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O6ecneyeHne TENNOBOTO PeXMMA

BbICOKONMPOU3BOAUTEIbHLIX IICKTPOHHbIX MOAYJ'IEﬁ

B BbICOKONPOU3BOAUTENbHBIX 3IEKTPOHHBIX MOAYSIX € SKPAHUMM OT BHELLHUX
3/1IeKTPOMArHUTHBIX MOJieli BO3HMKAET NPo6aema OTBOAC TEMJA OT TENNOHANPY)KEHHbIX
mukpocxem. MpeanoxxeH BAPUAHT OTBOA TEMJIA € NTOMOLLbIO KOHTAKTHbIX My T

U TennopdacceuBaloWuXx naactud. MogenupoBaHuem nosy4yeHbl YUCNEHHbIE

3HAYEHUs TEeMNEepPaTyp OCHOBHbIX TEMJIOHATPY)KEHHbIX 3JIEMEHTOB U TENJIOBble Nons

B JJIEKTPOHHbIX MoAynax.

Bnagumup JlanuH BeepeHue
vlanin@bsuir.by I[1pu POEKTHPOBAHNY BBICOKOTIPOU3BOAUTETBHBIX
9IeKTPOHHBIX MOZIYJIeH, CIOCOOHBIX 06pabaThIBaTh

Banepwuii Mapkosckuin ot 1 10 10 TOUT aHHBIX U IepeiaBaTh WX 10 BBICOKO-

CKOPOCTHBIM uHTepdeiicaM, HHKEHEPBI 4aCTO CTaJI-
valera-minsk@yandex.ru  kuBaroTCs ¢ Ipo6IEMaME TEIIOOTBONA. YMEHbIIEHHE
rabapUTHBIX Pa3MepPOB 3JIEKTPOHHBIX KOMIIOHEHTOB
U CBSI3aHHOE C 3TUM TIOBBIIIEHME TUIOTHOCTA MOHTaKa
MPUBOAWT K YBEIMYEHHUIO TUIOTHOCTH TETIOBBIX TIOTO-
KOB, POCTY CPeIHEIT TEMIIEPATY PbI JJIEKTPOHHOTO MOJLY-
JiS M BHYTPEHHUX MEXaHUIECKUX HAIIPSUKEHUI B HEM.
JIOKaJIbHBII1 IIeperpeB SJIeKTPOHHBIX KOMIIOHEHTOB Yallle
BCEro BBI3bIBAET OTKA3 BCEIT QJIEKTPOHHOI cucTeMbl [1].
Hepenxo 3anaga oGecrieueHus TEIUIOBOTO PeXKUMa peltia-
eTCsl YCTAHOBKOI Paj[iaTopa U MPUHYIUTETbHON KOH-

Puc. 1. 3neKTpOHHbIﬁ MOAYNb C TENOOTBOAAMM: 1— 3KPAaHbI 3JIEKTPOHHOrO MOAY NS, 2-— Tennoorsogswue
Myd)Tbl; 3— TenJ100TBOAsALWME MIACTUHDI; 4 — neyatHas nnata

0,1-0,5 mm

Puc. 2. Pasnuua 8 Bbicote moHTaxa BGA-kopnycos

Bexnuert. OMHAKO He IS BCeX 3JIEKTPOHHBIX MOTYJIeit
MOJIXOIUT CTAaHAPTHOE pellleHue, NHOIA [JIsl OTBOAA
Teria HpI/IXOI[I/ITCH HpI/IMeHFITI) HWHbIE CHOCO6bI. KaK npa—
BHJIO, 3TO KacaeTCcsl CJIOKHBIX 9JIeKTPOHHBIX MOyJIei
C BBICOKOU CTeIIeHbI0 UHTEIPALUY WU KOHCTPYKIUM
113 9JIEKTPOHHBIX MOJyJI€l, BHIIIOJIHEHHBIX 110 CTAHAPTY
PC-104 nnn 19-a101iMOBOMY CTAaHIAPTY.

