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Pe3tome: y cmammi onucano yucenbHO-aHANIMUYHULL MEMOO aHANIZY MEeMNepamypHux noie MIKpoereKmpOHHUX
NPUCMpOis, 8USOMOBNIEHUX 30 MEXHONO0LIEI0 BCTNAHOBNIEHHS AKMUBHOIO CIMOPOHOIO HA HCOPCMKI 8us00uU. Posensioaemuvca
npobnema 3MeHWeHHs. 4acy Npoyeoypu MeMnepamypHo2o auanizy MIKpoeieKmponHozo npucmpoio. Ilpobrema €
AKMYanbHOoI0, OCKIIbKU 3a0aya 3a0e3neuenHst HeOOXIOH020 MEMNEPAMYPHO20 DENCUMY (QYHKYIOHYBAHHS NPUCTPOIO
PO38’A3yEMbCsL uepe3 bazamokpamHue GUKOHAHHA AHANIZY memnepamypuux nonis. OOHUM 3 egheKmusHux cnocooie
PO36’A3aHHA yici npobiemu € BUKOPUCMAHHA PO3NOOLNeHUXx obyucieHb. Onucano oOYUCTIOBANbHY CXeMY Memooy
MEMNEPAMYPHO20 AHANIZY 3 GUKOPUCMAHHIAM MeXaHizmy posnoliitenux obuucienv. I[Ipedcmasneni pesyromamu
00uUCTeb GKA3YIOMb HA eEKMUBHICIb 3ACMOCYBAHHS POZNOOLIEHUX 00UUCAEHb | 3MeHWen s Yacogux eumpam Ha 30
8I0COMKIG NPU 3ACMOCYBAHHI 080X KOMN TOMePI8, 00 €OHAHUX 8 MepediC) .

KoarouoBi cioBa: MEII 3 kpucmanom Ha JCOPCMKUX 8UB00AX, HUCETbHO-AHATIMUYHUL MeMOO AHANIZY, NApaielbHi
obuucnents, po3noodineni 06UUCTeHH S, ANCOPUMM AHANIZY MEMNEPAMYPHUX NOTIS.

BCTYI

Bucoki TexHonorii B cdepi BUPOOHHUIITBA
MikpoenekTponaux npuctpoiB (MEIl) BumararoTsh
MOTIEPETHBOTO TIPOBEACHHS €Taly MpPOEKTYBaHHS
MaOyTHROTO  BHPOOYy. XapakTepHi TEHACHIIII
PO3BUTKY MIKpOEJIEKTPOHHUX CHCTEM -
MIKpOMiHiaTIOpHU3aIlis, [T IBULIICHHS piBHS
iHTeTrpamii Tpu  CKIAAHOMY  (YHKIIOHATEHOMY
NpU3HAYCHHI — TMPHUBOIATH JI0  KOHIEHTpAIi
BEIUKUX MOTYXHOCTCH TCIUIOBUAJICHHS B MAaJHX
00’eMax KOHCTPYKIIii.

AHaui3 Ta oIfiHKa 3aco0iB TEIUIOBIABOIY JISKATh
B ocHOBI koHcTpytoBaHHS MEIL. Ilpu wupomy
OTPiOHO 3a0€31EYnTH, SIK HaAIIIHICTD
(yHKIIOHYBaHHA, TaK 1 MiHIMI3alil0 BHUTpaT Ha
3acO0H TETUIOBIIBOAY.

Hdns  posp’sa3aHHs mpobiemu  3abe3nedeHHs
3amaHux TemioBuX pexkumiB MEIT  mHeoOximgHi
eeKTUBHI ~ METOOM Ta  3acO00M  TEIJIOBOTO
npoektyBaHHs  (thermal  design).  PosBurok
TEXHOJIOT1H MIKpOENIEKTPOHIKA 3YMOBITIOE
YCKITaTHEHHS MaTeMaTHYHUX MOJENeld Ta METO[iB
TEIUIOBOTO MpOeKTyBaHHA. lle mpu3BoguTh 10
30iTbIICHHS BUTpAT qacy KOMIT FOTEPHUX
00UYHNCITIOBATFHUX €KCTIepUMEHTIB. HaBiTh cTpiMKmid
PO3BUTOK KOMII FOTEpHOI TEXHIKH, a caMe o0y 0Ba

BCce OUIBII IIBUIKAX MaTeMaTHYHUX IPOIECOPIB,
HEe3/1aTHI MMOBHICTIO BUPINTUTH JaHy TIpooiemy [1].

3anaua 3a0e3rmeYeHHs HEOOXiHOTO
TEMIIEPaTypHOTO DPEXHMY PpO3B’SI3YETbCS Uepes
3HAXOJ[KCHHS y BEJIMYE3HOMY “mpoctopi
napaMeTpiB”, MO0 MICTUTh HPUOJIU3HO COTHI THCSY
PI3HOMaHITHUX 3HAa4YE€Hb, CaMe TaKHX, IMPHU SKUX
OTpUMaHi TeMmmepaTypu He OymyTh MEPEeBHIIYBaTH
JTOTTY CTHMI.

