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Research Progress on Influencing Factors of Dislocation in Czochralski Silicon

SU Wenjia, LI Jiulong, YANG Wei, LI Chen, WANG Junfeng
(School of Energy and Power Engineering, Jiangsu University, Zhenjiang 212013, Jiangsu, China)

Abstract: Based on the introduction of the dislocation formation and movement mechanism in Czochralski silicon, the effects of seed
crystal thermal shock, solid-liquid interface, crystal diameter, and impurities on the dislocations during the crystal growth process
were summarized. The effects of boron, germanium, nitrogen, phosphorus, arsenic doping elements and oxygen impurities on the
dislocation behavior of the Czochralski silicon were analyzed. The thermal shock of the seed crystal can lead to the dislocations,
which can be suppressed by some methods such as necking, melting back, seed crystal preheating, and the use of doped seed crystal.
The solid-liquid interface convex to the melt causes a large edge shear stress to produce the edge dislocations. The formation of
dislocations can be suppressed when the shape is flat. In heavily n—type doped single crystal silicon, the evolution of solid—liquid
interface and the formation of {111} edge surface may promote the generation of supercooling region and interrupt the growth of top
cone, thereby causing the dislocations, and the length of the edge surface is related to the curvature of the melting isotherm.
Incomplete seeding of the seed crystal will produce the dislocations that cannot be discharged from the crystal, and then extend to the
silicon rod. The increase in the diameter of single crystal silicon and the fluctuation of the diameter during the crystal growth process
will increase the risk of dislocation formation. Doping is an effective method to inhibit the formation and movement of dislocations.
Boron, germanium, nitrogen, phosphorus, arsenic and oxygen impurities all have different degrees of inhibition on the dislocations
mainly due to the pinning effect of impurity atoms on the dislocations. Finally, some future research aspects on necking process,
thermal field design, doping process and theoretical modeling were prospected.

Keywords: Czochralski method; monocrystalline silicon; dislocation; solid-liquid interface; seed thermal shock; crystal diameter

WA H 1 2020-11-02. BATHH: 2021-01-04. Received date: 2020-11-02.  Revised date: 2021-01-04
FETH : LA AE 5 8% OFR- T 5500 H (BE2019009-003); First author: SU Wenjia (1982-), male, Ph.D., Associate Professor.

To8 Wi KB e B 0 AT R R 7 2B H (20200158): [E K E-mail: wjsu@ujs.edu.cn
AR 3 S TFAE L 4(51206069) s VLA 19T RE WAL B A
PR T S5 VLR R 2% L gt 2 T A i (1851130034)

Wt HCE1982—), W, i, EIEER.



. 724 . CREMR £R 2741

J Chin Ceram Soc, 2021, 49(4): 723-735

2021 4

LR 1) T A A5 TRk L RLVE s B B
(Cz), NP ERIESK Czochralski 7E 1916 4R W . H
TERBAET M. 8. BUS. BH. S5 I
LA B . B R i (Cz—Si) i T4l i
s A AERBE DS, )T N T RSO B RE
MRS AT, O TREARY, Cz—Si T
BRI, Ak T 2 . Hrp, A4S0
et el H HA WG —, ESRAE S
T AR T A, AR o TR R AR e A
MR R, IR A 2 5 S8 AR 2 i i
“EERARRM HRT, mERE A RS2 TN,
SRR AR R A GEW, 111 H AR ) SR B S
LATRTAL T BV DGR, 1L, ST ESVE ST
PERE . TR T MR AP IR P AR R A AL, TR
B RO FANHINET, T4 Cz—Si 7EAXBHEED
(7N 1B R N RO G e R S8

NATDOAS BT il ™ g s L AT TR
ANAESE, A8 TR LW a2,
Dash 4 ] 3~5 mm (45350 T 2k 30 KR A
SN INIRRHE T, TR C2—Si ZE K —A
REEIPIR . SR BEAG SRR AR K38 A DL A A
IERHEFE RSO RS, BARA 3~5 mm [FfE 530
PN DASCHE R () Cz—Sie TAHE K E AR
Cz—Si MK TFEN A TR, @46
Kl T2 A A KR MR sh F
HI35 Zdmi A a1 O 1248, YR 2 CE TO AR BRI
7R B R R T A R AR K D T TR = R
TAE.

