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Electro—thermal Feedback Effects on the Signal
in a Pulse Voltage Biased u—bolometer Focal Plane Array
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Abstract - In this paper, the analytical models for the electrothermal feedback of a u-bolometer focal plane array(FPA)
are proposed and applied to the conceptually designed FPA to investigate the electrothermal feedback effect on bolometer
FPA signal. The temperature and resistance change of the p—bolometer by the electrothermal feedback(ETF) model are
increased upto 20 and 357 % of those of no feedback case, respectively, while those by the effective thermal
conductance(ETC) model increased 85 and 15.1 %. The integration current and output voltage of a CTIA used as an
column amplifier of FPA are also increased upto 41.6 and 32.4 % by the ETF model, while increased upto 17.2 and 13.5
% by the ETC model. The proposed models give more accurate temperature change, accordingly larger signal than no
feedback considering case. Electrothermal feedback effect should be considered to design a high performance and high

density u-bolometer FPA. The proposed models are very useful to investigate the transient

thermal analysis, also

considered to be useful to predict the responsivity and dynamic range of y—bolometer FPAs.
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for this study
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Table 2 The summary of effects by applying the feedback
models to the p-bolometer FPA of this study

Temperature chamge (K)
S
|

] ] = ool LA ETF ETC o
- ] 2 H5HAT) K | 83186 | 9.9789 | 9.0230
s o EES 00% | 200% | 85%
Time (ms) & 2HH 3HAR) Q | 15820 | 21465 | 18215
) e 00% | 857% | 15.1%
(@ EERE UA | 146 | 207 .71
e 00% | 416% | 17.2%
170 T - =28 2HVou) V | 40713 | 53922 | 4.6654
EEE] 00% | 324% | 135%
160 g SHSEHE 20, BT
a e mV/K| 1800 | 19.14 1842 |50
= e 0.0% 6.3% 3.7%
e 1504 =« i
% EEEEZ 7] 44 g=wdgAel M RUZRE EZu|E
i ’ AFAs e Azkel o FEAonz Iy 19 AREED
Fxstd Ay dxe HRAFE 0 FHAYE TF 5
BT 65 1 Ak 19 3ele AR AFet FHALE wolw ATk o
Time (ms) Gl B 5 glE Al 4h9 wEy auke 4R
(b) o g7k Ay 9H Heug wesd 2 e
o2 szl; A xst3 93 o c‘>_§l, ;;j_a_ﬂ';ﬂo]_o oL
28 2 museolN ZHEMY BRoleel BEws@s L oo PR AL oE VR ARl S
X 56 3Hp) wASHA Srbskal dtke Aolvh I AR dF WEkol
L e resta) o e o WEsn Qge 2 4 glew ol wlolojazt QrhE:
ig. e temperature change(@) and the resistance o Az aate] Aato] 155 Kooz A9 At w4

change(b) of an active p-bolometer

exwstel o@ AFURE 1Y 29 BN BRE > - 7
itk W74 wWaEe LA, ETF, ETC Zeolx 27t =w @ge
30.82, 36.46, 33.22 kQo] Hr}. o]E AL YAlel o3t A ETF, ETC Edo|A z}Z} 41.6 %, 17.2 %7}

Held E 2914 3%01 Zd71 RS

e

2 =9

gk 254 k¥ vlast wpojo] ol o7k A s} Agte 47 324%, 135% Z7hetgieh 24y 191 3ok
o=

52

_%
neeA 9 Aesh vas

o

-1 =4
o 2 Aol FrlEth AVEH J=EUS uweA] ¥ A A 2Apeh Fm AAGe] fTE HA8 g
B-oF Aol wEe 1ﬂ‘c“>}?i ETF¢} ETC 2o ¢ e agstd, ol W F 7S ojvlsty, 1Yk
g Anst 7b7h 18379 7.8 % U wo] Wttt vug 9 M 2w e AAdAMe 7] 94 dEw g9E 1
sto] wistgkal wakgS E 20 Aelskinh dEHow A gatolopet Fado]l wpz of7le] Stk 25m I A A =
71-44 =g agsty xwsks 1A §e A¢ e gaE nEshA ¥e A AA AFART T 30%
o Wate] 85~20% 7T}, o o e AgtelAd xstE 5 SlE&E ®Holu Yk F
a9 204 A7 44 g=9 gaE ne @ upojojx <l WAl A AR A7) dF dEw e 2w wd
7b Eekel 2mWstE #RE 5 ole ARE AFEa 9l el &2 ¥ 9l(dynamic range)& &stA A Ssh=d &
th ol d ARE fFRLaWMoRE wie oW Azl 4 2 F dss Bola gth