Pesynprati aHamizy TeMmmepaTypHUX IOJIB, SIKi
dopmyroThes mim vac QynkmioHyBanHs MEII,
BUKOPHCTOBYIOTBCS ~ [UIsI  TIOCTAHOBKHM  3ajaadi
3a0e3MeUYeHHS 3aJaHOTO TEMIIEPATYPHOTO PEXHMY.
3amava aHaizy 3aBXKIM MOXe OyTH pO3B’s3aHa TUM
Y{ 1HIIKM METOJOM, SIKIIO € BCl HEOOX1AHI JaHl I
po3paxyHKy.  3amada  ¢opMyBaHHI  HabOpy
napameTpiB, MPH SKUX 3a0e3MeuyeThcsl HeOOXiTHMHA
TEMIEPaTypHUI PEXUM 3BOIUTHCS, SK MPABHIIO, JIO
MTOBHOTO TIepeOopy BapiaHTiB 06a30BOi KOHCTPYKIILii.
ToOTO 3mIMCHIOETHCS PO3B’sA3yBaHHS Ili€l 3aaadi
yepe3 Oaratopa3oBUil aHalli3 TEMIEPaTypHHUX OB
[2]. Tomy mpobiema CKOpOUYEHHSI MAITHHHOTO Yacy
npouenypu TtemneparypHoro anamizy MEIl €
aKTyallbHOKW. BimoMuM MeTO/IoM PO3B’S3aHHS TaKOl
mpoOJieMH €  BUKOPUCTAaHHA  PO3IMOAUICHUX
obunciens [3,4].
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1. OB’EKT AOCHIAXEHDb

Croci6 BcranoBieHHs kpuctana MEIl Ha
XKOPCTKI BHMBOAM € JOCUTHh TOIIMPEHHM B
KOHCTPYKITISIX OaraToKpuUCTAIbHUX Moy [1,5].
e  mosiCHIOETBCS ~ psAIOM  TIEpeBar, e
XapaKTepHU3yIOTh Iiei crtocid 30upaHHs:

- HaIIMHICTD 3’ €IHAHB;

- BHCOKa TEXHOJIOTIYHICTh 1
TPYJOMICTKUX OTEepaIliii;

- BHCOKa CTeIiHb IHTerpamii 3 MaKCHUMAallbHO
MOKJIMBOIO €KOHOMIEIO ILJIOIII Ta Baru;

- THYYKICTb CTPYKTYpH;

- CyMicHICTH 3
BupoOuHmITBa MEII.

[IpakTHYHO MOHTaXX LIUM METOJOM BUKOHYETHCSI
3a  JIOMOMOrol  00’€éMHUX  KyJbKOBHX  abo
CTOBITYUKOBHX BUBO/IiB. Kpucran MOXe
BCTAHOBIIOBATHCST HAa KPEMHIEBUI YW KepamiuyHHNA
migmapok, abo Ha TOHKOIUTIBKOBY CTPYKTYpy Ha
OCHOBI TIOJIIMEpHOTO MaTepiaiy, B SKii peani3yeThcs
OararomnrapoBe MOHTaKHO-KOMYTaIliiHe 3’ € THAHHS.

aBTOMaTH3aIlis

IHIDUMHA  TEXHOJIOTISIMHU

MEIT 1mporo Kwiacy MawTh [UTHH  psf
KOHCTPYKTUBHUX, TEXHOJIOT1YHUX Ta
eKCIUTyaTallifHnX ~ TepeBar, 1o  OOYMOBHIIO
HaJ3BHUaliHE MIOUIUPEHHSA B Cy4acHii

MIKpOEJIeKTpoHimI 1 iX
PI3HOMaHITHUX MPHUIAAAX.

XapakTepHOI0 0COONMBICTIO TaKOi KOHCTPYKIIIT €
TE, 10 TEIUIOOOMIH BiJi KpUCTANy 3IIMCHIOETHCS B
OCHOBHOMY KOHAYKIII€I0 Yepe3 BHBOIM B MiAIIAPOK,
1 TUIPKM HE3HA4YHAa 4YaCTHHA TeEIUIa NEPENacThes 3
MOBEPXHI KPHCTAly KOHBEKIIEI0 B HABKOJUIIHE
CepeoBHUIIIe.

OcHoBHUMH CcKJIafgoBuMu KoHCTpyKiii MEIT 3
KpHCTAJIOM Ha JKOPCTKUX BUBOJAAX (puc.l) € kpuctan
Ta MiAIIapOK, MJIOCKI JKepera Tera, po3MilleHi Ha

3aCTOCYBaHHA B

HWKHIA aKTHBHIH JNAHII KpPUCTala, >KOPCTKi
BUBOJIH.
0 X _ Substrat Heat Source
y |z Chip Signal Constructive
Solder Bump
Solder Bump ¢ /
‘/Z
K1 P2

A
v

P1

Puc. 1 — CxemaTnuHe 300pakeHHs] KOHCTPYKIi
MIiKPOeJeKTPOHHOIO NPHCTPOI0

Kpucran 1 migmapok € OaratomapoBUMH
CTPYKTYpaMH, B SKUX MOXE BHKOPHCTOBYBaTHCS

MOBITPHE TIOEAHAHHS TMIapiB  Pi3HOI TOBIIWHU,
BUTOTOBJICHUX 3 PpI3HUX MaTepiamiB. Buomu
pPO3pI3HSIIOTH 32  TCOMETPUYHOW  (hOPMOIO,

MaTepiajioM BUTOTOBIIEHHS, 32 KOHTAKTOM 3 IIapaMu
MiAmapKy 1 BIANOBIAHO — PpOJUIIO B Ipoleci
BiJ[BEJICHHA TEIUIa. [WN BUBOJIB BHU3HAYAETHCS
3alIe)KHO BiJ TIIMOWHM KOHTAKTy 3 MiAmapkoMm. Y
pasi KOHTaKTy BHWBOIY 3 IIOBEPXHEIO IiAMIApKy
rOBOPATh TMPO CUTHAJIBHI BUBOAW, y BUIAJIKY
MPOHUKHEHHS CTOBITYMKA BUBOJY Y IIApH MiAMIApKY
— PO KOHCTPYKTHUBHI BUBOIH [1,5].

