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The relation between the fracture toughness value and the nature of Si shuffle and
glide dislocations around DBTT
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Silicon is widely used as semiconductor devices. Recently, the phenomena which
can not be explained within the known knowledge are observed under the long term load environment. Those
are (1) the fatigue phenomenon, and (2) the modification of fracture toughness at around 100 degree of
Celsius. These phenomena should originate in the property of dislocations which determine the mechanical
properties of the material. To explain these phenomena, (1) the nature of zigzag shaped shuffle-set
dislocations in the middle range of temperatures between 100 and 400 degree of Celsius, and (2) the
relation between the transformation of these shuffle-set dislocations and the modification of the
fracture toughness are clarified.



B X C—19, F—19,.

1. BFZEBRAAS WD 5

Si FHFBBHETNARIZECAVLATLS,
Si [XMEHEMB TIEH DD, WRHIERE D LG
YRS, MHMMIENEILIIN TSI,
MEMS (Micro Electro-Mechanical System) @
BELGHEENBRELTHLELLIMASINAT
W5, LAaL., i, REfRE., ISHTTHERA
THE CNETORBRTIXHANTELRL
BMENBRINTLD, Thbhb, DEFD
I, @100°CiEE TORZENMHEDO M L7
ETHbB,

CNODBRICITHA. HHRAMEEZES
BUAEESELTVSETTHS, LrL. B
WohTWASi [FEREMOTEHERTHY .
L, 349 600°C DBTT (FEMEHEMEBIERE)
LT TRERMICHEMITESHLLENEE
AbNhTETLS,

LML, 8EATORIZIYvF. EREDT
TI& DBTT AT THERMAEEITHILEHH
BNTWD, SoHITHEMG I &IIE DBTT U
LtDRETEST DML glide-set EFEIL
NBEEMTHADITx LT, DBIT LLTD (E
AT TEET S)xfizld shuffle-set EMFEIE
NBEETHY ., MEXZTOMEEZLCEIC
LTW5, Thbb,
gl ide-set BLfiz(d Shock ey DER 5 ERGLIZ 53
BLTLWALAELEMTHLIDICHL T,
shuffle-set (7% L TLVEVWERERLMT
Hbdo
@glide-set ELBIM /84 T)LA-F/3a (P-N)
DAIFNOARMZEEMWLTLSDIZx L T,
shuffle-set Bxfii® P-N AIXT1ODIFEA I
NN ARAZERLNTLNS,
BULThDIFEAL.Si DHAERKEHED=OIZ,
P-N BICEREMIZIR > TS, &2 AR
100°C~400°COEHF TRY I v FITEL>T
BA LTz shuffle-set Bz T HF T KEE
LTHY. EERTEASIT shuffle-set &x
BMEBALHMTEWVETRT CENER SN,
I shuffle-set Bxfiz P-N A1AVESH T/

Z—19 (Hm

)

SVWATREMAH S EETRERLTEY.,
100°CUAETHEES N -HIRPEEOR L &
LR HHEREEMSEOHTHL, LAL,
ZOFHMIFLFAASATLAL,

2. WHEDO BB

D100~400°COBRBREIZHTH T HFIIK
@ shuffle-set BRIDAMEZEBHELMNZT B,
@I D& 5% shuffle-set ER{LDLEREH
ZEHHEEORLEICENDLSICEAELTWLS
ne HAHWIHERMMEEDELZSMLEIZE S
BUDTEIENTELINEHLMNCT S,

3. WD Ik
ODEVEESEETEALE&EMISDONT,
SMIZEANR S, @Shuffle—set ERfizl= DLy
TIXZDMEEZE., glide-set ERHIIZDULNT
(X SFE DREXRFHRICEREZEL, QCh
HDIER EWIEHMEE L DHEEBEZ DT 5,

4. WFFERRR

MSi FOEFMDOAREEZUTOLSICEEL
T=o

1) R7— 1 BRIAEFR~300K

EHRMA shuffle ERiL

2) RT—L 1 : 300K~370K
PO o 12 shuffle ERfiL
3) RT—UI0 : 370K ~750K
Hh < el o fz shuffle Exfis
4) 750K L E
R LT= glide Rfi

(Bs®) .

Temperature, K —

77 300 363 383 403 473 573 623 668 703 773 823 873 923 973

tf\ﬂﬂ&&: " i’#ﬁ*ﬁﬂﬁ ®

uerormed
dislocatios

Slage Stage Stage
i
SF | GL

(2)#h < N H o = shuffle Bxfir & 60°
BATHY. oBAENTEEN. COHih
A Y % shuffle—glide BREDHIRRR E
ZAbhE. BEAERMODRI YN



shuffle-glide B ZXE Y B LITER
=Ly,

(3) L—HY—Ba& LS BiREHE T T Si
HICERZEAT S &, BOTHEGERMN
BASNEZEMND o= CNDDERRMDR
HIZDOWTFHmIGERRERT-.

