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ABSTRACT

ABSTRACT

The research of infrared focal plane array dewar assembly package technology
is essential for application of infrared detector. With the use of this technology, the
IRFPA detector is assembled into dewar. The problems of package, port of cryogenic
cooler, high accuracy assembly technology of IRFPA and compatibility in space
environment is resolved in the use of IRFPA dewar assembly package technology.

With the development of infrared technology, infrared detector has the
evolution from element to linecar and plane array, from monocolour and single
channel to multicolour and multichannel. The infrared technology has develop at
very fast speed after IRFPA came out. The long linear HgCdTe IRFPA is important
in observation from space to ground, so the research of dewar packaging technology
is an important step in application of long linear IRFPA detector. According to
special requirement of long lincar HgCdTe LWIRFPA dewar assembly package, this
paper illuminates the key point of difficult problem. With the appropriate method
proposed after research, 256x2 pixel HgCdTe LWIRFPA dewar assembly are
manufactured successfully.

In this paper, the 256<2 pixels HgCdTe LWIRFPA dewar assembly is taken for
example. Thermal mismatch stress of long linear HgCdTe infrared focal plane array
in this assembling configuration in dewar is analyzed by finite element method.
Thermal mismatch stress of HgCdTe infrared detector itself with the temperature
from 300K to 65K is analyzed firstly by Ansys finite element analysis software.
Then Thermal mismatch stress of the combined configuration of HgCdTe infrared
detector and dewar cold finger is analyzed. The invar material and kovar material are
selected as the material of dewar cold finger. The impacts of dewar cold finger of
two different materials on the thermal stress of infrared focal plane array are
compared and analyzed. According to the analyzing results, one configuration of
dewar cold finger of invar material is proposed to reduce the thermal mismatch stress
effectively. The 1500um thickness dewar cold finger of invar material is applied to
the dewar assembly, and pass the test. The reliability of long linear HgCdTe infrared
focal plane array is improved obviously.

In this paper, the 256 =2 pixels HgCdTe LWIRFPA dewar assembly is taken for

I



ABSTRACT

example. The method of the stray light suppression in infrared focal plane array
dewar is studied through the method of configuration design and surface treatment
technics. In configuration design aspect, the configuration optimization of cold
shield with vanes is proposed to minimize the stray radiation getting to the detector.
The original cylindrical cold shield without vane, the cold shield with one vane and
the cold shield with two vanes are designed. The effects of three configurations of
cold shield on stray light suppression was simulated, compared and analyzed by
using the TracePro software, and the advantage of cold shield with vanes over cold
shield without vanes is proved. The cold shield with vanes is much better than the
cold shield without vane in the effect on stray light suppression. The cold shield with
one vane has the similar effect on stray light suppression with the cold shield with
two vanes. The cold shield with two vanes is more weighty, and more complex to
machining than the cold shield with one vane. So the cold shield with one vane is

chosen.

Key Words: package technology, dewar assembly, HgCdTe LWIRFPA, stray light,

thermal mismatch stress
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Pk T3 M LR T AR AR P A A Akl B, BN 14.8mm. 1T
AWM EEATUREE SR NERREFEROEETEAZTER/Y. EF
ENBEEREFERAEET T AW T:

S—D\/% (3.4)

KA

S AVESATEER, PAL mm; D ATHEAE, BUE 13.8mm; K A £54)5F
MERE B{E025; PADKAE, H1.013x10°Pa; [o] A LMELEET
WVFRMN ), ReRHE 2, (o] BUE 492.5MPa.

AEZHARARNEZIHFE ARG HH, AR LA EEE A 0.099mm.
ZBAERIR T LIE, 33wk, S0 SR SMEEESEHT 7TIKEN T
HIRT R RARRIT B, BV KB R A 1.5mm, XA EE F Az 216
E S AR £ P 5 NP N o= T
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35 HEEABMEATit

T HEARAR R 1 THT BRI A5 M 5 [ 2R M 2 (B R E AR £ 1 T A s
ARSI R B A A5 M, SRS IFE AR R R &, R)E
Pttt i ot B reE G L R (R B B ) £ F i LRI E IR M R e 0
AR 1 26 FH B A 0 1 D AR PR, S R 05 B AR T R AR KT 5 F AT PCB
ARSI AR, M LRREEFalEE g R,

3.6 HEEX R HERARRE ST

TS AL AME P AR 5 S G EE o, R R Bl
L8 277, RRRBBEE AR e, WIngam T 2R . PR
AN TR R, Wbkl — Bk s . RIELERIT AT E s
NEER, BWHRGFH PR SRSEGHERE N 0.8mm, EIRHH
13.8mm>2mm, EEH 0.4mm, WIHEHCBEXHEAQR .

