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nodul e and the I|ike. As a bondi ng nethod of a cerami c substrate
wth a netal plate cut out in given shape in a production process for
the ceramic circuit board as described above, a nethod using an active
metal brazing material (active netal nmet hod) prepared by adding 1 to
10wt . % of active nmetal such as Ti, Zr, H, No and the like to an Ag-Cu
brazing materi al and the |like, a so-called direct bondi %T}}Fﬁ}ﬂ% (DBC

met hod: direct Vﬁb’ﬁ@f’ﬁ@ copper method) i.n which a ceramc substrate
is directly bonded to a copper plate uéi ng tough pitch electrolytic copper
containing 100 to 1000 ppm oxygen or copper of which surface is oxidized
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Is first contacted and placed on a 0.6 to 1.0 nmthick ceramc substrate
conposed of an alum numoxide (Al[err]Jerr]) sintered material, alum num
nitride (AIN) sintered material and the like, and heated for formation of
eutectic crystal [|iquid phase of Cu-Cu[err] O on bonding interface, the
surface of the ceramc substrate is wetted with this Iiquid phase, then
the |iquid phase ygosigaked to be solidified for direct bondedrgrerdozdrne
ceram c substrate with the copper <circui4 plates. The ceramc circuit
board obtained by using such a direct bonding nethod has advant ages such
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has a problemthat reliability is poor in heat history,

-2 since the netal plate has as large as 0.3 to 0.5 mm
thickness for flowing large current. Nanely, a ceramc substrate and a
metal plate having extrenely different heat expansion coefficients are
bonded, heat stress derived from the above-described difference in
heat expansiyesegaef ficient occurs by adding a cool i ng ppygRess702Nd
cooling cycle after the bonding. This gtress exists in the form of
remai ni ng stress distribution of conpreSsion and tension on the ceramc
substrate side near the bondiqggfortion,-and particularly, nmain stress of
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ceram c substrate, poor w thstand voltage, releasing of the netal plate.
Further, it exerts a reverse influence that strength of the ceramc
substrate is lowered, even if no cracking occurs on the ceram c substrate.
Wth recent devel opnent of high density and highly I nt egrated

sem conductor el enent, m niaturization of a sem conductor nodul e and
el ectronic partswdﬁﬁﬁﬁmves is desired. Under these circumretasesn7e

m niaturization of the sem conduct or nted substrate per se is al so
required. By the way, an alum numnitride substrate has a hi gh
t her mal conduct|V|t and | ow. heat expan5|on property as conpared with
other ceramic suB @s. However, alum numnitride substrate having a
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slight pressure or inpact is inparted to the circuit board in nounting
process of the circuit board, the circuit board is easily destroyed,
and production vyield of a sem conductor apparatus is sonetines
reduced steeply. Therefore, in a conventional sem conductor
nmodule, it is essential factor to increase thickness of a ceramc
substrate and Wb te a reinforcing nmenber with a circuijcrpemisle Fig. 4
is a cross-sectional view showi ng struchure of such a conventional

sem conductor nodule 101. The sem conductor nodule 101 shown in Fig. 4

has a large thickness, and is formed by bonding netal circuit plates 103
to a front surfEF s :a@m&gmﬁt‘t‘ﬁ&@éiﬂ EE- NS Bt er ed body
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pl ate 103 by sol der bonding, and an el ectrode portion of the netal circuit
pl ate 103 and the sem conductor elenment 107 are electrically connected by
a bonding wire 108. The ceramic circuit board constructed as
descri bed above is integrated to the surface of a heat sink plate 105
made of, for exanple, copper by solder bonding, and a  sem conductor
modul e 101 as shQykedeski 9. 4 is formed. This  sem conduct arcriypeiets?e 101 is
fi xed on an apparatus casing 109, a hea§ rel easing fin or a nounting
board by securing with an
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probl ens that size becones | arge when constructed as a sem conduct or
nodule and it is difficult to produce a snmall size nodule, and production
cost for a ceram c substrate increases. In addition, since a heat sink
plate which inproves heat releasing property and prevents cracking of the
ceram c substrate is required, and further, since it is necessary to use a
ceramc substr ng a large thickness for enhanci tance
agai nst cracki 098Ja&&ut her, since thi Eéness of the subst ?g:{réml{ﬁ?rmzases
there. is a problen1that heat resistan i ncreases and excel |l ent heat
relea5|ng property as expected cannot be obtained even if an AN substrate
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cycle durability are inproved. On the other hand, with recent
devel opnment of high density and highly integrated sem conductor

el ement, m ni aturization of a sem conductor nodul e and el ectronic

5 parts thenselves is desired, and for high densely nounting, an
enl argenent of area for nounting part and circuit constituting part is
desi r ed. wolRaeser. in the conventional ceram Cc porispegisto

board, since one main surface of a ceranig substrate is only used as a
nmounting surface, it is necessary to enlarge the ceram c substrate itself
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ceram c substrate tends to bend in bonding process for bonding the copper
circuit plates and the like. Further, sinple enlargenent of the ceramc
substrate goes against the requirenent for mniaturization of a nounting
substrate and the electronic parts thensel ves. As descri bed
above, in the conventional ceramc <circuit board,. the ceramc substrate

shoul d be enl arggdsdseds 1 Ncreasing the area of nounti nﬁbm??‘fm%s'mand t he
t

circuit constitutional part, and thi Sé‘in@\/i tes poor bonding o e copper

circuit plates and goes against requir nt"for mniaturization of the
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6 el ement have been devel oped, and circuit board structure
whi ch can effectively dissipate heat generated fromthe sem conductor

el enent outside of the systemand circuit. board structure having a high
strength which can endure heat stress are technically required. Then, a
silicon nitride (Si[err]N err]) substrate having higher strength than that
of a conventionalygbdugisea (Al [err]Jerr]) substrate has beenpdmipesbs?d o be
used as a ceram c substrate. However, gijnce the Si[err]N err] substrate
has a remarkably | ower thermal conductivity as conpared with an al um num
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X5 Lo & 5 it E#EEEE(LD WREROSHAREE 2, 5%EIFicL.,
EASE O FABERICER S W S RTIED 2 0 KELEA RSB TED 5 &
ST S ldiTit, G ORBRIEEEEE1800~2100CT2~10
BEMVEEE. MEEASRS Ly DroBSksEse TR IC 51 3 Btk O EIAE 265
Bl10O0CETicLTHRYTELHFBEETHS,

BSEEEEE 1 8 0 0CHRME LIBAITI. BkORBHLIR I TaA
M2, 5volXLLEiTiE b BRI b LU RN SHTET LTLE S,
—HBSRBEA 2 1 0 0°CHER 3 & SLT VRRS BHRBAE LR
5. GCMESRTRES  NEMSESELBAIIE. 180 0CHES
DB VRO MRRREIES 3,

RS T E R BV B B OB AR AR R S € B 1
HIEESHBETTH Y RAEEAE 1 0 0CHER 3 & 5 5880
BRI LABAICIE, BREHKERONTISIERRERE (V5 2 L5y, #
RECITEERE U - ABDSRERAR & U CRIRMNG 52 B8IAM2 0%6KME 7D,
WIS X RENERIICETLTLE 50
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2100%C) b, HECHBEMORIEI & » TERT 3 Wi EET 5 %
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property is particularly required. On the ot her hand, the
alumnumnitride (AIN) substrate has a higher thermal conductivity and
| ower heat expansion property as conpared wth ot her ceram c

substrat es, no al um num nitride substrate having satisfactory
mechani cal strength has not been obtained yet. Therefore, when slight
pressyre'or inpgﬁgmh%grnxuted to Al N substrate in nnuntipgn s of a
circuit board, e

Clrcuit board is egsély destroyed, and production yield
of a sem conductor device is sonetines feduced steeply.
Therefore, in the conventional ceramc circuit board, it is essential

requi renent toBHGEASSHEALKAdss 105 0 0 CERETH 5, £ LTI & bkt 7
B o LICRIESEREICE 5 & TORREEOKBAHBEE4E 1 0 0°CLLTF.
HFELIRS OCELT, ¥oiiFE L2 5CUTIHATIcLickb,
RIFHED 2 0 %ELE, RciFE L < 135 0 %ELEASRESIBIc b, SEdsRE
K CBHE RIS BN G r B o h B,

FHACBVWTERT 2 EREREELTVWRERIZ. AILEEIToL 5%
ToEREETHES NG, TUDLHRFEOMENELE L. & 1 Rbi
SRBRVDITOHGRIS LT WRBEKICHN L THEROSELEIA. Hil/ <1 >
Y%mﬂ‘%fIEMﬂ?Jﬁ;Uﬁ%I:FE\U’CA 1 9 O3 ®AIN, Ti{kaes
WA TRBESELHEEL, KB o FHBEAEERE L THERROR
Kkt ®R5, FEBRAKOREEE LTR., AROSRSLRE, Fro—T7
LV~ FEOXSU Y — MEBEN EHBRTE 3, HITIEBIEICS| SHV T,
B IER LTSRS TREG6 00~8 0 0°C. $hlRBZHTEE40
0~500CT1~2KHEM#AL T, FHEML TORER T VRS %2T
SichEL. BiET 5. RICRIEMBEX NREELERNT X KETZDT
T HRIEEDOREREN ZABEBEABTL800~2 1 0 0°CORETHER
IS ESUMESERE%1T S0

LM X > THEI N EELTVWRERIZSAEN2. 5%LTF. 60
W/m+K (25C) BlLo#ENRERTL, A=SHFRENERTES5
0MP a Bk & RIS b BTV 5,

BE. BEREREEOE(LT VRICEMERED S | CHERNL Thisike
e LTOREAES 6 0W. /m » KELEIZ L ZbiF WERIRIZARBEOR
Bicksshitv, LHLEHKS, MEEREHE6 0W,/m« KELETHZEI(L
ORI RMEREO S | CHEHAIHLEMTVWEREROB SIS
i ARFOEEIZA I NS LIFESETHHL,

ERAICRIEHEEY 2 —~Uid, EEO K S oG L By
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the ceramic substrate. Fig. 7 is a cross-sectional view show ng structure
of such a conventional ceramc circuit board 201. The ceramc circuit
‘board 201 as shown in Fig. 7 has a large thickness, and is forned by
bondi ng two ceram c substrates 202a, 202b nade of an Al N sintered body
having a high thermal conductivity through a copper plate 204 as a netal
circuit plate, bywhsmgissgd a copper plate 203 to the upper ssorfypeezsé the
ceram c substrate 202b, and by sinultang q¥sly bonding a netal plate 205 as
a rear copper plate to the rear surface of the ceram c substrate 202a for

Isgkeg(r)ﬁfjhg?or elbﬁéﬁgm Iﬁ%&ﬁ%%%&g%h%ﬁﬁﬁcﬁﬁ’%ctrode
e olcotrical | Y SaRERRAL ARSI AR ARC s Pe T 207

descri bed above$ﬁﬂ}id)ﬂﬂf$-§MWbﬁWM#@@&7®9WBﬁ@L@eﬁM\(A' N)
circuit board 201 has problens that the size is |arge when constructed as
a seni conduct or iﬁﬁﬂ?’gﬂ‘éﬁﬂﬂhﬁ'ﬁ'éﬁﬁﬁﬁﬂﬂiﬁﬁbmmm&mf(ﬁlﬁ nodul e,
E LSRG OREREER LTV b, B34 7P T
ORI & > THRISNIGET 5 2 LD, BIIK LR L.
B IR L WD 5D — b VY /R EOMFEBEE LIV, L
il Ty WMEE U 2 -V OBEHIHRILE L TEI X FAAKIBICEN X
hatebic, MUYLTEHREERLLAEL LS,

T/, EHRICEET 2 RERTSORMBEL, O ORMIT, B EeE
LT WREREZETRBCRACEES NS - DBERENERD TRIFTH 2.
$ 1, SREGHLETH SELG VWRERERALTOARD, €Va—0
BAILDOABERESBRTIILENTES, 20D, Ty FTYIRI
BOVTEY 2 - VOB TENAGEST, JWEE D 2 —VERWIER
$EBEZRVRESED TRBICRET S EHTRERICE S,

¥ BRGSO RBROEESE f2b, MY 1 2 itk > TR
RESRIRE DEESMMIcTNHRET 3 Z EHDIEL, WY1 7 VEEHIE
L<{EEL., BAYSICEETIcEBh LR ERERET I TS,

IO RBVWAGREREZFTIECITVREREEAL TV 30, BliAL
B LUBBRL IR T 2 ¥ QAR F /B L BAITB VO TH, MIEHSY
DOHELHDIL L | BNl MEL RT3,

R ORER B RO BRRIRENEN T W B 2, BERX
NIBBIBREREE—EL LRSI, tho+5 3 v 7 RBREERA LIS
BLHEBLTEREI 2LV ERT I EXTEELD, CORREXLER
TEHILEOOMETEE L DN TE, FMRELISICHBT I &N
T3, FLBRINIBEREICH LT, BRI DBEVERT LIS H
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and production cost for a ceramic substrate increases,
necessary to use ceram c substrates 202a, 202b
t hi ckness for inproving the resistance

since it is
each having a | arge
agai nst cracking. Further, since

t hi ckness of the substrate increases, there is a problem that heat

resi stance
cannot be obt aiwﬁggmﬁ nif an AN substrate having a high peggpermozsmo

The present 1 nvention has

8

t her mal “conductivity is used

I ncreases and excel |l ent heat rel easing property as expected

been acconplished to cope wth such pid%lens, and a second object thereof

isto

provide a silicon nitride circuit board which has an

excel | ent heat

rel easi ng pr opErUiE L Edn-eh BFOMERAIE L DERT S EATHEEL S,

¥ RO EMENBRENL TN I =Y ABIROS 2 EREEE OB & L
Baid, »IBEORRINBEERMAT I LDIELTNI =Y LERDOE
XAEKEZLBETILEND -2 LB IARFOIREE U o —IILPER
EH TR, & L TESIBOEMEANEE(LT WRERIC & - THEHE
PHERT 5 L ERIC RS EMR L TV, TOD, EVa-N2kD
LUEBSER2HET < MRS 5T EMTE B,

—H. RRWBIZHSELTOREREERIL, LEOX S NG L LoF
BEEdE) ORBIROM, ®E, BXU, LBECOUTERIC, HiltEE
BEAEPEESREZAVTHBUER T 3 &RRE—MKIZRALSELL T
BExh3,

T b B ARFEHAOELY WRERSERIC BT, SERERIT L 0 &miE
BERAET L REESREK X S L EHOSMEEEE(L ) WRER
. SBREENLTEBLLTVWS, X-T. MHNELT v 7V iTAHEE
B3I LR K- T EREPERBEBOEROMAER - L ETNULTE,
INEEEEIERTE 3, | |

E1z, SR LOLBEER T RGNS VWRERESEILTS
EILE D, Ry r—VEEMRT 3 ENTEBRI TR, SR COLR
REERSBEERE L THERT 3120, BEROBE/y ¥ — VLR TERD X
FUBTE, TLAEARERERMERTOARKENNERTE~ OB RN
SHEHRMENE,

iz, €7 3y 7 AEHE LT, ST ORBERESARRNCET 2 RH8E
R IR TRICARESRE KIBICHE L cRMEE ST WIRER
ZERLTVA b, EFICERT 23X BERTFEORMER, S DRMII,
SRR L WRER S TRECRAICEEI N S 1 DRSS ED T
BIifTH 3, . BRESPETH ZEMLTVWREREEALTHS1D,
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mounting part and circuit constituting parts and can be mniaturized, and
further, which has an inproved heat cycle durability and excell ent
reliability. Di scl osure of the Invention The sem conduct or
nodul e of the present invention conprises a high thermal conductive
silicon nitride substrate having a thermal conductivity of 60 wm Kk or
nore, a sem condugbdesossssenent nounted on this high thermal om0 e
silicon nitride substrate, netal circuitjates that are bonded to the

hi gh thermal conductive silicon nitride substrate at a side to which a

To the i gh t her BRFRRAIAN VS REX BX MR B o ek aP £ Tade o

whi ch the sem cogdjg X g%m PSR X mw 0
apparatus casing or é@‘?miﬁdntl ng @;@5 W %ﬂi a preferabl e enbodi ment
of the above- desﬁ@ﬁ@ﬁbﬂlﬁﬂiﬁﬂiw&kmm:B&beﬁlﬁﬁhe‘xagesent i nventi on,

there are |list ed an eg’a%%':ér%%/'ﬁ.“é“ﬂ‘otg Eb‘t“r‘ﬂ* n(isg OO‘IV/tmh% rg%tﬁ'
DR L EWALL 2L WRERFERIC BV T, BMEIEELVWRE
ROES . ERRERE LTHEALIIZEOBRRECHE U THEL, OFEX o
FEh3 BRECESO 2ELTERET S & &b, S VEEROE
AHNEREEORE XD 2 EEEA 5 & BIRERLEDEXHHEN U MIEFA A
(85, ELTVRERORGHTESR, 0. 25~1, 2mofHEHTH
B i, COEEFVERROESE0, SmMTRIET 5 LickD,
ERERLSEOCES ZERT 5 2 LA3TE, HREERO L TERMOMEFZEE,
KO HROCBWDO IR Z T EHMREICIE D, ERERSEOBMEEE, kb
EBTHLNTES,

—F\ ARATEHINIBEERHNE6 OW, /m « KEMTH S3EHIL, &
EREINEL, LALENRS, SEaAX FRBEVERAI S, BiCTALIF
(Al 9 Og ) BHRPHIEEE L & ORA TRAETETHIUEFBIERTE 3,

ARIFTII LIEBREREHN 6 0W,/ m » KELEORM=MHRLIT WEER
EBEERN 6 0W,/ m » KRFONA TEREEERE © 2 BEOEHEEE
EROBRFUICIG U THEVSY . B—FHLE LTRAEREERT 3. ¢
B HHERE S X BRI IR & h 3 A AR MENEE L
WREREZERT 55, £OMOBMI A TRESE TRELERER
—EH LIBT3 it O EARRMEERIhS,

AR 2 ZMU ORERERIE, EROX S MEL EARROERE
. BRUEXFT5LROBERE—EICES L. S5 ZOEBERIRENL
THEERTEERL TRESI S,

& 512 EIRO & 5 ICEMENESE (LI WRER & R CRETER & 2 F—
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plate which is bonded to the apparatus casing or the nounting
board is less than that of the above-described metal circuit

pl ate, an enbodi nent in which a thickness of the nmetal plate which is
bonded to the apparatus casing or the nounting board is nore than two
times of that of the above-described netal circuit plate, an enbodinent in
which the abovgs sisssg i bed netal plate is bonded to the abgvppeesseCri bed
hi gh thermal conductive silicon nitridﬁﬁiubstrate by a direct bonding

met hod, and further, an enbodi ment in i ch the above-described net al
plate is bonded to the above-described high thermal conductive silicon

nitride substVE-&TEAk L{RSERORI. ¥ 355 h REIRRESE & BOHROEhe silicon
T e R SRR PE N, ARMSLAIER TR, Y o
thermal  condugid Vit sAREE—HkiFE&405 LIEk ANUEREEREE ! Pihad & i eh '
OHMEBBRACEST I EMNBRIRI L L b, HARK L &RERER & D
MEFREICER T 2 EREROR b PERETRINHIETE 5,
FicHBRERICBRS h3BEBROES £, HicE&shi &Rik0
EXxXOREIBETI LI, HALLABHARKORRIIERT 24
BRERSICT I EHNTHETH D, HARRORRICB 2 MRS DI
{7y, HAEBEROR D PEHE L ORMCILTE 3,
FRDUL LD L ROSBRERER X 12130713 & b 1 BOSBIRH. BiE
(L VORER S L AR TRETBIROME CH » T—HIcE4&Sh3
T3 &, [F—FhHLiciER L 2Bk WiRER & LA TRIEITER &5
MBS h, WAL et WREBBRO—HEE®ED S - LTS
%o |
LRSEERE S L UCSBROBAAEE., BicBRESKS, LTBnY
ZHBEAET LG SRER S EEET I ENTES,
EEBEAEIZ. G WRER & AHATRELER &M SKRIRESBIROZE
Eic. BE&410. 5~1 0 emBEORLEEEEL. COBRLEENL T,
EIRAIE & s 2 S MERSHPLMIRE LEHARRKI-EEEST 5 ETH 3,
C I TLEESRERBRIR P &M, A 5HE L ORSRIEERS FICRAER
FHEICEHENICEATI NS, TRDLE, REERORS L EBRES & DR
IL&YIEIEIc XD REY L, CORRLEYEERARE L THEHI’RE
xh3,
B%. COEBEAEIRAL, 0, REOBRIRES Iy I RzDVTDS
BATETH D, ST ORBIRPELT N I =0 LERI X OIRLOFR £
53w 7 R0 HA L THERCHT 3B MENE B, SEERE
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I's bonded to this highly thermal conductive silicon nitride substrate, and
has a part in which a plurality of the high thermal conductive silicon
nitride substrates forma plural -layered structure through the netal

pl at e. As a nore preferable enbodi nent of t he
above-described silicon nitride circuit board, there can be provided an
enbodi ment i n wWhiwdvshidgs above- descri bed netal plate i s bomn¢edestozstohe hi gh
t hermal conductive silicon nitride suq$ rate by a direct bondi ng nethod,
and an enbodi nent in which the netal plate is bonded to the high

thermal conductive siljgcon. nitride substrate by an active netal brazin
met hod. DR hEAHEN L8, e by g

FITELFOERRBIUEET NI =Y AEROREICFHBRILELT
B L. BRICNT 5R/NEEZHD 48N H 5, JORUER LRSI VE
ERBLTCET NI =Y L8R E. ZRFEEOREFIEKGTERE100
0~1400CEETO0. 1~48KEM#KLTEERINE, COBRLLEOE
0. 5 umARMOBEITIE, LRBNEOBEREIDITV—E, 104
mAERZ B &S IT L THUBARI T2 & & biz, Ho THERENET
LB R 5®H, BILBOEXIZ0, 5~10mofiifl, XbiFL i1
~5 pmOEHELT 3,

Lis i, N, BROBLEL. LWS i, N, ZRBIOBIHTH5 S
10, DEDP MBI NTV S, MMc & 3 SRERROHE AWM B
Ty S ig N, BRICEREAIE L TRMES h TR LBTTRER Lo BRiL.
BARHERET 28R, FLERIUIBLEh BRI - BRE L3,
PIASHRERE LTY, O, 28R LIBEIIIMMESRIF OB
Y, 05 21 ~2 0ERNBEAFT Sy MU TV Yr—ba&oOS i 0,
—Y, O, L& SBEEI 3 L5183, —F4, AETRHEERIRE LT
Al NBREFERT SHABOTR, A1 NEROBLEZA 1, 04 0D
BREh3,

LiESBERRCSBIREHKT ML LTR. R TLI=va, &
okl Zus, B EYVIFY, AL IOREEIIIZTOSSEE &
RS & DHBMEYEER L, BRESRLEATE 3R THNIIGIR
FINTWH, FHBUBLCEBROEAOIOH, TAI=vAzki3Z2D
BENFE LU,

SBEREIR (CHEE) OF &R, AEARFEWMEL THREILIH, EL
FOREROES A0, 25~1. 2mOREET5—%, SRERROEE
0. 1~0. 5mmDEEICRE L THELHASE S LHEREIC L ITE
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Further, in the silicon nitride circuit board of the present invention, a
hi gh thermal conductive silicon nitride substrate having a thermal
conductivity of 60 wm k or nore and a substrate having a
thermal conductivity of less than 60 wm k are provided on the sane
plane, and nmetal circuit plates are bonded to at least the hlgh t her mal

conductive sil{pQkssdyi tride substrate having a thernal SEP &5 ¥ ty of
mal  con

60 wm Kk or nore. As the sub t%ate havi-ng a ther uctivity
of less than 60 wm k, an al um na ( rr] err]) substrate, resin
substrate and the Like can be us A netal plate may

advant ageousl y Alﬁfﬁgeg’&%”f‘ﬁé <ﬁ|‘5}h thermal conductive silicon n| t ride
Subst 1 at o ?§¥' o G ARERECORME e e 2 St Bt PR SBE  han G0
K i e predsRi M AR oy 0 o
be directly UiliftEk®HDOFHBIE N GERHRCHARRLTBE R RFE0RYI tri de
BT, WO (10 83°C) KMOBET, Hofi—BILROKBERE (1
065%C) BlEichML., &L= Cu—-ORBILAMBHEEEARIELTH
[ERERENE(LS O RER S L CRA TRECEROFHE BB ESxH
5, "OEERESHEL, Wb 3MEEEASE (DB C : Direct Bonding Cop
per ) THB, 58 i, N, ERECEEES L REBROFELE
ICHERLRT (Si1Fv7) 2EEBA L TERTE Lick b, KRi-E
AELTORERERI MG SN S, LEAHTRELBERE LTA l2 O3
RO L 5> SRR ES 3 v 7 REREHAT 3B RO XS 58
{LBEEKT S LENRTVI LRESTTHR,
—%\ 2REEEFEPSBTHT IV I =9 AR TH 3B, S i3 N
4 ERB I UCRATERMESERERICA | FESREREL-RETT NI =Y
~JOROKBEELLEITIML, ERLEA L = S | RELAWERAR
& LTA | [BIIEIRATS ig Ny EiREHEI-EENICEA&Ih S, ZLTS ig
N, ®iK ECEESALEA | ERROFEURCEBARTLLEZALT
BRI 5 Lickh, FRPOELFWRERFERIKE X h 3,
COX S KEHERSEEMA L ToRERREHAENREICEBEES L,
X oRBHONENERTES i N EiR EOSBERER EiE#R L T L
RAFINC K S BT O RERERIC L hiX. 2EEREFE S ig N 1 &ixZ
AR TRETER & O/Ic, BERPS SHO & S BAEYHIEFELEV
o, WERMOMENRIVNE (| SMEBRR LTl Shi Y RERTFORM
ERSBEICHBE 5 T LHTERETH B,
KiCTFHSBREI L 3 e BERRSOERATEEBNAT 3,
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substrate and the cheap substrate for general use through the oxidized

| ayer so that the netal plate extends to both substrate. Nanel y,
according to the present invention, it becones possible to obtain a
cheap circuit board which can be easily produced with maintaining an
excellent strength and heat releasing property. Nanmely, a conplex silicon
nitride circuit wisasmesds can be obtained by conbining aCroPI70EGH
nitride substrate excel | ent in 14hermal conductivity, strength
and toughness with a cheap substrate for general use which can be easily

Conduct 1 ve si |1 coRERPRRAIRY thde 4ua HRREE CRAbARENALRTEE Lrer
PO et hr o MOTREEIRE B Lt i o f 8U0R1YCH 27° RS g e

follow ng three

AERE@EIC. EX 2 0 umitkOSRESE (BEEm5 SHE) R L.
C OEBEAREEN LT, MERERE £ oL RERIR P SMENESEh 3,

EHeRiE. BRiond 35 5H0RNEETEL, HABELRD 3L
B3 %, EESEASHORKNE LT, BRYTLEEESEEZ1~10
%, Cu%15~35% EENERMIZA g, OK3 3 H>VERWIUTFET
b3, LIESEESGEI. CO3 SR ERERPICARL TRBYLE
BRERMRYINR—Z FEESEREREICA 7 Y — YART 3F0HETERE
h3,

ZLTRZ Y~ HRBILESRESE LIC, EREL 223 eRERFECLR
REEMACE U oRE T, BE]h S RS ABESh T, AiiFAg—
CustRBE (78 0°C) LLLT, »>&BEISIROMA GHDBSI12108
3°C) PUTOBEIMMT I ¢k, SBEERIFSBRESEENLTH
ARSI NS, .