KoHCTpyKIus 3/1eKTPOHHOTO MOIYJsSA MOKa3aHa
Ha puc. 1. MaTepuHcKas 11aTa 3JeKTPOHHOTO MOJYJIs
BBIIIOJIHEHA 110 19-110IMOBOMY CTaHIAPTY, CaM MOZYJIb
cocrouT U3 ByX 11at. OCHOBHAsI CJIOXKHOCTH obecriede-
HIUS TEIUIOOTBOJA 3aKJII0YAETCS B TOM, YTO MOIYJIb 3aKPbIT
B 9KpaHe, KOTOPBIH 3alIUIIAET €0 OT BHEIIHHUX 3JIEKTPO-
MarHUTHBIX IIOMeX U MePeKPeCTHBIX IIOMeX, BO3HUKAIO-
mux B Moxyste. OdeHb YacTo, KOraa MOAYJIb HEOOXONIMO
9KPaHUPOBATh, TEILUIOBLIIE/ISIOLIYE 9JIeMEHTBI YCTaHABIIU-
BaIOT Ha 9KPaH, KOTOPBII B CBOIO OY€PeNb CIIYKUT TEILIO-
OTBOIOM. B TaHHOM city4ae 0TBOJ TeIlla OT BCEX TEILIO-
Harpy>KeHHBIX MHUKPOCXEM IIPEJCTABIIAET 3HAYUTEIbHYIO
prﬂHOCTb, HOCKOJ’ILKY MI/IKPOC)(eMbI CMOHTI/IPOBaHbI
Ha TIeYaTHYIO IUIATy U KaK[as U3 HUX UMeeT PasHylo Bbl-
coTy. COOTBETCTBEHHO, ITPOLIECC MEXaHUIECKOI 00pabOTKI
9KpaHa JU1st 00eCIIedeH s TEIUI00TBOIA TOTPEOYeT BBICOKOI
TOYHOCTH ¥ 3HAYUTEIBHO YBEIMIUT CTOMMOCTD U3MIEJIHs.

Ho make obecrnieyernne He0OXOAUMOM IIOCKOCTHO-
CTH, IIIEPOXOBATOCTH U IApaJUIeIbHOCTH TENJIOOTBOMS-
LTUX [T0BEPXHOCTEN 3KpaHa He 1aeT FapaHTUH, 4YTO OHU
6yayT IIOTHO CONPUKACATHCS C HOBEPXHOCTHIO MUKPO-
CXeM, IIOCKOJIbKY B IIpOIecce MailKi BHICOTa MOHTaXa
MHUKpocxeM MeHdAeTcd B npepenax 0,1-0,5 MM B cBA3n
C I03UPOBKOM MasJIbHOM IACThI U pacTeKaHUEM IIPUIIOS
(uImprHa KOHTAKTHOM IJIOIIANKK). DTO 0COOEHHO 0de-
BUJTHO JIJISI MUKPOCXeM, YIIAKOBaHHBIX B Kopiryca BGA.
B maHHOM ciTydyae Ha BBICOTY MOHTaXKa OyzieT BIUATH
U CTETIeHb OIUIABJICHUSI IAPUKOB IpHIos (puc. 2).

TennooTBopA € NOMOLLbIO KOHTAKTHbIX Myd)T
U TernJiopaccenBalowmx naacTuH

ITpensoskeH BapHaHT TEIUIOOTBOJA OT 3JIEKTPOHHO-
IO MOJIYJIS C BBIIEIAEMOII TEIIOBOM MOITHOCTBIO 25 BT
C TIOMOIIBIO MEJTHBIX TUIACTHH U TEIIOOTBOMSIINX KOH-
TaKTHBIX My(T, MOKPHITHIX HuKeTeM (H3). s peruenus
IAHHOU PO6JIEMBI HA MEKPOCXEMBbI YCTAHOBUIIH TEILIO-
MIPOBOJISIITHE MY(THI, KOTOPbIE, COEIUHSISICH C TEIUIOOTBO-
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ISIIFMU [TACTHHAMHY, PACCENBAIIA TEILIO Ha 9KPaH
9JIeKTpOHHOTO MoztyJist (puc. 3). TerutonpoBozsiye
MyQTHI yCTaHABIHBAIOT Ha [IOBEPXHOCTh MUKPO-
CXeMBI Yepe3 OKHO B 9KpaHe, INIOTHOCTH IIpIJIera-
HISI KOHTaKTa K IIOBEPXHOCTU MUKPOCXeMbI 00e-
CIeYUBAeTCS 32 CYeT HOIUPOBAHHOM KOHTAKTHOM
HOBEPXHOCTH TEILIONPOBOSIIEH My(THI 1 BHH-
TOB, CO3MIAIONINX HEOGXOMMOE YCIITHE IPIIKATHSL.
JI7151 HCKITIOYeHMsE BOSMYIITHBIX 3a30POB IPUMEHsI-
TCst TETUIONPOBOISAIIAs MacTa. TeronpoBosias
MydTa obecriednBaer Iepeiady Teria Ha Terio-
OTBOJISILILYO [UTACTHHY.