ExR

e nilsfcil

EXAE

)

E 3.7 i RIEEE T
2 MERR AR, DENANAE 2 MMESRTESFEER. 1B
R B e ss, A A wE 3.7 s

3.7 LRSI RIRRR T

I REM LA FOR By, AT 5 4R A AR R SN, R
FHEME T AL FIEME RTINS (1) S 9| 23 B 20 0
AR, Q) 1EAM LA EH &8, NS LA SR W IR 5 5 SE LR
%, HASRERGREMHMRGEE, A4 T E SR PR I T s
FTZMBELRSERIRE, MM ERALL A ERSRMEZERS: 3) %
EE e w5 IEeE 2 R oG4 B R PR AR AR R ALAC -
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2% 3.3 JUAH WL R RT PR B Pl R R B U
s fdil IR R 2
AR A (10°K1)
4329 5.60
4331 7.54
4733 6.94
4734 7.90

Hai, bEEHOHMREEEFEERE MRS, RIRHEED
P&, &EEBENAA R, w5 R SR B A kL 4h 55 B R0
IREz, fE3R 3.3 A T LA E eI A R R ERC R ATLUEH, MR
4129 B 5E ik R A X LA R AT R R A, T S 95 BILED, 1M 95 BRIH
UEFE K 8.0x10° TorrlV (s-em®), 4G Esk, WMk RIIE 4129 5 95 EiAT
PE%5 | S S MR T | 2RI e 4 .

3.8 R ELY WS BRI

T AHREIIERIZRE, B TA RS FE. % slEt AmE
AL, HamyefLR ST 12.3mmx14mm, FRAETE 2 ERHHGEE R 2.15mm. %
e ERMEE SRS N 1.96mm. A FIFHN ¢l2.8mm FL, WERE
FRmPEE SR EEES N 19.5mm.

{fEALFLA SRk vt A, BATERE T AR A e R, Bl —&
PGB A . E PRI A L R B i R T . IR AR R R T
A E RIS IROLE, BREXA T E2MEANEA, BRI REHT EEE
SR T e

Ot R AR R E N 0.2mm FUMT{R AR, B E T
BOGIRERIER:, A ERA G REAT I PR EAE TE. A5 AMR TR A
s TE LIRS, WRECR AW BE LA RO Aot g %
TSR FH 8% AR T2 LA 25 Bt . 1 v St PR AN YA IR i R/ 0 o o 2 2 1
EEA AL E.

3.9 st RS HIER R REIT

WA R RT BHENERRAN, 2ENBEEETERES TSN
M MMEERE, TURFEESETESNETE, FEXSTHEZLER. B
TR RMAR, WASF—Br 7 AR IR B P, ZRER S
BT TEREERB&BSE, MARE NGBS ASESAETESRNN
KM, FLLAME O &SP IANSRERIT I FTRL, AR IR AR S,

ERSFIMEMNY, ZEZF A Bl i, &8 ST172/LH1/4-7/200
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RARZERR A RSt h, R R a8 OB R B R A
ShEI AR, AL L AT ROSGT FE ER E,  HRRRR BSCE R T N E

3.10 HEIILET

MELAM 5128 T S0 AR (R B AL MR P R 85 5, Ao B
PHTH, HERMREEEMEM LRSS EE. 2558 E PR ILE T
EBOR— (1.1.3.2), AN, FEAMWG X =T 277 F, RITHEA
T 2H e R J s 77 5

SRR R R WR . S HRBMU NS, dHE N, 3R 3.4 T
T8 H BTG SRR B 2 s B R ATF 2 S AR HL

% 3.4 H A3 SRR

- s A I G AR R
(10°Q-m) [W/(m-K)]
4 10.6 71.6
i 1.52 276.29
4 0.99 414.10
& 1.35 311.42
) 0.97 441.59
= 3.66 118.52
b 48.21 17.83
A% 44 17.64
4 5.21 103.28

MF 3.4 PRILEH, R, . SFENHHESAET DN, 2 FEEE
MR, ERES RS, FlEREE, MRJIMMERSHRAIURA, bty
ML R BE SR A LB I L 51 2 2 P gE, Bl S TSR 2545
SHIEERNT 2 BIBRIRTIR T, MNREEM FHABERIA . BA1EH
52 N EAE 20um. KRG omm BIPE %2, JFRMRIM 52k TEBAT .