K. LROEBRERIC BV TRERBERITEP SRR EEHEEAEPERS
REEER L TRABR Eic—kicRe L TEREZERL TV, 155
A XEI & > TEBEEERT I L LTHETH 5. THbb. £ 4S54 XK
?m\wiwfu7%y(Mo)P&yfx%y(W)tamﬁﬂﬁﬁEaT
i PEDEWEEERD LT3 A 7 54 RSO EREEREFEICHEE i
T\ BX 15 umBECEKEL L TORMSLRE 2 ¥ 51 XBEHHRT 35
HBTH 5o

DAY SA XKL, ERELERTZBEIR. A Y51 X@EREI
XOINIiPAUNSKHIEEX3~5 umBEOEEY - XEEHEKTIL
PFE LYV, COLRD-EW/ERKT I LRLD. 1251 XBOREE
RSB N, FRERTLOBRUEN L OBBINZ L L LT, LARL
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there are three enbodi nents; an enbodi nent in which the both substrates
are placed so as to be adjacent to each other on the sane plane; an

enbodi nent in which the both substrates are lamnated so as to form
a sandw ch- structure, and an enbodinment in which a plurality of high
thermal conductive silicon nitride substrates are placed on a surface of
an al um na subg&;gﬁgﬁpr a resin substrate. These enbodi mggraesRMIPE

conbi ned in accordance with the lwxnniﬁd properti es. For exanpl e,
an excellent heat releasing property ‘Ot whole circuit board can be secured
by arranging the high thermal conductive silicon nitride substrate to a
portion on mﬂ%ﬂ{@t?eﬁf%ndﬁmlfﬁ%ﬁ&ﬁ@ %&Eﬁﬁ@éﬁbéérﬁ'éﬁati ng part

i s rmount ed. Fq&% r, when a surface portion of the circuit board to
ical

which mechanit ® pressure, mechanical stress and the like are
directly appli eguiin- ook USKERSIRINRNIE] MY IR Shi@y(at e having
a high strength and a high toughness, it becones possible to

BT Z:Eﬁﬁﬁﬁﬁﬁ%l:bﬂifﬁl:%%ék@:&ﬁ L oS dni s
L ORBIRE. HIcHEERES & CHREENER S 3B EE T 3—5,
Z DOEALT 7 3 FERPRIEERO & 5 A CHERE TR EIR
2EE L. MEREE—PELCEEL THAERE L. CORARRORE
KEBERRE —EICES L. S oEREIESLTWRER Eiz#Ea& L
SBERER i R ERTF 2B L TEREh TV S,

LEd-T BEIR MPRETHD . R RERTEORMBREI SO
RMIMERERHIHOELFOREREZETRECTRIMCEZR I N S DM
HEAED TERIFTH 2, o, HHERIHETS 2 RMEHRE/L D WREIR
%, HICHREBENERINIBACERT S itk Y., BEEROBRKE
DHBERECHRTZLLHITES, 2ORD, Tvey 7Y IRBOT
ERERORDA T RN RES T, EREEERERVFREERRE LIS
B O TEMICEET S T ENAMEICE S,

% (L W REROPHHEN T Vo, MY 4 7 X - TER L LRE
BAR-P SMIR & DB ARICHNATLT 5 2 LA TRMT 1 7 5t
FLLMEL, AL CERECENIERAER Rt E T
F |

&5 EHOREERERT SELT WREREERL THS 0, RilIHL
B LUERE(L AR T 2 X RUERTEHER L B8 b0 Th, MiEHSY:
DOHLHDITL . Bhl-BMdERET 3,

Hic (LD VRERSEOMRRE S BN TV 512D, BRE TS MRE
REFRML—FE L LRSI, ok 5 3 v 7 RBREFERLEBS L
TEEES % X DERT 5 LHTMEL LS, CORFEXEERTEZ L
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12 suppress cracking due to the fastening operation for
fastening the circuit board in an assenbly process, a crack formation
under the heat cycled condition, and the liKke. Further, in the
above-described silicon nitride circuit board, netal circuit plates nmay be
bonded to the high thermal conductive silicon nitride substrate and the
cheap substrate tywgowgisca netal bonding | ayer containing at pdreessine
active netal selected fromTi, Zr, H angyN\b, the netal bonding |ayer
being fornmed on the surface of the hi gh thermal conductive silicon nitride

oroduced. b SRR SN Tdp It A R 0 £l RR o F
metal bonding | aygipbon ERmamiRe sPUC, a&%.ﬁfuﬁbegﬁ—cwaﬁmmaeaf;
| B, BEMEIR FELDERT S SRS,
F RO EMENMELT IV I =Y LERO A S ERREF OB E L
BEICR. H5BEORRNBRELHERT S DICELTN =0 ARKDOE
SERE(BRETILENRS -1 LB EARHAOERER TIX. F&LT
FLFOREIRIC & > THOEMEEERT 3 L ERFICERESE2HEERL T
W, Z LT\ B/ WREROES I, 73 FEFEPHIERRE YD
AATHERS TRBBEROE I ZHA T (ERT S LaRkE 53
1o, A TRESEIFTE O BIEDEZ X & ICRPEIICERT 5 - LHafke
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above-described high thermal conductive silicon nitride substrate and
the cheap substrate for general use which can be easily produced. The

t hi ckness of the netal circuit plate nmay advantageously be | arger than
that of the nmetal plate. Further, the netal plate may be bonded through a
metal bonding |layer to both the high thermal conductive silicon nitride

substrate and t@gmﬁﬁggp substrate for general use so thatedydigoidgtl pl ate
ranges to both "substrate. Further, at_,l,east one netal circuit plate may

advant ageously be bonded through a net%@ bondi ng layer to both the high
thermal conductive silicon nitride substrate and the cheap substrate for
general use sdXiaicitBIXmdXERMEETH Bopl at es range to both substrates.
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The high thermal conductive silicon nitride substrate to be used
in the present invention my be constructed so as to contain a rare
earth element in an amount of 1.0 to 17.5% by weight in terns of oxide
thereof, and inpurity cationic elenments of Li, Na, K Fe, Ca, Sr, Ba, M
and Bin a total anmount of 1.0% by weight or less, preferably 0.3% by

wei ght or I'ess (iWfdshshsid 0% by wei ght as a detection |ini tecrapsmozsro

Here, as a matter of course, the above- cribed content range of 1.0 to
17.5% by weight of the rare earth oxi de |ncI udes 1. 0% by weight which is a
lower limt of the__content angd an uperllmtof
the content. THERELE F& '-55‘9 %%@g roam'a@d & appl i ed

to the content r 'S anot her aspect of
this invention, ﬁﬁwi%%@g nl“t ride substrate can
be formed of a Stla gmmaﬂﬂamwmwﬂem mﬁwtﬁmmaﬂw earth
el enment in an anount of 1.0 to 17.5% by wei in
R (257) . ZRTO=ZRHITRBEEDF iﬁ%mﬁbto b, ELY
WRERIC O L TXRERKIC X » THRHICED 2&BHOF&ERMEL.

TRl ~3RTEREER,
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terns of oxide thereof, and consists of silicon nitride crystal phase and
grai n boundary phase wherein a proportion of the crystalline conpound
phase in the grain boundary phase is 20% or nore, preferably 50% or nore

based on the whole grain boundary phase. It is particularly
preferable to use a | anthanoid el ement as the above-described rare earth
el ement for I Pdsii¥sh9 @ thermal conductivity. PCT/IPY7/02870

14 #ﬂe hi gh t hermal, ,conductive silicon nitride

substrate used in the present inventiog‘%ay preferably contain at |east
one el ement selected fromTi, Zr, H, V, Nb, Ta, G, M and Win an anount
of 0.1 to 3.0%%1dei ght
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in ternms of oxide thereof. This at |east one elenent selected fromTi, Zr,
H, V, Nb, Ta, C, M and Wcan be contained by being added to a silicon
nitride powder as an oxide, carbide, nitride, silicide.or boride.
The high thermal conductive silicon nitride substrate used in the
present invention can be produced by a nmethod in which a nolded conpact is
prepared by nol diwifpseszse aw materi al m xture prepared by addircysee7ms8re ecart h
el ement in an amount of 1.0 to 17.5% by swight in terms of oxide thereof
to a silicon nitride powder having an average particle size of 1.0[err] m
or |less which cog%giﬂs oxygen in an anmpount of 1.7% by weight or Iess,
I mpurity cation | ements, Li, Na, K, Fe, Ca, Sr, Ba, Mh and Bin a
total anount of 1.0% by weight or |less, preferably 0.3% by weight or
| ess, anda -phase type silicon nitride in an ambunt of 90% by wei ght or
nore, the resulted nol ded conpact is degreased, then, is sintered under a
/o

pressured at nospf@Te. o T80 [Tq JT9T LSS calﬂés 1F} CQOTEd at a
cooling rate of%O(X[grE’]§ﬁr§L orldleqe AL gt:‘le-':#”lﬂb B o
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tenperature decreases to a tenperature at which a liquid phase forned from
t he above-described rare earth elenent in sintering is solidified.
According to t he above-descri bed production nethod, grain

boundary phase containing a rare earth element and the like in
silicon nitride crystal structure, and there can be obtained a silicon
nitride substrafa excellent in both mechanical - propegiernand

thermal conducti've property and haviﬁg a porosity of 2.5%or less, a

t hermal conductivity of 60 wm k or ?e and a three point bending

strength at roomtenperature of 650 MPa or nore. In the high
t her mal conduck®ad silicon nitride substrate used in the present
i nvention, the conteni_of_ the ove-descrihed i rity cation el enents can
never becone conpletégy Q% by Mﬂiéﬂm,iJWQW%tﬁeaﬂLiQ?L Senpel Therefore,
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the content of the inpurity ion elenent prescribed in the present

i nvention substantially includes 0% by weight as a detection limt

i rrespective of detection limt |evel. Further, a silicon nitride
substrate having a high density can be produced by using a silicon
nitride raw rmaterial powder containing 90% by wei ght or nore of [err] -
phase type silicon nitride excellent in sintering property as conpared
with [err] -phaseW@988256i|icon nitride, As the rar®TERYORER| enent -
to be added to the ~ silicon nitride réw material powder as a sintering
ai d, oxi des of Ho, Er, Yb, Y, La, Sc, Pr, Ce, Nd, Dy, Sm & and t he
li ke or substanges ~BiCRJaEE S OMRIBRE $ iLiebe DY TR 3 Siflyi) s i ¥asRE ng
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conbi nation of two or nore. Particularly, holmumoxide (Ho[err]
and erbiumoxide (Er[err]Jerr]) are preferred. Especi a
usi ng lanthanoid series elenents of Ho, Er or Yo as a rare earth
sintering property is inproved or high thermal conductivity isr
sintered body which is fully densified can be obtained even in a

and a

| ow t enper at ur ey gageear ound 1850[err] C . Therefore, ther

obtai ned effects of that apparatus cogéﬁand runni ng cost of a si
r

apparatus can be reduced. This sinte

raw nateri al
accel erator.
sintering aid
mat eri al

body

S

powd

i ns

g aid reacts with a silic
powder to forma liquid phase, and functions as a s
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w036 al so
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on nitride
i ntering
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a high atom c nunber el enment such as |anthanoid series elenent, a sintered
body having a relatively |low strength and relatively | ow thermal
conductivity is forned. On the other hand, when the addition anount is
over 17.5% by weight, excess anount  of grain boundary phase is
di sadvant ageously forned, and thermal conductivity and strength begin
to | ower. Ther ef Q¥gogniBe above-described content range is pceseroisax.
Particul arly, because of the 29 17

sanme reasons, the content range is desirably from4 to 15% by weight.

e oxide, car b1 e k0.0 Db Rofle R P! 2 T o oDl " T
BThdBL &b 1 BOBRSREAL S 58 WUT. SELRaE2 54
EEE?) BEN LT, SREHMELTVWHRER] 0 LMK 3, 4a i8S
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u QLMK (7 2wt%Ag—~28wt%Cu) &L RBRTOEHEMRDA g —
CuBRAH>MPCuRsS5HEEHkEL, Chitl~10ER%DTi. Zr.
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addi tive conmponent in the above-described production nmethod pronotes the
function of the sintering accelerator of a rare earth el enent, and
performs function for strengthening dispersion in the crystal
structure,  and inproves a nechanical strength of the

Siferr]Nerr] sintered body. In particular, conpounds of Hf and Ti
are preferabl ewdapghsi Ne addition anount of these conpoundsgpdashess than
0.1% by weight, the addition effect is,insufficient. On the other hand,
when the amount is excess over 3.0@6bf§ﬂeight, thermal conductivity,
mechani cal strength and electric breakdown strength are | owered.
Therefore, t heFHdENRT ? O REOLEAIE 3 RBHERS M FBeF 9oy /D th8 ix hrgCEEbM 0.1 to

(o Vit b 3 S T 5 AL, W
-snhl eIZ(r:h ng agg% L%%%@%?H‘ggmmﬁgﬁ%ﬁ% E’Igafzki sh fo

i'nmpart opacitws, Therefore, when a circuit. board on which an i ntegrated

circuit and the like which is |iable to cause
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mal function by a light is nounted is produced, it is desirable to
appropriately add t he above- descri bed conpounds such as Ti and the

| i ke and make a silicon 18

nitride substrate excellent in shading property. The sintered
body is so produced that the porosity thereof is not nore than 2.5%
since it exerts agosdeassge | nfluence on thermal conductivity wAadesitsngt h.
When the porosity is over 2.5% the the | conductivity is disturbed,
~and the thermal conductivity of the sintered body is |Iowered, and the
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SFE: 300pm ) HORIFERROES 0. 3mOLBERERE LTD
FR3BLUVEX0., 25moLBRE LTOMRIE4 a ZHEL:,

ZLT BlicRLeK S, BRGNS WRER 1 0 OmEic 2#
DR 3, 4 a 2T ThEEEMERL, SRV AZHEK{BICT1 348K
OREFTMHL TEREXE, SSIYRERT7TEHK3 LickEgaL, 7
AYR T4 Y SEBLTHNETIHREET 2 -1 a 28T,

—h\ HEME LT, LioRMER S0 WRERK 1 0iciRE T, X0,
6mDELT NV I =T AFEREMA L mEE, K1 LE#camEL T
HEPNIC R 2 FREE D 2 — N EBE L T,

COXSIZLTHRERIEN 1 ITRIFMEEV 2 -V 1 a BITHBHIDY
YEHEETa - ML TR L 7 VER (TCT: 233KX304+RTX
103+398KX3043%144270273) 2L, €53 v 7 ZERic
BUIHNORERGEME L. TOHR. EiER 1 ORBKE S 2 — 3,
100914 7VOTCTRICBHWTHZ Sy 7HRELEM2DIZHL T,
B L2 BEES 2 -2 100917V TEFI v 7 RBERDE5~9
V7259 7HELK,
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constituted fromsilicon nitride crystal phase and grain boundary phase,
and a ratio or proportion of the <crystalline conpound phase in the
grai n boundary phase exerts an |large influence on the thermal conductivity
of the sintered body. Therefore, in the high thermal conductive
silicon nitride substrate used in the present invention, |t S necessary

that the propon&b Oflss the crystalline conpound phase ¥&%%
nore, and nore preferably, it is deigéable that the propo TOR T n the

grai n boundary phase is 50% or nore. Furt her, for obtaining
the high thernal conductive silicon nitride substrate havi ng a
porosity of nGElER2e t han 2. 5% and a proportlon of the crystal phase in

of 205 or more AMGENIEEESU iR | 2% 80 R IR EA N 05 hinbal || con

ni tride mol dediamiinlor vaeR 1 0% ARRFBLIG- 2SRRIV B RAGYT £ 0 10
VAMTi X DR L ARERIROES 0. 3moFik3, 4EEX0. 25
nnDHFER S L EHBL I,

ZL T SAEEEELTWERE 1 0OOmEI, In:Ag:Cu:Ti
=14. 0:59. 0:23. 0: 4. OHROERSEEFSS5HE~R-2
MELZ-bOE8H L, CORBEEN LTHIR3, 4 a 2HUBRE L%,
ERA AFHEIPIC TR L THES IS, SOIFRERT 7 2T S Ficyg
HEG U T YR 7P V2 BLTENE T 2HUEE S 2 — LA B,

COXSRLTRANREE D a— Vi L TRY 1 7 VEBRE M 1 &
F—RETTREL LT A, P 1 LRBTBIFSEENS SN, BMY
A 7N 3 EEEIC®hD - AR,

FiEfl 3

T\ BMEEEELTOREKE LT, RN 1~5 1 RE3ZLTV
REFERAL. ZRPTRILTEC &It b, FEICES 4 . mOBLE
(Si 02 B 267 3H20. 5mOEREEEE(tTWERER1 02HE
THEHT, TVAMTc&KOBELE, 77y 60 BRAER: 300
pon ) A OEIFHERROES 0. 3mORKIBLUEX0. 6mOHK4
bEAEL, |

ZLT, E3 iRt &I i, BMESSTE(LTWERIR] 0 OfE 280
W3, 4bEENTHESEMERL. TRV IABEKTICTI 348KD
RAF TR L TRES Y. SOIERERT 7T 2HIK 3 LickmEa L. 71
YHRT4 72U, BHET33BEE Y 2~ L5181,

—%. HEF & LT, LIERRERESELTVRER]L 0icR2 T, EX0.
6mDELTNI=YLEK2 a, 2 bEHEHLELAESML., RIEM3 LR
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2100[err]C, and to gradually cool the sintered body such that a cooling
rate of the sintered body inmmediately after the sintering operation is
conpleted is set to be 100 [err]C /hour or |ess. When the
sintering tenperature is less than 1800[err]C , conpactness or density
of the sintered body is insufficient, and the porosity becones 2.5% by

vol une or nore, wBds@pgsequently the mechani cal strength angcwirenogzner mal
conductivity of the sintered body amgeg |lowered together. On the other
hand, when the sintering tenperature is over 2100[err]C , the silicon

T e A s YRR VR S, SRS
G T con i tri e D S S PhEo o e (e
The cool-i ng rat etof ZUHEES (T €Ted 2B 8K K@ -aReT X 1 6%3-€13 918K xogpl4pt i on of
the sintering operation is an
E1YAI70ETHE) 2L, €53 v 7 RBRICBI 28hoREHa%H
ELl. TOHR, RiEPI3DEREET 21Dk, 100914 70DT
CTRIEBWTHI Ty 7 HREL UL > 1ORH LT HBHIc &k 23864k
EJa-NiZ1 009 M7 0TEII v 7 RBROA~THIZIS v 7REL
7
RiEh 4
BAaEENE(bVWREREL T, BH1~5 1IR3 EX 0. S5moEk
ERME(LTORER 1 0 2HRT 3 L3, R 3 LE—ERTH, 7
VAMTic X D LIHEBROEX 0. 3mOfMiR3 &EX 0. 6undiH
4o LzABL. _
Z LT, BREEESLIVRER]L 0OmEc. In:Ag:Cu:Ti
=14. 0:59. 0:23, 0:4. 0koERSREFA5MER—-2
MELZzbOZBEL, CORBEEN L THIKS, 4 bEHEREL =%,
ERTATHEIPICTMML THREI Y, X oIENEFET T 243 Licyg
HEEL. 74 YR T+ /2R LUTENE T 3EBEE S 2 - L EB,
CO& I LTERENEEE Vo - LT 1 2 LERE 2R 3
Fl—RHETTEMLIEI A, K3 LERLTRIFEERVB SN, By
A4 7 Nicd 3 EHEIcE®NhE C LR L,
T FREEEEAICR I EREE Y 2 — s Khid, SR W REsES Rtk
SREICH T A RRERPER A TRICRERRE KB I3 L s
RESLTWRER L 0E8EALTHS, Lidi-7, BRiK ELBiR) &.
B PSR ERD S B0 b — PV YV REOMGIRLBLE T, HiE
PERLSHTRE X FPAKEBEIREIRS W5, FLBRICERT 22%E%

i
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I nportant controlling factor for crystallizing the grain boundary phase,
and when quick cooling in which the cooling rate is over 100[err]C per
hour is conducted, the grains boundary phase of the sintered body
structure beconmes non-crystalline (amor phous, gl ass phase), and
the proportion of |iquid phase fornmed as crystal phase in the sintered

body becones I%§§”ﬁ@g@ 20% in the grain boundary phase, mR#afrono2s70
consequently, ot strength and %Qprnal conductivity are decreased.
It t

20 is sufficie t hat t he above-descri bed

tenperature range_in which the cooling tenperajure_should be strictly
control led is %%ﬁ%ﬁ%&&\@%ﬂ@é%%%ﬁ%@ﬂ b RER1 0 28 THE

ERACEREE T 3 e DEMENED TRIFTH 2,

T, NRERPETH 2 BMERRE(LT ORERL 02#HELTWAE
By ETa—-NOBKEbIMEKE(HRTEILHTES, ZORD, 7
vy TYIRREBOWTEY a—VERBr— v 7B h L6 alc k-
THELABEBVTH, SHHUHIFREST, EVa-VERVEYE
FHEEESVRESRY TRIECRET 3 2 LTI 3,

T EMENEET ORER 1 0 OBHEN BV D, B 1 7 iz -
TER1 0 L EEBERRIRCEBMIK4 a, 4 b LOBATMIChNRETEZ &
ADBL, WY A 7 VHENE L FLEL. A XU EREEcEh
RAEEPRHET L ENTES,

X ORBWMERREE T AELGVRER L 02EHL TWS 12, &
1t L URRBCLIBAT S WERT T2HBL BBV TH, ME
PRt OEIEA DR . M ke RT3,

RicZL ORERBEOMMIBE N BN TV S, BREIT 3N
BERE—E L LABAI, tho+F I v 7 ZEREER LOBS S HBL
TERES 2L 0ERTEZ ENTEELZ, TEDOLEROYNEEY 21—
MeBWTR. €53 v 7 2BIROEXIF0. 6~1. OmAR—WHTH-7
ht, AFATHEAT IRMEREEMT WERIREERAT I ik, 20
B&%0. 1emPlE0. 6mkHEML LARBITSVTHHATE S, C0
EREIZERTEI O OMBENEE L D/NS(TE, MRHE SO
WETIZILHNTES, TLERINIBBIRECH LT, BRI DEVE
Rebtaicdiagel i s, EiREE IR M L0 ERT 3 C 208k
L33,

WICHIEEEE 1 ~5 1 L LTHANLAES 0. 3m, 0. 6mdD2KO%H
ZREELTWREROWEIC, EXESET LIBERSREEAVTERR
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tenperature (1800 to 2100 [err]C ) to a tenperature at which liquid
phase fornmed by the reaction of the sintering aid is solidified. The

| i qui d phase solidifying tenperature when the sintering aid as descri bed
above is used is approximately from 1600 to 1500 [err]C . When the cooling
rate of the sintered body from at |east the sintering

tenperature to tRhgoadame- descri bed |iquid phase solidifying porarypmse ure i s
controlled to be 100 [err]C /hour or lesg,5 preferably 50 [err]C /hour or

| ess, and nore preferably 25 [err]C /hour or |ess, 20% or nore,

particularly prefergbly 50%.qr e of th i becones a
crystal phase. S 'r%ﬁﬁééggﬁtgﬁ?&%%%ﬁ%&@%ﬁ%ﬁ%ﬁ@ml
conductivity andfnechanical strength can be obt ai ned. The high
thermal conductiVe silicon nitride substrate used in the present

i nvention is prodyeds, HoseIE@xEIE: X 5 ERUOh R RO MRONEEPeeSSes.
Nanely, a predetermned anmount of a sintering aid, a necessary
addi ti ve such as®dw organic binder and the |ike and optionally

Allerrlderr]. Ay sT e ooyt AMbE b Kl 1, 210 b1 0m
WELTOHR2 0 4 2N LT—HIRESINTE D, FmMzNtE(by
WRER2 1 0 bORECREEKE L THIK2 0 30BA&ShTV3, —5,
BREEEE(LTORER2 1 0 a OFEICH. FRICHEIR2 0 52tash
THEH. TSIt L DERTOREREERK2 0 9 AV ShTW3,

7o, BI5 IRTERT WREERIT2 0 9 Alchi 348203, 204,
2 053, EazadElWRER210a, 210bicHL TEERSHE.
VWHhWwBDBCHEILKXDEAINTWS, TOXH5EDB CEERATIBS
DHFER203, 204, 205&L TR, 7y FROLSTHEE100
~3000pmm DHAETEATIMREEAVSE I LHFE LN, RiEE8L
BLERRAZAVS L LTHETH 5, Bh. APHRELOBIRIRA T,
AR WRER210a, 21 0b LoBATEHDEL LMK
DRBRINTV O ERBHED S 5 v FREEZAWVWE L HTES,

ERERHE(ESVRER2 1 0 b OREMICEA SNARIR2 0 312, %
WHEMRFOERMERL DOTH Y, TEDOEEEIRIC/ I —= 2 7ENT
W3, K2 0 3 OFEMLRICIZNMERT 2 0 THHEBEASHTED, ¥
WERF20TOBEMEHME2 0 3OBBEEREL T+ »7/74¥208
K-> TBSHRBRINTVS, $i. BREEEE(TVRER210a
OEERMICEEShHIR2 0 5 i3, AR ZMMENESE/LT VWRE
H£210a0RDEEMIET 2 bOTHY . HRAENS 2 HBS hiRIET
B IERAEMEELT WREE 2 1 0 a DEFEL2EICES. ERXhTW3S,
EEMOFHHIR2 0 5iTid. FREBFTFOERHRLE L IK2 03 LALEX
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to a fin

e

silicon nitride powder which has the above-described

given fine particle size and contains a snmall anpunt of inpurities
thereby to prepare a raw naterial mxture. Then, the resulted raw
material m xture 21 I s nol ded

to obtain a nol ded body having a predetermined shape. As a nethod of
nol di ng the rawwﬁghﬁh%al mxture, a netal-nold (die) presgedpgodigimod for
eet

general use
i ke can
operati on,

be

a s

applied. Following th above-descri bed nol ding

t he previouslyﬁﬁgggg:qgg@£§iﬁglnder

CIT EISIRULASE(LVRERER2 09 Ak, 2HORMEEHS
fEFOEEKR210a, 210bIRIE203, 204, 205%DBC¥#ic
XOBELLDOTH A, MAIREIRT XS, #WiK203, 204,
2 0 5 2GS RET 2ROBMEMEE(LT WRER210a, 210bic
E& LA VRERER2 0 9 BTH->Thd &V, HREESRER., H
ZETi. Zr, Hf, NDEHIOBINSDEL L 1 BOFEREBLEEST
A58 (U, BEEREF2IH L) B2 062N LT 2BOBME
HHELFWREK210a, 210b&#R203, 204, 205&%8
BT IHETH 3, |
BRUX S SEoSLF WRERER2 09A, 209 BTk,
FERSIRE CO&BIR203, 204, 205 2HEEEAES L REERSRE
K& DAL 2ROEMEMRETVWRER210a, 210b%, &8
#®203, 204, 205%2NALTEMELLTVWS, &->T, LFHETvE
YZUDEREL RS T LIt &k o T RERCERMSEoEROMAER -1
LML TR, NERENERTES,
¥, FERBEOLEIR2 03, 204, 205%2E7T 3@EMERtEE
WRERK210a, 21002BBbTEI LIk, Ny r—UVFLHERT
B3I ENTEBIRITUL, AR COoSRIE EMEAEE LTHERT 5
», EROBE Xy r—VICHRTEMO ASRETE, ommRNE
EFORRADEBGERT SO HEr RN 3, |
iz, EPIoRERS X U2 OISR >WTER3,
HHHIS
9, SRENEELTORERE LT, WiEEN 1 ~5 1 icRIELITW
RERARAL. ZRPTHETa itk RECES 4 p mBR{LWE

Printed from Mimosa 01/04/2001 15:47:10 page -38-

nol di ng met hod s§q? as a doctor bl ade nethod,

and t he

the nol ded body is preheated for 1 to 2 hours at 600 to 800
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conponent is fully renoved and the nolded body is degreased. Then,
t he degreased nol ded body is sintered under a pressured atnosphere of an

i nert gas such as a hydrogen gas and argon gas at a tenperature of 1800 to
2100 J[err]C for a predeterm ned period of tine. The silicon
nitride substrate produced by the above-described production nethod has a
porosity of 2.5%Rfesns86S, @ thermal conductivity of 60 w mpcharembdsro
25[err]C) or nore and a three point benglipgng strength at ordinary
tenperature of 650 MPa or nore, therefore the substrate is excellent

fncl ude a si i conS TRy WS REREER . 3mRperd (CohEMERERECE o
thermal conduct RESES 2ha2chd BB SRS, TRARER R DIIRT A5 1 o
nitride. Howevery yigf SERAHESS3 000 mY) » bos REIROERT. ITmaoigion
I ncl udes a silicon nitride-based substrate obtained by conbi ning a high
thermal conducti®®3, 204HBXUEX0. 25mDEEiik2 0 5ZHEL 7,
' ZLT, B5 iRk S, HMGERESLIORLR210a, 210
b OMEIC 3WMOMK203, 204, 205X NThERRMEREL., =
RHABHETECT1 34 8 KORHTH#ML TEAXE, BHE 38/
WHREBRER 2 0 9 A%/,
—4. HEHE LT, LERSEIEERTVWRER210a, 210bic
RAT. MTERTLSEE 0. SmBXT0. 6mOBLT L=y LK
®202a, 202b%ERALEREMIE. EHAS LRGN L THEH
KHRIB(ETN =Y LAEREREREL .
SO &S UTRAERER 5 I3 Sk WRERRER B X CEBH0 £/
T3 LAEBEERICH LTI A 27 VAR (TCT: 233Kx3 048+
RTx1052+398KX3048%191470&33) £ML, €53y
ERic B 2ThORESEZME L ko TORR. Eifif 5 OE{L WRE
BERE. 10041700 TCTREBVWTHZS v 7RRELEI D
LT, BB X ZELT N =0 AERERIE1 0 04 I LTS §
v I RBERDS~9BICI S v INELHK,
KHEPIE
RAMEEEECTORERE LT, BM1~51cR3IFEX0. 3mbiV
0. SmOHMERBSE(LITVEEIK210a, 21 0bEHET 3 ik,
SEiEH| 5 LR—HRTHY, FVAMLIc X DR L EFERROES 0. 3
mDHK203, 204LEX0. 25mDER2 05 EEHELE,
ZLT B6RART LS. MMEREELWRER210a, 210D
OmEIc. In:Ag:Cu:Ti=14. 0:59. 0:23, 0:4. 0
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2 2 SiC and the like with a silicon nitride sintered body having a
thermal conductivity of 60 wm K or nore.- The sem conduct or

nodul e of the present invention is produced by integrally bonding a netal
circuit plate and a netal plate having electric conductivity onto a front
surface and a rear surface of the highly thermal conductive silicon

nitride substr gﬂrﬁa? uced as described above, respectivejyymoghnd the
above-descri beg‘x"8 | re%t bondi ng neth or the active net*é%‘r‘g?’am ng

met hod. In the sem conducto nodule of the present
i nvention, since a high thernmal conductive silicon nitride substrate

havi ng a shar pllyk® &7 fch HdtRcoR ddblif B %2 lad & DB BN hi gh
strength and hi ghetongNNGs 0F ORPS \ammmm L 6. S%r 2 BESchic T
Legast, BNLTEESLVREBER2 0 9 BLEA,

S0k 3 i LTELSREF WRERER 2 0 9 Bzt LTHRY 1 7 LB
BN 5 EA—RMT TR E S 5, SHEHI5 & RS RIF LR
Boh. BRY A7 Nk 5EEECENS C LERBLE,

¥ - RS RS S VRESER2 0 9A, 209 Bizkhud,
L (LT W RBE AR T 3 BRI I TR MRS
KB LSS b VWRER2 1 02, 21 0bABALTVLS,
LiedtsT. ZRICHBRT 5 LREET 2 0 TSORMETH > ORMIIME
FRAFORLFORER2 1 02, 210 bAETRECRMEELNS
e S BB NS T BT B