AT AEAE S 45 A7 5 1T BB 02 B BLER ) S5 Al
1, ER T E NS Cz—Si AL BT SOIR, H
YT Cz—Si T AS I REmT R 5%, 1T 48 0 i 7
BT %o B TFFdm ATy diR A [
SR RSN Cz—Si = A mal, 22t
AL PRVET HL 280 W AT 8 A B 1 ™ A= A B, I
H R AP EAT T g 5. Ba, R
Cz—Si PR IWFFUM T R, DU AR MY
’ts%,

1 LNk 5z
1.1 I$ERIFZ X

PR — Rtk ba, o AR RIE AL S A4
WEBAT A A BV RR . iR WL AR
JIBIRIRE . WRBAT A DL R P G5 5 R S B A

1E Cz—Si BTN I EE RN 604 F (A )
e AR T (111 B Cz—Si P R A EEE
BRIGRR EEE W 1) AN SBUNIES, A
F55 B R PN VR E 93 AT AN 40 R 1 AR i 5 1R TR A
B ZRIRATIVEWIAE Cz—Si W il TRk R ER
SRR = A R T 5 1R BRI ES R
D13t ) A AR A 2) AN S EUIAAS,
RS I TP B R 6 A a2 il o
FErp e A R I BT 2 i AR B P AR A A
FiAh, FEEA S B I i A B I AR Ay
GEXDA
1.2 {sEryiEzn

R NIE B o IR SFIB SRR I8 8)),  IRAF
BHAAG ESAEEREIZg), JERFE 3
B SRR o 7 IS B4 1R THT PR V3 0 A F
¥al b, ALK ENAS ¢ FMTR T MBS T dd, {7
R T AR ds e ds=r-dd=nds, n MIHFIEL,
PESIZ BB IR FAR N . AV=b-ds=b-nds, 41
BERAE ¢ 5 b JLHIMTZ BN, bn=0, W AV=0,
FRARSFAZ SN, ¢ A b ST AR D AL R R i . 4
PSR EIZZhI, AV£0, FRIECRSFIZE).
AR FIB B AT A A AR R T g gl ) R B
T HE IR NG K. T KR ES
PR TR, IR AL ME—Y, BT LA e mT
W, 2R 8GR 1 R T i 4a /N (E
BT KRR, UL SR A S
(ks . AR RS IO G R B 5 AR 26 AT, L0
B2 SR 2 AT 2 AN RE T, T AR AR A7 4
HAeiats, JETocRimBim, HARES. VHH
SE AT 70 IR Peierls 82 SCHLIE S

Cz—Si FAFAE— PO IS G5 HE, AT S RES
R A TR AT T U A O T IR K B R B R
USSR TS O, AT AN LA . e A
N 25 25 A S TEAL I OCBE g, TTRETE AT LA
7R S TR 1) B T B S I B A BeiE B, BRIt
REAL IS TR & BRI A A s shid ok M Rl 3 5
A IIA EAE A, Al A AR S W S A R TR, e
SEAERETAR L /N BB B G A (R K
&5, WRDUIRIEA RS b, KR e ok & 1)
eI oD, 2o ShmE. mia—e
AR S IR TR A B 48 B (5B BRAL T
BRMEARE), WTLLE AL, AR S TR
R,



%49 B4 4 3 SRR SR B SRR T AL S R R < 725 -
= = —

000000 080080 200080 200008
00888 [ LI LT 1] [ LIl TT] 000088!
[ LIl [T 80888 000888
2000808 177777 KLY 77 000008
80088 [ LIl §80888! [TT 1111
880088 SE0ee 380888 [TT 1111