olo|=22 220/ EXH sfdolM HMI|-LH m=8 FHaol MFo ojxEs g 1889



T ad 3004 Huwmd A A A el Aol 2 R Adste E9E A¥E 235 a9 40l Ui
oJEatn olE &&dto] o|EF SHEE FET F & ok 9 4ellA SHEE AMES #F T 5 ATk 71e7U)
Atk 2 AFNA AATE A7EA =y Ao A F Al Bel BFoll A fARsHAl ®olE Aolth. ApAlE] whEE
rds AHgsd 38 54 (extended blackbody)el 3% HY 20, 35 TY F HelA 2 ARE 7Fo2 7]87]
=5 EAE F Stk BE #gE 5AY $HE A2 % ZA9 $9EE IR LA, ETF, ETC 249 A%
AR 2Eo] P (scene)S AW widel Sigste =1 ol A 747} 180, 19.1, 184 mV/K & & & Utk & ==
A FA487] wolth B FAHeEE 23 wd vE 29 el veys A7) A9 23 SHE
EE AAC] Fd3 229 &7 SAES vgEA st = A= A8 FFS vAA Feve Helth o] dul= YAt
A wjdel 943 dAEFol dHHAE 21S vtE] F Aol o gk AW sk= npojo] 2 Ql7bel] &3 M7 dF
= glojth. o] FAE 24 oY FA koA AAld Q1 Few g Ae FFE wA denan 3 5 9l
Z exo] g =8 Yo 71LE FLEHH HeEEs A} A1 WA B A7) 4 = AL offsetol
T F Ao 2 AFE MAY o)5de A FEFE MAA FEru

=3 4
T T 6 2 AT AAGE F Rde] ApolH e WA ZAF WU
1 of o M7l GF o] og EwRste] Aol
z, . UA =g AAF, v=de] qlg A4 Wste] ETF &
o . A3k ETC ZhollA 7t7k 200 %9 85 %= AF3 2o
3, o welt}, o] ol 191 AWHW ETF wdel 2 (D&
g L3 S5 FuA AeF HHe BRuEd zbEE Aol o
g stk Mg aAT< 102 Aol $E ETC 29
) o 4 (12 #EF fi aaT< 102 WS A3}
-3 . . 0 Sk webA = 2 Fo Ao g F A sl e
1080 e e o wHle ETC wdloldha 47 4 9o
ime (ms,
AR, A7) 44 =y g Z2VEH A7
37 3 YuMEjolM Z2E CTIA 3E7(9 MEXF & & LEWMEE o A4 WAL B2 o T4 = o
N HAEY G 2 GFE vAY o] SelE AY FFe
Fig. 3 The integration current and output voltage of a n %)% et}
column CTIA at quasi-steady-state
6 ——Vo_LA ) j 4. 4 =
—e—Vo_ETF
—A—Vo_ETC
51 / ] lojaz EZ=2vE 2 wjdelAd veue A7 43
s e #Age F 7AiM mRdS AAEL ol FE
3 sto] W7 @A vEw fgol W MG Az AL
] _/./-/'/'/. 1 JFge ATk A7 44 vew Gie B2y &
Ao 2x=WstE o A WIAA 4 ASE oS 2
5 HEs AFger JFS MAH, ojs AL FAd 2
2 30 40 50 FEFE A o]Fel= A S WAA de=th
Extended blackbody temperature (°C) 7]]@@94; ’274]%1 5_(_71\—:]1?1 Hﬂoéoﬂ @7] Oéz_"l TJ—]E‘Q,J @_}E}
8 4 M7 28 med neg 235 FXe v EA o F RdS HE3 Ay fuw g3E uyA g 7
= &y ¢} vwsted ETF 292 2% wW3lel Agwsir 7hz)
Fig. 4 The voltage outputs of blackbody response 20 %%t 357 % S/ EIA, ETC 2 &+ 85%¢ 151 %
simulation utilizing electro-thermal feedback models S7heke AL 4 = U o2 Q¥ CTIAY HEARF
of this study & ETF, ETC 2elA 77t 416 %, 17.2 %7} 7eka
=9 AgS 47 324%, 135% F7HES & 7 o 1Y

AT AAG R Jal AL HdS HARskE W L B2V =W g dAde d7494 a3E =
He e g3t gle 499 LA BRddAs 9 A9 Al agste]of e & 5 U
Aol gk AgWstFE 4 ()9 ReollA, ETF EdoA & E Ao AAE s 2l gx S B2
2 @A E=rH AR Al GAb Hodd o W T 2% sfAe o} fF&siA #8E 5 i, wWiFE
3 nyslFd o =3 ETC EdoAe 2] (13)e= of e Bzug 2HEd mde JAEHNZZ ZAs
YAE Ao d o] WAl FRow e oA A SHEE EAtE AHEE & don ERulE AW )
EE Aune 84 SA9 257 45CTE to 42 Aol 2o FA2EY FAHAE AFstedr €849 & Avk
o o] gAste] SALEE 20014 45C7HA 5C HE e

1890



References

[1] Chuan Li, C. J. Han, and G. Skidmore, "Overview of
DRS uncooled VOx infrared detector development”,
Optical engineering 50(6), 061017 2011.

[2] J.L. Tissot, S. Tinnes, A. Durand, C. Minassian, P.
Robert, M. Vilainm and J.J. Yon, "High performance
uncooled amorphous silicone video graphics array
and extended graphics array infrared forcal plane
arrays with 17-um pixel pitch”, Optical engineering
50(6), 061006 2011.