. HREEHETS SEMEEREIVRER210a, 210b%
HEHALTWE 20, EREROBALOARERECERTEIIENTES,
Z0kH. Tyt FVIBEBWTEREROKDFIENARERT.
BREAT A F W A SR A B b TRIGICRET 5 - LA
ba

AN VRER2 1 02, 2 1 0 b OWEEAE Vb, M
FAL Y Mk >TEK210a, 210DbESMERRPLEHR203, 20
4, 205 EOBRAMIENLRET 5T LA, WY A 7 UGS
USFLE L WARES & OB I B i s B A R 3 C LT E B,

& SICEVMENEEE T AE(LVERK21 02, 21 0bERALT

WBRt, BHIHES LSRR T S ERERT 2 0 T RN 11
Bl T H, MEFREOZEIDE | FhiBMEERET 3,

I A S L O RBAR & FUE TR ER E LTOT L I IR

* BV H iR LA SME RER SR OS>\ TBIIAY 3,
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originally owmed by a silicon nitride sintered body is wused as a ceramc
substrate, cracking to be caused by the inpacts applied in heat cycles and
assenbl i ng operation of the nodul es sel dom occurs on the substrate, and
the nodul e does not need both a rear copper plate (backing netal plate)
and a heat sink plate for enhancing heat releasing property and structural
strength. Ther ef Qosmdebe Structure of the sem conductor noeatarsveartbe

sinplified and the production cost iggsteeply reduced, and further,
the nodule can be mniaturized and high density nmounting becones

possi bl e. Eg[ther, heat generated from a heat generating part
such as a sem cond ment and the |ike nounted

23 BeE1. 3EM%. FHMMB/4 ERELTLI, Na, K, Fe,

Ca, Sr, Ba, Mn, B&#T0. 15BEB%IFEL. o8BI
%9 THERCVGHEO. 55 1 mOELG OREFHRICH L T, Sl
ﬂ&bfmﬂﬁ§0.7um®Y203(&ﬁJwaﬁA)ﬂ*SEﬁ%\
$ﬁﬂ&0.5am®A1203(7»&%)&*1.02!%émmL\1
FATNT—LT2 ABHERNRES L RICRER U TR RE AT A%

Lize IRicBoNEREMRBAKICHR 1 ¥ ERERRML TE—IcR
AL%M#IZ, 1000k /o’ ORBENTTVABRIL, £&8 0mxiE5
OmXEX 1 ~5mDREEESEMYEL f=o RITBSNIBIEET 00°C
OBESH Rehic W T 26MBE L -#&ic. ORIBKEERT ATHR G
7. SREIT1900°CTORMRRL. BBLrsREEL ctkic, 5t
R L - s~ BREE S8 L THRIFPIREEN 1 5 0 0Cx TR
T7 32 TORICE) 28ERORIHENENETN1 00 C/hre BB &5
CHAR L THSEAERE L, SORBOhEREHEZTENTILTEATL
HEURKHNTOW/m* KThh, EZH0. 4on, 0. 6m, 0. 8mT
&AM T~ IMOBELIVR (Sig N, ) BEREAMLL,

—%. MERRHN6 0W,/ m » KERONHTERAELEIRE LTEhThi
FURN20W,/m- KTHD, MEINFHHES i, N, BREFL VKA T
~9RDTAIF (Al, Oy ) HBiREWELK,

RiE8 BLUBART L5, AILES2ATSES i, N, BiR302
tAlz03§ﬁ302a&%ﬁ—mﬁi?ﬁﬁéﬁf%nfnﬁéﬁﬁE1
0% L 1o TUDEYMERT 3 0 6 L BWI 2HANRS 14 N, EiR
Soz%ﬁﬁfs—ﬁ\%@%O%&KHA1203§E302a%EﬁLT
BEER3I10&ELNE,

K8 BLUMYIRT XS IBELLFOVRERI 0 2EXTTN L +E

1 .
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on the substrate is transmtted outside of the system quickly through the
hi gh thermal conductive silicon nitride substrate, therefore, heat

rel easing property of the nodule is extrenely excellent. Further, since
the silicon nitride substrate having a high strength and a hi gh toughness
IS used, HBX|nun1deerct|ng of the nodul e can be secured at a high level.-
Ther ef or e, Cracy, aﬂHe to fastening of the nodule in thepasmpeiasn Process
does not occur, an sem conduct or aaqﬁratus usi ng the sem conduct or
nodul e can be cheaply produced in | arge amount wth a high
production yield i nce tou hness of the high thernal conductive

silicon nitri dﬁ%@@s@@i@@@mﬁ@’ﬁ; firdg S IERFARSE & connected
Bre appl fed. Che BB L0 % BE e Ru LT Sp 1) ?'e%%%?k'a R ova,
?gldl :bl ff’[“ycggg e@bﬁ%.ﬁ%ﬁmg SHIB 310'7 2,09 @7 b aex ond
COEHSBRA5HE30Ta, 307bOREMEI, &7y FEREN
CAEX 0. 3mDFEFER3 04 LEX0. 2 5mfli0oLRMKE (EEEK)
305 L4EMERELRET, REDPTEESS0CTL 02MRELTE
BkE L, RESESKELyF /BB T A LICX D, FIEER/ Y —
V(@%E)%ﬁmbtoééuSi N, £ 3 0 2 LHEicES L -HEEE
ﬁ304®¢%%l¥EE308%%LT¥§##?306%EALT¥MW
T~ KHRIELTVRERRER 3 0 1 22HEL L,
Bl
KiHI T~ TRALES i, N, BIR302L A1, O, #R3022
EHOBRAMEER3 1 0cRAT, AEERKkN182W/ M« KTHHE
X0, SmOELTHI=TA (AIN) BEDHIEORIES Iv 7R
FARE MR U7 ISR T~ 9 & FIRICEESRER X » TEiREmIZR
B E K UESBRRE—FICES L THEP L CfRko ¥ 5 3 v 7 XERET%E
B LT,
ZOEDIZ L THRBL 2R T~ 9 B XUHBH 1 R IERRBERORKX
baBE L OHITRELMEL LA, BT~ 9 IR (LT VWRE
BERI 013, EROBILTN I =Y LABEOSHEEAL 7- LEH 1 OEES
Eﬁ&wﬁbtZﬁuimﬁﬁtbéiéﬁﬁﬁﬁé%ﬁfé:¢ﬁﬂmbto
FRETVWRERBROB X ERTIICHE-T, SSRDABBLIUR
FREIRBIND I EOERETE:, SORBREIOERLICED, ME
YBT3, BEEESEL L TOHMBEL I OIHBTEZLL
WEETE.,
tREgEHEAOSE WREREESRE. R R"TXock—-b2 730
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Further, since the silicon nitride substrate havi ng a high thernal
conductivity is used, degradation in heat resistance property is small

and excel | ent heat rel easing property is denonstrated even if a

sem conduct or el ement directing to high output and high integration is

mounted.  _ In particular, since the nmechanical strength of t he
high thermal copglssmbisye sSilicon nitride substrate PCT/JP97/02870

2 4 itself is excellent, when rﬁgui red nmechani cal strength
properties are set to be constant, the thickness of the substrate can be

reduced as conpaged, Wit he CaSC Mt Ulver— Fiesss L & o 5, Hbk
FENDFEEE T, BREEERV R SRV EIESR Y TRET 3
CEMNTER, |
e BEBEEKIC>VWT -4 5CHrOER (RT) ¥ Th#L., 51X
XEBMS+125CTETHMLABIc, BEREEFETHT -4 5Cleind 3
FTE1IYL 7 NVETIRE-BEY A 7V 28V ELTHNL., ZiREic2
5w 7ENRRETIETOY A I NBEMEST WY 1 7 VEREEEL -
T 5, EHE T ~9 OFLWREREEF TIZ1 0 0 091 7 ViEBkicH
WThy Si, N, BRPAL, Oy BROFNPLEEFER (C uEREE)
BLUSRIROFMNEMTH b Bh-ifiy 1 7 UL R3 Z & AH0EH
Lo —F. HBH 1 OEBERMRIcBWTIE. 1 009 A 7N TIS5 v /iR
L. RAERED S &HMEBE Nk, |
Kifefl1 0
SEHH T~ BV THRMLRES i g N, ERTHOMEERE NT OW
/m- KTHOESHENTNO0, 4m, 0. 6m, 0. 8mTHBES i,
N, BIRER{LFDTCEE1I 300CTL 2RKMMMTI Lickd, ERD
LFEmMEBEL. HX2 um@&ﬁ:ﬁ%ﬂ?ﬁipf;o E{LmILS i 0, KIETIE
mxhd, |
—s SHEM T~ BV THMLIA L, Oy BRTHD, MEWEKH
20W,/m+KThh, EXHRENRZH0. 4m, 0. 6m, 0. 8mTH3
AL, 04 BFREAMLI,
WIEE1 OIRTXOCRICEXEHTSS i, N, HFE302LA1 g O
g B3 0 2 a LAFA—FELTHESSETETNTRARIRS 1 02HRL
oo TROLFMGRT3 0 6 MY 5WAIR. Siy N, BK302%
ElT5—F, TOMOBAZIXA 1, O, Hi3 02 a 2RE L THABK
310&L1%,
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other ceram c substrate is used. Since the thickness of the substrate can
be reduced as descri bed above, the heat resistance can be nore reduced,
and the heat releasing property can be further inproved. Further, since it
is possible to cope with the required nmechani cal properties even wth a
substrate thinner than a conventional substrate, production cost of

the substrate C\@Hgﬁﬁfi’seduced‘ Further, when only ?m?ﬂ&%%“lﬁi onal

hi gh thermal conductiive al um num nltrlgtez(AlN) substrate 1s used as a
constituting material of a circuit boar it is necessary to increase the
t hi ckness of the alum numnitride substrate for securing a certain degree

of mechanical st rﬁh&fﬁlﬁ&-@)mﬁkbhﬁﬂ eNg &ﬂiarﬂj&é:tﬁﬁ &HB0circuit
and high str es%%@%&ﬂ 0%%@#«2&%% Ba é@zﬁ,‘%ﬁﬁ?ﬁ“éida
Plhig(r:]kﬁlggg.rra!l'hg?ygr e ﬁ%ﬁ@wﬁ% e anﬁ%gﬁﬁﬂﬁﬁ?bggg can be f ormed in
a small size. vFEAICHKISEBEERLTHE L CEMERS & TREAEL, ZOoRE
AEERTAZHTIHEL B 0 7 5 COMMIFITIA LT 1 SR
THI Lok, SHAKKS 1 0 ORMEICHRERRGT % - 3 SWIR L EEES
L. ESR¥BERTEEBES UTEEA 1 01cR 32/ WRERSEIR 3
01azThThBARLE,
%E&Hh#@%§ﬁ301aﬂ\ElOK%T&éKSiaN4§ﬁ30
202F\ICS i 0, Mo SERLE3 0 IR THD, S i N, -3
W302&A L, 04 HER302alholkAHAERKS 1 0 DEHRMILR
EIFIR & L COMEFEIR 3 0 4 " EHEKG S h 35, WEMICERIRE LT
DLRIK3 0 5HEMICERERAT N, 5128 i N, EiK3 0 2 DXREH
CHG UcSRERRR 3 0 4 OFEMRICEEE 3 0 8 2 L TEBENRTF3 0
6 A—KICES XN BEEAT S, LEHEER3 1 0 Oy sRAEESR 3
04F/i3&RIR3 0 5%2HLA LIRS, WERE L TOLRIR3 0 5 XM
REBIUTCRVBLIEFSTH5OTHWTSH S0
2RO &S CEEESRIC L > TERSEEER L i Ei66 1 0 1cfR 22401t
VRERERORAIDSRIZ0, 8~1, 6mOWEATHY ., X i-HiTHE
i2550~900MP 2 DHEHATH D, KM T~ 90X 3 FESLRETH
BREEER L 136 L ESOREERB S hic, EAmMY 1 7 VBRI
T1000H%A 7 HEBRIZEVTHS ig N, EiRBLTA lg 04 EHiRD
NP EREREERL LCSBRBEOXMHIBETH . BhicilBY 1 7 Vi
ZRL 7,
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On the other hand, the silicon nitride circuit board of the present

I nvention is produced by integrally bondi ng a netal plate having electric
conductivity to a portion between a plurality of the high thernal

conducti ve 25 silicon nitride
substrates or to the front surface and/or optionally on the rear
surface of thewdusgdhss t hermal conducti've silicon nitride peutsbomtes
produced as described above by using gfe direct bonding nethod or -the
active netal brazing nethod. mely, in the silicon nitride
circuit board of _the resent invention, a plurality of high thernal
conducti ve siIi@%ﬁiﬁpﬁygﬁgééhbstrates to which nmetal plates

PILESHAL 72 & Sic. ZFBHOYMEE D 2 — iz KT, ElkiIRisss
A AREICE T 3 AR R N TR REER L AR SE L
EMEEEELS OREREMEA LTV ). B4 7P THROSR
N2 & > TEBHNHEET 3 2 LAV, BIRR REBE &, B
HOMERELEDI-DDOE~ b 7REOTHHRIMBEE LIEW, LiH
> T\ ¥REE Y 2 - NOBEIMREIh THEIR MABIERShS
LEbic, MULTERBEER LKL S,

/. ZRPOE(LY WRERRERI: LT, HEFRL S OLBEtES
L - oRMEEHELY VWRERE. ERIEALTERELTWS, X
> T MERET7 vy TUHAREE DS 2 &2 &k - Ty EEBLEREHEER
OEREZMAI S L EBI/NYLTE, MISEEIBRTE 3,

L ERICERT 2 LRERTEORMRRD o ORMIL. BAMERME(L
FOREREZE CRBCRA LRI N L HEMENBD TRIFTH 5, %
fo. RBERPHETH IEBTWEEBREZEHL TV LD, Y 2—ILPHE
BEROBKIDABEREWRTEILENTES, TORD, Ty 7
YITRICHVTE Y 2 — VOB THINRES T, BUEKED 2 - LER
Wi R RE ARV EESR O TRIEICRET 5 T EAEEICN 3,

F o REWICR I ST WRERERIC L hid, 2R WRESREH AR
HIcH 9 2 MRERPHEREIC N TRICHBERERE RBITHE L /o 5sn
HE(L WRERE, BICHERE S X UL ER SN 3 8icEET3
—% . TOMOEANT TN 2 FEIFPHIEERO X 5 AR TEA S TR
REFREERE L. MENER—FEELCER L TEREhTHWS 20, BEo
A MPRETH 2, iz, HAERPIHETS 2 BT ORBIRE, BEREH
BERINIPAUCERT S ick b, AREROBRKIDHREKE B
TEIENTES, £20kD. 7 vty ) IBBWIERERORD M
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such as copper circuit plates and the |Iike are bonded by using the direct
bondi ng nethod or the active netal brazing nmethod are plural -1 ayered

t hrough the netal plate. Therefore, due to this possibility of

t hree-di nensional assenbly, the circuit board can be mniaturized
with enlarging area of nounting portion and circuit constituting

portions, and aw®VabdseSi zed arrangenent and a hi gh-densi typcﬂ?i‘ﬂ{lzkﬂg can be
ed’s

acconpl i shed. Further, by prqﬂ?ring a plural -1 ayer ructure

of the high thermal conductive silicon 'hftride substrates having a netal
pl ate such as C r.plat ackage and the |like can be produced. In
addi tion, si nc%’l"&g%&é‘g—pl@wa{“_ R O BEES S b CRdHcBiECi r cui t

constituting tJé) ﬂgayr nt | oss can be decreased as conpared with a
conventional p urEIJFag %5 ackage, and the structure of the present

invention can be applied to a high frequency type sem conductor el enent
and a heavy current type sem conductor elenent.
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2 6 In particular, since a high thermal conductive
silicon nitride substrate having a sharply |nproved thermal conductivity

owned by a'si i con nitride sint ol lﬂlllhllﬂl]lllﬂﬂﬂl ES Peren e Y

substrate, heat generated from ™a héat" genérating part such as a
sem conductor el hmﬁgmithe | i ke nounted on the substrate porapdrmasm tt ed
out side of the systemquickly via the hi t hermal conductive silicon '
nitride substrate. Therefore, heat releasing property of the nodule
beconmes extrenely excellent. Further [ ﬁ% the silicon nitride
substrate having a high strength ant® éﬁ oughness is used, a nmaxi num
defl ecti ng anount of the nodul e can be secured at a

1. BENEH6 0w,/ /m « kPLETH IEREHEELIWRERL, C0
Ry VEERICER I N LBERT L. CORBEREEL
FORBEROEBSRETFEREM-EA I SRERKE . _LiEmEN
HEL WREROLBGRTEHERTMEA S h, hoRBr-v Y
HBVREEN - FEBAXh2SBRE 2 RIET S L2068 T 230
EEY 22—, |

2., BBy — V7B 30REEFR- FEEEI NI EBRROEI M iELE
EERSIROESLIT TH 5 T & 258 L 3 2RO 1 HEROLBEE
T 2=

3. BBy — 17 3VREER- FRBAShILBRROEX BT ER
ERSIROE XD 2 Ll ETh 5 & &R & T 5 RORHES 1 HiITHO¥
YEED 2 -,

4. BEEMEELTVERIRIE, SO WEERES LR RIES SHER X
h3 & bichREhic bl 28RLAMEORTHESERITN T A2
0%LLETH 3 2 & 2658 E T 2 ROMES 1 TEERO BT T2 — I,

EMENEEL T WEREL. SRS L ORI, SR X
h3 & & biclFahIc 31 3RS WROR RIBL kI 3 A5
0%ELETS 3 = & 208 ¢ 2 HROMBAE | TEoROXMEE S 2 — 1,

]
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high level. Therefore, <cracking due to fastening of the <circuit
board in the assenbly process does not occur, and a sem conductor
apparatus using the circuit board can be cheaply mass-produced in a
|large scale with a high .production yield. Further, in the
silicon nitride circuit board of the present invention in which a silicon
nitride substraﬁ soapaVi ng a thernmal conductivity of 60 Weigyplnagnore and
a Ssubstrate aV|ng a thermal conaqft|V|ty of less than 60 wm Kk
are conbi ned, the thlckness of the hig her mal conductive silicon

nitride substrate can VarIOUS|éﬁ§ chan ed according to required
properties whef. Mﬂ‘ﬂl‘ﬂﬁﬂe vandk by ®d. hdv¥ it ageousl y

set to a K, Fe, Ca, Sr, Ba, Mn, B%é‘#‘fl. 0ERX%LITEE TS
C &R LT AEROMEASE 1 HIEROYEREE Y 2 -,

7. £REKRE LSBT, jitEMENEEEs WRERICEREAE
KEOESIATWE I LEKRM L T 2 ROMES 1 HERO¥kike o
a=—J,

8. REEMERERE L CE&RIKIE. FIAREREELT VWRERICERS
BREICLDEAIN TV I L E2EHE T 5RO 1 HTR O MK
TV a—l,

9. MEENRNE 0w,/ /m- kBLETH ZEMOMMEMRESIL WREIR
& COBMERBSEIVRERICES S NASMIT L AN L., WIS
BOMMEREELTORERVNESREEN L TEWLSh 8BSt
T3 T LRHME T SELT ORERBIR

1 0. BEEKHN6 0W, m » KELETH 3 R[S0 WIRER & =
WEHNE OW,/m » KRR THEEREHF—FHELCREShTWE 2 L
biz. DI &b LEMERRIE 0W,/ m « KELEOBSEREE(LIT
FRERICLBERBENESINTVE Z L E/KEE T 52T WREREEIE,

11, EMERRELTORBRI. SEORERES X TR, S8R
&N 3 & & bichiahic B 3R AWEORFIES KN 38 an
2 0% LETH B L E4HE ¥ 2MROMHE 9 T/EI3F 1 0 3RERD
Eb O RERER,

* [+ L M S *
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predeterm ned value not nore than 2-fold of the thickness of the circuit

| ayer (circuit plate). Wien the thickness of the silicon nitride substrate
is over 2-fold of the thickness of the ~circuit layer, the thickness
of whole <circuit board increases and the heat resistance increases. A
concrete thickness of the silicon nitride substrate is in the range from
0.25 to 1.2 mm Rggdshegmskar!ly, if the thickness of the sili qanpsriossrele
substrate is 'set to a value not nore th 0.8 mm the thickness of whole
circuit board can be reduced, a difference in heat resistance between the
upper and | ower surfaces of the circuit board can be nore effectively
reduced, and heat releasing property of whole the circuit board can be

Conduct ity of }&ssHAERERERY %?@%ﬁﬁﬂ?%ﬁ%ﬁ?%@%m ot
particul arly rest ez $RNEREhIFH IS BRLEvimDs At 2 &F&Ht cheap

substrates for general use . such as an al um num%Alerrg%err substrat e,
resin substrate abd%ELETH S I &R LT 5HROMEE i3 1 OISR O

(L W REFEER,

13. BREPUILITVWRBRIZ. FNHWBA A TRELTOL i, Na,
K. Fe, Ca, Sr, Ba, Mn, B%24A#T1. 0ER%LTEETS
T EERB LT HHROBBAE 9 /I3 1 0 TSRO/ W IREREE
o

14. SERZR3E&REFRERIL. EtEMEEEE L WRERICEERE
BEICIVEBEEINTVWA T L 2HHETAEROMEAMBIEE LRE10
HIERO L WREREER,

15. &BIRE -REemBEEERIZ. ﬁﬁﬁﬁﬁ#&&#ﬁ&tﬂm;ﬁ%ﬁzzﬁﬁﬁ
BECIOEAINTVWAI L2 ML T2 ROEHMTITHE I3HEL 0
ER o E L WRERSER,

1
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the like can be particularly suitably used. In the present

I nventi on, the two kinds of substrates . e., the high thermal
conductive silicon nitride substrate having a thermal conductivity of 60
wm. k or nore and the cheap substrate for general use having a therna
conductivity of less than 60 wm k are sel ectively used according to

the required proRgydso@ss f Or the circuit board. Nanely, a oerpbsms7o
substrate is fornmed by 2

pl aci ng the above-described high thermal conductive silicon nitride
substrate on a part to which a structural strength and heat rel easing

property are required, and on the othery /gand, the cheap substrate for
general use which can be
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easily produced is placed on other parts of the sane pl ane. The
silicon nitride circuit board of the present invention is produced by
bonding netal <circuit plates having electric conductivity to the
surface of the conplex substrate produced as descri bed above, and further,
by nounting a sem conductor elenent through this nmetal circuit plate.
Further, it is wphifsedgable to integrally bond single neémipoihébe to
the rear surface, 1i.e., the surface opposing to the netal circuit

pl at es- bonded surface of the conplex substrate in which the high therma
conductive silicon nitride substrate and the cheap substrate for general
use are conbined on the sane plane as desgpi bed above. The netal plate
is made of the sanme naterial as that of the netal circuit plates. By
integrally bonding this netal plate, the circuit board is easily bonded to
a heat .releasing part such as a heat sink and the like. In addition, a
defl ection (warpage) and a deformation of the <circuit board derived froma
difference in heat expansion

I
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bet ween the conpl ex substrate and the netal

effectively prevented. In particu
nmet al 29
relatively sparsely forned is set to a va

plate which is densely forned, amounts of
front and rear SWhbaGss
a difference in heat expansion between the
conpl ex substrate can be decreased. As a'r
deformation of the conplex circuit board c
Furt her, when at |east one netal
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at | east one netal plate is integrally bonded to both the high thernmal
conductive silicon nitride substrate and the cheap substrate for

general wuse, the silicon nitride substrate and the cheap substrate for
general use placed on the same surface are bonded to each other, and.
integrity of the conplex silicon nitride circuit board can be enhanced.
The bondi ng net hGgy efusispe netal circuit plates and the net adcriabsloss7?e S not
particularly restricted, and a direct bonding nethod and an active netal
brazing nethod to be expl ai ned bel ow can be appli ed. The direct
bondi ng nethod is a nethod in which an oxi de | ayer having a thickness of
about 0.5 to 10 [err] mis formed on #Yhg4surface of a conplex substrate
conprising a silicon nitride substrgﬁs and a cheap substrate for genera
use, and netal circuit plates and netdl’plate which are used. as a
circuit. layer are directly borstyag to3thesoéﬂmwe-descrjbed conpl ex
substrate through this oxi de s ? /

KX &
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307 | ayer. The metal circuit plates and the netal plate are
di rectly bonded to the surface of the conplex substrate without using a
bondi ng agent "such as brazing material. Namely, an eutectic compound

conpose ?iim‘:?f metal circuit plates with a conponent of
t he s.ubggﬁgpg I's “"genera edﬁ%@ heati ng, and the both nenbers are bonded to
each other using this eutectic conpound as a bondi ng agent. Thi s
di rect bondi ng nmethod can be applied only to oxi de type ceram c such as

Alferr]Jerr % | t lﬁﬁﬁ on- oxi de
type cerams] Lsu%%atﬁﬁgg Sl féfc;lr‘l %él) de su% ate al'um ndr#'HT ri de
substrate and- the like, a sufficient bond| ng strength of the netal

circuit plate can not be obtained since wetting property against the

Substr atef diGRIWD OF THE INVENTION

Field of the Invention

The present invention relates to'_a silicon nitride
circuit board and a semiconductor module which 1is useful as

a semiconductor mounted cir}cuit board, semiconductor

package and the like.
Deséription of the Related Art

Recently, a ceramic circuit board prepared by
bonding a ‘metal plate (metal circuit plate) sucﬁ as a
copper plate to a ceramic plate is used as a substrate for
mounting of a semiconductor module such as a power
transistor module or semiconductor parts dealing relatively
high electric power- such as a switching current source
module and the like.

As a bonding method of a ceramic substrate with a
metal plate cut out in given shape in a production brocess _
for the ceramic circuit board as described above, a method
using an active metal brazing material (active metal
method) prepared by adding 1 to 10wt.% of active metal such
as Ti, Zr, Hf, Nb and the like to an Ag-Cu brazing material
and the 1like, a so-called direct bonding method (DBC

method: direct bonding copper method) in which a ceramic



Therefore, in order, to i nprove this wetting property agai nst the
substrate, it 1is necessary to previously forman oxide |ayer on the
surface of the silicon nitride substrate or the alumnum nitride

substrate. I }eox%gteréa%ee%tﬁifh&g%% by heating the__ahove-described

silicon nitri Subs nttn 2ni TPFRET s tusing, tough
t enper a ‘irt%hOf

et 2pierf 01080k 8 AR SLOLG | Bhnyfshab Sl e A0hE e S
wet 1 ng B CRaRPYE, ©f, S EEh: Roxpave’r B4 P oxTALze L] & dndcknehy O Lt ho
tends 19 03 s TP oprate,  dnn Bhe ke gre: KBoWR-de | ayer (6 sht
';no a range from %ért%xa%no;lleé,r] r]rh ”gﬂg péie:f'eeéi?bl or;[d?lnagr%g %o]:ir,omal (}.035 J
to 0.5 mm thick copper circuit plate cut out in given shape
is first contacted and placed on a 0.6 to 1.0 mm thick
ceramic .substrate composed of an aluminum oxide (Al;0,)
sintered material, aluminu_m nitride (AlN) sintered material
and the like, and heated for formation of eutectic crystal
liquid phase of Cu-Cu,0 on bonding interface, the surface
of the ceramic substrate is wetted with this liquid phase,
then, the 1liquid phase is cooled to be solidified for
direct bonding of the ceramic substrate with ¢the copper
circuit plates. The ceramic circuit board obtained by using
_such a direct bonding method has advantages such as
possibility of small size and high-density mounting, and
the 1like, since bonding ,strengﬁh between the ceramic
substrate with the copper circuit plates is high and it has
simple structure in which a metallized layer or brazing
material layer is not required. Further, the production
process is intended to be shortened.
However, the above-described ceramic circuit board
prepared by bonding a metal plate to a ceramic substrate by
the direct bonding method, active metal method and the like

has a problem that reliability is poor in heat history,



The "oxide layer of the Si[err]Nerr] substrate was originally made
of only Sigerr] which is an oxidized naterial of the Si[err]Nerr]
substrate conponent. However, an oxide of the rare earth el enent which had
been adsitmcéo the Smpéeld] Npdate halsst e e kargesiaser®nd atd dbf.Busem and
mgrates toward a direction for the oxide |ayer when the bonding operation
of the tbkicknesscuifiompl kowingealangei scormentt.cd Nameky, r caul ceramic
structure in which the rare earth oxide is condensed in the oxide |ayer is
f or med. sébsteakepland wacmetdlker plakter Having sedtnemely sdihfferegtahdat he
oxi de layer after the bonding operation by heating is constituted froma
Si J erréxphnsipd ccoéffbopenhs areh beonded;i hedt | skressorderiveqd FHrow 1
to 20% by weight of Y[err](Jerr]. On the other hand, when an AIN substrate
i s usedthe a chabapesdescribed or déffexiencec, tlim oxheéat ayeexpansiorAl N
substrate is constituted fromAl[err](err]. The net al

consti t coefificientet atcursclby plding aacdolding pratcesss amd oaliing arly

restricted as far as it forms an eutectic conpound with a substrate

conponecycied aftee dhescbonding ng ThHishositressbexdgiis edn the fFormeral e
remaining stress distribution of compression and tension on
the ceramic substrate side near the bonding portion, and
particularly, main stress of the remaining stress acts on
.ceramic portion adjacent to periphery end of the metal
plates. This remaining stress causes cracking on the
ceramic substrate, poor withstand voltage, releasing of the
metal plate. Further, it exerts a reverse influence that
strength of the ceramic substrate is lowered, even if no
cracking occurs on the ceramic substrate.