TertoBoe COPOTUBIICHIE HA TPAHUIIE KOHTAK-
TOB 3aBHCUT OT IIEPOXOBATOCTH II0OBEPXHOCTH,
KOJIMYECTBA KOHTAKTHBIX IISTEH U JABJICHUS CKa-
THS IOBEPXHOCTeN. DKBUBAJIEHTHOE TEILUIOBOE
COIIPOTHUBIICHNE TAHHON KOHTAKTHOII I[eII0UKH
MO’KHO 3aITHCaTh CIeyoIum obpasom [2]:

Requiv= Ri R

+Rplate

c—sleeve+R +R
+ R

plate—screen>

equiv sleeve sleve—plute+

(1)

171 R; .— TeIIOBOe CONPOTHBIIEHHE «KPUCTAILT —
KOPITYC MUKPOCXEMBI»; R,y — TEIIOBOE CO-
[POTUBJIEHHE «KOPIIYC MUKPOCXEMBI — TEILIO-
nposopsmas Mydra»; Rg,,,, — TEII0BOE CO-
[HpPOTUBIEHHE TEIIONPOBOAAIILEH MyTHI;
Ryjeye-plate — TETUIOBOE CONPOTHBIIEHUE «TETLIO-
nposozias Myra - IWIACTHHAY; R ), — TeIwo-
BO€ COIIPOTHBIIEHHE TEIUIOOTBOISIIIE [UTACTHHEL;
Ry ate-screen — TETLIOBOE COMPOTHBIIEHHE «TEILIIO-
OTBOJISILAs IJIACTHHA — OKPaH ILUIAThI».
TeroBoe CONpOTHBIIEHNE DJIEMEHTA TN Pac-
CYNTHIBAETCA Kak [3]:

R,= L/Sxk, )
rie L — [UIMHA [y T IIPOTeKaHKS TEIUIOBOTO IIO0TO-
Ka; S — IUIOIIa/Th MOIEPETHOTO CEIEHMS TEa, IePe3
KOTOPOE TIPOUCXOIUT TeIUIomepenaya; k — koad-
(UIMEHT TEIUIONPOBOTHOCTU MaTePHAIA Tea.

TemnoBoe cONpOTUBIIEHNE Ha TPAHUILIE Pasiieia
TEIIOBOTO KOHTAKTa OIIPE/IeNAeTCs KaK:

tcont —

R 1/h xS, (3)
rie h, — koo dunuent remnonepenadn; S —
IUIOIIAb OBEPXHOCTH, Yepe3 KOTOPYIO IPOUC-
XOJIUT TeIUIoNepeada.

KoaddunnenT renomnepenadn Mexmy By Ms
HOBEPXHOCTSIMHE 3aBICHUT OT psifia haKTOPOB: Ma-
TepHasa IOBEPXHOCTEl, YUCTOTEI 06pabOTKHU CO-
psIraeMbIX IUIOCKOCTEI, aBJIeHIIs], OKa3bIBAEMOIO
Ha COIIpsIraeMble IIOBEPXHOCTH, PA3HOCTHU TeMIIe-
paryp Mexay HoBepxHoCTsIMHE. [IJs1 obectiede st
XOPOIIIEro TEIUIOBOTO KOHTAKTA IPUMEHSIIACh Te-
mnonposozsmas macta KITTH-3/3 maoTHOCTBIO
2 r/em® m ternonpoBonHocThio 1,2 Br/(M-K).
JlaHHBIe XapaKTePUCTUKU HACTHI IIO3BOJISIOT 10~
GUTHCSI MEHUMAJIBHOTO TEMIIEPATyPHOTO COIPO-
THBJICHHUSI HA TPAHUI[E Pas/ieia KOHTAKTHOM 110~
BEPXHOCTU MKy TEIUIONPOBOMISIIIAM KOHTAKTOM
1 IIOBEPXHOCTBIO MUKPOCXeMbI. KosmdecTBo oTBO-
IMMOTO TeIljIa MOKHO PacCIUTaTh Kak [4]:

