BARRMIERT
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RFEFH RoA.
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i u 4 |
.l.A-Al =
L L] - L] A
R e : —
> = ; o e =
@} | ] - + &
N a X ‘A - & : AAA 7y
& . “, e
: u
A O
g S Y- . !
; : m ]
1 i} L L] L = 1
10 11 12 13 14
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FNE As. AuBZMERRARAE

T T T T
| B EEFESRHER
& ERBRER
FeAERBKSERALR
BAPFRBUSERILR

10" &5

.

11 12 13 14 15 16

Wavelength (um)

B 6-10 AAMEBIER RET L ERRACPFHELER

P

R 6-2 FREB KD SMEFHRN B REIE AT

WRHE HWE IWRER FWE 2 WRER
BcH 256 JG 256 JG
BIL R 46pmx46 pm 46pumx46 pm
gk 12.75 um 12.64 pm
THFsE 8§~12.5 pm 10.5~12.5 pm
B TAERSE 65K 65K
S BRI 2R (cmHz /W) 2.65% 10 439x10"

B 6-10 ABUERACIA 12.5 wm FFHBHRCE A URET RoA 5 EFRKFHIEL
B ETAERELEAGEERA DT HaEKEARKEAURE T, #\WELEAE
ERAMES Hg =M BARE A URE T . T UFEIEFEAEBRE A BIURET
fiF=F2z 6, BRI LMERRAKFREAT .
6.4 /NG

WA B T RIS P RE R E R . AELR T P A ER
BOARSNERTRHRVRF L, R BRI 7K AR F AORE FR UL HBIHEAT T B 247 RARRL I H 5,
FAN T FRMBSLT TR RA RN . 45RETH, As & Au B8R
TRENZERERBERN D TR, A LU RO RS 4 K BR. AT,
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P BB IR R R B2 B M RERT AL

As BRERTMEENAZ R FEOCESBIEAEIIEA, ERM-HIER L% R
As BRFRREEFTIZWE. XT3/ RA MGUHERRYN, BT Hg TALE
FERRM R AR T BAR AR R, R/ T 10.5 um I, XK3%
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BLE BEERE

FLE BES5RE

71 &XBE

RICFRT ARKEFERER P EA RIS &BAR, 45 T ARRSBRR T
JRARAEK A RN . RN & SRR EBORZAT T R, L
5t As BB RBARSME LEME R P BIBIMEERER T T . FERBHL
W

1. RAARFREKTERET P UBERRME, RANTARRKS R
Bl BAKRRE EHRREREIP BBANXESE . S TIERE As B2
kb, B fE4RI 400°C T He WML LSERBART S Te £, KR P
B S e R, 250°C IR K AT LLA LR He 200 413 Au 3 25h0k, SR 250°C
(N A8 KT LU BR #7 7E /) Hg 24

2. BERRAASMERAREKKBRM A EREN&EE, XRD NERFE
IR RIAT ST R 42 i 2R B O 2 1 T (FWHM)FE 30~40 aresec, H4H}HHIRI4E 55 BE /I
F 2x10° em?. EREBABSNERERARA B R BESLIRIREER) As R B2, 40
5P B As BZATRHK SRR, RIFHRRA BT As BRRTFERBE R
BEABTZHhRRRETB M EEENN, APNFEHRIERE, B TR
NEEERME L, $RKY HeCdTe SNEHBRIEFH As BTFREE
10"°~10"® o™ ZE 45, TUAH R P R4 9 3853 43 A B MERIR BE(~10"° em™) As 35241 1
RARBRAATHE RSEUEER S ERBREFENRE, KRBT As B
BRTHIZ RSN 7~8 meV, WRZIBRER.