With receﬁt development of high density and highly
integrated = semiconductor element, miniaturization of a
semiconductor module and electronic pa'rts themselves is
desired. Under these circumstances, miniaturization of the
semiconductor mounted substrate per se is also required.
By the way, an aluminum nitride substrate has a

high thermal conductivity and low heat expansion property
as compared with otfxer ceramic substrates. However, no

aluminum nitride substrate having a sufficient mechanical

strength has not been obtained yet. Therefore, when a



.exarrf)I es of the netal may include copper, alum num iron, ni ckel ,
chromum silver, nolybdenum and cobalt, either al one or all oy
t hereof . However, in view of. an electric conductivity and a raw nateri al

cost, CQDDﬁhtarﬁr@ésﬁféuﬁr impact is imparted to the circuit 2board

or alloy thereof are preferable. ~ The thickness of the metal _
ci rcui t jRoMchritti A Upirock@xerof | €héecdrtuitd boata)sitiier atiftuPt Bbatl | C
current capacity. . Wien a silicon nitride substrate having a

thicknegg of dagfly 0 lddskwoged,a NRird Cipeoduckiahe Radyw a i ckpess
of 0.1 to 0.5 mMmmare conbined to be bonded each other, influences such as

?eforrrabbmcéuﬁddtoﬁ pphfdtiene somdehhesxpoéatcea seebpig.ents of the
WO

Therefore, in a conventional semiconductor module,
it is essential factor to increase thickness of a ceramic
substrate and integrate a reinforcing member with a circuit
board. Fig. 4 is a cross-sectional view showing structure

of such a conventional semiconductor module 101. The
semiconductor module .101. shown in Fig. 4 has a large
thickness, and is formed by_ bonding metal circuit plates
103 to a front surface of a ceramic substrate 102 made of
an AlN sintered bbdy having a high thermal conductivity,
"and at the same time by bonding a metal plate 104 as a
backing copper plate to the rear surface of the ceramic
substrate 102. Further, a semiconductor element 107 is
mounted' on a predetermined position of the metal circuit
plate 103 by solder bonding, and an electrode portion of
the metal circuit plate 103 and the semiconductor element
107 are electrically conneéted by a bonding wire 108.

‘The ceramic circuit board constructed as described
above is integrated to the -sﬁrface of a heat sink plate 105
made of, for example, copper by solder bonding, and a
semiconductor module 101 as shown in Fig. 4 is formed. This

semiconductor module 101 is fixed on an apparatus casing

109, 'a heat releasing £in or a mounting board by securing



menbérs can be | ower ed. Waen the nmetal circuit plate or the netal
plate is a copper plate, the follow ng bonding operation shall be carried
out. Nanmely, a copper circuit plate is contacted and placed on a

pr edet aviimean pattachingf scimews&Pbace of the silicon nitride substrate and
the cheap substrate for general wuse on which the ‘oxide layers are
formed. The rcHBoweverconposthe i s hebove-descrideder at urconvewt iohad
mel ting point of copper (1083 [err]C ) and not |lower than the eutectic

t enper ssemiconductpper mosihyle bRl deoxr( 1G8ragmic | Grircuitcomtiardn héagt t he
plate is pressed toward the substrate direction. The copper circuit plates
and t heptolxkemse thatecsligebobécomes t large i shemi tcontmudised atasand t he
cheap substrate for general use using the generated Cu-O eutectic conpound
| i qui d pémieonduatbonmodplecand 1t sis dddéficubindiongprodubed a i small
so-called, a copper direct bonding nmethod (DBC. Direct Bonding
Copper sizéhapduléyurtamd, groduzkiomg costenfoendactceranipo (sSabsbrareby

e increases. In addition, since a heat sink plate which
improves heat releasing property and prevents. cracking of
the ceramic substrate is required, and further, since it is
necessary to use a ceramic substrate_ having a large
thiqkness for enhancing resistance against cracking.
Further, since thickness of the substrate increases, there
is a problem that heat resistance inci:'eases and excellent
heat releasing property as expected cannot be obtained even
if an AlN substrate having a high thermal conductivity is
used. |

The present invention has been accomplished to
cope with such problems, and a first objeci: thereof is to
pro_vide a semiconductor module which does not require both
a rear copper plate (rear metal plate) and a heat sink
plate, of which _ structure is simple and can be
miniaturized, and of which heat releasing_ property and heat
cycle durability are improved.

On the other hand, with recent development of high
density and highly integrated semiconductor element,

miniaturization of a semiconductor module and electronic



of sol der bondi ng on a predetermni ned position of the [Lopper circuit
plate directly bonded to the SiNA substrate, the silicon nitride
circuit board of the present invention is produced. Wen an oxide type

ceram c pugts r themselvesasis\ fesifkeler rdnduBslr aiigh SAEREE19S nidith p
substrate for general use, it is needless to say that the oxide | ayer as

descri bexh abenkargementr eqfl r ealcé® bfokor motinting partOnande @iwsefend
when the netal circuit plate or the netal plate is an alum num plate, an

Al circudnglibteting pactsis desipedSi[err]Nerr] substrate and the cheap
substrate for general use. The resulted conposite is heated at a

tenperature of elHewéverienphiat utlee of @Mm&nﬁi! | Codrdifiic MOr&f+&aiQi S
pressed condition, and the Al circuit plates are directly bonded to the

S[err]i Njomrd, ssivicet onesi nairhe sugFacedt o Ah- Sﬂ=ef’§ﬁf.§“§059999+-'§d pe 2

bondi ng agent. Further, by nounting a sem conductor chip by way of sol der

bondi ng enly psedetas nanmbumting Gurfadds At did Chééessary to enlarge
the ceramic substrate itself for increasing mounting part
and circuit constituting part. When the ceramic substrate |
is enlarged, however, there may be posed problems that the
ceramic substrate tends .to bend in bonding process for
| bonding the copper circuit plates and '_the like. Further,
simple enlargement of the ceramic substrate goes against
the requirement for miniaturization of a mounting substrate
and the electronic parts themselves.

As described above, in the conventional ceramic
circuit board, the ceramic substrate should be enlarged -for
increasing the area of mounting pért and the circuit
constitutional part, and this invites poor bonding of the
copper circui_t plates and goes against requirement for
miniaturization of the electronic parts. Further, with
diversification  of the semiconductor element, various
properties are required for a semiconductor mounting
substrate and semiconductor package, and it is dgsired to

satisfy the various requirements.

On the other hand, high densely integration, high

power performance and enlargement of a semiconductor



platéé directly bonded to t he Si[err]Nerr] substrate, the silicon nitride
circuit board of t-he present invention is produced. ' Thus, .
according to the silicon nitride circuit board of the present invention
formed éyesnlenect hgveonBees devedbpedy,Cuahdpl aieeule tBeasdr f Q’Efugi:uile
conpl ex substrate using the direct bonding method, and further by

mount i nghéich planal efifeeft iveliy ordligsipats cHedt OfehdfatBld! £EbMCUihe

pl ates bonded to a Si[err]N err] substrate, since no inclusion such as an
adhesi vsemiidohdasitoy agdement stodtdiien éfie théalsystem and circuit

34 circuit plates an the Si[err]Nerr] substrate or cheap
subst r abearfior sgroetareushaviieg eeshighncatkend®® RRiRhSUBAL 2bRAuke
smal |, and heat generated fromthe sem conductor el enent

heat stress are technically required. Then; a silicon
nitride (Si,N,) substrate having higher strength than that
of a conventional alumina (Al,0,) substrate has been tried
to be used as a ceramic substrate. However, since the Si,N,
substrate has a remarkably lower thermal conductivity as
compared with an aluminuﬁ' nitride substrate and the 1like
though it has excellent mechanical strength such as
toughness and the 1like. Therefore, the Si;Nh substrate 1is
not practically used as a constitutional material of a
circuit board for a semiconductor to which heat releasing
property is particularly required.

On the other hand, the aluminum nitride (A1N)
substrate has a higher thermal conductivity and lower heat
expansion property as compared with éther ceramic
substrates, no aluminum nitride substrate having
satisfactory mechanical strength has not been obtained yet.
Therefore, when slight pressure or impact is imparted to
AlN substrate in mounting process of a circuit board, the
circuit board is easily destroyed, and production yield of
a semiconductor device is soﬁetimes reduced steeply.

Therefore, in the conventional ceramic circuit

board, it is essential requirement to increase thickness of



placéd on the netal circuit plates can be quickly dissipated
outside of the system The net hod for bonding the nmetal circuit
plates and the I'ike by the active netal nethod will be described bel ow.

o7 e bl e

aving a thickness “about rl mis tformed wth an

Ag-QU- Tir0apad PEEFbREura™ BE 2huch?Va Godventibhal! ecefaﬂ’eegirgiggrﬂa;ﬁé i 0

conpriSes at |east one active netal selected fromTr,

\b. Thopggkdl 20000 T | B¥ehmi®. IR OooEPASHOIAHES Bholin® AW Fiig. 7
substrate, and netal circuit plates such as a copper circuit plates and
the likg

: aer'aa %@f&é Bhilcknless, O UKiEd1 5N sy iged by ﬁﬁhﬁh{)@”\ﬂ}}@gcéﬁ'gﬁ&c The
active nmetal has effects to i'nprove wetting property of “a brazing
At eri aly,2gahiak id?a, 5658 milde agdan¢N1WC§1nt&9§&' %dftﬁ&pﬂaﬂ' g's a
concrete exanple of the active nmetal brazing nmaterial, a brazing terial

conposi 19 CORBERS Nbondt Hbey “eblirclih 2ROEsHRSET pasterchbYe JBTE 15

" metal circuit plate, by bonding a copper plate 263 to the
upper surface of the ceramic substrate 202b, and by
simultaneously bonding a metal . plate 205 as a rear copper
plate to the reaf surface'.of the ceramic substrate 202a foi:
integration. At a predetermined portion of the copper plate
203, a semiconductor element 207 is mounted by solder
bonding, and an electrode portion of the copper plate 203
and the semiconductor element 207 are electrically
connected by a bonding wire 208.

As described above, the above-described
‘conventional ceramic (Al1N) circuit board 201 has problems
that the size is large when constructed as a semiconductor
module and it is difficult to produce a small size module,
and production cost for a ceramic substrate increases,
since it is necessary to use ceramic substrates 202a, 202b
each having a large thickness for improving the resistance
against cracking. Further, since thickness of the substrate
increases, there is a problem that heat resistance
increases and excellent heat releasing propérty as expected

cannot be obtained even if an ALN substrate having a high



cu and substantially remaining parts of Ag is suitable.. The .
above-described netal bonding |layer i-s fornmed by a metthod in which a
conposi tion paste for bonding prepared by dispersing this brazing material

conposi fron i 3 35

solrreent H’ %He‘ﬂl% H’lé‘%‘?ﬂf ace of the conplex substrate and the
i ke. the netal, circu plates or the netal plate that are
used as circuit e?§e§F§ coRvER ’hn ag| gfcompdis 5 Itz mmt ng
| ayer sgreen- rlnted nd the _resulted conposite is eat e at a
te)r/rpera 3?’2’ 8, nAnd o (FLFPIY- (PPIecEct therenfer dsur do

t han ltin oint of the netal circuit plates
(780[er£)]r9’1 and not !l(ca:on anirx:e:n:':l.c!.eg gircuit board which hasp an

excellent heat releasing property, can enlarge area of
mounting part and circuit constituting parts and can be
miniaturized, and further, which has an improved heat cycle

durability and excellent reliability.

Disclosure of the Invention

The semiconductor module of the - bresent invention
comprises a high' thermal conductive sil:!.con nitride
substrate having a thermal conductivity of 60 w/m. k or
more, a semiconduéto.r element mounted on this high thermal

conductive silicon nitride substrate, metal circuit plates

that are bonded to the high thermal conductive silicon

nitride substrate at a side to which a semiconductor

element is mounted, and single metal plate which is bonded
to the high thermal conductive sil:l.cori nitride substrate at
a side to which the semiconductor element is not mounted
and is bonded to an apparatus casing or a mounting board.

As a preferable embodiment of the above-described
semiconductor module of the present invention, there are
listed an embodiment in which the thickness of the metal
.plate which is bonded to the apparatus casing or the

mounting board is 1less than that of the above-described



(1083 [err]Cin the case of copper), in vacuumor an i nrert gas atnosphere.
In this contact condition, consequently, the nmetal circuit plates are
bonded to the conplex substrate through the netal bonding l-ayer.

In the above-described circuit board, the netal irquit plates or the
metal phRgEdlareirerilyr AlakeyondRy empodiment, Peﬁ%t?at?%ﬁ@sﬁ hef

Cir cui ¢ SBBamEta Lo RIAES YRESH A, RoRled 1 tha Fif s BPRBTAEIe PR LRE| OF o
Composi £h8n BOHRFLEAnPORTd (1B PEBRAER - tHE: CLRSRLIGE Abakgipheiheng
Bnd Ti " BbOVSTIGRGT LEA, DBESLL GLADH bnpIathe SR | SUDORARENEonTR cXRich
substrate, to forma high pelting point netal-netallijzed | ayer as the
ci rcui t theyeAbO¥@dpsey "&né%%t%f HAke 198, bonded to the wghevete
circuit - layer is f or ned bil this netallizing nethod, it _is
preferaﬂeé%qecﬂ np&gﬁxetgxerma conductive silicon™ nitride substrate
| by a direct bonding method, and further, an embodiment in
which the above-described metal plate is bonded to the
above-described high thermal cc;nductive silicon nitride
substrate by an active metal brazing method.

The silicon nitride circuit board of the present
invention comprises a plurality of high thermal conductive
silicon nitride substrates each having a thermal
conductivity of 60 w/m:- k or more and a metal plate which
ié bonded to this highly thermal conductive silic_on nitride
substrate, and has a part in which a plurality of the high
thermal conductive silicon nitride substrates form a plural
~layered structure through the metal plate.

As a more prefefable embodiment of. the
above-described silicon nitride circuit board, there can be
provided én embodiment in which the above-described metal
plate is bonded to the high thermal conductive silicon
nitride substrate by a direct bonding method, and an
embodiment in which the metal plate is bonded to the high

thermal conductive silicon nitride substrate by an active

metal brazing method.
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36 plating |ayer having a thickness of 3 to 5[err] m conposed of
Nl and Au on the surface of the netallized layer. By ‘form ng such a netal

plating |layer, the surface snmoothness of the netallized |layer is inproved,
and adhesion wt tl__

further, the sol d%tliéfn‘it F(éggg Orrgﬁg‘éfghb:a’%%iégg;?i%g?%:g of

e ennafbey. Present | LayeiRiGH R Cnian qEbemmal,; Corfactiveramiadoame
ﬁ?gxe-?% edco%tdéggl#ggg s:!%vc’:ci% nﬁgtr?’ g bs{%‘ﬁ’%‘ﬂ-&?;g%;re@/i ng
Z ﬁ}[ Sﬁpl %/mrr.prkove%zg hehrgi_le cg%guctlaw t-zux',é‘t%é’&t | Ol{]a‘;j(.)nga hlag?h si:threer?rmg;tlh and

conductivity of 1less than 60 _ w/m- k are provided on the
same plane, and metal circuit plates are bonded to at least
the high thermal conductive silicon nitride substrate
having a thermal conductivity of 60 w/m: k or more.

As the substrate_ having a thermal conductivity of
less than 60 w/m- k, an alumina (Al,0,) substrate, resin
substrate and the like can be used.

A metal plate may advantageously bonded +to the
high thermal conductive silicon hitride substrate having a
thermal conductivity of 60 w/m: k or more and a cheap
substrate for general use having a thermal conductivity of
less than 60 w/m- k which can be easily produced through an
oxidized layer formed on rear surfaces of the respective
subétrate. Further, a -metal plate may also be directly
bonded to both the high thermal conductive silicon nitride
substrate and the cheap substrate for general use through
the oxidized layer so that the metal plate extends to both
substrate.

Namely, accord:l.ng to .the present invention, it
becomes possible to obtain a cheap circuit board which can
be easily produced with -maintaining an excellent strength

and heat releasing property. Namely, a complex silicon

11



t oughness property originally owned by a silicon nitride si ntered body is
pl aced on a part to which a structural strength and a heat rel easing
property are particularly required, while a cheap substrate for general
used which .can be easjly produced such as an alum _na substrate and a
resin sBAsTridee icinfuttq gﬁaFﬁe Gamer Ayt ebtagpedot bY sugembiningar @

pl aced on the same plane_to forma conplex substrate, a netal circuit

plate i § IJ'H‘F% al | RHERIRR o subetTateace (ﬁxqq’li]selt"orrpl e&nsubsthmaland

further, sem conductor elepment is nounted on the nmetal circuit plates

bonded CPB ductdvikyy, strepghh andqteughpess with anicheap substrate
th duction cost s |ow, and

':I;h<7aref 'for gene(i':a].pruoseu Swhich can be easily produced.

Arrangement of the above-described high thermal
conductive silicon nitride substrate and the. substrate
having a thermal conductivity of less than 60 w/m- k is
roughly classified :lnte the following three types. Namely,
there are three embodiments; an embodiment in which the
both substrates are placed so as to be adjacent to each

other on the same plane; an embodiment in which the both

substrates are laminated so as to form a sandwich-

structure, and an embodiment in which a plurality of high
thermal conductive silicon nitride substrates are placed on
a surface of an alumina substrate or a resin substrate.
These embodiments 'may be combined in accordance with the
required properties.

For example, an excellent heat releasing property
of whole circuit board can be secured by arranging the
high thermal conductive silicon nitride substrate to a
portion on which a semiconductor element as a highly heat
generating part is mounted. Further, when a surface portion
of the circuit board to which mechanical pressure,
mechanical stress and the 1like are directly applied is
constructed by the silicon nitride substrate having a high

-strength and 'a high toughness, it becomes possible to

12



further,'a heat generated from a heat-generating part such as the
sem conductor elenment and the I|ike is quickly transmtted outside of
the systemthrough the high thernmal conductive silicon nitride substrate.
Therefore, the heat releasing propert¥ of the nodule is extrenely
excel | SUPPTESH t hEracking t Hdue| gita hekhal daskening sppezation: rifor
substrate having a high strength and a high toughness is placed on a
site \faskening ther rirxpuit beardgdn AR assembly PrQCessui Bedcrack
maxi mum defl ecting of the circuit board can be secured at a high |evel
Ther ef of@rmatiqnpnderhbet bepke cvsiedhicanpdition, And khe pbikel. in t he
assenbly process does not occur, and a sem conductor apparatus usin t he
circuit board cafubEheEss- giodihel vabave-dggcrdbedandildgonh nituidei on
yi el d. Si nce toughness of the silicon nitride substrate is high,
cracki ngizentibmhnarde Metale edxcudt nplpées M3y e whonded itobsthere
and the netal plate even if the heat cycles are applied, the heat cycle
resi st ahtghprheymayl | conductive silicon nitride substrate and the
- cheap substrate through a metal bonding layer containing at
least one active metal selected from Ti, Zr, Hf and Nb, the
metal bonding layer being formed on the surface of the high
thermal conductive silicon nitride substrate and the cheap
substrate for general use which can be easily produced.
Further, a metal plate may also be bonded through
a metal bonding layer formed 6n the surface of the
above-described high thermal conductive @ silicon nitride
substrate and the cheap substrate for general use which can
be easily produced. The thickness of the netal circuit
plate may advantageously be 1larger than thai: of the metal
plate. Further, the metal plate may be bonded through a
metal bonding layer to both the high thermal conductive
silicon nitride substrate and the cheap substrate for
general use ' so that the metal plate ranges to both
substrate. Further, at 1least one metal_ circuit plate may
advantageously be bonded through a metal bonding layer to
both the high thermal conductive silicon nitride substrate
and the cheap substrate for general use so that the metal

circuit plates range to both substrates.

13



r emaf kabl'y inproved, and a sem conductor apparatus excellent in
durability and reliability can be provided. Further,: since the silicon

nitride substrate having a high thermal conductivity is used,
degradation in heat, . resi s pr o

| | d i
heat rel easi ng Tﬁ?eopertﬂlgﬁ‘s d ﬁ‘gﬁ'&?}ate rééﬁt!ri?r Sggﬂwlé.&??&]ct Titside ent

directin h out ut .use a hi - nt egr at e usels
mount e strate I]:og Pisea"*%n °' tnd 3 ggesexﬁ: anengiopn may

partlc | ar chanical, stren tf of the s itride substrate
reel { be ceoRsERrlef EanaR b PREO Ao ARES) Sartin ATPIARhodn dan o o
ST L0 oEOTNR e oS eSTaRE LT SRR ShC oS g °°

and impurity .cationic elements of Li, Na, K, Fe, Ca, Sr,
Ba, Mn and B in a total amount of 1.0% by weight or less,
preferably 0.3% by weight or less (including 0% by weight
as a detection limit).

Here, as a matte?: of course, the above-described
content rahge of 1; 0 to 17.5% by weight of 'the' rare earth
oxide includes 1.0% by weight which is a lower limit of the
content and 17.5% by weight which is an upper limit of the
cbntent. This is natural as mathematical expression, and
also applied to the content ranges of other components.

In another aspect of this invention, the high
thermal conductive silicon nitride substrate can be formed
of a silicon nitride sintered body which éontains a rare
earth elément in an amount of 1.0 to 17.5% by weight in
terms of oxide thereof, and consists of silicon nitride
crystal phase and grain boundary phase wherein a proportion
of the crystalline compound phase in the grain boundary
phase is 20% or more, preferably 50% or more based on the
whole grain boundary phase.

It is particularly preferable to use a lanthanoid
element as the above-described rare earth element for

improving a thermal conductivity.
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conpared with the case in which other ceramic substrate is used. Since the
t hi ckness of the substrate can be reduced as describéd above, the heat
resi stance can .be further reduced, and the heat rel easing property can be
also further inproved. Further, since it beconmes possible to cope with

t he requi red mecBb@i cahighopethieamadyen cgndnctive bstgidicomi nmeitrida a
conventional substrate, production cost of the substrate can be reduced.
Fur t hersubsienabel y usedordent to@al Pregenthednyentdompucmary wrefevablytri de
(AIN) substrate is used as a constituting material of a circuit board, it
i s nececontging athcleasst tonet [@lenents seleateda fromuMini tZrde HE bsVyat e
for securing a certain degree of nmechanical strength. However, in the

ci rcui tNbpaf@,ofCx heMoprandenW idmy an | amount hpgh hdat toeBe 88 thy pwepghty i s

secured and a high strength property is secured simultaneously
mai nly iby temms hiafh oxitden| thevedficti ¥hissi jatcodeast rione sebemente.
In addition, since it is possible to formthe cheap substrate for

gener al seleckedchfremn Mo e85 | Hipr oMucdP.suth, aLrn ¥oudnd Wulman abe or
contained by being added to a silicbn nitride powder as an
oxide, carbide, nitride, silicide or boride.

The high thermal conductive silicon nitride
substrate used in the present invention can 'be produced by
a method in which a molded compact is p;repared by molding a
.raw material mixture prepared by adding -a ‘'rare earth
element in an amount of 1.0 to 17.5% by weight in terms of
oxide thereof to a silicon nitride powder having an average
particle size of 1.0um or less which contains oxygen in
an amount of 1.7% by weight or 1less, impurity cationic
| elements, Li, Na, K, Fe, Ca, Sr, Ba, Mn and B in a total
amount of 1.0% by weight or less, preferably 0.3% by weight
or less, andaq -phase type silicon nitride in an amount of
90% by weight or more, the resulted molded compact is
degreased, then, is sintered under a pressured atmosphere
of 1800 to 2100 €, and is gradually cooled at a cooling
rate of 100 °C /hour or 1less such that the sintering
temperature decreases to a tempe:ature at _wh:lch a liqguid

phase formed from the above-described rare earth element

in sintering is solidified.
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resih substrate so that the thickness thereof is as small as equivalent to

the thickness of the silicon nitride substrate in pafticular, the heat
resi stance of the cheap 39

substrate for general wuse can be further synergistically reduced.
Theref ore, accor dgeprdinge pitesent thaventabave-tdascrihed el paodugtdomwerty
can be further enhanced as conpared wth the conventional  circuit

board methed,onl graine korndsxy ondhagecapcentaining f & graveal eaxrth
havi ng the equival ent thermal conductivity. BRI EF EXPLANATI ON OF THE
DRAW NGelement angj gthe]like in sildepncpitzide orystalhetizurture,

and there can be obtained a silicon nitride substrate
excellent in both mechanical property and thermal
conductive property and -hairing a porosity of 2.5% or less,
a thermal conductivity of 60 w/m- k or more and a three
point bending strength at room temperature of 650 MPa or
more.

In the high thermal conductive silicon nitride
substrate used in the present invention, the content of the
above-described impurity cation elements can never become
completely 0% by weight in mathematical sense. Therefore,
the content of the impurity ion element prescribed in the
present. invention substani:ially includes 0% by weight as a
detection limit irrespectiﬁe of detection limit level.

Further, a silicon nitride substrate having a high
density can be produced by using a silicon nitride raw
material powder containing 90% by weight or more of a.-
phase type silicon nitride excellent in sintering property
as compared with g -phase type silicon nitride.

As the rare earth element to be added to the
silicon nitride raw material powder as a sinte'ring aid,
oxides of Ho, Er, Yb, Y, La, Sc, Pr, Ce, N4, Dy, Sm, G4 and
the like or substances which are converted to these oxide

by sintering operation may be contained alone or in
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structure of a seniconductor nodul e accor di ng to one enbodi ment of the

present invention, Fig. 2 S a cross-sectional view of
a sem conductor nodul e according to anot her enbodi ment of the present

i nventi on. Fig. 3 S a cross-sectional view of a
seni conciaminakione afcokdbngoro woreher Paxtdeniamliyvof thedminmescoide

i nvention. Fig. 4 is a cross-sectional view showing a
st ruct urmfOx) candcerbivnm oxidec (Fgudsdr axedpreferred. Fig. 5 is a

cross-sectional view showing a structure of a silicon nitride circuit
board accordi ng tEspeghaliwboddyensiog tleanthaneid iserias oelements of
Fig. 6 is a cross-sectional view of a silicon nitride circuit board

accor di rfpi oEznehe¥Ybemasod neare otarthhelementy: sinterivg. property ifig.
7 is a cross-sectional view showing a

improved or high thermal conductivity i1is realized, and a
sintered body which is fully densified can be obtained even
in a low temperature range around 1850C . Therefore, there
can be also obtained effects of that - apparatus cost and
running cost of a sintering apparatus can be reduced. This
sintering aid reacts with a silicon nitride raw material
powder to form a ligquid phase, and functions as a sintering
accelerator. |

The = addition amount of the above-described
sintering aid shall be in the range from 1.0 to 17.5 wt.$%
based on a raw material powder in terms of oxide thereof.
When this addition amoum: is 1less than 1.0% by weight,
compactness (densification) of the sintered Dbody is
insufficient, and particularly when a rare earth element is
a high atomic number element such as lanthanoid series
element, a sintered body having a relatively low strength
and relatively 1low thermal conductivity is formed. On the
other hand, when the addition amount is over 17.5% by
weight, excess amoun{: of grain boundary phase is
disadvantageously formed, and thermal conductivity and
strength begin to 1lower. Therefdre, the above-described

content range is prescribed. Particularly, because of the
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4 0° structure of .a conventional ceram c circuit board.

Fig. 8 is a plan view showing a constitution exanple of a silicon nitride
Circuit board according to the present invention. Fig. 9is a
cross-sectional view showing one exanple of a silicon nitride circuit
board agaaeli P@asonshe thy caofitehtV ardridge), i8Ndest raslywsSromcid oggl 14€wW
taken in the direction of the arrows along the line I X-1Xin Fig. 8.

Fi g. 10 pys weigmss- sectional view show ng another exanple of a silicon
nitride circuit board according to the present invention, and is a

cross-sectional Ve oxide,i ncatbidelj r aditrdde;f shriciaewor Bagilke d¢ ne

X-Xin Fig. 8. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON
Ti, Zr, Hf, VvV, Nb, Ta, Cr, Mo and W used as other selective
additive coinponent in the above-described production method
promotes the function of the sintering accelerator of a
rare earth element, and performs function for strengthening
dispersion in the crystal structure, and improves a
mechanical strength of . the Si,;N, sintered Dbody. In
particular, compounds of Hf and Ti are preferable. When the
addition amount of these compounds 1is 1less than 0.1% B&
weight, the addition effect is insufficient. On the other
hand, when the amount is excess over 3.0% by weight,
thermal conductivity, mechanical. strength and electric
breakdown strength are lowered. Therefore, the addition
amount is shall be set to the range from 0.1 to 3.0% by
weight. It is particularly desirable that the range shall
be set to a range from 0.2 to 2% by weight.

Fﬁrthe:, the compounds of Ti, Zr, Hf and the like
also function as a shading agent or light shielding agent
which colors a silicon nitride sintered body blackish to
impart opacity. Therefore, when a circuit board on which an
integrated circuit and the 1like which is 1liable to cause
malfunction by a 1light is mounted is produced, it is
desirable to appropriately add the above-described

compounds such as Ti and the 1like and make a silicon
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The practical enbodi nents of the present invention are specifically

illustrated referring to exanples and appended draw ngs as shown bel ow.
First, the high thermal conductive silicon nitride substrate used in the

present invention will be described, and then, a sem conductor nodul e and
a silicoitvide dubstrate dxceXient nintshadbhghprbpertyl. conductive silicon
nitride substrate as a ceramc substrate will be explai ned.

Various high therrmd ceiditdired sbodgon fistrige pobdacedes vhaeh are used

as a constitutional nmaterial for t he sem conductor nodul e and the silicon

Zi tlri de porosfity thexedfofishaot emepé itheant RoB%wes Engé oditcegxaees g t O
large influence on thermal conductivity  and strength.. When
the porosity is over 2.5%, the f:hermal conductivii:y is
disturbed, and the thermal conductivity of the sintered
body is lowered, and the strength of the sintered body is
also lowered.