<~ <= <= QQ:
Undeformed crystal Elastic deformation Dislocation appeared Dislocation movement The crystal shape changes but

does not break and retains the
original crystal structure

&1 SR RS
Fig. 1 Gradual slip in a crystal

2 Cz—Si W frédty s H &

2.1 AFRPUhEI AR R

1B Cz—Si BRI, 9k iR NRERE PR T
I, AlRE S TR febr s b = A A, i 2
Fior, 3 WL — R A TR T e KR
o7 il S AR 8 A KPR AT, T A K A P A A
BB A, AR SR (R 5
B4 AT O, Huang 251 Ak S o 26K
W A B ) R T R BE A3 DL B KT R R
ISR . Taishi 258V BURF 98 AR IS e
PRI 25 45 KT e BB BB 7, RT3 R
I IR A ARS8 B KO s Sl o7 8 A 4k i
TR TR SR A B I, BN 5 A,
B AT A AT R AT B R UL 181, R
P B AR SR AR, RrS T LAZE S| b BEHE
o BRI T RSF WK Cz—Si, W RE 354
WS PEILER, Bk, Wi 3 piR, AR
Pt TP Cz—Si JeFFPERININ, 7EK &5 W 2
PR B S, SHREFRIEAT Ye 3R LB B3
edehr, PN, 3 NIRRT N T e

ﬁ Dislocation by heat shock

Seed crystal I
©J -

ﬁ Extension of dislocation

BTV, AESRBTRERE I [ AN e, AR
HL L Cz—Si (40 S0 LA H MR, AT Ok B 4
T ZHERALAE s S AMER S AT XA S REA T K
FERITEESY, 51 SR ST B SR A B
1l 5 5 A RIAE T LAAE AL AR 45 0 ] o

2.2 ERFEXLE RS

AR R BEE, [ V805 10 AT A 11 1 5 B
VIR I ARAR, MO AE AL = AR B N T e, X8 3
BORRALH 4B AEHAEERRSG P, RBIW
T AL AR B 5y e A BVE AR TE, He S1RS A
BB o JVTEE, 07 R RE A T PAR D A
P Rk B A R, SRR R i
[ LS T TR DR PR A St AR A 85 v F) 3L P 20 A
B o IS I T A A, it o
FE o B ATERE « AR AR UL s A
Bl R B A 202,

S0 AR 1 ) I T BRST  DD  H K
SR VDN DT R ) I 2R K D) g EE Ry
(LR ) LA e B 4 Sl 24 S TR 1 42 1™
ST PR I ] p Uate YA BTV 2/ R T
P AR BERRAT S R AR 2 1

ﬁ The dislocation extends

Ve grown crystal

T

PIN SRR U s Sy asa S VA P
Fig. 2 Diagram of the dislocation caused by a heat shock



. 726 - CRERR Eh27 40D

J Chin Ceram Soc, 2021, 49(4): 723-735

2021 4

Silicon crystal @Q

Y\

]

Rotating arm—_¢

Sleeve /'T:k

(a) Cz furnace with lifting and clamping mechanism

Seed crystal

Silicon crystal

Rotating arm

Sleeve

(b) Lifting and clamping mechanism for Cz—Si

B3 b LR S R s

Fig. 3 Schematic diagram of structure of Cz—Si lifting and clamping mechanism

(a) Interface shape is planar  (b) Interface shape is convex toward the melt
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with a taper angle k without and with {111} edge facets, respectively
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Table 1 Comparison of different impurities on suppression of the dislocation and corresponding concentration

Impurity Type Concentration/(atoms/cm”) Ability of suppress dislocation
Boron p-type doping 10" Strong
Germanium 10"°-10% Weak
Boron and Germanium p-type doping Boron: 10" Strong

Germanium: 10"
Phosphorus n-type doping 10" Relatively weak
Arsenic n-type doping 10" Relatively weak
Nitrogen n-type doping 10 Strong
Oxygen 10" Relatively strong
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