[3] R. Breiter, T. Ihle, J.C. Wendler, H. Lutz, S.
Rutzinger, T. Schallenberg, K. C. Hofmann and J.
Ziegler, "Size weight, and power reduction of
mercury  cadmium  telluride infrared  detector
modules”, Optical engineering 50(6), 061010 2011.

[4] C. Li, G. Skidmore, and C. Han, "Uncooled VOx
Infrared sensor development and application”, Proc.
of SPIE 8012, pp 80121N-1-8, 2011.

[5] D. Murphy, M. Ray, J. Wyles, C. Hewitt, R. Wyles,
E. Gordon, K. Almada, T. Sessler, S. Baur, D. Van
Lue and S. Black, "640 x 512 17 um Microbolometer
FPA and Sensor Development”, Proc. of SPIE 6542,
pp. 654217-1-10, 2007.

[6] P. Ericsson, A.C. Fisher, F. Fosberg, N. Roxhed, B.
Samel, S. Savage, G. Stemme, S. Wissmar, O.
Oeberg, F. Niklaus, "Towards 17 um pitch
heterogeneously integrated Si/Ge quantum well
bolometer FPAs"”, Proc. of SPIE 8012, pp 801212-1-9,
2011.

[7] F. Niklaus, C. Jansson, A. Decharat, ]J. Kallhammer,
H. Pettersson and G. Stemme, "Uncooled Infrared
Bolometer Arrays Operating in a Low to Medium
Vacuum  Atmosphere: Performance Model and
Tradeoffs”, Proc. of SPIE 6542, pp. 65421M-1-12,
2007.

[8] M. Tepegoz, F. Civitchi, and T. Akin, "An optimum
reference detector design for uncooled microbolometer
FPAs", Proc. of SPIE 6940, pp 694028-1-8, 2008.

[9] A. Oguz, M. Tepegoz and T. Akin, "A Bias Heating
Cancellation ~ Method  for
Microbolometer Detectors”, Proc. of SPIE 7298, pp
7298G-1-8, 2009.

[10] W. Parrish, J. Woolaway, "Improvements in uncooled

Resistive Uncooled

systems using bias equalization”, Proc. of SPIE 3698,
pp 748-755, 1999.

[11] E. L. Dereniak and G. D. Boreman, Infrared
Detectors and Systems, Wiley, New York, pp.
395-414, 1996.

[12] D. Murphy, W. Radford, M. Ray, S. Propst, A
Kennedy, J. Kojiro, J. Woolaway, K. Soch, R. Coda,
G. Lung, E. Moody, D. Gleichman, and S. Baur,
"320x 240 silicon microbolometer uncooled IRFPAs

olo|Z22 =220/8 E=HW vidolM M7|-ZH m=w sito] alFol o] %

Trans. KIEE. Vol. 61, No. 12, DEC, 2012

with on—chip offset correction”, Proc. of SPIE Vol
2746, pp. 82-92, 1996.

[13] SM. Park, "Analyses of temperature change of a
u-bolometer in Focal Plane Array with CTIA bias
cancellation circuit”, Trans. KIEE. Vol. 60, No. 12, pp.
2311-2317, 2011.

[14] CH. Hwang, D.H. Woo, Y.S. Lee, and H.C. Lee,
"Readout integrated circuit for microbolometer with
an analog non-uniformity correction”, Proc. of SPIE
5987, pp 59870P-1-8, 2005.

[15] D. Jakonis, C. Svensson, C. Jansson "Readout
architectures for wuncooled IR detector arrays”
Sensors and Actuators 84, pp. 220-229, 2000.

[16] C. Minassian, J.L. Tissot, M. Vilainm, O. Legras, S.
Tinnes, B. Fieque, JM. Chiappa and P. Robert,
"Uncooled amophous silicon TEC-less 1/4 VGA
IRFPA with 25 um pixel-pitch for high volume
applications”, Proc. of SPIE 6940, pp 6940P-1-8,
2008.

[17] Latika Becker, "Influence of IR sensor technology
on the military and civil defense”, Proc. SPIE 6127,
61270S 2006; doi:10.1117/12.640529.

A A A2 A

g & ot (4 B &)
1960 5¢ 2094, 19849 ghkd)
g £, 1986 5 dighd S (2
19974 KAIST 7] 31 dxe sty &
(9FAb),  1987~2008.10 =rv)a}sh
200811 ~8A ZA T =
3 Hws paReR Aeld
EIEERINES
Tel : 041-540-9682
Fax : 041-540-9548
E-mail : smanpark@hoseo.edu

S e

o

B e

4 3

jai J?L'r

e N
Ny

N

B & 2 (% & IF)
19733 69 1494, 1996 z# ujsha
A718e 3 54, 19989 F tEY wlo]
ARZWAY &R EHAHAD, 20061
T Ut AVFEH A0, dA
AW FH7IEATL TuF A
#ok MEMS/NEMS, A58 A4 .
Tel : 041-540-9573
Fax @ 041-540-9578
E-mail : sohan@hoseo.edu

A g 1891




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