TeroBuii MOTIK 4Yepe3 KOXHUM BHBIL €
HEBiZIOMUH, BiH Oyjae 3ajekaTd Bifl pPO3MIIICHHS
JOKEepeN TEIUIOBUAIUICHHS Ta BHBOIIB. Sk mpaBwuiio,
MaTepian, 3 SKOTO BHUTOTOBISIOTH BHBOAH Mae
HEBHCOKHUH KOEQILiEHT TeIIonpoBinHOCTI. Benukuii
BIUIMB Ha TMPOIEC TEIUIONPOBIMHOCTI B KPHUCTAIi
BiZlirpae MmiAmapoK, TeruoQi3udHi XapaKTEPUCTUKH
Ta KOHCTPYKTHBHI 0COOJIUBOCTI SIKOTO
BU3HAYAIOTHCS MIEBHOIO KOHCTPYKIII€HO.

2. PO3B’A3AHHA 3A0AYI AHANI3Y
TEMMEPATYPHUX NOJIB

Ha  cworoani icHye  Oararo METO/IB
pO3B’sI3yBaHHS 3adad Teopil TemIONpOBiAHOCTI.
Binpmricte 3 HUX HOCATH YHIBEpCalIbHHI XapakTep,
PO3B’S30K 3HAaXOAUTbCA OJHUM 13 UHCEIBHUX
MeToniB. HesBaxatoum Ha  psg  HEAOJNIKIB
AQHAIITHYHUX METO/IB, ICHY€E KaTeropis MPaKTHYHUX
3a7a4, KOJIM iX 3acToCyBaHHs Mae ceHc. Jlo mepear
TaKMX METOMIB MOXHA BIJHECTH IX HE3aJIEKHICTH
Bil TapaMeTpiB OOYHCIIOBAILHOTO MpOIecy Ta
BUCOKY TOYHICTb, a TakKOX HECKIAagHICTh Y
MporpaMHiil peanizarii.

Y naHii poOOTI PO3MNIANAETHCS AHATITUYHO-
YHUCEIbHUM METOJ PO3B’sI3yBaHHs CIPSDKEHOI 3a7adi
CTaIliOHAPHOTO TPHUBUMIPHOTO TEIUIOOOMIHY MiX
KpHCTAJIOM Ta IMiAmapkoM depe3 suBoau [1,2,4, 5].

Hexaii xpucran po3mipamu K1xK2 cknamaerscst
3 N mapis, koxHuii 3 skux mae topumay h? i

xapaktepusyetbcs Teronposinnictio AV (i =1, N).
KoskHe miocke mkepeso TEIUIOBHIUICHHS, 3arajbHa
KITBKICTh SIKHX CTaHOBHTH ks, Mae miomy S ,

BHILISE MOTYXHICTh P, Ta 3HAXOMUTHCS HA HIDKHII

rpaHi KpUcTajga B TOYIll 3 KOOpAWHATaMu (X, , ), ),

r=1,ks. Koxen 3 kp BHBOIIB Mae ILUIONLY

nonepevHoro  cidemns S, , Bucory

Pk
BHTOTOBJICHUH 3 MaTepially 3 TEIUIONPOBIIHICTIO

/lpk , IPOBOAMTH uepe3 cede TEemIoBY MOTY>KHICTh

Px Ta pO3MIIICHWA HA HIDKHIA TpaHi KpUCTala B

Touui 3 Koopaunatamu (x, .y, ), k=Lkp.
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TemnoBi IOTOKH Ppk 4yepe3 BHBOIM Harepen

Heimomi. IlosHaunmo wepes T"xy.z) 3Hauenns
TEeMITepaTypH B i-TOMY IIapi Kpucrajia, a 4epe3 ot —
KoeilieHT TeIUIoBiAgaui 3 BEPXHBOI TOBEPXHI
KpHCTala y HaBKOJIMILIHE CEPEIOBHUIIE, TEMIIEpaTypa
SIKOTO piBHA Typmp.

MaremaTnyna MO/JIENTb CTalliOHapHUX
TPUBUMIPHHUX TeMIIepaTypHUX MOJIiB
0araTomapoBoro KpucCTaja 3ala€eTbCsl Yy BHUITAL
KpaloBOi 3a7adi TEIUIOMPOBIMHOCTI ¥ hOpMi CHCTEM
nudepeHIialbHIX PIBHAHb y YaCTKOBUX IOXITHUX
apyroro nopanaky (1) 3 rpanmyauMu ymoBamu (2),
(3)-(5), sKi MOIETIOITH TEIUIOBIABEACHHSI 3
NOBEPXOHBb CTPYKTYpH KoHcTpykuii [1,2,5]. Koxne
PIBHSHHS ONMCY€ TPOLEC TEIUIONPOBITHOCTI IS
OKpEMOTo Iapy KpucTaa.

orr  orr  arr®
@CZ @/2 &2 =Y (1)
i=,N
@T(i) @T(i)
- =0 @)

x|, oy

T4 =y T O(x, y) “)

e

P _
S—’,lf(x,y)eSsr,r=l,ks

s,

P _
ox, y) = —Spk if(x,y)eS, . k=Lkp (5

Pr
0,if (x,y) €S, A(X,y) €S,

Mix mapamu Kpuctana (migmapKy) 3aal0ThCs
YMOBH 17I€aJTbHOTO TEIIOBOTO KOHTAKTY (6)-(7).