311 £ EWAS WA\t

@IS &EEZA L B Ao fif b e W E BRI FEA, EF
FHf S F P G S R RN E K.

HRiE HENEL M E ORI E . 6. Ak, . WA, GifbsE. M
{RBE. BEXT A AT TR 45 8-12.5um % BRI G2 v 28k, T Db elak
AR e1Tmm, BEEA 2mm, HENEEEZIH—4 e13mm fL, 7E ¢l4mm i
N EERmE I TEARISIENE, VAR S FHRZARE C/Au. MR F
4129 & EBIE I AR R BN E O MRS te iR, BTLUEH 4129 1B 0 & DiE4t
£l BRI R, BORMEMSORSTA o15mm, & O FRIS &M
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FCEFINC IR A 21 S0 &P TR FL 2B P SR A 7

PE A 21.52mm.

OB S FEEEEER QB L, FAEERE - RRERZEHESTIR
¥, BTCUERZE A SORER KRB BRI E T & D5 ERIRE. ey
& O RMER A AR S, EFE O WERAES SR ETEE T ZR &
TERE, RAZERMAEAER, TR TEE, RIS aOINEE
O ERPEERE A R, KRR RIEAERERW AT LIE LT i
OME SRS SFERRIMNER. §05%F DBERGRFRERA LA
TSR F IR —, ESRERERFEELT 10" Torr s .

3.12 LRI BT

BENFEERBA TH LR FaMEy R, R TH LR,
HHRORAE LR EIFRE — e rY I 8], D8 Skt fu B T B 1] UM 220 26
FEFEAD, —RERELREMLTI0" Torr- Vs, FH T AREME, AEEME,

RESENEEARNEFEEE.
FEFET 3
o i
Rei 5
B 2y
1
L HEN 1
RE
s B2l
6
1
D

B 3.8 HILHEEERE SRR

e EH R FEA B AR, DA E TR PN — S8R T Z,
TR — W B — TGP B R EINEE T Z. RSP 25 K3
8 f R T Z R 3.8 Fim: (DBOLEE, HREEREE-FRAESR
PROCER, BT RS, BT S, BT
FAHCFEOLIE: QeRIEE, SIS AR, IS 2 6] B R
8B Gy BMIE, MAMEEE O SE QB2 e KIEESK AR @R
REHE, & OR5HFRE2ENERXRRRESTE;, ookl £
HUSRHERERATA RS (OHHE, WAAFHRER S TAMNE R EERYIE
RS (MBS, PN A 5518 B B FER AR

FRa.
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3.13 HE KRS S RERFFHHT

F LR A b R LM RIS TN RS R EENEEL
—. EAELRRISERE , SOREMMT | RETTRA. PR S R A
AR, MR IERRERZ AR, rLUEsANERAEZEN
TR0 At LR 2 i — TR B KSR

3.13.1 R RIS AT

B 3.9 Bt AN S A IRTIR

M 3.9 FElLLEH, B IEFNREEEAE. (DER: EIE
T, FURERET BRI RS, A LA E AR T
AR, KRR, A URFS R A B2 M LR E A ar =20,
FEAE SRR L 2 UM S R IR SR = T AR R 1R 107, Hol 4t
LR B T LR ATy (F RUMEIE: AL LA SR mEE A il
7 B TH AN AR SRR TR THER, — &AL
=B, BSRRBIRNEALTLRIANE £, AT BEd i ishsg, &EMN
LB ERRLOR. XA ORI, TEFEESE O FEEM SR
B R T SEETRAIHLEFFar e 20, —Bos TRi R, Hig
FEFERFTES, HRBERSEZI0Y Torr-Vs &7, BERSENEFH
FAFEATAE ST RCOR M, WTLAERS AN QYRR X TIENRE TZ0R
B, ATLURAF SR IR AR E KT 10" Torr- Vs , SREMFLETHFGHENR; (4)
MRS ARIOR IR R I AR AR 2R N EE ERY IR BTSSR SRR R
BRI, AR AR 2R EZNRRERTY, A ZE 40
o A MR IR =0T A BL LA A i R