(4) AH-SICHDEBEMDSHEEICEL.
HMTEFEMREEZITL. TOEEZTR
E LT,
FBARDOIEETIIEREMNEL DR
HILZEEBRT 5,
step-control epitaxy technique ;A TR E
SE4H-S i C TEEMOERBGRHD
AmE ZERHITKROT-, TOHER. EBA
K-BBSBABROVWTNICE N THERN
BEINFETEARELRE S TLV=[0001]

BLYInsds xRl

(5) Ft=. glide-set Exfii SFE DAIE
DT=HIZFHEHIIZIT > 1= Cu-Al EEITE LT,
BEL LS EREFEOBARS (BIR) &I
IEZHHEEER BADR)ARBELTLS
c&ErRLE,

5. E7pIEEIRLE
(FZEfRE ., BFge 03 B ONEHERF 235 12
BN

Gdestams) GE 7 1)
(MTomoko Okuno and Hiroyasu Saka, Electron

microscope study of dislocations
introduced by deformation in a Si between
77 and 873 K. J.Materials Science, (&%
HY)) 48,2013, 115-124

@Shoichi Onda, Hiroki Watanabea, Yasuo
Kitoa, Hiroyuki Kondoa, Hideyuki
Uehigashi, Norikazu Hosokawa, Yoshiyuki
Hisada, Kenji Shiraishi and

Hiroyasu Saka

Transmission electron microscope study of
a threading dislocation with

b=<0 001> +<1-10 0> and its effect on

leakage in a 4H-SiC MOSFET

Philosophical Magazine Letters (&K HY)
2013, Vol. 93, No. 8, 439-447

http://dx. doi. org/10. 1080/09500839. 2013

. 198047

@The dissociation modes of threading
screw dislocations in 4H-SiC

Shoichi Onda, Hiroki Watanabe, Yasuo Kitou,
Hiroyuki Kondoa

Hideyuki Uehigashi, Yoshiki Hisada, Kenji
Shiraishi and Hiroyasu Saka
Philosophical Magazine Letters (&K HY)
2013 Vol. 93, No. 10, 591-600,
http://dx. doi.org/10. 1080/09500839. 2013

. 826395

@Inclination of a threading
dislocation in an epilayer of 4H-SiC,
Hiroyasu Saka, Hiroki Watanabe, Yasuo Kitoug,
Hiroyuki Kondo, Fusao Hirose, and Shoichi
Onda, Japanese J. Appl. P hysics (BEEdH Y ), 53,
111302 (2014) .

http://dx. doi. org/10. 7567/JJAP. 53. 111302
(®Long-term natural ageing of a
dissociated dislocation in a

Cu-13.43 at.% Al alloy

Hiroyasu Saka, Philosophical Magazine
Letters(fFEdb V), 2014Vol. 94, No. 7, 455-459,
http://dx. doi. org/10. 1080/09500839. 2014. 9260
33
@KFL—PFE—= 2L >TSi HITE
Fi & AV 72 R B i oD 75 itk - WA AR B 22
HAG R (E&EHY), 79(2015) No. 6.
308-314.

doi:10. 2320/ jinstmet. J2915021
Dt KIBEL, FILEE, HAZ, |
T D INENESR & SRR T BB L, BeR
% 64 & 10 5 489-498.

AT

(PRER] Gt 7 )
OB A, @Ak, & Hfe, BRER,
BAFR, TST GG O T A I Ml T4



JEIR DR 2015 F H A& RS2 R
WS, 201643 H 19 A, BAKP
@& HEFMh, B, A HEZ, BEER,
PAFS TERIRICI 1T 5 Si HfEsL DI 57 1,
2014 4 H R B SRR K2, 2015
9 H 25 H, A HERE

@KPiE—F, mARHR, A2, AR,
[Si HfEfhD~A 70 hTI AR P—],
2014 4 H R B SRR K2, 2015
9 H 25 H, A HERE

@K mARRR, A=, m e
WAFS, TR~ OB TIZEBT 5 Si BfG
O~ A 78 T AR Y—], 2013 4F
FENEHE TR R TFIGERS ., 2015
£ 3 H 18 H, WK

OB B, EAH, A=, A,
WS, TSi BifEsa o T 3 X ORI %
B, 2013 R TR BT REFM

©® WA TEARIEHEG . BASRYS
K £(2014)

(DSir Peter Hirsch ® 90 5% DA H 21 9
;% oy v K ¥ U A
(Oxford,UK)2015.4.14( # 15 ik
7#)H.Saka

(MEF) GF 1 0
it A AL A L H RBO EIAR
(PESEIA PEHE]

Omkee Gt o0 )

Ok G 0 1)

(Z Dfth)

L

6. AR

() wrgefaEs

¥ A (SAKA, Hiroyasu) 4 diRAF
KEFBE T TeR) - 448 5%

o8& 5 90023267

(2) g sy 3
e e K BSE (SASAKI, Katsuhiro) 4
BRFRFBE Tt - e
WrgeEFr . 00211938



