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Equivalent circuit model of the substrate-free focal plane array based
on the optical readout uncooled infrared imaging system
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Abstract: Thermal characteristics of new substrate-free FPA ( focal plane array) with full hollow supporting frame struc-
ture are very different from that of traditional substrate FPA. The thermal analysis model which based on temperature-
constant substrate assumption is not efficient any more. Therefore, an equivalent circuit model was presented to analyze
the thermal response characteristics of substrate-free FPA with electrics and holistic approach. According to this model,
the thermal characteristics of substrate-free FPA under non-vacuum environment were analyzed. The result shows that,
the substrate-free FPA has excellent infrared imaging performances under atmospheric pressure, while its NETD ( noise
equivalent temperature difference) is just increased several times than in the vacuum environment.

Key words: uncooled infrared imaging; equivalent circuit model; electrics and holistic approach; optical readout; focal
plane array
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Fig. 1  Schematic illustration of the single element of
the substrate-free FPA
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Fig. 2 Schematic illustration of the packaged substrate-
free FPA
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Fig. 3 Thermal resistance distribution of the substrate-
free FPA when it’ s single element was radiated under the
non-vacuum environment
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Fig. 4 Equivalent circuit model of the substrate-free FPA
when it’ s single element is radiated under the non-vacuum
environment
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Fig. 5 Equivalent circuit model of the substrate-free FPA
when the central M x M area are radiated under the non-vacu-
um environment( Shown in the lower left corner)

2.3.1 RESHES

BRARGASLIMESREE R Aq, K M* 422K
BEHBRRPTHOI AR 18, AT Qe FIHE
ZRER B MCIATE Qrttrame TR N -

Quesr =M+ Aq( A, +4,,) ,(4)

Quitame =M = Aq * Ay, ,(5)
A Aoy T Agme 73 51 FPA BRI SEAR
F T AR 2R A THI AR, Ay, 0 FPA BSROR A0 55 B
AR RRERZ .

Ryt (BB ST HAPE) 0 M* MR R BT
rabsorb,rad5 rleg.rad#ﬂ%)ﬁ‘ %%§ﬁﬁ%mm,RMleg\RMfrme
Gl RMframe,radmlJﬁ%u% M MREBRITTH rleg\rframe%u
T pame a3 TR S5 BB A I TF



5 9 B ITHHE RIS LSRRG T FPA % 4 297

1

R = ,(6
Meff,rad 4M20_2 713 ( )
1 nL, nl,
R - — leg leg , 7
e 2M2 [ kSiNxASiNx + kAuAAu ¥ KSiNxASiNx] ( )
1
R - (8
Mfame, nad 8M2 O-A frame € SiNx 7?) ( )
L, In(N/M)
RMframe = 81}‘: l A ’ (9)
SiNx**SiNx, frame
AP
E = (Aabsorb + Aleg/z) ( € 8iNx + € pu ) + Aleg‘gSiNx
,(10)

o i Stefan-Boltzman % % (5. 67 x 10® W - m? -
K*) 3Ty R R BTCIRIRIREE 0 RO B [ 47
B Ly R Ly 73 5 R R R R BT K B 5
Esine~F pu \ASiNx\AAu\SSiNxxé‘Auﬁi}'E'Jjg SiN, 1 Au 3X P4
R R S S 2R G, B T AR A2 AN Ol R L
Asing rame W HE SR BRI ER.
2.3.2 ©=EHE

ToHLIR FPA s SR A RB K 6, =k, e
Ao/ d. K b, N SIPAE T REG A, X REER
SRR s d ARG PR R R B (A SCh R
2 mm).

He FPA s M x M AR R ITHCH — K, &
5 HESE s S AARH RMframe,air;Fu%':&Aﬁgé/—:{Amm Ry aix

AT H, 4TS R
d
Rytame,ic =57 2y ’
Mframe, air 2 kairM 2Aﬁame , ( )
d
R ir = o
Meff, air 2 k ( )

M2(Aabsorb + Aleg)
XA RGE D, B[S FHRIEZE
L7 JS P i TR FPA. o IR A BR 11 , i 75 X 25 KM
P FRB kBT EIE™
ktir B /\'th ¥ /\I:Pd ,(13)
X, A, AL IR h s S PUE T R, FIR (300
K) FHAEH 0.0263 W/Km; A, ARG, =
SV B AR R TR RZE RER X2 S uE
SEBHATBIENRE T, iR (300 K) THER
1.793 m/sK;p Az SRR,

air

2.3.3 AEBMPREEHEAS
H BRI E 1 5 AR s B AT R A 2RI F
RMair,abs-frame = RMleg ’ ( 14)
1 1 7!
R air,abs-sub — ( + ) ’ 15
Mair, abs-sub Rytetiraa  Ruiett,air (15)

1 1
RMair,ﬁame-sub = ( R + R

Mframe

b ! )1 .(16)

Mframe ,air

Mframe ,rad

I R REREFRLE S, ATLUIER, 4
N x N R R FEF B TCELK FPA ZEH.0 Mx MR R X
I SZ PR G BRI B, AT YR A AT Rk N

(1 +B) Ryuir rame-sub + Rair,abs-frame

Ry, abs-srame + Rair, srame-sub + Rair, abs-sub
RMair,abs»suszApixelAq ,(17)
Hrp A = Ao, + Aoy + Agrae » G R BT R
TR

AT, =

), PR H g
H - ATc - RMair,abs»sub [ ( 1 +B) RMair,frame-sub + RMair,ahs-frame ]
ATs RMair,abs»frame + RMair,frame-sub + RMair,ahs-sub
A atem dL
pixel
- 18
4 F2 de ’ ( )

Hep,r OEERGAINEL R (7=0.9) ,6 HBER
BITTHILL NI R R (o5, =0.8) , F NLSNEFIH)
BUEFLAR(F =0.8) ,dL/dT, Sy BAK AL IR BE 58 5
(300 K Bf7E 8 ~ 14 um BB HE 4 0.63 W - m”
<K' st

EREATR

C _ RMair, abs-frame + RMair,frame-sub + RMair,abs—sub
total = R

Mair, abs-sub. (| +B) Ryt srame-sub +RMair,abs—frame] »(19)
KA, B = Qutrame” Quietr = Asrame” (Apoors + Aieg) 5 HEE
HOTHESR AR S AR A Z LA

3 ERESHT
VR SN, A Au(RPRES SN 1) Bt
HIVE T FEF /N R 240 x 240,18 Z TR ~F R 50 x

50 pm® B TEHLIR FPA, k2 B34 IR A A&l 6 BT
w, B A B AR B R BT SH.

&1 SiN, 1 Au ByE4 TR Bk
Table 1 The thermophysical properties of SiN, and Au

EHRN WEY  BRER ASRRY ?g’fﬁ W

e 13kgm™> E/GPa Wem '.K! 1(;‘_61(_1 Jkg LK
SiN, 0.8 2.40 180 5.5 0.8 691
Au 0.01 19.3 73 296 14.2 129

B (18) . (19) AITH5AR, 25 FPA Hul» 5 x5 R ERKX
WEZABEHE, RENFRERT G, 5 AL
R HES BEE SRR ERIE 7 .

F L 8 /R A, 24 B 28 e 25 S 3 A 107 Pa
EFHE 10° Pa B, RS BT Gk 0.59 x
10° W/K FFFZE 0.62 x 10° W/K, G L3R



398 a5 =KW ¥ER

2%

Bl 6 RICRH 50 x50 wm® HTCENR FPA % &
R

Fig. 6 Optical microscope image of the substrate-free
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Fig. 7 Total thermal conductivity G, and thermal conver-
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