AR N 22 2 B (A RO LR B S P R A, ZEAL BLRE 2R, — e 50°C
Ft BLBEAT — 2B (RIS RS, IR AT 2, AT LAE R SR (R B4 4R A
. RN OE R SR IR R I R
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g =%‘j (3.5)

P g RREAHAMEZEEES T t SBERRRBCEE, B
Torr-l/ (s-em®); g, AHEE: t AHETHIEIE], AN o AEETHEPE
TEHL

TEAL LS, REAEETSTOME FZHELEH., &0, FEAITE
PRE, RIS G —RE SR TRER D, MAZEERAR. HT &
PR IR AR TR R TTIAE R, AT SE AL, M E DR = A EARAR LA,
7195 B, PRI A AV . ML A ERA PERE FE T B s 42 L SRR
HILEMBEL R TIH A G ENEES P RENTRWE 3.5 Fior

7 3.5 AL FLAPELE IR T IR IROE R AT L AR Bk AR

. BEXRE

Ep FEA: [ Torr- 1/ (s-em?*)] i (omd)
1h 25h
3%? HE 1.9x107 6x1071° 6.91
95 & wWO, F= A4 R 1.0x10°% | 8x10°® (20n) 8.07
%iﬁ IR 2.7x10°¢ | 6x107 (20h) 458
# FE
AV | SR ¥k, AhSE. BIERIR, 5 10
. 2.2x10 2x10 175.67
4 FeIf . B OHES ) )

14 AR G3.5), FIE RFIAE A MR, BT AL
SR g, (A o (5, IV BIRILHRBE R AL B, WK 3.6 B

# 3.6 AL PR R R M B AR R

MBEEBH | o s g Hei

L
% * [ Torr-1/ (s-cm®) ]

TAM | 1.9x10° [ 0358 | 1.9x10° .7

95 % 1.0x107% | 0.843 1.0x 105 . ¢ 084

HEMIE | 27x10° [ 0.502 | 2.7x107 .40

ABW | 22x10° [0.745 | 22x107° 407

B FTRLE A R A I (R B AR L 2R I 3.10 Bios, MR ATLLEE, B
SRR TR R PR AR, BT E O T A BRI EUR e B
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THEBELABWE =N REY, mHRERRAMAAXE, FEO, A ®
AR IR E M 52 E A USUR

1E-5
1E-6
1E-7
1E-8

1E-94

SAEZE (Torr. 1/5)

g
m

HEFOM #0747
mom

i a0 o0 10000
R B ()

B 3.10 AL LA KL 5 IR AR WO - A (8] ih 2k

3.13.2 H R EZHRIF T
MAT LI R R, AT — BV BRI SR B AR -
Qo =S+ [ gt (3.6

X SATAIRHI RS WERR, O, AR TR ZIEE 1
Zt BT S R B, BAAT R Torr-1 . AT BL P &4 A AR TR 0 0 6 L B
BRERAMRNBARE.6) F, 7] LI 51T 215 PR R S 2 B ) Y 2
%, £ 37 P T ML AR E R, AL LA SR A R SR B RE T [R]
xR BEAL RN AR AR RS, HE DM RBE RS EE Q
SRR, ESMEESRBSEFEA LA ES EFE 0.1Pa , AL
PUZEAREL 100ml, BRS-FPRLBEUS B 3) ik 7.5006 x107° Torr- 1 FFE MR 8], 4%
RETESEEK MY, EAMEDO 11 /E, H%W%%ﬂ%ﬁmli 4
15x10* Ry AHEN1.8x10° K. Bt iR, Wit LB = G ar A sl AR =,
HRE AR E TR, ERRE.