T(x,y,2), . =T""(x,».2) |
Z:z B Z:z JS2) (6)
(i) (i+1)
i O’T_ = 20D éT_
ﬁz i ) ‘ .
‘Z:Zh(” ‘Z:;h(/) (7)

Tyri=I1I,N-1.
YMOBY  i30TepMIYHOCTI BEpPXHBOI IOBEPXHI
xpuctama T =T, . orpumaemo 3 (3) mpu o T—>o0,

. . 1 .
a ymoBy TemoizomboBanocti — mpu AV =1 i or—0.

3anava TEII00OMiHY
(dhopMaizyeTscsi  aHAIOTITHO
3aja4i Ui KPUCTATY.

PiBHICTP TEIUIOBHX IIOTOKIB, IO BHUXOIATH 3
KPHUCTAJy i BXOMATH B MAMIAPOK B MICIIX BHBO/IIB,
3aJ1a€ YMOBY CIPSKCHHS MIXK TBOMa MOJICIISIMH:

JUTSE MiIapKy
HaBeJICHIH BuUILE

h
[[7% Gy, idedy= [ [ (£, O+ B ®)
Sp S Pi
ne O(,0,0) — 3HaueHHsS TeMIlepaTypd Ha BEpXHIU
1

Pk — moma KoHTakTy K-TOTO0
2

BHBOJY B CHCTEMi KOOpIMHAT KpHCTana, a 'k
IUIOIIA KOHTAKTy IIbOTO 3 BHUBOJY B CHCTEMI
KOOPJIUHAT TTiIIIAPKY.

3 YMOBH CIIPSKEHHS ABOX 00J1aCTEeH 3HAXOIATHCS
BEJIMYMHU TEIUIOBHX TOTOKIB Yepe3 BUBOIH Ppk,

MOBEPXHI MiIIIApKY;

k:LTp [4, 5]. Ha ocHOBi ymMOB HemepepBHOCTI

TEIIOBUX IIOTOKIB 4Yepe3 BUBOIM, SIKi 3B’S3YIOThH
obOmacTi kpucrama Ta MiAWAapKy, (QopMyeThes
cucTeMa JiHIHHUX anreOpaiyaux piBHAHE (CJIAP)
JUI BHU3HAYEHHsS IOTY)XHOCTEHl TEIUIOBHX IOTOKIB
yepe3 BHBOAM 3 OOJIaCTI KpucTanma B 00JIacTh
migmapky [1,4].

Po3B’s130K (dhopmarizoBaHoi 3amadi,
MpeaCTaBIeHOT CHCTEMOIO nrdepeHIiabHIX
PIBHSIHb TEMJIONPOBIAHOCTI Ta TPAaHUYHUX YMOB,
BUKOHYETHCSI MeTooM Dyp’e i MpeacTaBisIEThCS Yy
¢dopmi  TpuroHomerpudHoro psangy. OpepikaHuid
PO3B’I30K  JO3BOJISIE  MPOCTOI0  MiACTAHOBKOIO
KOOpIMHAT pO3paxyBaTu TeMIeparypy B OyIb-sKii
TOYII CTPYKTYPH.

[MpoBeneni uyucnenHi ampoOaiii Ta TeCTyBaHHS
PO3pO0JICHOr0 METOAYy 3acBiAYMIM HOro BHCOKY
TOYHICTh Ta €(PEKTUBHICTH IS aHATI3y CTPYKTYp 3
KpHCTaJIaMH, BCTAaHOBJIICHUMH Ha >KOPCTKI BUBOIH
[4,5].

AJropuT™M OOYMCIICHHS 3HAYECHHS TEMIIEPaTypH y
IoBUTRHIN Toumi koHCTpyKIii MEII ckinamaerses 3
YOTHPBHOX O0UHCITIOBATIBHUX MpoLenyp (puc.2).

Haiibinpiry oOuucitoBalibHY —CKJIQMHICTH MAae
Iepia 4YacTHHA alIrOpuTMy OOYHCIIIOBAIBHOTO
nporecy.
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| DEFINING OF THE HEAT CAPACITIES THROUGH THE
: SUBSTRATE UNDER THE CONDITION

| OF CONJUGATION OF THE CHIP AND SUBSTRATE
|
|
|

Solving of the LAES i

CALCULATION OF THE DECAY COEFFICIENTS INTO FOURIER
SERIES THE BONDARY FUNCTIONS OF THE HEAT
EXCHANGE TASKS

CALCULATION OF THE DECAY COEFFICIENTS INTO FOURIER
SERIES THE TEMPERATURE DISTRIBUTION FUNCTIONS

Calculation of the TEMPERATURE in any point of the
structure

Puc. 2 — O6uncaoBajbHa cXeMa MOCTiI0BHOIO
MeTOAy aHAJI3y TeMIepaTypPHUX MOJiB

VY cBoIO uepry, y Iiil YacTUHI MOXKHA BHIIUTH 2
CKJIQJIOBI: iHIIliaTi3aIlisi MaTPHIli CUCTEMU JiHIHHUX
anreOpaiuanx piBHAHD (9) Ta pPO3B’s3yBaHHS i€l
cucremMu MetoqioM [ayca. KoxxeH eneMeHT maTpuil
OOYMCITIOETHCSI HE3AICKHO OJUH BiJl OJHOTO 1
BH3HAYAETHCA BXIAHUMH JaHUMH, IO OMHUCYIOTh
KOHCTPYKITITO.

