3% 25 %550 6 W] ¥ 5 K Vol. 25, No. 6
2004 6 H CHINESE JOURNAL OF SEMICONDUCTORS June, 2004

HERH RN E LB HE LR
477 mapping ¥ K"

A ANM XUER BRI
(G Dk R SRR BT, R 300130)

HOF: a7 s R e TR 0 £ i 7 o v BEL 4 1) Iy V5, FF Rymaszewski BLZESR B U7 125 N 5
23 TR T, I8 B 7 ey 2 (3 R LA R PR G 4% ) JEEREAT T i B P Be B A ) T 75mm (f 42 v
BH 423 A0 (19 mapping P, 0001045 ST 12 T3 7m0 AR I vk el B3 Sk /0 £ (i) IS €000 00 Rk (R 8 1k, i — AT 2 A7 2%

fE I ik Ty k.

KB DUSREFHA: HPHZEGAL: §F: Rymaszewski Il it ik

PACC: 0750, 0270; 0660

hESES: TN3O7 MERERIRED: A

[
L
it

2 i A A A I OO 2B T AR AR AL [ T TE
ARSESE W, 50 19 4% () fEL PH A8 20 A A1 45 A AN 1 2
U SRR B A A, B O HBE B e g0 B %
R85 2 EL A S A a1 HOPE RS (TSR PR %
VUERET B HAT = TR Dk U v B d Dl )iz
A T-Be —.

Bt A7 5% 17 A1 B JE P AN W7 2 ey, 0k R ol X P
FAYEE SR Al R ER [ N ANV 2 AR #E T R T X
J5 1T A A, AR A0 T B4R DU 4R 5% ) mapping
FRDY 30 2 DU B AR TR 0 4 (3 A LB,
A2 3mm 5 B LA EPE) EAS AT A2 003
. A AR R O TR AT 00k . 5 D 1 i BEL % )
A, AT AL EE 4% I AE 0. Smm LAY, W) 23 % 5 % 5]
25 0. Smm G H 25 47, BT #F mapping 10K fit 5EORS A
Mo by 7 B DA . i HLAR U T R £ R
AU E 0. 5mm BLR, SR T T 52 30 S5 i B2
N EHZ VUSRS — R bR i i S o i, JEiR it 56

TEHS: 0253 4177( 2004) 06 0682 05

[ ASTM A5t "), 3d A [E bR A K 5 L 20 P47, T A
AT T, JF HBREE 254 %% 6mm BA L, BIAEXS T Ry-
maszewski 725, 1 B B 5T HE 5 34 S A B, 340 52
NG S M, A AN G T 5 1 A7 I G S

2 ARARNIRE

2.1 KRR

T30 P2 DU PR35 D0 e I SRR [ 2 7™ % AH
A, HANREAT W B 45 17 LA R R TA 1937 B, Ry
maszewski £ H 170038 5 725 GE A R A 1) i B LA B K¢
BEANSE R [R50, (E R A 170 9 B X 00 g T 1) 5 Wi
v it 10— 2B BRI, DR D N 1) i RS AN S B 45 R, By
PLERET (K030 B AN 52 i ) bk 45 2R . ol T 3R 8 BRI 7
DREFFLA I, L7 82 U5 1) A2 BEHLAY, B 20 1 (10
BT HEH L.

Rymaszewskil > 8% % 122 DU 2 TC 55 K HF
T A

exp(— 2nVi/IRs) + exp(- 2nVy/IRs) = 1 (1)

[ R G (At Y 69272001) , BTAERT A ARBEF Ik S HHE S 602076) KR E AR AL e ( it HE S5 013602011) B B35 H

SRHNE WIS, IR B AR AR BT
RULEE  BORR, T bl T, M A A BRI
2003- 06-02 i ), 2003-09- 22 52 i

©2004 H[H L F 2 42



6 1 gkoHaREsE:  RHE

o T R 00 Ak 9 5 BT 10 P B 6 23 A1 mapping $EK 683

EIQVENEE
Re= o) (2)
e vy AV, S Wmﬂ!l trp 2, 3013, 4 R4
ZIBIRIR:f () A Van der Pane!™ S5 WA