Q=AT/R (4)

equiv*

3Hast OTBOAUMYIO MOIITHOCTb, IT0 BHIPAKEHUIO
(4) MOXHO paccauTaTh reperpes. MOIIHOCTS,

O6ecneueHue HAAE)XXHOCTHU

MKUKpOCxema

nevyartHaa nnarta

Puc. 3. KoHctpykups Tennootsopsiueit Mydtbi

\ npuwxmMMHas Mydra

TENNOOTBOAALLMMN KOHTAKT

noxe Ana nenecrtka
TennooTBOASALLEN NNacTUHbI

paccerBaeMas TEILIOOTBOMSIIMM OKPAHOM IIPH
eCTEeCTBEHHO! KOHBEKIHUHU, PACCUUTHIBAETCS
Kak [5]:

P=qa

XSoep. X ALy (5)

KOHB.
TZIE Oy, — KOIPPHUIEHT KOHBEKTHBHOTO Te-
1000MeH3; S, — TUIOIIANb NOBEPXHOCTH Te-
IUIOOTBOJISIIIIETO 9KpaHa; Af — pasHOCTb TeMIIe-
paTyp 3KpaHa ¥ OKPY’KalOILeil CPefbl.

MogenupoBaHue TensoBbIX NONEn
B 3ne|('rpom-|b|x Monynnx

B nmporpammuom komiutekce FlothermXT 2.0
TEIUIOBOI PEXUM MOJIEIUPYETCS METOIOM KOHed-
HBIX 3JIEMEHTOB B IIPE/IIONIOKEHHH, YTO TEILIO-
BOIT KOHTAaKT MeK/y II0BEPXHOCTSMH HJeaJIeH.
Mopenuposanuem B cpezie FlothermXT 2.0 mosy-
9eHO pacIpeie/ieHIe TeMIIePaTyPhl II0 TTOBEPX-
HOCTH 9KpaHa dJIeKTPOHHOTO MoAyLs (puc. 4).
B mporecce MoeIMpPOBaHUs CXOAUMOCTD I1apa-
METPOB OTCIIEKUBAIIACH 110 H3MEHEHHUIO TeMIIepa-
TYPBI OCHOBHBIX TEIIOHATPY>KEHHbIX 3IEMEHTOB
(puc. 5). bojee HaMIANLHO pacIpe/eeHne TeM-
HepaTy bl AJIEMEHTOB IIPeJCTABICHO Ha PHC. 6.

JI71s1 TTOBBIIIEHUSI TOYHOCTH Pe3yIbTaTOB
MOJIeTIUPOBAHMS B MOJIe/Tb BBEJICHBI JOTIOTHNU-
TEJIbHbIC TPAHUYIHDBIE YC)IOBI/IH B BUJI€ TEIIJIO-
BBIX KOHTAKTHBIX CONPOTUBIEHNI: R; 5 Ry
Rievepiater Rpiate-screen- II0CKOIIBKY KOHTAaKTHBIE
3a30PBI COLPSTaeMbIX 9IEMEHTOB KOHCTPYKIIUH
TEIIOOTBOJIA 3aIIOIHEHBI TeIIOIPOBOISIIEH A~
croit KIIT[I-3/3, To 3HaueHNs TEIUIOBBIX COIIPO-
THUBJIEHUH MOKHO PaCcCYUTATD IO CIIPABOYHBIM
JaHHBIM IIaCTHL

3Havenue conpoTusnenus R; MOXKHO HailTH
B JOKYMEHTAIUU Ha MUKpocxeMy. ITo naHHBIM
IIPOM3BONUTEILST, MUHAMAJIbHOE TEIUIOBOE COIIPO-
THBJICHHE KOHTAKTa 06eCIIednBaeTCsl IIPH JlaBJie-
HUM OKaTHsI KOHTAKTHOU mapsl 1,7 MITa [5]. s
9TOTO PACCIUTAEM OCEBYIO HATPY3KY, CO3IaBae-
MYIO BUHTaMH, KOTOPbIe 00eCIIeInBaIOT CXKATHE
KOHTAKTa. 3Has OIIy CTUMBII MOMEHT CHJIBI 3a-
TATUBAHUS BUHTa M3, 0CeBYyIO Harpy3Ky MOKHO
paccauTaTh 10 yIpoIeHHo dhopmyrte [6]:

F:M/(O,Sxdx(p/3,14xd)+fp), (6)
rae M — MOMEHT 3aTsDKKI; fp — koadunmeHT
TPeHUsT; d — CpeqHHI AuaMeTp pe3bObl; p — IIar
Pe3bOBbI.