4, Ay o1 A ki A1 kplekp2 Pp1 o
ay, 2553 A1 A ko1 Ay kpiekp2 Pp 2 0,
P, o,

[ 12 Do1kp1 [ Upiipreig || TPH[=| Tk ,(9)
Aot Aiphi2 prirpl Hpratkpiet D11 kpiekp2 Pl O
Dyt Hprkpa2 -+ Ypikp2kpl  Dkphkp2kpiet - Diplep kpirkp2 Pm,,z O+

ne kp;, kp, — nde KiTbKICTh CHTHaIBHUX Ta
KOHCTPYKTHBHHUX )KOPCTKHMX BHBOJIB BiINOBIAHO, Py
- HOTy)KHiCTL TGHHOBiHBCﬂCHHﬂ qyepes I-TU#
YKOPCTKHI BHBII.

KoXeH eJeMEeHT MaTpuili € pe3yJbTaToM

Oo0YMCIICHHST BHUpa3y 3 CYM TPUTOHOMETPUYHHX
psanie @yp’e 3 kinbkictio uwieHiB psagy 80. Came
TOMY OOYMCIIEHHS €JIEMEHTIB ajj € YACOEMKHUM.

TakuM YWHOM, KIJIBKICTh >KOPCTKHX BHBOJIB
MOJICTIbHUX KOHCTPYKIIN 3a7ae HEOOXiaHI moTpedu
B pecypcax s aHai3y TeMIIepaTypHHUX TOJIiB.

3. PO3NOAINEHHA PO3NOANEHUX

OBYUCIIEHDb
[epeBaxkno Oynp-skuii OOYHMCIIOBaHWI TMpoLEC
MICTUTh  IUKIIYHO  TIOBTOPIOBaHY  KIUIBKiCTh

OTICPaTOPiB 1 PO3TaTy’KEHb, IO TO3BOJSIE IiIHTH
Lei mporec Ha OKpeMi MiANpOLECcH, 3 BUKITIOYEHHIM
MTOBTOPIOBAHUX OTEpaTopiB (IIUKIIB) i PO3TaIyXeHb
1 pO3IOAUIOM IIIMPOIECiB Ha MPOIEecCopH abo
3B’s13aHi KoMIT'10TepH. Lle 1 mokIaneHo B METOIUKY

po3mapalielIOBaHHS ~ OOYMCIIOBAHUX  IIPOIIECIB.
Po3noxinesni 00YHCIICHHS € Ppi3HOBHIOM
napanenbHux obumcienb. Po3nofineni o0uncieHHs
(Distributed Computing) — cmocié BupimeHHS
CKJIaJJHUX OOYHUCIIOBAIRHUX 3a7ay 13 3aydeHHSIM
BEJIMKOI KIUIBKOCTI BHKOHABIIB, IO TPAIIOIOTh
ONIHOYACHO HaJx pI3HUMH YacTHHAMH  3ajadi.
BincyTHicTh Y3TOKEHHS MK pi3HEMH
BUKOHABI[IMU € BHU3HAYAJILHOK XapaKTEPUCTHUKOIO
po3moiieHux OO0YKCIeHh Ha BiAMIHY BiJ IHIINX
nmapajieTbHuX 009ncieHs [6,7].

[in po3mapasneneHHsIM OOYHUCIIOBAHUX TPOIICCIB
PO3YMIIOTh  “HIATOHKY” CTPYKTypH alTOPUTMY,
pealti3oBaHOi POTpaMH i apXiTeKTypy abo HaBiTh
00YNCITIOBAHOTO METOY hi (o) apXIiTeKTypH
KOHKPETHOTO a00 TINOTETHYHOTO OOYHCIIIOBAHOTO
komriuiekcy. OCHOBa MiAXOMy TOJATaE B PO3OHTTI
IIJTICHOTO TIOCTIOBHOTO OOYHCITIOBAHOTO IIPOIIECY
Ha He3aJeXHI MapajielbHi MiANPOIECH, SKi MOXHA
00YHNCITIOBATH OJHOYACHO [3,6].

Onniero 3 mpoOiieM OOYHCICHHS TeMIIepaTypu
JUIL  BUINEONMCAHOI KOHCTPYKIIi € TPUBAIICTh
pPO3paxyHKy TOTYKHOCTEH BHIIJICHHS TeIia 4epe3
BuBoau. Came mpormec iHimiamizamii  MaTpuil
CHCTEMH JIHIMHUX aireOpaidHuX piBHAHDb IS
3HAaXO/DKCHHS HEBIIOMHX TIOTY>KHOCTEH 3aiimae
OuIbIIIE 80% BIJ 3arajabHOro obcsry
00YNCITIOBATILHOTO TIPOIIECY.

OCKIJIbKU €JIEMEHTH MaTpuili A OOYHUCITIOITHCS
HE3aJIO)KHO OOWUH  Big OJHOro, OOpaHO Ui
pO3MOiNieHHsT OO0YMCIIeHb IiHIIami3amifo PsAAKiB
Matpumi A. B sKoOCTI €IuMHOTO OOYHMCIIOBAHOTO
MpOIeCY M CUCTEMH PO3IMOJAUICHHX OOYUCIICHb
BHCTYTIa€ 3ajada iHimiamzamii yciei matpui A. B
SKOCTI  TiamporieciB  obOumcieHHs  (mimg3amad)
BUCTYyIa€e 0OUMCIICHHS PsiKiB MaTpuii A. Ha ocHOBI
pOT0 TOOYMOBAaHO alTOPHUTM, SIKHH BpaxoBYE
3aCTOCYBaHHS PO3MOIIICHIX 00YUCIICHD (pHC.3).

3anpornoHoBaHa cucrema PO3MONIIeHHS
oOuncnens ans TemmneparypHoro anamizy MEII 3
KPHUCTAJIOM Ha KOPCTKI BUBOJIU CKJIAIAETHCS 3 TPHOX
CKIIAIOBUX — TIJACHUCTEM, sKi MamTh pi3HE
(GyHKUIOHANbHE MPU3HAYCHHS: MiJICKCTEMa aHali3y
00YHCITIOBaIbHOTO aHaIi3y, MijicucTeMa MoOyA0BU
pO3MOAUIEHUX OOYUCIICHD, MiACHCTEMa KOHTPOJIO
(puc.4).