T, REERAEP RS IS, Vi, Vo {3 0 25 ol RS
fi, (I8 3 Van der Pauw BRELI9 221k, Rs fHIRFE A
A AT IE A& R IX — 0 88, 0K 2 DY 4R 5 Ry-
maszewski V5 FEHH B 7 BB P X FERE OR ¥ TR E
I;t'/’J')‘B?_”i'f"“W[J AN I R, SCRFERET Ul 7% 4

DS HIAE T BN LA

T PUERER, 2 304k SR T TR, w1
JIToR, RS 400 B BE A v 2% JEU R AT

L T R 1, 2 TREF R AR S, 3, 4 TREFT)

HLAE 43 930 A
Rsl
Rsl
Py = ﬁln%
3.4 PRAER ) 1 o s V= $3- @= o an,J??U.
- Vi Rs | . = 2nVy 1
;= onin o WA exp( Rs )= 2°
y b
X, X3 (a, a)
©, a)
X 0,0 X, @0 *

M1 e

Fig. 1 Square probe testing map

[ BRI 1 8 2, 3 ARG, 4, 1 2REFZ 18]

. Rsl
Ha $y— ¥ = _2‘.‘;1112.
CIES ﬂxp( )— L V= Vi, Vo= Vs,

(1) SUkAL D\IIHJ(Z}IKL.I“JHT&?J‘ B BA = R 4T
2 T)JJM’HJHT FRATTRT I 22 3 2) St SR B
i (149 75 B g B

2.2 FEBIMRE RN
DL E BV BH 6 T 8 A% 52 0F 7 i i,

A1) F(2) AL, W] BT A E R TR O
WSROI, FHERNE—F 49858 Kk
RS IS N 2 30 2) VB B e BELfR a5 25 1 . 4
R a2 Boos, 03 «, y 7 RS 43 9k
x1, %2, 63, x4 LBy, yo, s, yae A ESE OO
SR, A LA AR A 1F 5 K 1710 2% 0.

Y

X,(x, 6+7,) X, la+x, a+y,)
f3
Xg(’.‘ +a.%,)
Ty
0, 0) x

B2 ks I i
Fig.2  Wandered probe testing map

BEIE U 1T 1, 2 I, 3. 4 G5 s
AR iIp]

Rsfl e Rslln r4

%= n nrz' 4= 2n rs
FLh, Va= 0
[ ERT 3K 2 2, 3 PREHE L I, 4, 1 #4522 [R)
IR Va = ‘o tn ™70 iy
2 ny.
exp(— TRS )+ exp(— u{:l) _ r1r3r:r6r2r4
gt U, (1) 2 (2) AR TEEE 5 B0 S AS i

FRT . AELSE: AR SR B MR ET RS A K, (2) AT
AL SE, AT T oh SR 10 7 Do s L. R TR AT K
WF5E— 5, N HI(2) A oh SR 0 7 Pl B 23t ok 2
KR 22, X A Re ASJEFE W Y 2L 52 J7 Y g B
Rs, REMEALIERE I, (1), (2) ST % Ar, Hon—
B DR ). B

T V]+ V. V| .
o ¥ (3)

b vy B Vage Vo B Var 55 Vi, Vo BI{EACATS

Rs =

IR rsreg rsre

Vi+ Vo= n n
! 2 2:":( rarg rirs

) (4)
Vi | rsre, TIsre
vy = In r3r4”nr|r3 (5)
VR REH IR, (4), (5) SRR, R
Vi, Vo s ELSE{E, R tHEFE & SEBR Ay e PHAH.
(4, (5) LAEN(3) XA,