Further, the silicon nitride sintered body ié
constituted from silicon nitride crystél bhase and gra:ln.
boundary phase, and a ratio or proportion of the
crystalline compound phase in the grain boundary phase
exerts an J.arge influence on the thérmal conductivity of
the sintered body. Therefore, in the high thermal
conductive silicon nitride substrate used in the present
inveﬁtion, it is necessary that <the proportion of the
crystalline compound phase is 20%8 or more, and more

preferably, it 4is desirable that the proport-ioxi in the
grain boundary phase is 50% or more.

Further, for obtaining the high thermal
conductive silicon nitride substrate having a porosity of
not more than 2.5% and a proportion of the crystal phase in
the grain boundary pha_se formed in <the silicon nitride
crystal structure of 20% or more as described above,l it is

important to sinter a silicon nitride molded article under

a pressured atmosphere for about 2 to 10 hours at 1800 to



the foll owi ng procedure. Nanely, as shown in Tables 1 to 3, rare
earth oxides such as Y[err]Jerr], Herr](err] and the like as a
Sintering aid and optionally Ti, Hf conpound, Al[err](err] powder, A N
powder are added to silicon nitride raw material powders having an

aver age2pe0v ¢l arsd zetookgradualller réodl c theaigiintgered gpodyn saitch apRapt ao0f
1.3% by weight, the above-described inpurity cation elenents in a total
anount ebofihg% ateci gift theé asinkerpldasbotiypeimmeddateldiyt r agteirn &he
anount of 97% thereby to prepare various raw nmaterial m xtures. The

m Xt ur esinkeeingubpperatiion aisecomplieted nist gat altoolbé 100 7L Favux
using silicon nitride balls, then dried to prepare raw material powder

m Xt ur epxr ¢ep&Gti vel y. Then, an organic binder in given amount was added
to respective raw material powder m xtures, and uniformy m xed. Then, the

powder m xtureswire pihes- npiftdringer températgrar esgsir e 1¥ssl00@han

kg/cmerr], to produce a | ot of nolded bodi es having various conpositions.

Then, theooesyl t wonipscnésse 6P| dbendDEyesofer the sintered body is
insufficient, and the porosity becomes 2.5% by volume or
more, and consequently the mechanical strexigth and the
thermal conductivity of . the sintered body are lowered
together. On the other hand, when the sihtefing temperature
is over 2100C, the silicon nitride component :lt#elf tends
to be vaporized and dJdecomposed. In particular, when not
pressured-sintering but ord:lnéry pressure-sintering is
conducted, decomposition and vaporization of the silicon
nitride initiate from a temperature of around 1800C .

The cooling rate of the sintered body immediately
aftef the completion of the sintering operation is an
important controlling factor for crystallizing the grain
boundary phase, and when quick cooling in which the cooling
rate 1is over 100C per hour is conducted, the grains
.boundary phase of the sintered body structure becomes
- non-crystalline (amorphous, ' glass phase), and the
pioportion of liquid phase formed as crystal phase in the
sintered body becomes less than 20% in the grain boundary
phase, and consequently, both strength and thermal

conductivity are decreased.
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degreased in a gas atnosphere at 700[err]C for_ 2 hours.
Thereafter, these degreased bodies were subjected to conpacti ng
Sintering under sintering conditions shown in Tables 1 to 3. The cooling

rates of sintered bodies until the inner tenperature of the sintering
furnace lowered tpe 13Q0[ ergyfEi€ient equithiatd t oth€ach abavieradstuiiiasdd vel y
shown in Tables 1 to 3 by controlling electric current to a

4 2 ' temperture rEfe aivs whdchpptHe tcooling Stemperaturé U'dlanfia
thereby to cool the sintered bodies. Consequently, silicon nitride

si nt er etbe) OGH AL XY e Uk éd SETD! fron &0 Predeteasined®! s M¥Srin
prepared. Further, the resulted sintered bodies were cut into hi&%
t her mal efpektturye Ei8000to 2100 °C) to a temperature at which
liquid bhase formed by the reaction of the sintering aid
is solidified. The 1liquid phase solidifying temperature
when the sintering aid as described above is used is
approximately £from 1600 to 1500 °C . When the cooling rai:e
of the sintered body . from at 1least the sintering
temperature to the above-described liquid pﬁase solidifying
temperature 1is controlled to be 100 <€ /hour or less,
preferably 50 °C /hour or 1less, and more preferably 25 <
/hour or 1less, 20% or more, particularly preferably 50% or
more of the grain boundary phase becomes a crystal phase.
As a result, a sintered body excellent in both thermal
conductivity and mechahical strength can be obtained.
The high thermal conductive silicon nitride
substrate used in the present invention is produced, for

' example, through the following processes. Namely, a

predetermined amount of a sintering aid, a necessary
additive such as an organic binder and the 1like and
optionally Al,0,, AlN, Ti conipound and the like are added
to a fine silicon nitride  powder " which has the
above-~described given fine particle size and contains a

small amount of impurities <thereby to prepare a raw

material mixture. Then, the resulted raw material mixture
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nitride substrates having a predeterm ned rectangul ar shape of which
t hi ckness was 0.3 mm 0.5 mmor 0.6 nm Avetr age val ues of

porosity, thermal conductivity (at 25[err]C) and three point bending
strength at room tenperature of thus obtained respective silicon nitride

substraigs meldedporsli ptaisaap m6ldedo Bddye maviass ukedpredeteifined
regardi ng respective silicon nitride substrates, proportion (ratio) of

cryst al shapkeaseAs oacupgthgd @i molAdngdatlye plrawe matertaiumelktyren ¥ ray

diffraction nethod, and results shown in Tables 1 to 3 were obtai ned.
metal-mold (die) pressing method for general use, a sheet
molding method such as a doctor blade method, and the like
can be applied. Following the above-described molding
operation, the molded body is preheated for 1 td 2 hours
at 600 to 800 C in a non-oxidizing atmosphere or at 400 to
500 € in air, and the previously added organic binder
component is fully removed and the molded body is
degreased. Then, the degreased molded 'boéy is sintered
under a pressured atmosphere of an inert gas such as a
hydrogen gas and argon gas at a temperature of 1800 to 2100
‘c for a predetermined period of time.

The silicon nitride substrate produced .by the
above-described production method has a porosity of 2.5% or
less, a thermal conductivity of 60 w/m- kx (at 25C ) or more
and a fhree point bending Strength at ordinary temperatuz_'e
of 650 MPa or more, therefore the substrate is Jexcellent
also in mechanical properties.

The present invention does not include a silicon
nitride substrate having a thermal conductivity of whole
sintered body of 60 w/m- k or more obtained by adding high
thermal conductive SiC and the like to a low thermal
conductive silicon nitride. However, it is needless to say
that the present invention includes a silicon nitride-based

substrate obtained by combining a high thermal conductive
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Table 1 [err] Table 2 [err]

SiC and the 1like with a silicon nitride sintered body
having a thermal conductivity of 60 w/m. K or mofe.

The semiconductor module of the present invention
is produced by 1ritegra11y bonding a metal circuit plate and
a metal plate having eleci:r:lc conductivity onto a f£ront
surface and a rear surface of the highly thermal conductive
silicon nitride substrate produced as described above,
respectively, using the above-described direct bonding
method or the active metal.brazing method.

In the semiconductor module of the present
invention, since a high thermal conductive silicon nitride
substrate having a sharply improved thermal conductivity in |
addition to a high strength and high toughness property
originally owned by a silicon nitride sintered body is
used as a ceramic substrate, cracking to be caused by the
impacts applied in heat cycles and assembling bperat:lon of
the modules seldom occurs on the substrate, and the module
does not need both a rear copper plate (backing_ metal
plate) and a heat sink plate for enhancing heat releasing .
property and structural strengtl_x. Therefére, the structure
of the semiconductor module can be simplified and the
production cost 1is steeply' reduced, and further, the
module can be miniaturized and high 'density mounting
becomes possible.

Further, heat generated from a heat generating

part such as a semiconductor element and the 1like mounted
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Tabl'e 3 [err] As is apparent fromthe results shown in
Tables 1 to 3, in the S|I|con nitride sintered bodies of the sanples 1 to
51, since the raw material conposition and inpurity anount were suitably
controlled, and the cooling rates of the sintered bodies directly after

compl elgon phe! NGunEtHat | Nk S| &RSNDLEESS bAYRIAL 2beC 0N edsgﬁ&nt he
conventi ona

exanple there coul obtained high stre

sili co;h@i ki¢e gt EﬁeCQ{Ig’ﬁ ntﬂﬂrﬁa‘ir YedrducPivé € st 1ol %&PP&QdaW

phase aving a high thermal™ conductivity and a hlgher heat easi ng

8; oper t¥uBStiite, Priaird£d¥e (' Rbb®) 144515 FY Pripetiads CofCHHY | RahiE
is extremely excellent. Further, since the silicon nitride
substrate having a high strength and a high toughness is
used, maximum deflecting of the module can be secured at a
high 1level. Therefore, cracking due to fastening of the
module in the assembly process does not occur, and a
semiconductor apparatus using the semiconduqtoﬁ- module can
be cheaply produced in a large amount with a high
production yield.

Since toughness of ¢the high thermal conductive
silicon nitride substrate is high, cracking seldom occurs
on the connected portion between the substrate and the_
metal plate even if the heat cycles are applied, the heat
cycle resistance property is remarkably improved, and a
semiconductor apparatus excellent in durability and
reliability can be provided.

Further, since the silicon nitride substrate
having a high fhermal conductivity is used, degradation in
heat resistance property is small and excellent heat
releasing property is demonstfated .even if a semiconductor
eiement directing to high output and high integration is
mounted.

In particular, since the mechanical strength of

the high thermal conductive silicon nitride substrate
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boundary phase is increased. On the other hand, 3 to 6% by wei ght
of a Y[err](err] (yttriumoxide) powder and 1.3 to'1l.6% by wei ght of an
al um na powder were added to a silicon nitride raw material powder having
an average particle size of 0.60[err] m containing oxygen in an

amount safgeh {951 WeddL MEIN , whike a?agﬁ CrhdeHah iRyl %é‘ﬁéﬂ

elenments 1n a total anpunt of 0.13 to 0% by wei ght and an ase

type slgxld!;é}_r}_{ggr@&l %é’cn ¥PUBL OfoRst¥anthe fﬁémﬁﬁﬁ:ﬁﬁé‘és”ﬁ&fr I%E’Te”] c

powder = m xture was ded, degr eased, then sintered at 19

for 6 gl a Ebentfé at aan, Féd NFEENC
|ndustr| al-1 yﬁa(:%%dgg?ed I n gﬁg?al (c%%nl?gang rate: q'?lioéOF‘g?r Cq?’h 1Ch

conduCisither EBZami@s Bikitratd! eoChawfl oB1had Anh ANECKAOEH! Vtﬁa Of

as lowas 25 to I's near thermal conductivity of

47 substrate can be reduced as described above, the heat
resistance can be more reduced, and the heat releasing
property can be further improved. Further, since it is
possible to ~cope with the required mechanical properties
even with a substrate- thinner than a conventional
substrate, production cost of the substrate can be reduced.

Further, when only a conventional high thermal
conductive aluminum -nitride (AlN) substrate is used as a
constituting material of a circuit board_, it is necessary
tb increase the thickness of the aluminum nitride substrate
for securing a certain degree of mechanical strength.
However, in the semiconductor module and circuit board of
thé present invention, high heat releasing property _is
secured and high strength property is secured
simultaneously mainly by a high thermal conductive silicon
nitride substrate having a small thickness. Therefore whole
module and whole circuit board can be formed in a small
size. .
On the other hand, the silicon nitrlj.de circuit

board of the present invention is produced by integrally

bonding a metal plate having electric conductivity to a

portion between a plurality of the high thermal conductive
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silicon nitride sintered body produced according to a . conventional general
nmet hod. Wth respect to thus obtained ‘high thernal
tonductive silicon nitride substrates having a thickness of 0.5 mm
corresponding to the resulted sanples 1 to 51, a netal circuit plates and

a netal gpl atenarnitpiagr agustbavesd g kot hther ffarmst ofsutrfﬂaowbaha%%
using the direct bonding nmethod or the active netal nethod

wher ebyopee6nalIUCt 6n NTihe eSreare rswpPbsté VebE prenecetigh  thermand: 1
is a .cross-sectional view showing a structure of a sem conductor

nodul e kandeetiviengsidieon mwibriddesubstratesprpieaducedvail | @8Bscribed
In Fig. 1, copper plates 3 as the nmetal circuit plates are integrally

bonded aBovee byonusityg adheof ditecthi @bnﬁh&gﬁﬁineﬂwaucblr\/ethb' | gREiRiel ride
subs_trate 10, and a

metal brazing method.

Namely, 1h the silicon nitride circuit board of
the present invention, a plurality of = high thermal
conductive silicon nitride substrates to which metal plates
such as copper circuit plates and the like are bonded by'
using the direct bonding method or the active metal brazing
method are plural-layered through the metal plate.
Therefore, due to this possibility of three-dimenéional
assembly, the circuit board can be miniaturized with
enlarging area of mounting portion and circuit constituting
portions, and a small-sized arrangement and a high—denéity
mounting can be accomplished.

Further, by preparing a plural-layered strucfure
of the high thermal conducf:ive silicon nitride substrates
having a metal plate such as a copper plate, a package and
the like can be produced. In addition, since a metal plate
such as a copper plate is used as circuit constituting .
portions,: current loss can be decreased as compared with a
cbnventional plural-layered package, and the structure of
the present inventién can be applied to a high £frequency

type semiconductor &elementt and a heavy current type

semiconductor element.
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copper plate 4a as the backing netal plate is bonded to the rear surface
of the high thermal conductive silicon nitride substrate 10. Thus "the
Sem conductor nodule la is constituted. The copper plates 3,
4a in the sem conductor nodule |a are bonded to the high thernmal :

conductive silicam npartfeusdpstrainct) By usig tbRedha®C! oMU ve
nmet hod, so-called DBC nethod. For the copper plates 3, 4a when suc a DBC .

met hod is31iedh hitrider Webraté O havdingOPReBhauplly abmpPoUeaPitdnPrer

cont ai ni ng oxygen in a proportion of 100 to 3000 ppm However, it is also

possi bl @dr@uétfivity in addition to a high stkéhgth and a high
toughness property originally owned by a silicon nitride
sintered body is used as a ceramic substrate, heat
generated from a heat generating part such as a
semiconductor element and the like mounted on the substrate
is transmitted outside of the system quickly wvia the high
thermal conductive silicon nitride substrate. Therefore,
heat releasing property of the module becomes extremely
excellent. Further, since the silicon nitride substrate
having a high strength and a _high toughness is used, a
maximum deflecting amount of the module can be secured at a
high 1level. Therefore, cracking due to fastening of the
circuit board in the assembly process does not occur, and a
semiconductor apparatus using the circuit board can be
cheaply mass-produced in a large scale with a high
production yield.

Further, in the silicon nitride circuit board of
the present invention in which a silicon nitride substrate
having a thermal conductivity of 60 w/m. k or more and a
substrate having a thermal conductivity of less than 60
in/m- k are combined, the thickness of the high thermal
conductive silicon nitride substrate can be variously
changed according to required properties when used as a

circuit substrate, and may be advantageously set to a
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oxygen-free copper of which surface is oxidized. Instead of a sinple plate
of copper and copper alloy, there can be also used a clad plate forned by

copper material with other netal nenber, and at |east a surface portion of
the clad plate to be contacted to the high thermal conductive silicon

nitri depredstéminédd ivahpnshotut mdray then c@Ev1d noifertheé. thicknessg 1he
copper plate 3 bonded to the front surface of the high thermal conductive

si | i corofi thedeixrdsit alaya® (circuitirbplaté) chwherontle a thlekinea® ShEe for
nounting a sem conductor part and the like, and patterned into a

predet el negidiioon t hotridé seubstrdte oriel covelr 7 2sforal deoye bopged to
a predetermned site of the copper plates 3, an el ectrode portion of the

sem congfélhiessenoit Ehendcidcuit! edayeds AN | Whidkness NoE COpRGie
plates 3 are electrically connected by a bonding wire 8. The copper

plate (fpeébit Bowed [Antrasts bandedthe heat cpessythnee Dicidasésgh
thermal conductive silicon nitride substrate 10 is a nenber for preventing
a bendi A9 con¢ridte 'theckRhesScof the silicon nitride substrate is in
the range from 0725 to 1.2 mm. Particularly, if the
thickness of the silicon nitride substrate is set to a
value not more than 0.8 mm, the thickness of whole circuit
board can be reduced, a difference in ﬁeét resistance
between the upper and lower surfaces of the' circuit board
can be more efféctively_ reduced, and heat releasing
property of whole the circuit board can ﬁé more improved.

On the otﬁer hand, the substrate hav:lng. a thermal
conductivity of less than 60 w/m:- k used in the present
invention 1is not particularly restricted. However, in v'iew
of low production cost, cheap substratés for general use -
such as an aluminum (Al,0,) substrate, resin substrate and
the like can be particularly suitably used.

In the present invention, the two kinds of
substrates i.e., the high thermal conductive silicon
nitride substrate having a thermal conductivity of 60
w/m . k or more and the cheap substrate for general use
having a thermal conductivity of less than.so w/m-. k are

selectively used according to the required properties for

the circuit board. Namely, a complex substrate is formed by
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hi gh’ thermal conductive silicon nitride substrate 10 at the bonding
operation. The copper plate is bonded and formed to approximtely whole
rear surface of the high thermal conductive silicon nitride substrate
10 in condition that is separated around the center into two parts. As

shown i plapigg 1the wEhaoverdesqribed t higbothermahi comslustinel sdlikeon rear
surface may be the sane as that of the copper plate 3

4 9 nitridej subshrate @n cai Pantatta igh pacakructuralnstrgngthe of
a sem conductor part and the |ike. However, it is .preferable to use a
copper pind: chéeati meleasingnpropasty axe: raguired,t Arknons tite obthes

copper plates 3, further '
hand, the cheap substrate for general wuse which can be
easily pioduced is placed on other parts of the same plane.

The silicon nitride circuit board of the present
invention is produced by bonding metal .circuit plates
having elgctric conductivity to the surface of the complex
substrate produced as described above, and further, by
mounting a semiconductor element through 'thi.é retal circuit
plate.

Further, it is preferable to integrally bond
single metal plate to the rear surface, i;e., the surface
opposing to the metal circuit plates-bonded surface of the
compleit substrate in which the high thermal conductive
silicon nitride substrate and the cheap substrate for
general use are combined on the same plane as described
above. The metal plate is made of the same material as
that of the metal circuit plates. By integrally bonding
'this metal plate, the circuit board is easily bondéd to a
heat releasing part such as a heat sink and the 1like. In
addition, a deflection (warpa'gé) and a deformation of the
circuit board derived from a difference in heat expansion
between the complex substraté and the metal circuit plates

can be effectively prevented.

In particular, when the thickness of the metal
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preferably a thickness corresponding to 70 to 90% of the thickness t0O of
the copper plates 3. On the other hand, as shown in Fig. 3, when a
function as a heat sink plate for inproving the heat releasing property is
inmparted to the netal plate 4b to be bonded to the rear surface of the
hi gh t edmesiitcopdatesyvethat| jaxe welatdvelissparsely Fformedprisersst e
that the thickness t2 of the netal plate 4b to be bonded to an apparatus
casi ngt® oa avabuet iyargewr #han 2thatd of kthe setalheplakekrebichO &g the
metal circuit plates. By the structure that the thickness t2 of
the netensedivt formegondamountsncofedbhe umetad s plidced gon thethalthe
conductive silicon nitride substrate 10 iis 2-fold or nore of the thickness
t0 of tironiet Andki regn puxtaces ofhcthef ccomphex tsmbshrate ptame bk
functions as a heat sink can be increased even if a heat sink plate is
not udafe Tagndvalent,hea hdiffezenge nin phepdr texpansion nbetiveenc athee
further inproved. I'n this enbodi nent, the sem conductor nodule | a
front and rear surfaces of the complex substrate can be
decreased. As a result, a deflection and deformation of the
complex circuit board can be effectively prevented.

Further, when at least one inetal circuit plate or
at least one metal plate is integrally bondéd to both the
high thermal conductive 'silicon nitride substrate and the
cheap substrate for general use, the silicon nitride
substrate and the cheap substrate for general use placed on
the same surface are bonded to each other, and integrity of
the complex silicon nitride circuit board can be enhanced.

The bonding method of the metal circuit plates and
the metal plate 1s not particularly restricted, and a
direct bonding method and an active metal brazing method to
be explained below can be applied.

The direct bonding method. is a method in which an
oxide layer having a thickness of about 0.5 to 10 um is
formed on the surface of a complex substrate comprising a
silicon nitride substrate and a cheap substrate for general
use, and metal circuit plates and metal plate which are
used as a circuit layer are difectly bonded to the

above-described complex substrate through this oxide
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showh in Fig. 1is obt ai ned by bondi ng the copper plates 3, 4a to the

high thermal conductive silicon nitride substrate 10 by the DBC net hod.
However, it may be a sem conductor 50

nodul e obt ai ned by bondi ng the copper plates 3, 4a to the high thernal
conduct ilayesi. | Gthe nmetiade cdircudidt eplétiep t And atheévanebml alplaie hake The
above-described active netal nethod is a nethod in which the copper

pl ates Sivectiy bhonded ttot Hehei puxfacen/oforthet icomplids c aubstratle
substrate 10 through a brazing nmaterial (hereinafter, referred to

as acti withaut - asing niag honding mgent alsuch aas dxazding ngmatterdiaslst one
active netal selected from

Namely, an eutectic compound ‘composed of a compbneni: of the

metal circuit plates with a component of the substrate is
generated by heating, and the both members are bonded to
each other using this eutectic compound as a bonding agent.

This direct bonding method can be applied only to
oxide type ceramic such as Al;0, and the like, and if this
method is applied td non-oxide type cerémic such as a
silicon nitride substrate, aluminum nitride substrate and
the 1like, a sufficient bonding strength of the metal
circuit platg can not be obtained since wetting property
against the substrate is low.

Therefore, in order _to improve this wetting
property against the substrate, it is necesséry. to
previously form an oxide layer on the surface of the
silicon nitride substrate or the aluminum nitride
substrate. This oxide 1layer is formed by heating the
above-described silicon nitride substrate or the aluminum
nitride substrate at a temperature of 1000 to 1400C for
0.1 to 48 hours in an oxidizing atmosphere such as air and
the like. When the thickness of this oxide layer is less
than 0.5y m, the above-described effect £for improving the
wetting property is weak, and even if the thickness is over

10p m, the improving effect 1is saturated, and further,



for ~exanple, Ti, Zr, Hf, No and the |ike. As a conposition
met al - contai ning brazing material to be used, a conposition obtained by

of the active

‘adding 1 to 10% by weight of at I east one active netal selected fromTi,
Zr, Hf, Nb and the - like to an Ag-Cu-based brazing material or Cu-based
br azi ndchemak i acondugtiwiityonbendst kevi dgcreasexanffhereforay- Cuthe
eutectic conposition (72% by wei ght of Ag - 28% by weight of Cu) or

near

possible to add 1 to 10% by wei ght of

dhigisessnof dgthe oxdde layerris sedntof Redrar@e t ivom i&.5 stal so
In to the active netal -containing

t he

brazi ndil0wes ermere preferablyAfo ekaange Foem dndtDrumdul e | a shown in
1, the nodul e obtai ned by bonding the copper plates 3, 4a to the

Fig.

hi gh t her nal

has nmerits that the structure is sinmple, a high bonding strength is
obt ai nenrigimablydmadenof mrkesSifan which misi farndoxddd zeide hakeridh t he

ot her

hand, I n the nodul e obtai ned by bonding the copper plates 3, 4a

of the Si;N, substrate component. However, an oxide of the
rare earth element which had been added to the Si;N,
substrate as a sintering aid diffuses and migrates toward
a direction for the oxide_ layer when the bonding operation
of the metal circuit plate by heating 1is éonducted. As a
result, a. structure in which the rare earth oxide is
condensed in the oxide layer is formed. For example, when
Y.0, is used as the sintering aid, the oxide layer after
the bonding operation by heating is constituted £from a
$1i0.-Y,0, compound suc_:h as yttri_a silicate containing about
1 to 20% by weight of Y;0,. On the other hand, when an AIN
substrate is used as a cheap substrate for general use, the
oxide layer of the AlN substrate is constituted from Al;O,.
The metal constituting the metal circuit plates
and metal plate is not particularly restriqlted as far as it
forms an eutectic compound with a substrate component and
the direct bonding method can be applied. .'rhe preferable
examples of the metal may include copper, aluminum, iron,
nickel, chromium, silver, molybdenum and cobalt, " either
alone or alloy theréof. However, in view of an electric

conductivity and a raw material cost, copper and aluminum
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51° to the high thermal conductive silicon nitride substrate 10
by the active netal nethod, a high bonding strength is obtained, and
further, the active netal-containing brazing material |ayer also functions
as a stress nodulating |ayer. Therefore, the reliability of the nodul e can
be i npraw eaftlopethereosf arpepsefexable. it is preferabl e to sel ect the
bondi ng nmethod in accordance with the required properties uses and the
li ke. #Ehehe#hiqms h®fethe dretald ¢ cixguds ahearﬁe (etrenipl ate
are bonded to the h ther mal conductlve silicon nitride substrate 10 by

t he actla¥erptdls mined; dny| gongddenation, gfe elerbyicnecurrentit es
according to

capacity. When a silicon nitride substrate having a
thickness of 0.25 to 1.2 mm and a metal circuit plate
having a thickness of 0.1 to 0.5 mm are combined to be
bonded each other, influences such as deformation due ¢to
the _difference in heat expansion coefficiénts of the <two
members can be lowered.

When the metal circuit plate or the. metal plate is
a copper plate, the following bonding operation shall be
carried out. ﬁamely, a copper circuit plate is contacted
and placed on a predetermined 'position of the surface of
the silicon nitride substrate and the cheap substrate for
general use on ‘which the oxide layers are formed. The
résulted composite is heated at a temperature lower than
melting point of copper (1083 € ) and not lower than the
eutectic temperature of copper-copper oxide (1065 °C ) in
condition that the plate is pressed toward the substrate
direction. The copper circuit plates and the 1like are
directly bonded to the silicon nitride substrate and the
cheap substrate for ggneral use using the generated Cu-0O
eutectic compound 1liquid phase as a bonding agent. This
direct bonding method 1is, so-called, a copper direct
bonding method (DBC: birect Bonding Copper method).

Further, by mounting a semiconductor chip (Si chip) by way
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use,” for exanple, a nickel plate, a tungsten plate, a . nolybdenum plate, an
alloy plate thereof, a clad plate (including a clad plate with the copper
plate) and the like, without linmting to the copper plate. The
sem conductor nodule | a as descri bed above can be produced, for exanple,
by the 96| | SRLAGTr RIS fBeRy, BERdetempined 5 nPeRiEdencombi nthe
copper plate such as tough_pitch copper is processed into a predeterm ned
form (reQRPerng FhECBAfper PARLLe 3directly o Ponded ot t eithef or HiaNihe

resulted copper plates 3, 4a are respectively contacted and placed on the

sur f aceSubPstraten dthe heihdronomikride sircudt Peardeofuthe apresentand

by heating at a tenperature of not higher than a nelting point (1356 K)

of coppérvensiap: iswerodngedan Whercanc oxide type ceramic substrate

> 2 such as Al;0, substrate is used as the cheap substrate for
general use, it is needless to say that the oxide layer as
described above is not required to be formed.

On the other hand, when the metal circuit pllate or
the metal plate is an alt_minum plate, an Al circuit plate
is pressed on the Si,N, substrate and the 'cheap substrate
for general use. The resulted composite is heated at a
temperature of eutectic temperature of aluminum- silicon or
more in this pressed condition, and the Al circuit plates
are directly bonded to the Si,N, substrate using the
generated Al-Si eutectic compound as a bonding agent.
Further, by mounting a semiconductor chip by way of solder
bonding on a predeterm_ined position of the Al éircuit
plates directly bonded to the Si,N, substrate, the silicon
nitride circuit board of the present invention is produced.

