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Introduction
- == = DBeIeHue

e Microhotplate (MHP) structures are subject of a four year
NRC/industry/university collaborative research project
MHC = Mukpo-HarpeartesnbHble CTPYKTYpbl SBNSAKOTCSA
OObLEKTOM YEThLIPEXITETHEN,

- W NRC/INDUSTRY/UNIVERSITY, coBMecTHOM Hay4HO-

nccrnegoBaTenbCckon pabdoThbl

e Fabricated using a CMOS process
3rotaBnmBatoTcsl € ncnonb3oBaHmem npouecca CMOS

o Typical size: 200x200x5 um
TunnyHein pasmep: 200x200x5 MUKPOH

e Operating temperature is around 500°C
OnepaunoHHas Temneparypa - okorno 500° C
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Array of MHP structures
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Background
- «=» w» 11OCTAHOBKA 32/1a4YM

e [wo designs considered; Mark 1 and Mark 2
PaccmoTtpeHbl ase KoHcTpyKkuum : MHC 1 n MHC 2

- w e Temperature on target surface to be within 10 °C.
Temnepartypa uenesou noBepxHocTn He Bblwe 10 °C

e Temperature in surrounding silicon should not be too hot
as it will damage signal processing circuitry
TemMmnepaTypa KpeMHUS He OOMKHA HapyLUaTb
NPOXOXXAEHME cuUrHana




Background
- «=» w» 11OCTAHOBKA 32/1a4YM

e EXxperimental work on local temperature distribution
difficult, due to micro-geometry, variable optical properties
MuKpo-pasmepbl YCNOXHAT 3KCNEPUMEHTDI

e Therefore embarked on a program of numerical heat
transfer analysis
[ToaTOMY, paCCMOTPEH YNCIIEHHBLIN aHanus
Tennonepenayn

» o Software used: PHOENICS multi-block body fitted
-d B coordinates and Cartesian grids both considered
[Mporpamma: PHOENICS, mHorobnokosbie BFC u
[lekapToBble CETKU




ers of mark 1 design
caoa MHC 1
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Heat conduction
Temonepexaua

Convection and radiation are negligible. Problem is a
conduction heat transfer problem with variable properties
KoHBekuns n nsnyyeHne manbl. 3agada
TENSI0NPOBOAHOCTN C NEePEMEHHbLIMN CBOMCTBaAMM.

NB: The source term was assumed to be
a constant volumetric term,

cTouHUK NnpeanonaraeTcs NOCTOSAHHbIM B eAUHULE
obbema,



Thermal conductivity
o w» » 1CINIONIPOBOAHOCTH

A variations from layer to layer:
N3meHeHuUA L no cnosam:

e Harmonic averaging used.
R — CpegHerapmoHndeckoe ocpeHeHue

A variations within layer:
U3meHeHus L B cnoe

Large scale structures handled as above with multiple
values of A.

KpynHble CTPYKTYpPbI, KaK BbILLE , C NEPEMEHHbLIMU A.




al conductivity
OIPOBOHOCTH

e Fine scale structures handled using an effective value
Menkue, yepes apdekTUBHbIE BENUYNHDBI, KaK B

e approach often used in heat transfer in porous m
NOPUCTLIX cpeaax




hing and boundary conditions

eTKa 1 | paHUYHBbIC YCJI0BUS

Multi-block body-fitted
grid
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Cartes
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Use of marker to identify different materials
Ucnojab30BaHuE MapKepa, YTOObI
JNeHI M(PUIMPOBATH PA3JIMUYHbIC MATCPHAJIbI
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Experimental work
- w» = JKCICPUMEHTAJbHAA padorTa

Power Supply MHP die Microscope objective
- Hcrounnk MHC ¢opma O0beKTHB MUKPOCKOIIA
MUTAHUS
N
a8 N a Infra-red detector
= [I\\ ( R ) _ HHdpakpacHblii
\ﬁx\\\ | //,,/ N P
- ™ — )/ O IETEKTOP
— DIP package naker

Black body emission at A=875 nm of Mark 1 prototype
measured. Calibration achieved with a larger constant-¢
sample, probed with a thermocouple. Imaging resolution:
50 mm

N3mepeHOo nanydeHne abCcositoTHO YEPHOro Tena rnpu
A=875 nm gns npotuna MHC 1 KanubpoBka
TepmMonapamMmn 4OCTUrHyTa ans obpasua ¢ 0osbLUNM- €
PaspelueHmne: 50 mm




Comparison with experimental data
CpaBHeHMe C IKCIIePUMEHTAJIbHbIMU

ow oo w» JAHHBIMHA 200 | o =
z Ezbermeugy] qugy /
& AMUGLICY] SUY[A2re ]
f N ®
o0 l/ o
Numerical data: ~ /
- YuCIIeHHBIE PACYETHI: 152 m ..
U=1.71-1.76x103W/m2’C * /
Experimental data: 1 ./
OKCIEPUMEHTAIbHBIC IAaHHBIE:
U=1.81-1.89x10°W/m?'C e
30 S 10 12

6% difference: Quite reasonable Consideringﬁi(rllﬁg%ing
resolution only 50 um for a 250x250 um sample

Paznuuune 6 %: Becbma npuemianMoe , oToOpaXkaroiiee perieHmue
ToJ1bKO 50 um st 250x250 um obpasia




Temperature distribution:Mark 1
- == » lemneparypa: MHC 1

Temperature field MHP mark 1 design




Temperature distribution:Mark 2
- w= » lemMneparypa: MHC 2

Temperature field MHP mark 2 design




Target area: Mark 1
- == = lLlegeBas o0gacTto: MHC 1

Target area

Termperature fidd MHP mark 1 design




Target area: Mark 2
- == = lLlegeBas o0gacTto: MHC 2

Target area

Temperature field MHP mark 2 design
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Comments
o w» = KOMMEHTAPUMU

Mark 1 temperature distribution varies from 223°C to a
maximum 463°C at the centre of target. The mean value
predicted by the program is 388°C for Q=34mW
Temneparypa ansg MHC 1 nexut B npegenax ot 223°C go
mMakcumyma 463°C B ueHTpe. CpeaHAasa pacynTaHHas
Temnepartypa - 388°C ana Q=34mW.