OCHOBHUMHU  KpUTEpisIMH  JUisi  TOOYJOBH
MapaJieTbHUX TPOIECIB € YacOBI XapaKTEPHUCTHKH
00YHCITIOBAHOTO TIporiecy ad0 KUIBKICTh Omeparlii
[3, 6]. Ilincucrema aHamizy OOYHCIIOBAHOTO
MIPOIIECY MIPOBOJIUTH noriepeTHin aHai3
00YNCITIOBAHOTO TIPOIECY 1 aHajmi3 Ha HasBHICTH
napanensbHux omeparopie. Ilizcucrema moOya0BU
pO3KIIagy TapanedbHOr0 OOYUCIEHHS IPOBOINUTH
BHOIp omeparopiB (I OIepaTopoM PO3yMIETHCS
YaCcTHHA MPOrPaMHOT0 MOJYJISA, MiANporpama, [HUKII,
TOIIO), BUOIp MEPEKEBUX KOMIT IOTEPIiB 1 3AIHCHIOE
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OCHOBHY CBOIO (DYHKINIO — po3mofmina 3amad. Ilpwm
po3monimi 3amad AN MEpPEeKEBUX KOMIT FOTEpiB
BpaxOBYETHCS LIBHAKOIIS LUX KOMIT IOTEPIB 1 yac
oOMiHy iH(QOpMAITIEI0 MK HUMH.

Caleulation of H
partmatri< on
comp uter

Caleulation of 2
part matri< on
computer

Caleulation of 1
part matri on
computer

Puc. 3 — O0uncaoBajIbHa cXxeMa MeTOIY 3
BHKOPHUCTAHHSAM MeXaHi3My po3noJijieHuX 004ncjIeHb

Tpers mimcucrema — mifcHCTEMa KOHTPOJIIO 3a
obuncimoBaHUM TpoliecoM. Ha many miacucremy
TTOKJIaJICHO BUKOHAHHS HACTYITHUX (PYHKITI:

® KOHTPOJb 32 pO3MOAUICHUMH 3ajadaMu 3a

JOMOMOTOI0  3alUTiB 10  MEPEKEBHX
KOMIT'IOTEpiB, MpPH BTPaTi KOHTPOIO 32
OOYHCITIOBAHOIO  33J]auei0 Ha OJHOMY 3
KOMII IOTepIB, mijcucrema KOHTPOJTIO
MOBMHHA  3BEpHYTHCA [0  MiJACUCTEMH
MOOYIOBH  TIapalieIbHOTO  OOYHCITIOBAHOTO

MpoIiecy o0 MPOBECTH NEpeTiaHyBaHHS.

® KOHTPOJIb 32 MEPEKEBUMHU KOMIT I0TEpaMH, a
came 3a MIATPUMKOIO KaHaJiB 3B’3Ky MiX
KOMIT I0T€paMHu;

® Tiepexis b1 (6] HACTYITHOTO
OOYNCITIOBAHOTO  TPOIECY  TUIBKH
3aBEPILICHHS BCIX PO3MOAICHUX 3a/ay;

® TICPEBIPKY TOYHOCTI i KOPEKTHOCTI
pe3yIbTaTiB.

KPOKY
miciIst

Systernof disibuting of calculdions

| 4

. Subsystem of coretr ucion Subsystem of corbrol
E:ﬁhséjawgzrﬁ etsof of the detrbuted cakulated sterthe process of
eoEal proess process calouiation
Anaksis of amcurt of

operabors i inthe Tk Control

caloulaed process

N y !

Choice of operaos

Py of presence Choice of reduod: nidknode compLers

of pardld operators /\:> computers <::> Control
erficdions of
enactniess and

LG correcness of resuls

Puc. 4 — CtpykTypHa cXeMa cHCTeMH PO3MOAiTeHUX
o0YHCIICHb

OnHa 3 OCHOBHHMX BHMOT, IO Oyja MOCTaBJleHA
JI0 IPOCKTOBAHOI CUCTEMH PO3MOAIJICHHS. 00UNCIICHb
— PO3MOIiI 3a1a4 MK KOMIT FOTepaMH, 10 3’ €THaHI
B JIOKJIBHIH 1 TTI00aNbHIN Mepexi, sIKi MPalioTh Ha
pi3HEX Oarato3ajayHUX OMNepaliifHuX CHCTEMax.
Tomy HeoOximHuM OyB BuHOIp 3aco0y  aus
opraHizaimii OOMiIHY JaHUMH MDK BiIJaJICHUMHU
KOMIT'I0TepaMH, SIKUil € yHiBepcaIbHUM AJISl Pi3HUX
Oararozamaunnx OC. OpHa 3 TakKUX CHUCTEM —
Oi0mioTeka MepexeBoro iHTepdeiicy Windows
Sockets [9].

Jns  mporpamHoi peamizamii  cuctemm  Oyrna
BHKOpHCTaHa CHCTeMa mporpamyBaHHs Visual C++

¢ipmu Microsoft [9].

HocnmimkeHnHss ~ €peKTHBHOCTI  3aCTOCYBaHHS
CHUCTEeMH pO3MOAUIEHNX oOuucieHb (Tadm. 1)
TIPOBOTHIIHICS TUTS 00YHNCIICHHS pi3HUX

KOHCTPYKTHUBHUX MOJIeNieli JIOKaJIbHO Ha OJHOMY
KOMIT'IOTepi 1 Ha JBOX MEPEKEBHX, OJHAKOBHX 32
MPOAYKTUBHICTIO KOMIT'IOTEpax 3  IPOLECOPOM
Athlon-2,20 I'T'mr.