110,22
103,82
97,424
91,024
84,625
78,225
71,826
65,426
59,027

Temnepatypa
otBepaeHust, °C

Puc. 4. Pacnpepnenenue temneparypsl
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Puc. 5. Temneparypa anemeHTOB 31€KTPOHHOTO MOAY NS

84
o 7 T — ALMO
74 — AYM
g /// — AUM2
69 —
E // ;——===> — AU
2 64 4/ — uAn
oA o
2 / /4
54 Mogynstop 0
- | Mogynstop 1
49 -

(2]
~

Utepaumu

0w T~
©® © o

103
109
115
121
127
133
139

63




110,22
103,82
97,424
91,024
84,625
78,225
71,826
65,426
59,027

Temnepartypa
oTBepaeHus, °C

Puc. 6. Pacnpe.qeneﬂue Temneparypbl 31€MEHTOB HA NeYATHbIX NNATAX 3NEKTPOHHOro MoAy s

110,22
103,82
97,424
91,024
84,625
78,225

71,826

65,426

59,027

Temnepartypa
otBepaeHus, °C

Puc. 7. Pacnpepenetune TeMneparypbl 3NeMEHTOB TEMNOOTBOAA 3NEKTPOHHOTO MOAYs

3Has 0CeBYIO HArpPy3Ky, MOKHO OIIPe/IeInTh
MeXaHUYeCcKoe HAlpsKeHUe, BO3SHUKAIOIIEE
B TOYKE COEMMHEHNS [I0OBEPXHOCTEN TEIIONPOBO-
IAAIIEro KOHTAKTA M MUKPOCXEMBI, X TeM CaMbIM
HOH06PATh ONITUMANIBHBIA MOMEHT 3aTATHBAHUS
BUHTA.

Ha puc. 7 uzo6pakeHa MofieNib 9JIEKTPOHHOTO
MOZLYJISL B paspese C pacipesiesieHueM TeMIepa-
TYPBI B 9JIEMEHTAX TEIJIOO0TBOAA. B pesynbrare
MOJIEIUPOBAHYSL [0y I€HbI YACIIEHHbIE 3HATEHMSI
TeMIIepaTyp OCHOBHBIX TEIIOHArPY KEHHbIX dJ1e-
MEHTOB 3JIEKTPOHHOTO MOJLYJISl [IPH TEMIIEPATy pe
okpyskatorueit cpens 50 °C (Tabmuma).

MakcumanpHas TeMIepaTypa HabogaeTcs
Y MEKpOcXeMBbl, pacnipeniensioniest CBY takrupyio-
1IIMe CUTHAJIBI 110 IUIATe, e TeMIlepaTypa COCTaBUIA
+110 °C, 4T0o HIKe ee MAKCUMAIIBHO JIOITy CTUMOM
paboueit Temnepatypst Ha 10 °C. Temneparypa
OCTJIbHBIX JJIEMEHTOB He IpeBbiaet +80 °C.

3aknioueHne

[IpemiokeHHast CCTEMA TEILIOOTBO/A € IOMO-
LIBIO MEIHBIX IUIACTUH M TEIUIOOTBO/SIIUX KOH-
TAKTHBIX My(T CIIOCOOHA B 3aJaHHOM TeMIIepa-
TYPHOM JHaIia3oHe 06ecreynts Ge30TKasHyIo pa-
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Ta6numua. Tennoebie XapakTepPUCTUKM

TENAOHArpPyXeHHbIX 31eMEHTOB
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ALMO 19,28 69,28 125 6,1
Aum 19,92 69,92 125 6,1
ALN2 19,57 69,57 125 6,1
ALN3 18,86 68,86 125 6,1
LAn 28,6 78,6 125 12
Ethernet 27,68 77,68 120 10
nac 23,2 732 120 0,4
Mogynstop 0 20,78 70,78 150 0,44
Mogynsrop 1 21,2 71,2 150 0,44
CBY-6ydep 60,22 110,22 120 70

60Ty BBICOKOIIPOM3BONUTEIHHBIX QJIEKTPOHHBIX
MOJIyJIeit, 3aIHUIEHHBIX OT BHEIIHNX ¥ BHY TPEH-
HUX 9JIEKTPOMArHUTHBIX OJIell 9KpaHamu. Ml
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