3.7 ALY B AR BRI RS B - B[R] R R

R 2 g, ik S i
i 4 §%ﬁ MWQ’%E‘E o5 TR AQ
" [ Torr-1/ (s-cm”) ] (em?) (Torr-1) (Torr-1)
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7 o4
&, —1'5:; 31:) 6.91 | 2.05x1078 .22 | 2.05x107% - (1°%* =1 7%
4
953 1.0x107° E
o I:T .07 | 5.14x107 - | 5.14x10° (" 1My
H
= -6
%\L 2.7;320 0.25 136 %107 . 04¢ 1.36%10°° .(r0.498 _t00.493)
W ¢
il
A a5
"% 2.2ro>.<7}50 175.67 | 1.52x107° %% | 1.52x107° - (¢*¥° —¢*%%)
M
0.01
—e— T RAIEO
e T
1E-3 N Eﬁiﬁﬁﬁ]
3q | o maEpE

1E-4

1E-5

FERLA A BAET T S B (Torr. 1)

0 - s Eﬁ?;’f)ﬁf%z;;ﬂ'l‘ﬁl (h) - -
3,01 4 TALT 0205 1B 0 6 AR 1) 2%

BETLANFEZESG, AR SRR U Q IR ¢ B HAL 0
B30, MNEHAT LA, HAUR S AB KT R KRB0 . TR AR
E. FHEL 41, AGER. A AR OB, T G RRAR
UM ECEE . BT P I R R A (R B iy
AR B 0-500h X F) R 2645 1 FHE R, THRBIETH SRR T 7
B, AR TV BIRE EIP, EERORARAL T A Ak, TR
B R, B TR ORI R RN . B, AT
BBIRIIG . ATEHAT 5 I BB UL A DY, B
HEAUG B L P R B B DR DA O T K # EL AL
ISR, IEHATHE, S T DL RER IR i K, T BH
SR TR, PRI A f I (R
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250

| =fEEzE|

0 5 m£Mﬁ%%a : ”
Bl 3.12 M LB ey 5 EH AU A B9 R 2k

LRSI E, AR HadbAT ¢, A E R B AR, CARFRR AL I N &
MERRE BRSNS E, REEHFSEAQ WK 3.7 . DIAWEEERM
FLEZ EFFH) 0.1Pa SRt HE A LB E o 5w, AL LA AR 100ml, BLET A 44K
B ERE 7.5006x107° Torr-1 T ZLRYEFH),  H5F IR A AR 9B g <
B ETHEMORWS R A, & OMEER R LA, LR
ZEEA. HOMRER, JUBRMRLOETHaSE S EERSR R 1)
KAWE3.12 Pis. MERTLUES, AL FOHAT 20 REE S EEH A IF#
Tz, HTPALRREMAR SRR, MILHETE A E] 0.1Pa T4 240
Rt B EFEHA.

AR HIT RS, BAOTA ML E S0 RIE LR EES:
(X & MRZFHHFNESETRRFGEES, HEEZREEKT
10" Torr-Vs s (AL ELEABIII G, SALILHATESE ST 50°CEEERS 20 K
Q)TEAL LN EI % dE 7 2 MR, 7 RAFEAL B 2 B A FL i 0, 4R
AL ETE, e LR ERENE T FaiE.

3.13.3 BAAIMERAN L EZE N

A FL A 22 2 B R AR R AT DL R AE AR A A BT A AR, KA e
PESAR T S BER E A B 204 0.936%, 5t 15 TR A AT AR ROk BL P &R 99%
RIS, FEMES G LA HRS AR WA LA RS, EEtLES S
e

W SN AEA BESE TS BN EA R, THTEEE X2 FIEH, Fril
B R IERERSFN TAEESEINERE T . AN BB EET R %
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s KE TR R AL ME M LA R RA T

AR FEES AR H0, AR ST172 RHEZE A RS FIFEFE MUY A
e SE R, R H20. CO. COyy N2 H1 O W SR R AFARAL, M 1E 200°C
B3 HoO BYWSF, BT BL ST172 R M SIRE M 202 200°C, BT 4F
A 1.5A.

MHTTH B2 M ] URIIE, AL BL A SR B TR == AT PL 2 A e Y
FEREZE., CHLEST SOCHEHS 20 RIFATREF, WASFH R BRAL
FL AR AR O, BIMER SIAH R 2 50%, AL ET Haytia] LA
HMEL.