Taéauus 1. IlopiBHSAHHSA pe3yJbTATiB 004ncIeHb

Kinb- Yac Yac Koedi-
KicTh 00YHUC/IEeHHS | 00YHCIeHHS Wi€HT
JKOPCT- | HA  OJHOMY | HA JABOX | 3MeHIIe
KHX KOMI’I0Tepi, | KoMm’oTe- HHSA
BHBO- XB. pax, xB. BHTpPAT
aiB yacy

48 4 xB. 50 c. 3 xB. 10 c. 1,53

64 10 xB. 15 c. 6 xB. 40 c. 1,54

80 25 xB. 01 c. 16 xB. 21 c. 1,53

128 38xB. 14 c. 25xs. 11 c. 1,52
192 100 xB. 30 c. 65 xB. 15 c. 1,54
256 162 xB.40 c. 105 xB. 20c. 1,54
EdexrusHicTh 3aCTOCYBaHHs napajeabHuX

004YHCIIEHb OIIHIOETHCS 32 JOMOMOTOI0 KoedirieHTa
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3MEHIICHHS dacy oOumcieHs Sp [8], sxwuit
BHU3HAYAETHCSA 32 (POPMYIIOIO:
Lo ©)

S =
g tdlsl

TyT ftoss — 9ac oOumciieHb 0e3 3acTOCyBaHHS
PO3MOMUICHHS, 4y qac  oOYHCiIeHb 13
3aCTOCYBaHHIM MEXaHI3My PO3MOIiICHHS.

BrpoBamkeHHsT po3mineHHs OOYUCIEHb IS
MOJICITIOBaHHSA Temmeparypaux mojie  MEIT 3
KPHCTAJIOM Ha JKOPCTKHX BHBOJAX JIO3BOJHIIO
3MEHIIUTH BUTPATu yacy oOuncieHHs 6au3pko 30%
i miTABepANTH e(heKTUBHICTH 3aCTOCYBAaHHS CHCTEMHU

PO3IOIIICHUX 00YHCIIEHD IUTS TEILIOBOIO
npoektyBanHs MEIIL.
4. BUCHOBKMA

Onucano po3po0JICHUI YHCENbHO-aHATI THYHUHA
MeTOJl aHamily TemnepaTypHux momiB MEIl 3
KPHCTAJIOM Ha JKOPCTKUX BHUBOAaX. OCKIIbKH 3amadi
TEIJIOBOTO MPOEKTYBaHHS PO3B’S3YIOTBCSA Hdepes
OaraTopa3oBwWii aHami3 TeMIEpaTypHHX TOJiB,
aKTyalbHOIO € TMpobjeMa 3MEHIICHHA  4acy
00YHCITIOBATIBHUX EKCTICPHUMEHTIB.

3 METOI0 3MEHIICHHS BUTpAT 4acy MoO0ya0BaHO
CUCTEMYy pO3MOIiIIEHUX OOYHCIeHbh [UIA aHallizy
temriepatypaux moniB MEIl 3 xkpucramom Ha
XKOpcTkux  BuBojgax. Cucrema  po3MOAITICHUX
004HCIIeHb NPALIOE Ha KOMIT FOTEpax, 00 €IHAHUX B
MEPEKy.

3acTocyBaHHS PO3MOMIICHUX OOYHCIEHL JJIA
anami3zy temneparypHux noiis MEII 3 kpucramom
Ha OKOPCTKMX BHBOJAX JO3BOJMJIO 3MEHIIUTH
BUTpPATH MAIIMHHOTO Yacy mpubinzHo Ha 30%, mo

MiATBEPIKYE e(eKTHBHICTb 3aCTOCYBaHHS
KOHIIEIIT PO3MOiIeHUX 004YnCIIEHD npu
MOJICITIOBAaHHI  CKIAAHUX  (Di3UKO-MaTeMaTHYHUX
00’ €KTIB.

Y nepcneKTHBi AOCHTIHKEHb € pO3B’I3aHHS 3a1a4l
HEOOXITHOTO  TEMIIEPAaTypHOTO  PEKUMY i3
3aCTOCYBaHHSIM MEXaHI3My PO3MOIIICHUX
O0OYHCIICHD.
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Abstract: The numeral analytical method of analysis of the temperature fields of Flip-chip structures is described in
the article. The problem of time reduction of the temperature analysis procedure of microelectronic device is
considered. A problem is of current importance, since a problem of providing necessary temperature condition of
device functioning is solved through frequent implementation of the temperature fields analysis. One of the effective
methods of solving this problem is the use of the distributed calculations. The calculable chart of the temperature
analysis method is described with the use of mechanism of the distributed calculations. The presented results of
calculations specify on efficiency of application of the distributed calculations with a coefficient equal to 1,5.

Keywords: microelectronic devices, Flip-chip structure, mathematical model, distributed calculations.

1. INTRODUCTION

For providing the required thermal behavior of
microelectronic devices (MED) the effective methods
and facilities of the thermal designing are needed. It
causes the complication of mathematical models and
methods, and that results in the increase of the
machine time expenditure. Even rapid development
of computer technics, namely the construction of
more rapid numeric processors, is uncapable fully to
solve this problem [1].