Mark 2 temperature is a minimum of 315 °C, a maximum of
430°C with a mean value of 403°C. However most of the
deviation is confined to 4 ‘hot spots’ away from the central
target area (between the platinum contacts). It is much
better design overall.

Temnepatypa ansg MHC 2 nmeet muHumym 315 °C,
makcumym 430°C n cpeaHee 403°C.



Comments
- = KOMMEHTApUMU

OaHako, MakcumarbHOE OTKITOHEHWE OrpaHNYeHo 4-m4
'TOPAYMMU TOYKaMKN' ganeko OT LieHTparibHOW LieneBou
obnacTtn. 3To ny4lee CXEMHOE peLUEHNE CTPYKTYpPHbI
MHC.

e There does not appear to be much risk of damage to the

surrounding circuitry, the substrate is always at near
ambient temperatures, due to the high conductivity of
silicon and the insulating properties of air.
Puck noBpeXxgeHua okpyxarLlen uenu HeEBESUK,
TemnepaTtypa cybcTtparTa Bceraa Okono TemMmneparypbl.
OKpYy>KalLlen cpeabl n3-3a BbICOKOW TEMNMOMNPOBOAHOCTb

' KPEMHUSA U N30NTNPYIOLLINX CBONCTB BO34yXa.




Electrical conduction
- wn @ | JJIEKTPUYECKAA NPOBOAUMOCTH

e lested premise that the source term per unit volume is
constant, by computing S using
HcTouynuk, S, mpearoaraeTcs NOCTOSHHBIM B €AUHHUIIE 00ObeMa
N paCdUTBIBACTC

The voltage distribution, ¢, in the heater is solved using
Laplace’s equation

Harmpsixenue, ¢, B HarpeBareye paCuUuThIBAETCS 10 YPABHEHUIO
Jlanjaca




cal conduction
TPUIECKAA NMPOBOJIUMOCTD

MHP 1 MHC 1

/ S not constant

’
\ / S constant

Voltage, ¢
Hanpsizxenue

Source term, S
HcTounuk
npeamnoJjgaraerc




Electrical conduction
- o w  JJEKTPUUYCCKAA NMPOBOANMMOCTH

Non-linear voltage
due to area changes

MHP 2 MHC 1

Source term, S,
HUcTounuk
npeamnoJjaraercs




Discussion
Oo0cyxaenue

For the Mark 1 design the potential gradient is linear over
most of the heater and the source term is consistent with
the presumed constant value

Ona MHC 1 rpagneHT noteHumana fIMHEEH Ha DonbLUEN
YaCcTW Harpesartens , YTO corfiacyeTcq C.
NpeanonoXXeHNEM O MOCTOAHCTBE UCTOYHUKA.

In the bends however, grad ¢ is closely/widely spaced at
convex/concave boundaries and there are large local
variations in S, from 90% less to 170% greater than the
presumed values.

B crnbax, ogHako, grad ¢ HenuHeeH OKOJo rpaHuL 1
NCTOYHUK, S, HA 90% meHbLue n Ha 170% GonbLue, Yem
npegnonaraemMble 3Ha4YEHUS.



For the Mark 2 design the potential also varies due to
changes in the cross-sectional area

Ona MHC 2 noteHuunan Takke naMmeHsieTcqa ns-3a
N3MEHEHUN cevyeHns




Conclusions
- an w | SAKIIOYCHUSA

e A 3-D thermal analysis and design tool was developed to
calculate temperature distributions in MHP structures
Pa3But 3-MepHbIN aHanma n MHCTPYMEHT ANA pacyeTa
Temnepatypbl B KpemMHueBbix MUKpo-HarpeBaTenbHbIX

- - CTpyKkTypax

e EXxperimental data agree to within 6% of the present
calculations
JKCrnepuMeHTarnbHble JaHHbIE COrnacyrTCa C pacHeToM B
npenenax 6%.

e Analysis showed that the heater source term is constant
only in straight zones of constant width
AHanma rnokasar, YTO UCTOYHUK B HarpesaTtene NoCcToAHEeH
TOJIbKO B MPAMbIX 30HaX NMOCTOAHHOW. TOSILLUUHbI




clusions
AKJIIOYCHUSA

e Future work will incorporate the non-linear source term into
the heat transfer
’ byayuiaa paboTta paccMoOTpUT BKIKOYEHNE HENTMHENHOIO
MCTOYHWUKOBOIO YJfieHa B pacyeT. Tennonepenayu

N O

e Thermally-induced stress analysis calculations will also be
performed
ByayT BbINONMHEHbLI TaKKe N pacyeTbl TEPMUYECKNX
HaNPAXXeHNU
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