3. £IBAN Au BEMEER P B FHEER. Au RTFHRT USSR
Au 7E SIMS JRFRIMA IS 5 H0 . X Au BRATER A AR BRI S 1S
RRY, HEERAE 14 meV, 5HF LIRENSERFE—EEE, XEUTE
AR KK Au BEMEAFER Hg ZALFBU . AXT Hg FOARRE,
As. Au BEMEINDFHMRR. As. Au ERHERTFNZERARE, B
RARERE A ERAR BT RM RPN FELZ EVH. He SO Em R
EHPEINT SRHE &0, BT P EMKNDFHa.
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P VB IR R B % R BB

4. Xf As\ AuBZEI55 P BURHR R BEE R S8 L2 F HII R ¥ Sk

T TEW T, FESER PRE T REBNKRE, AEREHB AT P AR
FREPEHR B2 M RS TR TV MR R BLE 2 B P BRI 2HLR B E /R
BMHEE. 2TRE, REZFEREMRORE. 5050 P iEd R 518
HATEL R B SEAT TR, HEmEELR 10°~10" em”®, TIREEF
KT RN T RN EFREBE, BAEN 7X10*em’/Vs. 0.2%H) Br #
EWREZEETTUARERRAFENREE, S REOHEKMRRAE P

R SR
5. MFRRARAS M MRS mIHLEIAT T EIR T RARR TR, AT &
EHESEN TR ERNEM. £REYH, As &k Au B2 EEFRIEKZ
ERH, ERAMREMEIDFHEG, HTHE B0 EE MRS BR. AT,
As BRERH ZERSFEOCHB M RIENL, ERMAHIEN LIEE As B2
APRLREME R . 3T &AM RoA MG RER, He B8 4HT
BRI BRERR, E8IEHK/DT 10.5 um i, B34H RoA t As. AuiBZui!
ROER, EEEERKNEN, FAMEBRESEEERE LBD 22U MR
6. WRMZRT EARBHIEEAR, KRBT BRBAINEEKTERRS
FERTEL. Bt T NRRBAHE S RBAESN RN %, IRIFHSME L S 7E 0.2
A, BEES mAL. BTEET He S BRE, ERBABSEMEELR
AR, AR B RGM 2R P-on—n WEB A 5 F FRE AR H]
BHARRE T EREIE.
7.2 ARERE
AT P BB IMERAR R B R ARSI ER R & R AT TR, 3R18
T—ENER, RM, MAFERE, —EBRARHARSHMTHFRLETE, &
BT

1, IBKE As RFERTM BRI R LB A REEEEM. B

T As ERERRAEERENAER, FEE—DPHR As RFERALEF

HIBEIHLE, X As BT BEBREER S AR.

2. Au BZITRHGIE T EEAEIE. Bl Av SRR B EEKR SN
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FLE RESRE

ERB/NA, BET Au RRTBBRET, EMHNBREEEABRE.
FIMNBKIE Au BRAETFRENFEE Heg B4, HENERHE EENEREE
HRULSE, FHEBEL /BN TREIE.

3 WERRKIRES A RE. R ERRES ARS8 4R ke
FEERYW. BB UNER FIESE T REEXN R R % E RERKE
W, AT, FEAERFBIFEERFRER. X FEAAERRBE RS, &
¥ EREAE WROBIERSR . TELERNRRAEFENRER, FEMRE
HBRRORYMERZW, IOTREOLETZRE TRANEKR. fRFERE
5 RN, EFEE—PRRAPTR.

4 & Hg WMAHSNER) As BT EHETEM 100%BIERIZ L, FIFHERBARSH
JEFREE As BRREIH pron-n WEAN R AL, REEKEMERLIMETF
A RER A BB IR R AR RA BT 5 AR EF AR AR IUR,
FIRAME R RIS 2 H BRI, EMREHISNEAKBRERBRER . FFH,
FEEMERAES, SRR MENTRAERL, SEFRERBMAMETZH
BAKESR. B, BX As BRISENER A EHERRRITIIREL PR
T A BRI RNARERREKRS, TERGTZ ERRERREX
Hg WEHKKFE, IRTERREERTEREREHITENER. X—8A
BERERRANRELR TETERARR.
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