Thus, according to the silicon nitride circuit
board of the present invention formed by directly bonding
metal circuit plates to the surface of a complex substrate
using the direct bonding method, and further by mounting a
plurality of semiconductor elements on the metal circuit

plates bonded to a Si;N, substrate, since no inclusion such

as an adhesive and brazing agent exist between the metal
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tenperature of copper with copper oxide (1338 K), whereby the respective
copper plates 3, 4a are bonded. Further, a sem conductor elenent 7 is.
Sol der-bonded to a predetermined position of the copper plate 3, and an
el ectrode of the sem conductor elenent 7 and an el ectrode of the copper
pl ate 3 HRCHIhnRYALLDy 3R bEHG nFlels o BUBSLFABOURT 2 cheaR c Sthairate
nodule. It is preferable that the atnosphere .in bonding operation with

heat i ng ﬁﬂrtﬁP_S'eEGﬁpé?s% aheats ’-_'eﬁ#q ge jhetwerps IRk fHPstxates is
e C R RS R L aep—
circuit plates and netal plate by the active _netal nethod can be produced,
for exarptacedy QR fhe owrelad, oeixseit r pdates; | cRB thhe quickly
above-descri bed sem conductar nodule |a, the copper plates 3, 4a each
havi ng Aiseteated; aulsing efatbeppysieBd. On the ot her
The method for bonding the metal circuit' plates
and the like by the active metal method will be described
below.
In the active metal method, a metal bonding layer
(active metal brazing material .layer) having a thickness
about 20y m is formed with an Ag-Cu-Ti-based brazing
material having a suitable composition ratio which
comprises at l_eést one active metal selected from Ti, Zr,
HEf and Nb. The metal bonding layer is formed on the surface
of a complex substrate, and metal circuit plates such as a
copper circuit plates and the like or a metal plate is
bonded through this metal bonding layer. The active metal
has ef_fects to improve' wetting property_ of a brazing
- material against the substrate and enhance bonding
strength. As a concrete example of the active metal brazing
material, a brazing material composition comprising 1 to
10wt.% of the above-described active metal, 15 to 35wt.% of
Cu and substantially remaining parts of Ag is suitable. The
above-described metal bonding layer is formed by a method
in which a composition paste for bonding prepared by

dispersing this brazing material composition in an organic
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hand, a paste prepared fromthe active netal -containing brazing nmaterial
as described above 1is applied, for exanple, to the surface of the
high thermal conductive silicon nitride substrate 10. Regarding the
application thickness. of the brazing material layer, it is preferable
t hat t eolverkneis oscreentprintedncenrithe| ssurfacecrofheth@onchomplexith
heating is not so large, in view of inprovenent of cooling and
heat i ngsegstrapeopndt gheThdke. the copper plates 3, 4a are
respectively lamnated and placed on the surface of the high therna
conducti ve And, the metal circuit plateg or the methilcoplatetride
substrate 10, and by conducting heat
: that are used as circuit layers are contacted and placed
on the metal  bonding layer screen-printed, and the
resulted composite is heated at a temperature, for
example, not 1less than Ag-Cu eutectic temperature (780°C )
and not more than melting point of the metal circuit plates
(1083 C 1in the case of copper), in wvacuum or an inert gas
atmosphere. In this contact condition, consequently, 'the
metal circuit plates are bonded to the complex substrate
through the metal bonding layer.

In the above-described circuit board, the metal
circuit plates or the metal plate are integrally bonded to
the complex substrate using the direct bonding method or
the active metal method, thereby to form a circuit board.
Howevér, the circuit board can also be formed by using a
metallizing method. Namely, in the metallizing method, a
metallizing composition comprising as a main componént, for
example, a high Imelting point metal (refractory metal) such
as molybdenum (Mo) and tungsten (W) and Ti or compound
thereof is baked onto the surface of a complex substrate,
to form a high melting point metal-metallized layer as the
circuit layer having a thickness of about 15; m.

When the circuit layer is formed by this

metallizing method, 1t is preferable to form a metal
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treatnment at a tenperature corresponding to a brazing . material used,
whereby the netal circuit plate 3 and the netal platée 4a are bonded.
Further, the sem conductor elenent 7 is solder-bonded to a predetern ned
position on the copper plate 3, and an el ectrode of -sem conductor el enent

7 and aplatingr Addsyext hhaeingppar ghixdlmebssar of cdhnrect®d my conpowddigowi re 8
thereby to produce a sem conductor nodul e. The sem conduct or

modul e Nia asflowAu i enFi ¢dhe 1 surfacest @id thel fmedcallizede bhaperat uBy
casing 9 by inserting an attaching screw 6a into a penetration bore for

at t achi figrméngcrsuch 1 af anetal orplatdag pheyerparthef surfasid | smoothhesigde
substrate 10. However, since a silicon nitride sintered body has a

hi gh hefdnelss, metallized efl@yer ds pimprowedng sndcadhesiowt wdddy. a

Therefore, to sinplify the production process, for exanple, as shown in

Fig. 2, semicondutom elémentofisa fusthetro inprdved peantr urthdw, ethkor

attaching screw 1la is forned is prepared, and an inner peripheral edge

porti onsolldelti s wetsieilg | prppertyd @wdw abe improved. Therefore, a
bonding strength of the semiconductor element bonded by
using solder can be enhanced.

The silicon nitride circuit board having the
above-described structure is formed Dby .'the following
procedure. A high thermal _conductive gilicon nitride
substrate ' particularly having a steeply improved thermal
.conducti_vity in addition to a high strength and a high
toughness property originally owned by a silicon nitride
sintered body is placed on a part to which a structural
strength and a heat releasing property are particularly
required, while a ché.ap substrate for general used which
can be easily produced such as an alumina substrate and a
resin substrate 1is plated on the other parts, the both
substrates are placed on the same plane to form a complex
substrate, a metal circuit pl_ate is integrally bonded to
the surface o0f this complex substrate, and further, a
semiconductor element is mounted on the metal circuit
plates bonded to the high thermal conductive silicon

nitride substrate.

Therefore, the production cost is low, and
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out er periphery edge portion of the sem conductor nodul e, whereby the
nodul e can be al so fixed by being pressed to a device casing 9 by neans of

an attaching screw. 6b. In the sem conduct or nodul e havi ng
the above-described structure, since the high thernal

conduct fuether| can heati dgesebatedt €£xbin havihepte-gdneraying part such

54 I nproved thermal conductivity ..in addition to a high

strengtasandhe higgmiconduetsrpr epementor isggidial theowldkeby ig heqaiktkion
nitride sintered body is used as a ceram c substrate, cracking sel dom

occurs trnahsmifiedt ramtsidebyf | thectsysiznmsetdhroughat the chdgmngnasmanbl i ng
process. In _

conductive silicon nitride substrate. Therefore, the heat

releasing property of the module is extremely excellent.
Further, when the high thermal conductive silicon nitride
substrate having a high strength and a high toughness is
placed on a site where the structural strength 1is
particularly required, a maximum deflecting of the circﬁit
board can be secured at a high level. 'I‘hez;efore,. cracking
due to the fastening of the circuit board in the assembly
process does not occur, | and a semiconductdr apparatus using
the cii:éuit board can be mass-produced with a low cost and
a high production yield.

Since toughness of the silicon nitride substrate
is high, cracking seldom occurs. at the connecting portions
between the substrate and the metal plate even if the heat
cycles are applied, the heat cycle resistance property is
remarkably improved, and a semiconductor apparatus
excellent in durability and reliability can be provided.
Further, since the silicon nitride substrate having a high
thermal conductivity is used, degradation in heat
resistance property is small and an excellent heat
releésing property is demonstrated even if a semiconductor

element directing to a high output use or a high-

integrated use is mounted.
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particul ar, the nodul e does not need any heat sink plate for enhancing
the heat rel easing property and the structural® strength.

‘Therefore, the structure of the sem conductor nodule is sinplified and
the production cost is steeply reduced. Furt her, the nodule can

be miniaturizedIandearkigulatnsiginemunt imechandaal mixength of the
Consequently, a down-sizing of the sem conductor apparatus can be

ef f ect | séljcamconpitsdde  substrategpedtsedf cxdfipl e8@xcahdentval uwheon
results are described below. Exanple 1 - As a high thernmal

conduct reguized ceachapicpde strzenpgthatRroperties taxe n@ssumedhddst i be
silicon nitride substrates 10 having a thickness of 0.5 nmwhich carries

on t heongkpate abhexithdakness (gfgthe |snbgtrateanan bet medured asof
4[err] m were prepared by adoptin silicon nitride substrates
corr esponapagedo whthsdhe ccaset d-tslwbgéh/n gther Tgeramic- subatratexiisi zi ng
them Further, copper plates 4a as a netal plate having a thickness of

0. 25 mmused.ne$ince the thickness of the substrate can be reduced

as described above, the heat resistance can be further
reduced, and the heat releasing property c¢an be also
further improved. Further, since it becomes possible to
cope with the required mechanical propert:lé's even with a
substrate thinner than a conventional substrate, production
cost of the substrate can be reduced. Further, when only a
conventional high thermal conductive aluminum nitride (AlN)'
substrate 1is used as a constituting material of .a circuit
board, it is necessary to increase the thickness of the
aluminum nitride substrate for securing a certain degree of
mechanical strength. However, in the circuit board of the
present imien’cion, a high heat releasing property is
secured and a high strength property is secured
simultaneously mainly by the high thermal conductive
silicon nitride substrate. In addition, since it is
possible to form the cheap substrate for general use. which
can be easily produced such as an alumina substrate or
resin substrate so that the thickness thereof is as small
as equivalent to the thickness of the silicon nitride

substrate in particular, the heat resistance of the cheap
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plates 3 as netal circuit plates each having a thlckness of 0.3 Mmin a
predeterm ned form nade of tough pitch copper

55 (oxygen content: 300 ppm) were prepared by pressing process
Then, as shown in Fig. 1, two copper plates 3, 4a were directly contacted
and pIa@ﬁﬂsaﬂabethfenrfgeneral ttse hcgh tber nfhirtheducsynergistcegqiniytride
substrate 10 to forma conposite. The conposite was heated for bondi ng at
1348 K reducédogerherefotepspocordingl tar tther , présenteimvaiiiom; ehament
7 was sol der-bonded to the copper plate 3, and wire bondi ng was perforned
t her ebyhéatohielgasiang | propdatys arar obdudfuxrthexiuenhbnaced as compared
with the conventional <circuit board using only the
conventional cheap substrate for general use having the

equivalent thermal conductivity.

BRIEF EXPLANATION OF THE DRAWINGS

Fig. 1 1is a .cross-sectional view showing a
structure of a semiconductor module ﬁccdrding to omne

embodiment of the present invention.

Fig. 2 is a cross-sectional view of a
semiconductor module according to another embodiment of the

 present invention.

Fig. 3 is a cross~-sectional view of a
semiconductor module according to another embodiment of the
present invention.

Fig. 4 1is° a cross-sectional view showing a
structure of a conventional semiconductor module.

Fig. 5 1s a cross-sectional view showing a
structure of a silicon nitride circuit board according to
one embodiment of the present invention.

Fig. 6 1is a cross-sectional view of a silicon
nitride circuit board according to another embodiment of

the present invention.

Fig. 7 1is a cross-sectional view showing a
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On the other hand, as a conparative exanple, a sem conductor nodule of
the conparative exanple was produced in the sang manner as in Exanple
1 except that an aluminumnitride substrate having a thickness of 0.6 nm
was used instead of the above-described high thermal conductive silicon
ni tri destarursturé cofila conventionaluseramiicned rowditc dodimt.or nodul e | a of
Exanple 1 and sem conductor nodule of conparative exanple were

subjected to a hehg.cy8l e isesta ( itllan 23¢iéw 38howinges a+ RKonstibuviont es +
398 Kx 30 mnutes is set to one cycle), and ratios of cracking

f or mat iexampbe uofeda stlitbe midtmide cipbultabeandraccesdingd.to’Sthe
result, in the sem conductor nodule of Exanple 1, no cracking oceurred
even afpresdf® inyehedonf. TCT. On the other hand, in the sem conductor

nodul e of conparative exanple, the cracking occurred on 5 to 9% of the
ceram c substratesgaft@ 106 cwucl exo¥s-Eélctidnalpl ¢iéw showing one
ekample of a silicon nitride circuit board according to the
present invention, and is a cross-sectional view taken in

the direction. of the arrows along the line IX-IX in Fig. 8.
Fig. 10 is a cross-sectional view showing another
example of a silicon nitride circuit board aécording to the

preseht invention, and is a cross-sectional view taken in

the direction of the arrows along the line X-X in Fig. 8.

BEST MODE FOR CARRYING OUT THE INVENTION

The practical embodiments of the present invention
are specifically illustrated referring to examples and
appended drawings as shown below. First, the high thermal
conductive silicon nitride substrate wused in the present
invention will bDe described, and then, a semiconductor
module and a silicon nitride circuit board using this high |
thermal conductive silicon nitride substrate as a ceramic
substrate will be explained.

Various high thérmal conductive silicon nitride
substrates which are used as a constitutional material for
the semiconductor module and the silicon nitride circuit

board of the present invention were produced according to



56° As a high thermal conductive silicon nitride
substrate, highly thermal conductive silicon nitride substrates 10
having a thickness of 0.5 mmcorresponding to the sanples 1 to 51 were
prepared. Further, copper plates 3, 4 having a thickness of 0.3 mm and

copper phat folhowlhnag prozedurekness of 0.25 mmrespectively having a
predeterm ned formwere prepared by a pressing process. A paste
prepared from anNamellys nasal shownai dnngTablesi nd nmkber Bal barengearth
conposition of In:Ag:Cu:Ti = 14.0:59.0:23.0:4.0 was applied on both
sur f aceexdfieshesuch ghast ROyl Hondictand theéi ddkeniasi de sslriissring add
Then, the copper plates 3, 4a were | am nated and placed through this
appl i edahdyeoptibohalya Thypp@Eft eompoamd, hdlgdypogiowder, ALN powder
aie added to silicon nitride raw material powders having an
average particle size of 0.55 . m containing oxygen in an
amount of 1.3% by weight, the above-described impurity
cation elements in a total amount of 0.15% by weight and an
a -phase type silicon nitride in an amount of 97%, .thereby'
to prepare various raw material mixtures. Thé mixtures were
subjected to a wet mixing in ethyl alcohol for 72 hours
using silicon nitride balls, then dried to prepare raw
material powder mixtures respectively. Then, an organic
binder in given amount was added to respective raw material
powder mixtures, and uniformly mixed. Then, the powder
mixtures were press-molded under a molding pressure of 1000
kg/cm®*, to produce a lot of molded bodies having various
compositions.

Then, the resulted respective molded bodies were
degreased in a gas atmosphere at 700C for 2 hours.
Thereafter, these degreased bodies were subjected to
compacting sintering under sintering conditions shown in
Tables 1 to 3.  The cooling rates of sintered bodies until
the inner temperature of the sintering furnace lowered to

1500°C were regulated to reach values respectively shown

in Tables 1 to 3 by controlling electric current to a
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was heated for integration in a nitrogenh gas atnosphere. Further, the

sem conductor el enment 7 was sol der-bonded to the copper plate 3, and wire

bondi ng was effected to obtain an intended seni conduct or nodul e.

Thus obt ai ned sem conductor nodul e was subj ect ed to the heat cycle test

(TCT) uhdskinge sapparstusti cequippad nplthel. Adnterding t, furnaldegnt

results as in Exanple 1 wer e obtained, and an excellent reliability of

t he nod!lherl’—'ha?gatﬁsthwe &bel mgntﬁaeﬁeam%e%ym@smmw msd.licon

Exanpl e 3 a high thermal conductive silicon nitride

substranétriﬂﬁghSinttﬁGﬁﬁal boddgsdueervesponiingn tonjsamples slibsto atSds 10

havi ng a thickness of 0.5 mmwhich carries on

57 respectively were prepared. Further, the resulted sintered
bodies were cut into high thermal conductive silicon
nitride substrates having a predetermined rectangular shape

of which thickness was 0.3 mm, 0.5 mm or 0.6 mm.

Average values of porosity, thermal cdnductivity'
(at 25T ) and three point bending st-rength at room
temperature of thus obtained respective .éilicon nitride
substrates corresponding to samples 1 to 51 were measured.
Further, regarding respective silicon nitride substrates,
proportion (ratio) of crystal phase occupying grain
boundary phase was measured by an X-ray diffraction method,

and results shown in Tables 1 to 3 were obtained.
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the surface an oxide layer (SidJerr] layer) having a thickness of 4[err]
m- wer e pr epar ed by adopti ng silicon nitride . substrates
correspondi ng to the above-described sanples 1 to 51 and by oxidi zi ng
them Further, copper plates 3 having a thickness of 0.3 mm and net al

pl ates 4qaptieng a tpickness of 0 6 or m made of
tough pitch copper ongen contterft : | 3 ed by pressing
process. Then, gas_show) iin Fi ¢. ates 3, 4a were
directly contacted apll B acpg grc(ﬁﬁg. N '%? t her mal.
conductive silicon n{g&ride sebst =egte igje. The conposite
was then heated for )ngrﬁ af . {1348 gas at nosphere.
Further, the senicbgdﬂbtor ¢l greint | 7 toj the copper
plate 3, and wire bopding wasiparfiorhe ended
sem conductor nodule| E - on| t he onparati ve
exanpl e, a 2, E
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sem conductor nodul e of the conparative exanple was ‘produced in
the sane manner as in Exanple 3 except that alum numnitride substrates
2a, 2b each haV| ng a thickness of 0.6 mm were used instead of the

above- deEP1®ed hi gh thermal conductive silicon nitride substrate 10.

Thus obt ai ne m-conductaor nodul e of Exanple 3 ng-the _senm conduct or
nodul e of co Eatlv-e exarnplie hete Sl]?j bctled tp hedt |cycl ¢ fedt ( TCT{ 233
Kx 30 m'nute;g 10 minutpes|+{398 Kx|3Q nminutesl|igq set|jtao dnej cyclie),
and THHHEHBHHELHBHEHE L B O RS R
formation oc:rge(tontré‘ceran(‘ substr at ¢s’ wefy ef ndagqured| As ja |esuljt,
in the sem cp d§ctor _
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nmodul e | b of Exanple 3, no cracking occurred even after 100 cycles of TCT..
On the other hand, in the sem conductor npdule of conparative exanple, the

cracki ng occurred onf—4—to—~r%-ofthecerani-csubstrates after 100 cycles of
TCT.  Exanple 4 E As la hjigh [therim cndpcide sji | itride
substrate, high t%er t conduct i sjl{con ni {rijdg fsu s 10
havi ng ®ablecBness ¢ Sa.mmj@or r ong ng| ¢ vg 5 I ...’L;é re
prepared. Further, ce r=pl 4fes hqVi ng% ﬂlgz%p $ (?@. copper
pl ates 4b having a %i knesq of P. regpacqively havi rjg r I ned
fornms were prepar eqd—-by—presdi-ng-p SS. Al pgstle pr from
an active netal -contjai rﬁ:ng Hr azi ng mat erifpl {havilng} a}cqngdosj t
In: Ag: Cu: Ti = 14.0:/59.%: 3.Q:°4.0'¥vas appl | ed 4o, bof h{syr flacles hi gh
thermal conductive ifigod ni|thidefsudrat®| 292 N3p3 | 8gF&| D ., 4b
were | am nated and pliﬁ d=t hrjoughj thi g applted laypr|taq florjm Site.
Then, the conposite Mas—heatled fhr inteqgrhtion iin B mifirdge
at nosphere, and g
o
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furtHer, the senmiconductor elenent 7 was sol der-bonded to the copper plate
3, and wire bonding was effected to obtain an intended sem conductor

nodul e. : Thus obtained sem conductor nodul e was subj ected to the
heat cycle test under the same condition as in

59 Exanple 3. As a result, excellent results as in Exanple 3
wer e obt ai ned, al\® ahse@nrparent r frombithe yresulits nshown imgatablegod i ng
and heating cycles was confirned. Further, according to the
sem cond‘-@ch-br kpdhe o3iligenpndémide rmintened boddes: hef hihe tswipids
conduct ilvetoSiFL{for]sir;iéél cti:%esugiar alE‘aetégig?V|ggm§°§{1€£gLy ;r;g)roi\:ne:urity
amount were suitably controlled, and the cooling rates of
the sintered bodies directly after completion of the
compacting sintering were 1lowered as compared with the
conventional example, there could be obtained high
strength silicon nitride substrates containing a crystal
phase in a grain boundarf phase and hav:l_.ng -a high ‘thermal
conductivity and a higher heat releasing property as the
proportion (ratio) of the crystal phase oqcupying the grain
boundary phase is increased.
On the other hand, 3 to 6% by weight of a .Y.O,
(yttrium oxide) powder and 1.3 to 1.6% by weight of an
‘alumina powder were added to a silicon nitride raw material
powder having an average particle size of 0.60pum
containing oxygen in an amount of 1.3 to 1.5% by weight,
the above-described impurity cation elements in a total
amount of 0.13 to 1.50% by weight and an a -phase type
- silicon nitride in an amount of 93%, the resulted raw
material powder mixture was molded, degreased, then,
sintered at 1900C for 6 hours, and sintered, then, a
furnace cooling which is industrially conducted in general
(cooling rate: 400C /hr) was conducted. The resulted

sintered bodies had a thermal conductivity of as low as 25

to 28 w/m. k which is near thermal conductivity of a
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thermal conductivity in addition to a high strength and a high toughness
property originally owned by a silicon nitride sintered body is used.
Therefore, the nodul e does not need both a rear copper plate (backing
netal plate) and a heat sink plate for enhancing the heat rel easing
property and the structural strength, and the structure of the nodule is

sinplifselieod theitridsict seAtesed i.w;pepbyodﬁedace%cc%féiﬂ}fa1 fgat
generated froma heat generating part such as the sem conductor € engnt 7
and t heconhkentionallcegerral etiigdstrate is transmtted outside of
the system quickly through the high thermal conductive silicon nitride

substrate 10.  Wittef oxespedte heal thelseasbbiaipede’ high' “Eﬁegﬂgf”ﬂe s
extrenely excellent. Further, since the high thefmal conductive

si | i conconfukitii¥@ ssbri&she nikd¥ad NguBskirabes! el fy 28d &{@%ss

toughness is used, a naxinum deflecting of the nodul e can e securg at a
hi gh | egeb. miler€dpespbhathgnotduate relsiittdid n&aﬂ@%sm% og§Ursevey when

the nodule is fixed to an apparatus casing 9 by an attaching screw 6a in

t he metal circuit plates and a metal plate are integrally
bonded to both surfaces of the substrate using the direct
bonding method or the active metal method, whereby
semiconductor modules were ;respect:lvely produced.

Fig. .1 is a cross-sectional view showing a
structure of a semiconductor module 1la according to one
embodiment of the present invention.

In Fig. 1, copper plates 3 as the metal circuit
plates are integrally bonded to the front surface of the
high thermal conductive silicon nitride substrate 10, and a
copper plate 4a as the backing metal plate is bonded to the
rear surface of the high thermal conductive silicon nitride
substrate 10. Thus the semiconductor module 1la is
constituted.

The copper plates 3, 4a in the semiconductor
module. la are bonded to the high thermal conductive silicon
nitride substrate 10 by using the direct bonding method,
so-called DBC method. For the copper plates 3, 4a when such
'a DBC method is used, it :I.é preferablé to uée copper such
as tough pitch copper containing oxygen in a propdrtion of

100 to 3000 ppm. However, it is also possible to use

4 8



assenbly process. As a result, a seniconductor apparatus

6 0 using the sen1conductor nodul e can be mass-produced with a
'ow cost and a hi gh production vyield. - Since toughness of the high
thermal conductive silicon nitride substrate 10 is high, cracking does not
occur on the connecting. portion between the substrate 10 and the netal

c :0[3 ﬂ“efj nggg,s.fgget %ﬁéf' of ahtfcl 2suttace’ ik | bxilzzBA! Hﬂ&fﬂabﬁy

resul e heat cycle resistance property is rena

| mproved, gffipfe SSTAEENWE! CoprdPAaAl ScopiEE! | &ltoy] N thék A ! pe AN
| y can be provi ded
also used a clad plate formed by copper material with other
metal member, and at least a surface portion of the clad
~plate to be contacted to the high thermal conductive
silicon nitride substrate 10 is constituted by the copper
material.
The copper plate 3 bonded to the front surface of
the high thermal conductive silicon nitride substrate 10
is a member which becomes a mounting site for mounting a
semiconductor part and the 1like, and patterned into a
predetermined circuit form. A semiconductor element 7 is
solder-bonded to a predetermined site of the copper plates
3, an electrode portion of the semiconductor element 7 and
an electrode portion of the copper plates 3. are
electrically connected by a bonding wire 8. The copper
plate (backing copper plate) 4a bonded to the rear surface
- of the high thermal conductive silicon nitride substrate 10
is a member for preventing a bending and the like of the
high thermal conductive silicon nitride substraté 10 at the
bonding operation. The cobper-plate is bonded and formed to
approximately whole rear surface of the high thermal
conductive silicon nitride substrate 10 in condition that
is separated around the center into two parts. As shown in
'Fig. 1, a thickness tl1 of the copper plate 4a bonded to the

rear surface may be the same as that of the copper plate 3

4 9



Furt her,
'conductl
an excel

since the silicon nitride substrate 10 having a high thernal
vity is used, degradation in heat resistance property is snal
| ent heat reIeaS|ng property i's denonstr at ed even i f

the sem conductor elenent 7 directing to a high output use or a high
I ntegrated use is nounted. In particular, since mechanica
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preferably a thickness corresponding to 70 to 90% of the
thickness t0 of the copper plates 3.

On the other hand, as shown iﬁ Fig. 3, when a
function as a heat sink plate for improving the heat
releasing property is imparted to the metal plate 4b to be
bonded to the rear surface of the high thermal conductive

silicon nitride substrate 10, it 1s preferable that the

thickness t2 of the metal plate 4b to be bonded to an

apparatus casing 9 or a mouﬁting board is 2-fold or more of
the thickness t0 of the metal circuit plates.

"By the structure that the thickness t2 of the
metal plate 4b bonded to the rear surface of the high
thermal conductive silicon nitride substrate 10 is 2-fold
or more of the thickness t0 of the metal circuit plates 3,
the effect that this metal .plate 4b functions as a heat
sink can be increased even if a heat sink plate is not

used. Therefore, the heat releasing property of the module

can be further improved.

In this embodiment, the semiconductor module la
shown in Fig. 1 is obtained by bonding the copper plates 3,
4a to the high thermai conductive silicon nitride substrate

10 by the DBC method. However, it may be a semiconductor
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mm Since the thickness of the substrate can be reduced as described
above, the heat resistance can be further reduced, and the heat

fel easing property can be further inproved. Further, since it is possible
to cope with the required nechanical properties even wth a
substrate thinner than a conventional substrate, production cost of the

b b d. T ' la pl
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were produced re
method 1is a method in which the copper plates 3,

4a are
bonded to the high thermal conductive silicon nitride
substrate 10 through a braz;ng material (hereinafter,
referred to as active metal-containing brazing material)
layer containing at 1éast one active metal selected £rom,
for example, Ti, Zr, Hf, Nb and the like. As a composition
of the active metal-containing brazing material to be used,
a composition obtained by adding 1 to 10% by weight of at
least one active metal selected from Ti, Zr, Hf, Nb and the
like to an Ag-Cu-based brazing material or Cufbased brazing
material as a main component having, for example, an Ag-Cu
eutectic composition (72% by weight of Ag - 28% by weight
of Cu) or the near composition, and 'the like are
exemplified. Further, it is also possible to add 1 to 10%
by weight of In to the active metal-containing brazing
material.

As like the semiconductor module la shown in Fig.
1, the module obtained by bonding the copper plates 3, 4a
to the high thermal conductive silicon nitride substrate
10 by the DBC method has merits that the structure is
simple, a high honding‘st:ength is obtained, the production
process can be simplified, and the like. On the other hand,

in the module obtained by bonding the copper plates 3, 4a



Fig.” 5 is a cross-sectional view showing a structure of a silicon
nitride circuit board according to one enbodi ment of the present

I nventi on. In the Fig. 5 two high thermal conductive silicon
nitride substrates 210a, 210b are integrally bonded t hrough a

copper plate 204 as the netal plate, and copper pl ates 203 as the netal

G T conthy 1 HHEC e, Perhal) poRdicPRfel silfpohd niefilE, SABHRERIE |

ot and, a copper
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circuit oBegifed?9%ahd further, the active metal-contairming brazing

material layer also functions as a stress modulating layer.

Therefore, the reliability of the module can be improved.

Because of these reasons, it 1is preferable to select the

bonding method in accordance with the required properties

or uses and the like. |

Further, when the metal circuit ﬁlates and the

metal plate are Dbonded to +the high thermal conductive
silicon nitride substrate 10 by the active metal method, it
is also possible to use various metal plates according to
use, for example, a nickel pléte, a tungsten plate, a
molybdenum plate, an alloy plate thereof, a clad plate
(including a clad plate with the copper plate) and the
like, without limiting to the copper plate.

The semiconductor module la as described above can
be produced, for example, by the £following procedure.
Namely, £for examplé, an oxygen-containing copper plate such
as tough pitch copper is processed into a predetermined
form (regérding the copper plate 3, 1t has a circuit
pattern form). The resulted copper plates 3, 4a are
respectively contacted and placed on the surface of the
high thermal conductive silicon nitride substrate 10, and
by heating at a temperature of not higher than a melt:,lng

point (1356 K) of copper and not lower than an eutectic
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consti tut ed. The copper plates 203, 204, 205 in the silicon
nitride circuit board 209A are bonded to the high thermal conductive
silicon nitride substrates 210a, 210b by the direct bonding nethod,
so-cal l ed DBC net hod. Wien such a DBC nethod is used for the copper plates
203, 204, 205, it is preferable to use copper such as tough pitch
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' plate 3 are connected by a bonding wire 8. to produce a
semiconductor module. It is preferable that the atmosphere
in bonding operation with heating of this copper plate is
an inert gas atmosphere when an oxygen-cohtaining copper
plate is used as the copper plate.

Further, the semiconductor module obtained by
bonding the metal circuit plates and metal plate by the
active metal méthod can be produced, for examplé, by the
following procedure. First, as like the above-described
semiconductor module 1la, the copper plates 3, 4a each
having a predetermined shape are prepared. On the other
hand, a paste prepared ffom the active metal-containing
_brazing material as described above is applied, for
example, to the surface of the high thermal conductive
silicon nitride substrate 10. Regarding the application
thickness of the brazing material layer, it 1s preferable
that the-thickness of the brazing material layer after the
bonding with heating 1is not so 1large, in view of
improvement of cooling and heating cycle property. Then,
the copper plates 3, 4a are 'respectively laminated and

placed on the surface of the high thermal conductive
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semconductor part and the like, and patterned into a predeterm ned
circuit form A sem conductor elenent 207 is solder-bonded to a

predeterm ned site of the copper plate 203. An electrode portion of the
sem conductor el ement 207 and an el ectrode portion of the copper plate 203
are .electrically connected by a bonding wire 208. The copper plate 205

bonded 1.0, {igoh eahstiiace QlpbPEallboN 117" "Bha CWYPUCHoRIRILIGST RLSE' 4
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bonded %gtégigfd L?Qed, whereby the metal ci.réuit plate 3 and the
metal plate 4a are bonded. Further, the semiconductor
element 7 1s solder-bonded to a predetermined position on
the copper plate 3, and an electrode of semiconductor
element 7 and an electrode of the copper plate 3 are
connected by a bonding wire 8 <thereby to produce a
semiconductor module.