3.14 L ERYASHT

MRS MR AL PRV E S8 o, AL BB RO R BRI, ML
Bt FEEHAAZ: (D HREALHHRER, SitEEREERRE; (2) #HHE
WAL R SRR SR e BN TARRE 5 B0 ZoK, (EALFLAH A at
T8 ML SRV TR BRI 3 A F R A 75 22 AR IR MBS 2

3141 HERH#HRER
BB ENN:
O =m| Car
e Q AMIRIEE T ST, BT AR TR R B BB m R R

& (Kg): C MBI LLH (J/Kg-K ) ToMERIEEM (K); T, NEZRE (K).
* 3.8 AN A ZHAAHERIEE

THRRE | me | veEE | #oaE

T L
CdTdgeA ) () (K) 6
7%k ESREN 239 2.24 65 125.8
HAR BER 590 0.82 65 113.7
B S R i 703 1.44 65 237.9
B i 590 0.4 65 55.5
B AN 409 4.84 182.5 361.3
3t T 4% 352 3 100 190.1
Bt 1084.3

FEALTUEE S MEAT RS, HILEE, ¥k FER. O ZHE
AN 6 FRERE A T, Sh7. & O RE DR 5|85 A RIF I
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IR EAA . R L E B R T BN, Wk, 2R, SR BB
A R S AT SR B IE T R B R IR E N HRAE R, FEIRE N
300K, BRAhFE. & O R&E Do &I E0NERE . Ak, B Bh KBRS
PHNEE N 65K. R THEE N 182.5K, LMK THREE N 120K, *
3.8 AT FL A & A AR B 300K R PHRE BRI AR

3.14.2 B B

FEFLER A DU e . I IR BB SRR IR R 4
R EHRA SR AMRN A S RS R, R AT EE
MRPGER, —BAKRT 100mW. MRdefiE LA ES B RER, ALt
A e o0 BT m B S HER, PN B RS E A 10° Pa, K
B TAER KN S EAE— BT 1.0x107Pa, ST HIEE b, AL

(HFfLF IR A

P FRAERHILOERESRA, SRR SRA. & T LS
Sl mARIEE b, TE RN IRG M, R SRE I —fiREhE
THEA, —HRENET AN,

Q—K%AT (3.7)

A K AMBEATELEGEN M FEH/EER, A AREFIH, L Ak
EERHEKE, ATHMEFEMEE . EALEEHE, SHMF MR
e RN e — PR Bk HuE B REGE N, W ST ENLGERE (URTEE 1,
F i d AR/ R AT, SRR N T IRRAL LU SRR E

RS HAA SRR NENNTPHRERN12ZW/ (m-K), #ESIHE A
H76.58x10°m*, PUESKEL H716x107m, EEEAT H 235K, RAAR
(3.7) 13 BIA L HAE R A 259 mW .

FlEHE S HEe2B FHSHRERTLeW/ (mK), #EZHERA R
3.14x10""m?, #ESEEL H6x10°m, EEZEATH 235K, RALREB.T)
BEMLERF| & PESRACH 0.88mW, B T3HH 44 1154, HE3I&HE
SR HA 38.7TmW.

g FRTIR ., MILAHE SRR 297.7mW, H A SR H 259mW,
5| £EIR 4 38.7mw.

(2) R AL

EARARALFEHRNBOERANN 2 —, AT B LEELLRER
B, OFE. ST WSk, WBRE. VR RN R OB S ] DL SR Rk R R R 45 4
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K2R P IR R R D b T A LR (3 BT R 5T

AAF a2 A TR siEd,. ENEMRAEZECRE: R NETEE
EEET. WO AR FENRES . E§OME OEAEASFEA LR LR
SRS =057
A EFARML BRI AR R A
E, -E,
=&, 1 L=,
g4 AF, &4,

AT ERSRMEEENEBENZSIE, mMAWEE, =cT, Hfo
KBRS FEHS.6710° W/ m*KY)y T ABEE: s ARNRE: AAR
MRIHER, F, 2R 4 3 FH 4, AR

AhFE A EEXT AT EE AT R R FE Ak R R A AR & 3.13 frow, 1R Y

0= (3.8)

i

Fy=1, ﬁz
A,

WY [

E TR AR LA oA,

_CAT =T
Q_W (3.9)

& &

HAp 4 =294x107m*, T,=300K, T, A5 FHEE, T,=1825K,
£=£,=004, r=T1mm, r,=188mm, RAARB.9) WitE NI AN
OHERENEHREA 34 2mW.