The task of providing necessary temperature
condition comes to finding such values in enormous
“space of parameters”, which contains hundreds of
thousands of various elements, at which the obtained
values of temperature will not exceed allowed value.
The analysis problem always can be solved with
either one or another method, when there are all the
necessary data for a calculation. As the matter of fact
the task of forming of set of parameters, at which
necessary temperature condition is provided, comes
to sorting out of variants, i.e. solving this problem
through the multiple analysis of the temperature fields
[2]. Therefore a problem of the machine time
reduction of the MED temperature analysis procedure
is of current importance. One of the variants of
solving such problem is the use of distributed
calculations [3, 4].

2. THE TASK OF THE TEMPERATURE
FIELDS ANALYSIS

The Flip-chip structure construction is considered
here. MED of this class have a number of structural,
technological and operating advantages, and that
caused extraordinary  distribution in  modern
microelectronics and their application in various
devices.

The basic components of Flip-chip construction
(fig.1) is a chip and sublayer, flat sources of heat,
placed on the lower active area of chip, hard outlet.
Outlets are distinguished by the geometrical form, the
material they are made of, by a contact with the layers
of sublayer and by the role in the process of heat
taking. The type of outlets is determined depending on
the depth of contact with sublayer. In the case of
contact of outlets with the surface of sublayer it is
talked about alarm outlets, in the case of penetration of
column of outlets in the layers of sublayer — about
structural outlets.

Mathematical model of the stationary three-
dimensional temperature fields of multi-layered chip
and sublayer is set as two edge problems of heat-
conducting in the form of differential equations
systems in the partial derivates of the second order (1)
with edge conditions which modulate heat dissipation
from the surfaces of construction structure (2)-(7).
Between the layers of chip (sublayer) the conditions of
ideal thermal contact are set (8). On the basis of
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conditions of the thermal streams continuity through
outlets, which link the areas of chip and sublayer, the
system of linear algebraic equations is formed for the
determination of powers of thermal streams through
outlets from the chip area to the sublayer area [1, 4].

The algorithm of the temperature value calculation
in the arbitrary point of the MED construction consists
of four calculable procedures (fig.2). The first part of
algorithm of calculable process has most calculable
complication. In its turn, it is possible to distinguish 2
components: initialisation of matrix of the linear
algebraic equalizations system (8) and solving of the
system by the Gauss method. Every element of the
matrix is calculated independently of each other and is
determined by the input data which describe a
construction.

Each element of matrix is the result of calculation
of expression from the sums of the trigonometric
Fourier series with 80 members of row. For this reason
a calculation of elements of aij needs a lot of time.

Thus, the amount of hard outlets of model
constructions sets necessary requirements in resources
for the analysis of the temperature fields.

3. THE APPLICATION OF THE
MECHANISM OF THE DISTRIBUTED
CALCULATIONS

One of the problems of temperature calculation for
the above-described construction is the duration of
calculation of powers of calorification through outlets.
The process of initializing of matrix of the linear
algebraic equations system for finding unknown powers
takes 85% from the general volume of calculable
process.

As elements of matrix A are calculated
independently of each other, initialization of lines of
matrix A is selected for the distribution of calculations.
The problem of initialization of the whole matrix A is
the unique calculation process for the system of the
distributed calculations. The calculation of lines of
matrix A is the calculation subprocess (subgoals). On
these bases the algorithm which takes into account the
application of the distributed calculations is created
(fig.3).

The offered system of calculations distribution for
the temperature analysis of MED with a Flip-Chip
consists of three constituents — subsystems which have
the different functional preordination: the subsystem of
analysis of calculable analysis, the subsystem of
construction of the distributed calculations, the control
subsystem (fig.4).

The basic criteria for the construction of parallel
processes are time characteristics of the calculation
process or the amount of operations [3, 6]. The
subsystem of the calculation process analysis conducts
the preliminary analysis of the calculation process and

the analysis on presence of parallel operators. The
subsystem of construction of curriculum of parallel
calculation conducts the choice of operators (here
operator is understood as a part of the program module,
subprogram, cycle etc.), choice of network computers
and carries out its basic function — distribution of tasks.
At distribution of tasks for network computers the fast-
acting of these computers and time of information
exchange between computers are taken into account.

The third subsystem is a control subsystem of the
calculation process. This subsystem has the following
functions:

* to control the distributed tasks by queries to the
network computers. At the loss of control of the
calculation task on one of the computers, the control
subsystem must appeal to the subsystem of the parallel
calculation process construction to conduct replanning;

* to control network computers, namely the support
of connection channels between computers;

* to switch to the next step of the calculation process
only after completion of all of the distributed tasks;

* to verify the results accuracy and correctness.

One of the main requirements for the designed
system of calculations parallelization is distribution of
tasks between computers which are connected in a local
and global network, which work on the different
multitask operating systems. Therefore it was necessary
to choose the mean for organization of data exchange
between remote computers, which is universal for
different multitask operating systems. One of such
systems is network interface library of Windows
Sockets. The programming system Microsoft Visual
C++ was used for program realization of the system.

The research of application efficiency of the
distributed calculations system (tablet. 1) was conducted
for the calculation of different structural models on one
local and on two network computers, which have the
identical productivity with the processor of Athlon-2,20
GHz.

Introduction of calculations parallelization for the
design of the temperature fields of Flip-chip allowed to
decrease time expenses of calculation on 30% and to
confirm efficiency of application of the system of
calculations parallelization for the thermal planning of
MED.

4. CONCLUSIONS

With the purpose of time reduction the system of
the distributed calculations has been built for the
analysis of the temperature fields of Flip-chip. The
distributed calculations system works on network
computers.  Application of the distributed
calculations for the analysis of the MED temperature
fields with a chip on hard outlets allowed decreasing
the machine time expenses on 30%.
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