The semiconductor module 1la shown in Fig. 1 is
fastened and fixed to the apparatus casing 9 by inserting
an 'attaching screw 6a into a _penetration bore for attaching
a screw 11 formed on a periphery part of the silicon
nitride substrate 10. However, since a silicon nitride
sintered body has a high hardness, and therefore, a
perforating process is not easy. Therefore, to simplify the
production process, for example, as shown in Fig. 2, a
case 12 in a form of a frame to which a penetration bore
for attaching_ screw lla is formed is prepared, and an inner
peripheral edge portion of tl_'xis case 12 is pressed onto an
outer periphery edge portion of the semiconductbr module,
whereby the module can be also fixed by being pressed to a
device casing 9 by means of an attaching screw 6b.

In the semiconductor module having  the
above-described structure, since the high thermal

conductive silicon nitride substrate 10 having a sharply
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approxi mately whole rear surface of the high thermal conductive silicon
~nitride substrate 210a in condition that is separated around the

center into two parts. The thickness of the copper plate 205 on the
rear surface may be the sane as that of the copper plate 203 which becones
the nounting portion of a sem conductor part and the |like. However, it is
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particular, the module does not need any heat sink plate
for enhancing the heat reléasing property and the
structural strength. Th_erefore, the structure of the
semiconductor module is simplified and the production cost
is steeply reduced. Further, the module can be
miniaturized and a high density mounting becomes possible.
Consequently, a down-sizing of the semiconductor apparatus
can be effectively accomplished.
Specific examples and evaluation results are
described below.
Example 1
As a high thermal conductive silicon nitride
substrate, high therﬁal conductive silicon nitride
substrates 10 having a thickness of 0.5 mm which carries on
the surface an oxide layer (8i0O; layer) _having a thickness
of 4pm were preﬁared by adopting silicon nitride
substrates correspdndin_g to the samples 1 to 51 shown in
Tables 1-3 and by oxidizing them. Further, copper plates
4a as a metal plate having a thickness of 0.25 mm and metal
plates 3 as metal circuit plates each having a thickness of

0.3 mm in a predetermined form made of tough pitch copper
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hi gh” t hermal conductive silicon nitride substrates 210a, 210b through a
brazing material (hereinafter, referred to as active met al - cont ai ni ng
brazi ng material) |ayer containing at |east one active netal

selected from for 6 4

exanple, Ti, Zr, Hf, Nbo and the |iKke. Each of the silicon nitride
circuit 0 squ]ﬁ:)s | ' ' -1l ayered
struct ufgggég%h%% th\loéhi g @t er ng'félit:%% u |€eed :‘#%ﬁgﬂﬁﬁgﬁ’%kéﬁ&t rat es
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et al mﬁEQQd directly contacted and placed on both surfaces of the
high thermal conductive silicon nitride substrate 10 to
form a composite. The composite was heated for bondiné at
1348 K- in nitrogen gas atmosphere, and further, the
semiconductor element 7 was solder-bonded to the copper
plate 3, and wire bonding was performed thereby to obtain
an intended semiconductor module la.

On the other ﬁand, as a comparative example, a
semiconductor module of the comparative example was
produced in the same manner as in Example 1 except that an
aluminum nitride substrate having a thickness of 0.6 mm was
used instead of the above-described high thermal conductive
silicon nitride substrate 10.

Thus obtained semiconductor module la of Example 1
and semiconductor module of comparative example were
subjected to a heat cycle test (TCT: 233 KX 30 minutes + RT
x 10 minutes + 398 Kx 30 minutes 1is set' to one cycle), and
ratios of cracking fo_rmation occurred on the ceramic
substrates were measured. As a result, in the semiconductor
module of Example 1, no cracking occurred even after 100
cycles of TCT. 'On the other hand, in the semiconductor
module of comparative example, the cracking occurred on 5
to 9% of the ceramic substrates after 100 cycles of TCT.
Example 2
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are nulti-layered through the netal plates 203, 204, 205. Therefore, it
becones possible to performa three- dinensional assenbly for the nodul e,
So that the circuit board can be nminiaturized while securing an enl arged
area for the mounting portion and the circuit constituting portions, and
a small-sizing and a high-density nounting can be acconplished.

Further, by providi ng t hgsghtr ¢ndsu&l ed condddtdve 0k1iReohi gmﬁf{a@'
pl ates 203,

conductive silicon nitride substrates 210a, 210b havi ng netal

204, 20g.154/chafs, @ AGRTY Pl ¥hermalbackiRitdvd e 198 i be ALpeyced.

In addition, since a netal plate such as a copper plate Is wused as

e
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with a conventional plural-Tayered package, e structdre o
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' having a thickness pf 0.25 mm respectively having a
predetermined form were prepared by a préssing prbcess.
| A paste prepared from an actiQe metal-containing
brazing material having Ha dompositioq of In:AgQCu:Ti =
14.0:59.0:23.0:4.0 was applied on both surfaces of the
high thermal conductive silicon nitride substrate 10. Then,
the copper plates 3, 4a were laminated and placed through
this applied layer to form a composite. Then, the composite
was heated for integration in a nitrogen gas atmosphere.
Further, the semiconductor element 7 was solder-bonded to
the copper plate 3, and wire bonding was effected to obtain
an intended semiconductor module.

Thus obtained semiconductor module was subjected
to the heat cycle test kTCT) under the same condition as in
Example 1. As a result, excellent results as in Example 1
were obtained, and an excellent reliability of the module.
against the cooling and heating cycies was confirmed. )

Example 3
As | a high thermal conductive silicon nitride

substrate, high thermal conductive silicon nitride

substrates 10 having a thickness of 0.5 mm which carries on
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6 5° Exanpl e 5 As a high thermal _.conductive silicon
nitride substrate, hi gh t her mal conductive silicon nitride
Substrates 210a, 210b having a thickness of ‘0.3 nmand 0.6 mmrespectively
which carry on the surface an oxide layer (SiJerr] layer) having a

t hi ckness of 4[err] mwere prepared by adopting silicon nitride substrates

correspehdl Nguifatle arfobriae lhyer PiopnddyperPxhdvingd a! kfilckneyd her.

copper plates 203, 204 having a thickness of 0.3 mmand netal plates
205 havigey adyhickngered! @répai®@d n Bydr edabptiinged sididomrde nifediiedh

pitch copper (oxygen content: 300 ppm |
substrates corresponding to the above-described samples 1
to 51 and by oxidizing them. Furtt_xer, copper platés 3
having a thickness of 0.3 mm and metal plates 4 having a
thickness of 0.6 mm in a predetem:_l.ned form made of tough
pitch copper (oxygen content: 300 ppm) were prepared by
pressing process.

Then, as shown :I.ﬁ Fig. 3, two copper plates 3, 4a
were directly contacted and placed on both surfaces of the
high thermal conductive silicon nitride substrate 10 to form
a composite. The composite was then hea.téd for bonding at
1348 K 1in a nitrogen gas atmosphere. Further, the
semiconductor elgment 7 was solder-bonded to the copper
plate 3, and wire bonding was performed to obtain an

intended semiconductor module.

On the other hand, as a comparative example, a
semiconductor module of the comparative example was
produced in the same manner as in Example 3 except that
aluminum nitride substrates 2a, 2b each having a thickness
of 0.6 mm were used instead of the above-described high
thermal conductive silicon nitride substrate 10.

Thus obtained semiconductor module of Example 3
-and the semiconductor module of comparative example were

subjected to heat cycle test (TCT: 233 Kx 30 minutes + RT X

10 minutes + 398 Kx 30 minutes is set to one cycle), and
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wer € prepared and formed by the pressing process. . Then, as shown
in Fig. 5 three copper plates 203, 204, 205 were ‘directly contacted
and. placed on both surfaces of the high thermal conductive silicon
nitride substrates 210a, 210b to forma conposite. The conposite was
heated for bonding at 1348 K in a nitrogen gas atnosphere, thereby to
obtai n an.i,ntended | d ' ' %ﬂ? On .t he
ot her h&f 518§ g%cotr?r%%ra {lgvgelll‘}éJl %Oﬂggﬂﬁa%%‘%)m hi OFt dé:h(,e rEﬁFFm&&ard
of the JAYAS) pr uged. n rrple
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thi ckness respec
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210a, 21001es of TCT. On the other hand, °1f the semiconductor

module of comparative example, the cracking occurred on 4
to 7% of the ceramic substrates after 100 cycles of TCT.

Example 4

As a high the;mal conductive silicon nitride
substrate, high thermal conductive silicon n:l.i:ride
substrates 10 having a thickness of 0.5 mm corresponding to
the samples 1 to 51 were prepared. Further, copper plates 3
having a thickness of 0.3 mm and copper plates 4b having a
thickness of 0.6 mm respectively having predetermined forms
were prepared by pressing prdcess.

A paste prepared from an active metal-containing
brazing material Laving a composition of In:Ag:Cu:Ti =
14.0:59.0:23.0:4.0 was applied to both surfaces of the
high thermal conductive silicon nitride substrate 10. The
copper plates 3, 4b were laminated and placed through this
applied layer ¢to form a composite. Then, the composite was
heated for integration in a nitrogen gas atmosphere, and
further, the semiconductor element 7 was solder-bonded to
the copper plate 3, and wire bonding was effected to obtain
an intended semiconductor module. _ |

Thus obtained semiconductor module was subjected.

to the heat cycle test under the same condition as in
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Thus obtained silicon nitride circuit board of Exanple 5 and the al um num
nitride circuit board of conparative exanple were subjected to the heat
'_cyc_le test (TCT: 233 Kx 30 mnutes + RT x 10 mnutes + 398 Kx 30 m nutes

is set to one cycle), and ratios of the cracking formation occurred on the
ceramc substrates were neasured. As aresult, in the silicon nitride
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0.3 mm and 0.6 pyrther, according to the semiconductor module of
the present invention, since the high th'er_mal conductive
sllicon nitride substrate 10 having a sharply improved
thermal conductivity in addition to a high strength and a
high toughness property originally owned by a silicon
nitride sintered body 1is used. Therefore, the module does
not need both a rear copper plate (backing metal plate) and
a heat sink plate for enhancing the heat releasing property
and the structural strength, and the structure of the
module is simplified and the production cost 1is steeply
‘reduced. Furthgr, heat generated £from a heat ggnerating
part such as the semiconductor element 7 and the 1like
mounted on the substrate is transmitted outside of the
system quickly through the high thermal conductive silicon
nitride substrate 10. Therefore, the heat releasing
property of the module is extremely excellent.

Further, since the high thermal conductive silicon
nitride substrate 10 having a high‘ strength and a high
- toughness is used, a maximum deflecting of the module can
be secured at a highh level. Therefore, cracking due to
fastening does not occur even when the module is fixed to

‘an apparatus casing 9 by an attaching screw 6a in the

assembly process. As a result, a semiconductor apparatus
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mm r'espectively corresponding to the sanples 1 to 51 were prepared.

Furt her, copper plates 203, 204 having a thickness of 0.3 mm
and  copper plates 205 having a thickness of 0.25 mmrespectively
havi ng predetermned fornms were prepared and forned by the pressing
process in the sarre manner as in Exanple 5. A paste prepared

| Ag. CHEThE! e, BeiER ik, nBhRdeltoli Bl ndBKbRdaRcel R 3"
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Since toughness o0f the high thermal conductive
silicon nitride substrate 10 is high, cracking does not
occur on the connecting portion between the substrate 10
and the metal circuit plates or the metal plates 4a, 4b
even if the heat cycles are applied. As a result, the heat
cycle resistance property 1is remarkably improved, and a
semiconductor appar#tus excellent in durability and
reliability can be provided. ..

Further, since the silicon nitride .substrate 10
having a high thermal. conductivity is used, degradétion in
heat resistance property is small and an excellent heat
releasing property is demonstrated even if the
semiconductor element 7 directing to a high output use or a
high integrated use is mounted.

In particular, since mechanical strengi:h of the
silicon nitride substrate itself is excellent, when
required mechanical strength properties are assumed to be
constant, the thickness of the subétrate can be reduced as
compared with the case in which other ceramic substrate is
used. Namely, in a conventional semiconductor module, the
thickness of a ceramic substrate is generally from 0.6 to
1.0 mm, however, by using the high thermal conductive
silicon nitride substrate used in the present invention,

the thickness can be reduced as thin as to 0.1 mm to 0.6



pl aced through this applied |ayer to forma conposite. . Then, the
conposite was heated for integration in a nitrogen gas atnosphere,
thereby to obtain an intended plural-layered silicon nitride circuit board
209B. Thus obt ai ned plural -layered silicon nitride circuit
board 209B was subjected to the heat cycle test under the sane condition
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thinner than a conventional substrate, production cost of
the substrate can be reduced.

Then, by bonding metal plates for integration on
both surfaces of two high thermal conductive silicon
nitride substrates having a thickness of 0.3 mm and 0.6 mm
respectively prepared as the above-described samples 1 to
51 by using the direct bonding method or the active metal
method for forming multi-layered structure, silicon nitride
circuit boards were produced respectively.

Fig. 5 1s a cross-sectional view showing a
stfucture of a silicon nitride circuif board according to
one embodiment of the present invention.

In the Fig. 5, two high thermal conductive silicon
nitride substrates 210a, 210b are integrally Dbonded
through a copper plate 204 as the metal plate, and copper
plates 203 as the metal plates are bonded to the £ront
surface of the high thermal conductive silicon nitride
substrate 210b. On the other hand, a copper plate 205 is
also bonded _to the rear surface of the high thermal
conductive silicon nitride substrate 210a in the same

manner, thus the silicon nitride circuit board 209A is
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through the high thermal conductive silicon nitride substrates
210a, 210b, so that the heat releasing property of the circuit board is
extrenmely excellent. Further, since the high t her mal
conductive silicon nitride substrates 210a, 210b having a high
strength and a high toughness are wused, a -maxinum deflecting of

the circuit ard can be secured at a high
6 8 cbnst qi%%#'. Therefore, the <cracking caused by fastening the

S D0ord L e AR RS RdoOR, IO 8 e ataepn
| ow COStnft%cfe hicﬁi*}c?ﬁ%duﬁaé% yﬂﬁélg are bonded to the high thermal
conductive silicon nitride substrates 210a, 210b by the
direct bonding method, so-called DBC method. When such a
DBC method is used for the copper plates 203, 204, 2Q5, it
is preferable to use copper such as tough pitch copper
containing oxygen in a p:_:'opo_rtion of 100 to 3000 ppm, and
it is also possible to use oxygen free copper of which
surface is oxidized. Instead of a simple plate of copper
and copper alloy, there can be also used a clad plate
formed by cladding copper material with other metal member,
at least surface portion of the clad plate to be éontacted
with the high thermal conductive silicon nitride
substrates 210a, 210b is constituted by the copper material.
The copper plates 203 bonded to the front surface
of the highly thermal conductive silicon nitride substrate
210b are members which become a mounting portion of a
semiconductor part and the 1like, and patterned into a
predetermined circuit form. A semiconductor element 207 is
solder-bonded to a prede_termined site of the copper plate
203. An electrode portion of the semiconductor element 207
and an electrode portion of the copper plate 203 are
- electrically connected by a bonding wire 208. The copper
plate 205 bonded to the rear surface of the high thermal

conductive silicon nitride substrate 210a is a member for

6 3



Si nce toughness of the high thermal conductive silicon nitride substrates
210a, 210b is high, the cracking seldom occurs on the connecting.
portion between the -substrates 210a, 210b and the netal circuit plates
or netal plates 203, 204, 205 even if the heat cycles are appli ed.

Furt her, the heat cycle resi stance property of the circuit board is-

and 1 of PREVERRF R e NI ahE HRL LG of “EnaCchigh, *tharnay,”
i soBMRERR o ORaBRAER", ARARE TGRLR el
207 i 1 CEOTRE I Spﬁ’hg% SHEE " Bea%e 20K ohe Redfed cpte SR R,
T e ) SHE, b o hi ;r{aﬁ%
as a cheap %wateﬁaco enﬂ:r &St 5180 YIS S50 L3R°
| is separated around the center into two parts. The
thickness of the copper plate 205 on the rear surface may
be the same as that of tpe copper plate 203 which becomes
the mounting portion of a semiconductor pért and the 1like.
However, it is preferable to use a coppér plate having a
thickness corresponding to 70 to 90% of the thickness of
the copper plate 203. |
Though the silicon nitfide circuit board 209A
shown in Fig. 5 is obtained by bonding the copper plates
203, 204, 205 onto two high thermal conductive silicon
nitride substrates 210a, 210b by the DBC method, however, a
silicon nitride circuit board 209B obtained by bonding the
copper ©plates 203, 204, 205 onto two high thermal
conductive silicon nitride substrates 210a, 210b by the
active metai method may also be permissible as shown in
Fig. 6. The above-described active metal method is a method
in which the copper plates 203, 204, 205 are bonded to two
high thermal conductive silicon nitride substrates 210a,
210b through a brazing material (hereinafter, referred to
.as active metal-containing brazing material) layer

containing at least one' active metal selected from, for
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Exanples 7 to 9 5% by weight of a Y[err](err] (yttrium oxide)
powder having an average particle size of O0.7[err] m and 1.0% by

6 9 weight of a Aferr]derr] (alumna) powder having an
average particle size of 0.5[err] mas a sintering aid were added to a
silJicon nitride raw material powder having an average particle size of

cati on SReRENEs. T, A, HE R ‘sndvig 1e. U Tad B'in & total amount of
0, 1576107, et 90 o "R 2enEE LAOE, o R Dy sk, 7
209B as described above 1is formed in a multi-layered
structure in which two high thermal conductive silicon
nitride substrates 210a, 210b to which metal plates 203,
204, 205 such as copper circuit plates and the 1like are
bonded by the direct bonding method or active metal method
are multi-layered through the metal plates 203, 204, 205.
Therefore, it becomes possible to perform a three~
dimensional assembly for the module, sb that the ciréuit
board can be miniaturized while securing an enlarged area
for the mounting portion and the circuit constituting
portions, and a small-sizing and a high-density mounting
can be accomplished.

Further, by providing the plural-léyered' structure
of the high thermal conductive silicon nitride substrates
210a, 210b having metal plates 203, 204, 205 such as a
copper plate, a package and the like can be produced.
In addition, since a metal plate such as a copper platé is
used as the circuit constituting portions, current loss can
be improved as compafed with a conventional plural-layered
package, arid the structure of the present invention cafx be
applied to a high | frequencﬁr typre semiconductor element and

a heavy current type semiconductor element.

Then, specific examples and evaluation results are

described below.
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al cohol for 24 hours using, then dried to prepare raw nmaterial powder

m xtures. Then, an organic binder in a predeterm ned ‘anount was added to
the resulted raw material powder mixtures, and uniformy mixed. Then,
the raw material mxtures were press-nol ded wunder a nolding
pressure of 1000 kg/cnferr], thereby to produce a |ot of nolded bodies

each hayi ng S siée of length 80 mmx width 50 mx thickness 1 to 5 mm
Then, t d nol ded bodi es were degreased in a gas atnosphere at

700[err] C for 2 hours, se egr eas odi es were subjected
to conpacting Stshtef ng&‘{]% R:gﬁmqn ﬁﬁﬁtgﬁggresa’sje’cf’mbod%r iden 3
nit roge as at nosphe nder re of tomat ,1900[err]C for 6
hour s. rateyo| i nb(i si ﬁPé‘fié‘ﬁ’t N&di esSihieen he nifrdde

" ogul at #HD2 t%faééécﬁ' %85'[5;?9{» %iapnﬁnsr & p EBIFIBRFS,PE e Po BRI O |
Co ' oradihl Fyopastivps LI RhIpby GREFES onr Fhne untnes oot (@ide laver
. (Si0; layer) having a thickness of 4u m were prepared by
adopting silicon nitride substrates corresponding to the
samples 1 to 51 and b:{_ oxidizing them. Further, copper
plates 203, 204 having a thici:ness of 0.3 mm and metal
plates 205 having a thickness of 0.25 mm in a predetermined
form made of tough pitch copper (oxygen content: 300 ppm)
were prepared and formed by the pressing procéss.

Then, as shown in Fig. 5, three copper plates 203,
204, 205 were directly contacted and placed on both
surfaces of <the high thermal conductive silicon nitride
substrates 210a, 210b to form a composite. The composite
was heated for bonding at 13'48 K in a nitrogen gas
atmosphere, thereby to obtain an intended silicon nitride
circuit board 209A.

On the other hand, a§ a comparative example, an
aluminum nitride cirduit board of the comparative example
was produced :lh the same manner as in Example 5 except that
aluminum nitride substrates 202a and 202b having a
thickness of 0.8 mm and 0.6 mm respectively were used

instead of the above-described high thermal conductive

silicon nitride substrates 210a, 210b.
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respective sintered bodies were subjected to an abrasion
?rocess to prepare silicon nitride (Si[err]Nerr]) substrates for Exanples:
to 9, each having a thermal conductivity k of 70 w m k and a thickness
of 0.4 mMm O0.6mmand 0.8 nm respectively. On the other hand,
as the cheap substrate for general use having a thermal conductivity

'?%_ gzssh;C?RgGQt er mal con%mgt?l Vi ?!I.REB %réﬁfgiuﬁfﬁﬁﬁefgéﬁgéamlfs !
subst r aFEaiEie PTEPARER Tugr nﬁﬁ'ﬁ‘mﬁ R R L A

302 comparative example were subjected to the heat cycle test

(TCT: 233 K x 30 minutes + RT X 10 minutes + 398 Kx 30
minutes is set to one cycle), and ratios of the cfacl;ing
formation occurred on the.ceramic substrates were measured.
As a result, in the silicon nitride circuit board of
Example 5, no cracking occurred even aftgf 100 cycles of
TCT. On the other hand, in the aluminum 'nitride circuit
board of comparative example, the cracking occurred on 5 to
9% of the ceramic substrates after 100 cycles of TCT.
Example 6

As a high thermal conductive silicon nitride
substrate, high thermal conductive silicon nitride
subst:atés 210a, 210b having a thickness of 0.3 mm and 0.6
mm respectively corresponding to the samples 1 to 51 were
prepared. Further, copper ©plates 203, 204 having a
thickness of 0.3 mm and copper plates 205 having a
ﬁhickness of 0.25 mﬁ respectively having predetermined
forms were prepared and formed by the pressing process in

the same manner as in Example 5.

A paste prepared £from .én active metal-containing
brazing material having a composition of In:Ag:Cu;Ti =
14.0:59.0:23.0:4.0 was applied on both surfaces of the
high thermal conductive silicpn nitride substrates 210a,

210b. The copper plates 203, 204, 205 were laminated and
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and ‘a Al[err]Jerr] substrate 302a each having the sane.thickness were

conbi ned on the sane plane to form conpl ex substrates { 310 respectively:
Nanmely, the SiN4 substrate 302 is placed on a part to which a

sem conductor elenment 306 is nmounted, while the Al[err](Jerr] substrate
302a is placed on the other parts, thereby to forma conplex substrate

310. : 9 - agj Lal
composi Biaseg Ahi3u,; Ehiy CappL B8 Tlafel’ (EL"TeMERC T conifiald 0
t f t t 302 d
ItO(r)\ZI a: 8;71!%#% ‘subs r;?ergon%?ﬁeo @\%I ch Habeac%‘ichlc?gfg;gﬁt% t?c‘){{i?r&e aaﬁﬁ o
t t
(copper Hytitged o gafa atubkBhERel  viR U "W Pobalf] Cln® HRendbd o,

act ive r{ﬁ@albrlaﬂé%ﬂfﬂé&xlﬁi'@{'fdgoﬁlrcuit board 209B.

Thus obtained plural-layered silicon nitride
circuit board 209B was subjected to the heat cycle test
under the same condition as in Example 5. As a result,
excellent results as in Exé.mple 5 were obtained, and an
excellent reliability of the circuit board against the
cooling and heating cycles was confirmed.

In the silicon nitride circuit boards 209A, 209B -
of the respective examples, the high thermal conductive
silicon nitride substrates 210a, 210b particularly having a
sharply improved thermal conductivity in addition to a high
strength and a high toughness broperty origi'na'lly~ owned by
a2 silicon nitride sintered' body are used. Therefore, the |
heat generated £from a 'heat-g'enerating part s_uch as the
semiconductor element 207 and the 1like mounted on the
substrate is  transmitted outside of the system quickly
through the high thermal conductive silicon nitride
substrates 210a, 210b, so that the heat releasing property
of the circuit board is extremely excellent.

Further, since the high thermal conductive
silicon nitride substrates Zlda, 210b having a high
strength and a high toughness are wused, 'a maximum

deflecting of the circuit board can be secured at a high
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307b having a thickness of 20 [err] m Copper circuit plates 304 each

havi ng a thickness of 0.3 mmand a copper plate (backing copper plate or
rear cdgpper plate) 305 having a thickness of 0.25 nm each conposed

of tough pitch electrolytic copper are cont act ed and pl aced on

predeterm ned positions of the . active netal brazing material 4
| ayers 3 1307 RrHet 8, COME | (SPackifg: EREse@C P! L£3 mei pt ai ne
aty850 [gg}?‘]ec il%(ivamﬁjam for 10 arr?nut S ?nset e conﬁs(:éf(?‘rqlgngcoﬁ Ption

to nmakecibedded bodrd CiRS theﬂ“f‘é’bemﬁi‘ﬁxgr?gaﬁ%tsisvedoé’é’nqgér rﬁ‘%l cles

were subjected to etching treatnent, orm predete Yol pﬁf‘fierns

(circuita lapiicondudits h&évicéh%sﬁfd“fﬂé'dEﬁ&'&hifte![tﬁtg@{]&pg:%?; S prees’

through a solder layer 308 to a center portion o e CO ?cﬂ?ﬁsﬁl ate

304 bondggdolificelNwithP Y 19W ‘st ahd %5‘3922 é@ﬁgg@{&s&ﬂl&ber eby to

make a ot of silicon nitride circult
' Since toughness of the high thermal conductive

silicon nitride substrates 210a, 210b is high, the cracking
seldom occurs on the connecting portion between the
subst;ates 210a, 210b and the metal circuit plates or metal
plates 203, 204, 205 even if the heat cycles are applied.
Further, the heat cycle resistance property of the circuit -
board 1is remarkably improved, and a semiconductor device
excellent in durability and reliability can be provided.

Further, since the silicon nitride substrates
210a, 210b having a high thermal conductivity are used,
degradation in heat resistance property is small and an
excellent heat releasing property is demonstrated even if
the semiconductor element 207 directing to a high output
use or a high integrated use is mounted.

Thexi, examples of a silicon n:l.tlride circuit board
in which a high thermal conductive silicon nitride
substrate and an Alumina' substrate as a cheap substrate for

general use are placed on the same plane are described

below.

Examples 7 to 9

5% by weight of a Y,0, (yttrium oxid_e) powder

having an average . particle size of 0.7um and 1.0% Dby
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Examples 7 to 9. Conparative Exanple 1 A ceramic circuit board
qof Conparative Exanple 1 was produced by integrally bonding the copper
circuit plates and the nmetal plate to the surface of the substrate by the
active netal method |ikew se in Exanples 7 to 9, except that a ceramc
substrate conposed only of an alumnumnitride (AN sintered body having

[ th - d LV k k was used
Mot ead Tre coml ok cibn®s ot STRREAC BadoY [ ndvahd® 4T fydtage
72 - particebE17Ad 0809 .¥) uf Nes Al HididAlAd QUBSIHELE 33adquses LN

ed to a
Exanpl es
silicon nitride raw material powder having

an average
particle size of 0.55 um containing oxygen in an amount
of 1.3% by weight, impurity cation elements, Li, Na, K, Fe,
Cé, Sr, Ba, Mn, and B in a total amount of 0.15% by weight
and an ° ¢ -phase type silicon nitride in an amount of 97%.
The resultéd mixturés'.m;zere sub:]ec*;-ed to weii mixing in ethyl
alcohol for 24 hours uéing, then dried 'to_ prepare raw
material powder mixtures. Then, an organic binder in a
predetermined amount was added to the resulted raw material
powder mixtures, and uniformly mixed. Then, the raw

maferial mixtures were press-molded under a molding
pressure of 1000 kg/cm?®, thereby 'Eo produce a lot of molded
bodieé each having a size of length 80 mm x width 50 mmXx
thickness 1 to 5 mm. Then, the resulted molded bodies were
degreased in a gas atmosphere at 700°C for 2 hours. Then,
these degreased Dbodies were subjected to .compag:ting
sintering by | maintaining the degreased bodies in a
nitrogen gas atmosphere under pressuré of 7.5 atom at
1900°C for 6 hours. Then, cooling rates of the sintered
bodies until the inner temperature of the sintering furnace
lowered to 1500 < were regulated to reach 100C /hr
respectively by controlling electric current to a heating

apparatus equipped to the sintering furnace thereby to

gradually cool the sintered bodies. Furi:her, the resulted



7 to 9. Maxi mum def |l ection and bendi ng resistance strength of
thus prepared circuit boards of Exanples 7 to 9 and ‘Conparative Exanple 1
were neasured. As a result, it was found that the silicon nitride circuit
boards 301 of Exanples 7 to 9 had 2-fold or nore of the maxi num

defl ection and the bendi ng resistance strength as conpared wth those of

B e S L M O R A T S L I e o DL
win raoes F¥, gy QlicoulTRILEIAR CLIPADY] oliferstli ik
E:J;E:B?[ ’Eb%ée{‘&%l%\%ﬁ—,be L?fr %?cﬁrp%vieﬂy% t?‘% uc :oq%%ﬁ'{%iﬁg&n\ggl of the
espoct /T K RRATCH (thTEkREBRCTOETI000, | WO omm o, 6 Ay on

a heat S}%&Q@i@élﬂ‘om I n Fig. 9, then, nounted on a board in assenbly
process. a

On the other hand, as the cheap substrate for
general use having a thermal conductivity of less than 60
w/m- k, alumina (Al;0,) substrates for Examples 7 to 9,
having a thermal conductivity k of 20 w/m . k and the same
thickness were prepared as for the above-described Si,N,
substrate.