\
\k_:_)/’

] 3.13 < [R)HhIE A AY
& CME BRIV R B4R ST i AZE R AR E 3.13 i,
WAE Bk AR, H 4,=148x107m*, T,=300K, T, HARTFHEE,
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3 256x2 JURFERACLT AR P A BRI K Bl A AL A Ak

7,=130K. &=¢,=004, r=119mm, »=17mm, FLALREB.9) i+EH
& CiE N BEXHA F ARSI E 8 15.7TmW.

3.14 [FHhEFARR]
& OME g R BT A RS G LRE RS 5404 EHhE S A 4
B 3.14 Fim, AT, R 21

Flzzl{X— /X2—4(&)2} (3.10)
2 R

A
2
R=1, r=l, x-1+125%
h h R

XNARERENESN: B EREAFLWKRET, »=12mm,
r=15mm, h=3mm, RALKGI0)HHE £, =091, RETFRHe =5, = 0.04,
A =324x10"m", 4, =7.07x10"m", ,=195K, 7,=300K, fRALZG3.8) A
LAV H & QA E QIEX A R EREAESIERCA 3.39mwW.

AL EREAAES: r =11.T7mm, r,=548mm, h=203mm, A
HBF,=0131, R FRe -5 =004, 4-43x10"m*, 4,=-943x10"m",
T =80K, T,=300K, fRALT3.8) AL EHETOMEQEHANE F&
MERERICN 1.39mW. FrLL, & DR D P BER A A e i E 22 m
AR 4.78mW,

Zr b prid, FERFARSTR SRS 54.68mW, H AT R EERT A (4R
SR 34.2mW, & DB A EEXT A B MIE AR SRR 15.7mW, & OME 8
PR ¥ B AN B AR T (AR SR A 4.78mW .

MEAEHFSE, HETFEHFI 20K, £ OLETEAEE10°Pa,
HRENETEDWMANT107 Pa . FEX AR EEFEMARIITEN0T



s KE TR R AL ME M LA R RA T

% 3.9 BT
F 3.9 FEME AR
NS PO R B
297.7mW g A 54.68mW 352.38mW
3.14.3 H LT ERA R AL R
1 2 1 T SE I SR ST BR AL B Sk, IS B F R SR AT R

VAZR I Rl LA B By & B . SRR SR ERRE A 7 R T R e i 30
KEERSEEHN B FRER . FRARME IR L RIRE R IR AMER T B R EA
Rz E AR, SRR S MERALTT, Mil4 R & 3.10.
R 3.10 5 AL LI A A S R g
s 1 2 3 4 5

SR (mW) | 351 | 359 349 355 353

Hig izl (mW) 352.38
%= -0.4% | 1.88% | -0.96% | 0.74% | 0.18%

MR 3.10 PRI RO RAT AL, 5 ML FAF & 0520 # 0 2
ZEREFERN, XEEREFREOLRIREME LA MEERGERN, W
ML LB R TR BT 2 AL PSR HE KT HIRESE . M 5 M BLAE i B SE 5 7 2
5t A5 208 B R R 22 78 2% LAPY, IEAFIGTE 1 B TRTER M A #4014 i
HHE R AR EESE,

3.15 BE/MG

REANH T HKER 25652 FEtRR AP RAL ILAAFEI AL, BUR &k
TR S v R L2k, P BRI AT T E e, R A
ANSYS A FEIT/ SR i AT T R34 . % 2562 TR 41 /0ME T H:
LEF RSN, UWETALA SRR SE, HRE Tk
17 20 REGYEFPEHS AT S F, £MEHRSHINERT, LLHET
rarseEE] 240 REA A . A 256<2 JURERAR A AME P AL FLAY & Fhifs Huaf AT T
At FEATRAELEN, EEES TAZEMRES, HEEES R
R, R AR AT TR E
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4 256x2 JUTHHR AR 4 AMEF AL FLA RO 36 R B DR
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