As shown in Figs. 8 'and 9, a Si,N, substrate 302
and a Al;0; substrate 3623_. each having the same thickness
were combined on the same plane to form complex _substrafes
310 respeci:ively. Namely, the Si;N, substrate 302 is placed
on a part to which a semiconductor element 306 is mounted,
while the Al,0, substrate 302a is placed on the other
pérts, thereby to form a Complex substrate 310.

| As shown in Figs. 8 and 9, a brazing material
having a composition of Ag 30wt.% - Cu 65wt.% - Ti 5wt.$
was screen-printed on positions of the £front surfaces of
the silicon nitride substrate 302 and the alumina substrate
302a to which a circuit layer is formed and positions on
the rear surfaces of the substrates to which a metal plate
(copper plate) is bonded. The printed brazing material are

dried to form active metal brazing material layers 307a,



result, a sem conductor device using the circuit board . could be produced
with a high production yield w thout causi ng cracking due to the -
f ast eni ng operation for fixing the circuit board. Further, the

respective circuit boards wer e subj ected to a heat cycl e resistance
test in which a terrperature

' h f

6 For AR ORaVIEE R Ehfuknenk" BE) 2 %seqﬁzﬁ??égﬁea?e y £4%0m

t t +

omper atl bioh” HauEhtl e thitknddd o f"‘dﬁ‘f i 4 F%r%‘?eéh eov"%i;@e
(backing copper plate or rear copper plate) 305 having a

thickness of 0.25 mm each composed of tough pitch
electrolytic copper . are contacted afxd placed on
predefermined positions of the active metal brazing
.material 'layers 307a, 307b to form composite.s. Then, the
composites were maintained at 850 C in wvacuum for 10
minutes in the contacting condition. to make bonded
articles. Then, the respective bonded articles were
subjected to etching treatment, to form predetermined
patterns (circuit layers). Further, the semniconductor
element 306 was bonded through a solder layer 308 to a
center portion of the copper circuit plate 304 bonded to
the upper surface of the Si;N, substrate 302, thereby to

make a lot of silicon nitride circuit boards 301 of
Examples 7 to 9.

Comparative Example 1

A ceramic circﬁit board of Comparative Exainple 1l
was produced by :Lntegrallf bonding the copper circuit
plates and the metal plate to the surface of the substrate
by the active metal method likewise in Examples 7 | to 9,
| except that a ceramic substrate composed only of an
aluminum hitride (A1N) sintered body having a thickness of
0.8 mm and a thermal conductivity k of 182 w/m- k was used

instead of the complex substrate 310 composed of the Sis;N,
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substrate portion was neasured. As a result, it was found that
there was no cracking of the Si[err]Nerr] substrate ‘and t he. AI[err]C{err]
Substrate and no releasing or peeling of the metal circuit board (Cu
circuit board) or the nmetal plate, and an excellent heat cycle resistance
property was mani fested even after 1000 cycles elapsed, in the silicon

Cont | 1 nEAPPRARt R0, pB, CHETKATS, | sbetedly 328 WBkl K, ExhnliRe,i g

oar nparati ve 1 cause

after 190+gyel.es and had a | ow dur ab| i ty Exanmpl e 10 The Si N4
substrates having a thickness of 0.4 0.6 nmmand 0.8 mmrespectively
and a thermal copgductdigt %@ h Jak r

Exanples 7 to 9, Wereﬂﬁlh?ae'tt fﬁ%ﬂ oxl1 di z1 n‘ﬁl?grnacepsa e%%gre%?&rhe of

e layers having a ckness of m wer e ned.
The OXI a er he h and,
the Al[& % rﬁw%u%q{a;ﬂ?ﬁes kjl'av&g méaditdd. As a reffithe QA NGad

found that the sil:lcon nitride circuit boards 301 of

cubst o athoSy RECPATSE Elette "bpates W'%ﬁ“ﬁ?ﬁe 7,46°5 g,

Examples 7 0 9 had 2-fold or more of <the maximum
deflection and the bending resistance strength as compared
with those of the circ_:u:lt. board of Comparative Example 1 in
which only a conventional aluminum nitride substrate was
used. Further, it was also confirmed that the deflection
and the bending . resistance strength are improved with
reduction of the thicknes§ of the silicon nitride circuit
boards. Further, it was confirmed <that heat releasing
property _of whole circuit board can be further improved by
reduction of the thickness of the substrate since the heat
resistance can be lowered.

The respective silicon nitride circuit boards of
the examples were bonded on a heat sink 309 as showﬁ in
Fig. 9, then, mounted on a board in assembly process. As a
result, a semiconductor device using the circuit board
could be producéd with a high production yield without
causing cracking due to the fastening opefation fér fixing
the circuit board.

Further, the respective circuit boards were

subjected to a heat cycle resistance test in which a
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t hi ckness of 0.4 nm 0.6 nmand 0.8 mmrespectively and a  thermal
conductivity k of 20 wm Kk, which were prepared in

7 4 Exanples 7 to 9, were obtai ned. As shown in Fig. 10,
the SiNA substrate 302 and the Al[err](err] substrate 302a havi ng the

sanme thickness were conbined on the sane plane to form conpl ex substrates
310 respective

posi 11 oL PSRTENES noLBERPRBARGC Shchi HETHe ARt RPEAS Wity e

o) etg) B 2he RaaHEs MASEO-B [ Ul BOSh lmAlEr e

corfpl ex (Sf&Ilb f} ragubsequently heated from <the room temperature to
+125°C , then, again cooled to -45 C via room temperature
was repeated and cycle number until cracking occurred on
substrate portion was measured.

As a result, it was found <that there was no
cracking of the Si,N, sub_strate and the Al,;0, substrate and
no releasing or peeling of the metal -circuit board (Cu
circuit board) or the metal plate, and an excellent heat
cycle resistance property was manifested even after 1000
cycles elapsed, in the silicon nitride circuit boards of
Examples 7 to 9. On the other hand, it was confirmed that
the circuit board of Comparative Example 1 caused cracking
after 100 cycles and had a low durability.

Example 10

The Si,N, substrates having a thickness cf 0.4 mm,
0.6 mm and 0.8 mm respectively and a thermal conductivity k
of 70 w/m. k, which were prepared in Examples 7 to 9, were
heated in an oxidizing furnace at a temperature of 1300 °C
for 12 hours for oxidation of whole surface of the
substrate and oxide layers having a thickness of 2y m were
formed. The oxide layer was formed of a Si0O; f£ilm.

On the other hand, the Al,0, substrates having a
thickness of 0.4 mm, 0.6 mm and 0.8 mm respectively and a

thermal conductivity k of 20 w/m. k, which were pré.pared in
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310 i'n which each Al[err]Jerr] substrate 302a was conbined with the
Si[err]Nerr] substrate 302 on which the oxide |ayer 303 was forned,
copper circuit plates each conposed of a tough pitch -electrolytic copper
havi ng a thickness of 0.3 nmwere contacted and pl aced, while, on the rear
side, a netal plate conposed of a tough pitch copper having a thickness

of 0.25 C tgd a backing material, to forma
sRpTRe Y o il Rt

| am nate _ serting t amhate in a .heating oven at 1075[err]C
L MO B BTG 105 B ShEt A8 Bl
(2. Con SRR A5 Ik IR YOOI PS5 Ral”” sRUEHBy it
T b ch R Bl "' " PAbBCSc S (cdR1ER, RIS,
StrUCtu&%éﬂééﬁié&iipeNgﬁgquE%ﬁg §9§N90@%§§¥Léges%6£ewgsiﬁlaced'on
. a position to which the semiconductor element was mounted,
while, the Al,0, substrate 302a was placed on the other.
position, thereby to form the complex substrate 310.
Then, on the front side of the complex substrate
- 310 in which each Al,;0, ’subs'trate 302a was combined with
the Si;N; substrate 302 on which the oxide layer 303 was
formed, copper circuit plates each composed of a tough
pitch electrolytic copper having a thickness of 0.3 mm were
contacted and placed, while, on the rear side, a metal
plate'- composed of a tough pitch copper having a thickness
of 0.25 mm was contacted and placed as a backing material,
to form. a laminate. Then, by inserting this laminate in a
heating oven at 1075C in which a nitrogen gas atmosphere
was controlled and by heating for 1 minute, the metal
circuit plates or the metal plate were directly bonded to
both surfaces of_respective complex substrates 310. Further,
the semiconductor element was solder-bonded to the copper
circuit plate, thereby to prepare the silicon nitride
circuit boards 30la of Example 10, respectively.
Each silicon nitride circuit boards 30la has a

structure in which the oxide layer 303 composed of 5i0O. is
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75" formed on whole surface of the Si[err]N.err] substrate 302,
the copper circuit plates 304 as the metal circuit pllates are directly
bonded to the front surface of the conplex substrate 310 conprising the
Siferr]NJerr] substrate 302 and the Al[err](err] substrate 302a, while,"
t he net al pI ate 305 as the rear copper plate is di rectly bonded, and

furth t h
tﬁre sglr(ferl ng Iayerelg%g'% grg}rle hgger':l‘t"grg‘gﬁ?elr%"'ned posi |on omé c{)}boug
Sz, ! s GIaCHL Cpigteb|Te Pt Che Matadl EizeMi¥ (biafHRT 4f4C

T Dl Bk BT BEIRES il S0P Sl e
substrate 310 comprising the Si;N, substrate 302 and the
Al;0, substrate 302a, while, the metal plate 305 as the
rear copper Pplate 1is directly bonded, and further, the
semiconductor element 306 is integrally bonded. through
the soldering layer 308 formed on a predetermined position
of the copper circuit plates bonded to the front side of
the Si,N, substrate 302, as shown in Fig. 10. When the
copper circuit plates 304 or the metal plate 305 are
bonded to both surfaces of the complex substrate 310, the
metal plate 305 as the backing copper plate is effective
since it contributes to heat releasing acceleration and
bending prevention.

The maximum deflection of the silicon nitride
circuit board of Example 10 in which the circuit layers
were formed by the direct bonding method as desci.-ibed above
was from 0.8 to 1.6 mm, the bending resistance strength was
from 550 to 900 MPa, and there were obtained physical
properties equivalent to those in Exémples 7 t0o 9 wherein
the circuit boards were formed by the active metal method.
Further, even after 1000 cycles elapsed in the heat cycle
resistance test, there was no cracking of the SigN,
substrate and the Al,;0, substrate and no i:eleasing of thé

metal circuit plates and the metal plate, and an excellent
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since it contributes to heat releasing accel eration and bending

preventi on. The maxi mum defl ection of the silicon nitride

circuit board of Exanple 10 in which the circuit layers were forned by the
di rect bondi ng nethod as descri bed above was from0.8 to 1.6 mm the

bendi ng resi stance strength was from 550 to 900 MPa, and there were

obt ai ne ﬂm ﬁﬁy? Exanples 7 to 9

“wher ei n%eahe%(ﬁ'c?urntg oaréﬁ@é %f%ggﬁﬁﬁo?ﬁgggg?rgg met al et hod.

Further, even after 1000 cycles elapsed in the heat cycle resistance

test, there was no cracking of the Si[err]Nerr] substrate and the

Al [err] %ﬂgtﬁg)ptdﬁgﬂéggiﬂpt{,el easing of the netal circuit plates and
the netal plate an excel | ent

7 6
As described above, according to the
semiconductor module of the preent invention, since a

high thermal conductive silicon nitride substrate having a
sharply improved thermall conductivity in addition to a high
strength and a high toughness propert} originally owned by
a silicon nitride sintefed body is used, ‘cracking seldom
occurs on the substrate by impacts to be applied in heat
cycles and construction, and the semiconductor module does
not need both a rear copper plate (backing metal plate) and
a heat sink plate for enhancing a heat releasing property
and a structural strength. Therefore, the structure of the
semiconductor module is simblified and the production cost
is steeply reduced, and further, the semiconductor module
can be miniaturized and a high-density mounting becomes
possible.

| Further, in the silicon nitride circuii_: board of
the present invention, a plurality of high thermal
conductive silicon nitride substrates to which metal plates
such as copper circuit plates and the like are bonded are
plural-layered through the metal plate. Therefore, it
becomes possible to perform a three-dimensional assembly,
so that the circuit board can be miniaturized with

enlarging area of a mounting portion and circuit
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heat” cycl e resistance property was mani f est ed. I ndystrial Applicability
As descri bed above, accordi ng to the sem conductor nodul e of
fhe present invention, since a high thermal conductive silicon nitride
substrate having a sharply inproved thermal conductivity in addition to a
high strength and a high toughness property originally owned by a silicon

nitrideynaqhaft l}f&iy | %o#%?ﬂnscra‘:k&ﬁ& selgdom sﬂﬁ‘ﬂ!r-§i%.n e sggat r at £ by

i npacts to be appl1ed i ““éycl es ‘and construction,

it t b opper plate (backrng net a
rate) ShEE %%%?t‘*si"ﬂﬂﬁr 119 ' cdft e "AEBofipl 18hefls

or enhancing a heat releasrng property and

a structural str%&egherﬁggrte ﬁ%f&{;g&turﬁ.ﬂ tge &(C@g%%g

modul e is sinplified and the produtiion cost is steeply red
further

mount i n§ A §ﬁEhC°Q§UC& OEeHEQBhﬁuc%@& bélé?n&h@t ‘Hdd‘e@h@”dlfké' %buﬂr?é?dt y
on the substrate is transmitted outside of the system
quickly wvia the high thermal conductive silicon nitride
substrate. Therefore, the heat releasing property of the
module 1is extremely excellent. Purther, since the silicon
nitride substrate haviné a high strength and a high
toughness is wused, a maximum deflecting of the module or
circuit board can be secured at a high level. Therefore,
cracking due to fastening of the module in the assembly
process does not occur, and a semiconductor device using
the semiconductor module can be mass-produced with a low
cost and a high production yield.

According to the silicon nitride circuit board of
the present invention, since a high thermal conductive
silicon nitride substrate particularly having a steeply
improved thermal conductivity in addition to a high
strength and a high toughness property originally owned by
a silicon nitride sintefed body is placed on a part. to
which a structural strength and a heat releasing property
are particularly required, while a cheap substrate for
general used which can be easily produced such as an

alumina substrate and a resin substrate is placed on the

other parts, and both the substrates are placed on the

78



possi bl e. Further, in the silicon nitride citcuit board of t he
“present invention, a plurality of high thermal ! conductive silicon
nitride substrates to which netal plates such as copper circuit plates
and the |like are bonded are plural -layered through the netal plate.
Therefore, it beconmes possible to performa three-di nensional assenbly,

20, "l SRR, S B, bAGE sUBBLEREG! The "bhBauctlod Uik
T e o PRCEH R e 0 Y rlrendl?! 57 Tledll wl
silicon nitride substrate which has a high strength and
a high toughness property on a position to which a
structure strength is required, a maximum deflection of the
circuit board can be secured at a high lével. Therefore,
cracking due to fastening of the c¢circuit board 'in the
assembly process does _pot occur, and a semiconductor
device using the circuit board can be mass-produced with a

low cost and a high production yield.



Further, heat generated froma heat-generating part such as a
seni conduct or el ement and the |ike mounted on the substrate is transnitted

‘out side of the system quickly via the high thernmal —conductive silicon_
nitride substrate. Therefore, the heat rel easing pro erty of the nDduIe

is extrenely excellent. Further, since.the silicon T § as
having a high strength and a hé ﬂlnﬁoughness is
defl ecting of the nodule or <circuit board can be see Ieve

Therefore, cracking due to fastening of the nodule in t he assenbly
process does not occur, and a sem conductor device using the sem conductor

nodul e gan be %ﬁf@%ﬁaﬂ?ﬁbfhmadﬁfél?ﬁgg ggﬁ?a hi gh production vyield.
I con ni

Accordlng to the Sl ride cIrcui the present invention,

hi gh th t b
ﬁ;\r)fﬁgaa !stgeepl y nﬁﬁoﬁéﬁﬁern&ddm biifcat Strl{‘?{.diém;f){jlrstdbgﬂregtlé/

conductivity

high st h d b I
ni T de A rghgnml.g cHRHERRESTLH" BREDY @/l BBy niteed by a si i con

ace

semiconductor element mounted on said high
thermal conductive silicon nitride substrate,
metal circuit plates bonded to said high thermal
conductive silicon nitride substrate at a side to which the
semiconductor element is mounted, and
single metal plate bonded to said high the:mal
conductive silicon nitride substrate at a side to which the
semicoﬁductor element is not mounted but an apparatus

casing or a mounting board is bonded.

2. The semiconductor module according to Claim 1,
wherein said metal plate to be bonded to the apparatus
casing or the mounting board has a thickness less than

that of said metal circuit plate.

3. The semiconductor module according to Claim 1,
wherein said metal platé to be bonded to the apparatus
casing or the mounting board has a thickness more than two

times of that of said metal circuit plate.

4, The semiconductor module according to Claim 1,

[ [THiS"SHEET Has Bew|
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whi.ch a structural strength and a heat rel easing pr0@§r ﬁ'i?te Gidqar Iy
required, while a cheap substrate for general used g e“% 2 1:&
produced such as an alum na substrate and a resin sub

d on
the other parts, and both the substrates are pl aced o
7 8 sane pI ane to form a corrpl ex substrate, the productlon cost
of they Gy t @'d nign t hetonadeive aCigid 1
nitride sugsét ?ﬂat esv\z ch %a a h| g sﬁengt and a hig toug ne?g’ %ﬁo%erty

on a po W Chy, EUG U1 BESRN A1 i erea H&fa n)#ga
def | ect ?g%'so at{% ci rcﬁet %oard can %e secure ﬁ Fevel™. ergfore,
grain boundary phase, _and a ratio of the crysta_l compound

phase in the grain boundary phase is 20% or more based on

the whole grain boundary phase.

5. The semiconductor module according to Claim 1,
wherein said high the:;mal conductive silicon nitride
substrate is made of a silicon nitride crystal phase and a
gra.iri boundary phase, and a ratié of the crystal compound

phase in the grain boundary phase is 50% or more based on

the whole grain boundary phase.

6. The semiconductor module according to Claim 1,
wherein said high thermal conductive silicon nitride
substrate contains impurity cation elements of Li, Na, K,

Fe, Ca, Sr, Ba, Mn and B in a total amount of 1.0% by

weight or less.

7. The semiconductor module according to Claim 1,
wherein said metal circuit plates_ and said metal plate are
bonded to said high thermal conductive silicon nitride

substrate by a direct bonding methdd.

8. The semiconducto'r module according to Claim 1,

wherein said metal circuit plates énd- sald metal plate are

_._————"—'-_-__—_-_’-—_ -
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cracking due to fastening of the circuit board i n t héhis
doeés not occur, and. a sem conductor device usi ng l

ﬁard
‘tan be nass-produced with a |ow cost and a high produ

bonded to said high thermal conductive silicon nitride

substrate by an active metal brazing method.

9. A silicon nitride circuit board comprising:

a plurality of high thermal conductive silicon
nitride substrates each having a thermal conductivity of 60
w/m+. k or more and

a metal plate which is bonded to said high thermal
conductive silicon nitridé substrate, and has a portion at
which a plurality of said high thermal conductive silicon
.nitride substrates are laminated through said metai plate

to form plural-layered structure.

10. A silicon nitride circuit board, wherein a high
thermal conductive silicon nitride substrate having a
thermal conductivity of 60 w/m- k or more and a substrate
having a thermal conductivity of less than _60 w/m- k are
placed on the same plane, and
metal circuit plates are bonded to at least said
high thermal conductive silicon nitride substrate having a
- thermal conductivity of 60 w/m- k or more.
C 11} The silicon nitride circuit board according to
._Nélai_m 9 or 10, wherein said high thermal conductive silicon
nitride substrate 16 made of a silicon nitride crystal

phase and a grain boundary phase, and a ratio of the

5 THIS SHEET HAS BEEN
(AW REPLACED
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CLAI M5 1. A sem conductor nodul e conpri sing: I
conductive silicon nitrjide substrate having athernal [
60 wm k or nore, 5 a sem-conductor elenent nounted

ty of
er mal
conductive silicon nitride substrate, metal circuit plates bonded
to sai dopysifal NEhER] compousd | \Phasd | 480 the drdin ddounddrat phaked iisde to
whi ch the sem conductor elenent is nounted, and 10 single neta

pl ate bpeglesrt@ofai BaBedhohhehenwhored ¢itdite Bouridety phasdjtride substrate
at a side to which the sem conductor element is not

—

e

/1\2 The silicon nitride circuit board according to
.'...(..:laim 9 or 10, wherein said high thermal conductive silicon
nitride substrate is made of a silicon nitride crystal
phase and a grain boundary phase, and a ratio of the

crystalline compound phase in the grain boundary phase is

50% or more based on the whole grain boundary phase.

13. The silicon nitride circuit board according to
Claim 9 or 10, wherein said high thermal conductive silicon
nitride substrate contains impurity cation elements of Li,

Na, X, Fe, Ca, Sr, Ba, Mn arid B in a total amount of 1.0%
by weight or less.

14. The silicon nitride c¢ircuit board according to
Claim 9 or 10, wherein said metal circuit plates and the
metal plate are bonded to said high thermal conductive

silicon nitride substrate by a direct bonding method.

15. The silicon nitride circuit board according to
Claim 9 or 10, wherein said metal circuit plates and the
metal plate are bonded to said high thermal conductive

silicon nitride substrate by an active metal brazing method.

LS
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moynt ed but an apparatus casing or a nounting board is bonded; and
mhereln said high thermal conductive silicon nitride substrate S made
of a silicon nitride crystal phase and a grain boundary phase, 15 and a

ratio of the crystal conpound phase in the grain boundary phase is 50%
or nore based on the whole grain boundary phase. 2. The

seni conduct or nodul e accoABSRRACT ORI THE DISCLOSUREAI d metal plate to
be bonded to the apparatus casing or the nounting 20 board has a thickness
| ess than that offheaiel nks al provided plaat semiconductor module which
81 3. The sem conductor nodul e according to Claim1l, wherein said

metal pkemprisese bandediigh t h&hegmalat uconduckdver tisdliwon i ngitrideloar d
has a thickness nore than two tines of that of said netal circuit

pl ate. substrate 10Thawing candihemalodohduatdeidiyngof o600 air/mi, kwear ei n

said hi gh thermal conductive silicon nitride substrate contains

i mpuritymore, a semiconductor element 7 mounted on this high.
thermal conductive silicon nitride substrate 10, metal
circuit plates 3 which are bonded on the semiconductor
element-mounted side of this high thermal conductive
silicon nitride substrate 10 and single metal plate 4a
which is bonded to a side opposing to the semiconductor
element- mounted side of <this high thermal conductive
silicon nitride substrate and is bonded on an apparatus
casing 9 or a mounting board. By this constitution, there
can be provided a semiconductor module having a gimple
structure, which can be miniaturized, | and having an

improved structure strength and an excellent heat cycle

resistance property without requiring a heat sink plate or

the like.

8 4



cation el errents of Li, Na, K Fe, Ca, Sr, Ba, M and B in 4%02sR7 -/

amount of 1.0% by weight or less. 10 . 5. The sem conduct‘%» il e
according to Caim]1, wherein said metal circuit plates and( sal'd*net al
pl ate are bonded to said high t her malsoconductive silicon nitride
substrate by an active netal brazi ng nmethod. .15 . 6. The

sem conductor nodul e according to O ai GLAIMSrein said nmetal circuit
pl ates and said netal plate are bonded to said high t hermal conductive
silicon nitride substrate by an active netal _ | brazi ng nmethod. 20

82 7. si IAsemicandyeta) meduleeemprising: i si ng: aplurality

of high thermal conductive silicon nitride substrates each
a high thermal conductive silicon nitride substrate having a thermal

conductivity of 60 w/m. k or more,

5 a semiconductor element mounted on said high thermal conductive
silicon nitride substrate,
metal circuit plates bonded to said high thermal conductive silicon
nitride substrate at a side to which the semiconductor element is
mounted, and

10 single metal plate bonded to said high thermal conductive silicon
nitride substrate at a side to which the semiconductor element is not
mounted but an apparatus casing or a mounting board is bonded;
and wherein said high thermal conductive silicon nitride substrate is
made of a silicon nitride crystal phase and a grain boundary phase,

15 and a ratio of the crystal compound phase in the grain boundary

phase is 50% or rhore based on the whole grain boundary phase.

2. The semiconductor module according to Claim 1, wherein said
metal plate to be bonded to the apparatus casing or the mounting

20 board has a thickness less than that of said metal circuit plate.
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havi ng a- thHermal conductivity of 60 wm k or nore and a netal plate
which is bonded to said high thermal conductive silicon 5 nitride
substrate, and has a portion at which a plurality of said high t her mal
conductive silicon nitride substrates areghiam nated through sai d netal
plate to formplural-layered structure; and wherein said hi gh t her mal

conductive sidico hidd e ' : i g Liei das
crystal phases'andngﬁ%%éllﬁﬁ%oun gg@{gwgshel andﬂ*glﬁgﬁiblocﬁﬁ? k?é er‘grém $aid
crystalline compound phase in the grain boundary phase is 50% or nor e
based on t he metakplateite betbmded&name apparatus; casing ar theomountinge

circuit board, wherein a high thermal conductive silicon nitride
substrate hawy b A f I a
substrate ha&%@hﬁémc con ugédlntlél t%a@fm&ﬁn%%%ﬁgﬁ?%m&%pare

pl aced on the sane plane, and metal circuit plates are bonded to at

| east sai d higircuit piate. conductive silicon nitride substrate having a
t hermal conductivity of 60 wm k or nore; and wherein said high

t hermal cqgnductive silicon 20 nitride substrate is nmade of a silicon
nitride crystal phase and a grain boundary phase, and a ratio of the
crystalline conpound phase in

4. The semiconductor module according to Claim -1, wherein said
high thermal conductive silicon nitride substrate contains impurity
cation elements of Li, Na, K, Fe, Ca, Sr, Ba, Mn and B in a total
amount of 1.0% by weight or less.

10
5.  The semiconductor module according to Claim 1, wherein said
metal circuit plates and said metal plate are bonded to said high
thermal conductive silicon nitride substrate by an active metal
brazing method.

15
6. The semiconductor module according to Claim 1, wherein said
metal circuit plates and said metal plate are bonded to said high
thermal conductivé silicon nitride substrate by an active metal
brazing method.

20
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83 the grain boundary phase is 50% or nore based on the whole grain
boundary phase. 9. The silicon nitride circuit board according to
Claim?7 or 8, 5 wherein said high thermal conductive silicon nitride
substrate contains inpurity cation elsenents of Li, Na, K Fe, Ca, Sr,
Ba, M and Bin a total anount of 1.0% by weight or |ess. 10.

The silicon (7111 & siieonritrRe CoiPBoBHAZAMApAsTG? 7 Or 8. 10 wher ei n

said netal circuit plates and the netal plate are bonded to sai d high
t hermal conducti ve ﬁ&licon njtride substkgte Q¥ a dr bondi ng
Y& $ig

met hod. a plurality ofshigh-Biermal caadss @Hrfdlitlgéte(ﬁldﬁ)ﬁgat% eaghm 7
or 8 15 wherein said netal circuit plates and the netal plate are bonded .
to sai d {idRg 4hBrMALBHGLENTitY 'of 61 W/ih LKk 'dtmdresind@t e by an active
a metal plate which is bonded to said high thermal conductive silicon
5 nitride substrate, and has a portion at which a plurality of said high
thermal conductive silicon nitride substrates are laminated through
said metal plate to form plural-layered structure; and wherein said
high thermal conductive silicon nitride substrate is made of a silicon
nitride crystal phase and a grain boundary phase, and a ratio of the

10 crystalline compound phase in the grain boundary phase is 50% or

more based on the whole grain boundary phase.

8. A silicon nitride circuit board, wherein a high thermal

conductive silicon nitride substrate having a thermal conductivity of
15 60 w/m. k or more and a substrate having a thermal conductivity of

less than 60 w/m. k are placed on the same plane, and

metal circuit plates are bonded to at least said high tHermaI

conductive silicon nitride substrate having a thermal conductivity of

60 w/m. k or more; and wherein said high thermal conductive silicon
20 nitride substrate is made of a silicon nitride érystal phase and a grain

boundary phase, and a ratio of the crystalline compound phase in

REPLACEMENT SHEET
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met al brazi'ng net hod.

10

15

83

the grain boundary phase is 50% or more based on the whole grain

boundary phase.

9.  The silicon nitride circuit board according to Claim 7 or 8,
wherein said high thermal conductive silicon nitride substrate
contains impurity cation elements of Li, Na; K, Fe, Ca, Sr, Ba, Mn

and B in a total amount of 1.0% by weight or less.

10. The silicon nitride circuit board according to Claim 7 or 8,
wherein said metal circuit plates and the metal plate are bonded to
said high thermal conductive silicon nitride substrate by a direct

bonding method.

11. The silicon nitride circuit board according to Claim 7 or 8,
wherein said metal circuit plates and the metal plate are bonded to
said high thermal conductive silicon nitride substrate by an active

metal brazing method.
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