684 5tk

Eie 25 4

Rs  rsrersr rsr rsr
= _AA§S r5relsie r'sre r'sre
Rs = 2n2™" ,"|1r'21r'3n1}r n r2r4/ln r|r3)
FrLAAT,
Rs 1

rsrer'sre rsre rsre
= n I]'l /IH
Rs 2In2 mrgr;r{' rarg r1r3) (6)

Ly, ro, v ra A 1, re IODEL RS SN ZW;.IL

& p= oL

rjrﬁrsrﬁ
Vy "= 22 Jf= f( )AL

r|rar3r4

= 1};5‘;- & a= 1, [)—[\[J X1, X2, X3, X4 u& Y1, ¥2, ¥3, V4
S3iAE T 0.1 0 B, 30815 7 T AL 1) 47
B SEATTACEE W] ™ i A% 1 20 A ), 3L 4L
£, WS 6561 A4S ¢ i ¢ LA Rr, IS A DL P
3 R,

0.885 0.95 l 0991 1.02 1.06

3 el LA AT

Fig. 3 Probablity distribution of r, and ¢

SNV SET 13 6561 ANk, FRAT143 Bk 11
R ZETE (5% ) 4K, EA 1o A e P 319?4‘\&’]

BISZIX, by BRI 2. 6% , L — 3840 0 1) rs—
re ps roof VASt IO INZR 1 TR,
e 0 R SR A I ) rs= e, p, oo BLAE (A

Table 1 Values of rs— rg, p, rs.f and ¢t corresponding to all

items oversteped the error range

rs= e p rs i '

0. 4164 1. 3496 0. 9504 0. 9889 0. 9399
- 0.4307 1. 3507 0. 9325 0. 9889 0.9222
- 0.4164 1. 3496 0. 9504 0. 9889 0. 9399
- 0. 5657 1 0. 8847 1 0. 8847
- 0.4307 1.3507 0. 9325 0. 9889 0.9222

0. 4307 1. 3507 0. 9325 0. 9889 0.9222

0. 4307 1.3507 0. 9325 0. 9889 0.9222

0. 4307 1. 3507 0. 9325 0. 9889 0.9222

0. 4164 1. 3496 0. 9504 0. 9889 0. 9399

0. 4307 1. 3507 0.9325 0. 9889 0.9222

AR A RVFVE R TS N p, ro. f BLICE
PR 2 2 .

22 TEIRIEEIH AN I TR R rs— re, p, roof LB (A1
Table 2 Values of rs— re p. ro.f and t corresponding to

some of items in the error range

rs— rg P re I !
0 | 1 1. 0002 1 1. 0002
0.2828 | 1 0.9719 1 0.9719
0 | 1.0086 1 0. 9998 0.9998
-0.2814 | 1.0551 0. 9699 0. 9986 0. 9685
0. 1493 1.3247 0. 9962 0. 9899 0. 9861
- 0.1478 1.392 0.9957 0. 9874 0. 9831
- 0. 1478 1.4208 1. 0077 0. 9863 0. 9938
0.2548 1.7794 1. 0087 0. 9709 0.9794
0 | 1.8658 1. 0337 0. 9669 0. 9995
0. 1616 2.3875 1. 0539 0. 9408 0.9916
XPLEE 1 2 AT ELEH, 2 ro> 1,01 B, N

Rymaszewski %, #e I Van der Pauw A B, ¢ {8 %
T 1, BEHHK A Rymaszewski 25 Ji7 %3 W8 45 A7 By
B, HER 1R IEEE Yo, 2 r< 1R, 53 L Van
der Pauw R ¥L)E, Simifl ¢ tbr, BE/N T, 05472 A
BRI v 22, H B KUK, 6 I Van der Pauw B 2K
Ja, AR ZEAE £1% LA I Bl L6143 i g s, 31X 0
i 3 nf PLE 2. i 2 o] LA H, XM p (BRI
Vi/ Va) BIARL RS TG 72 ) g AR &5 2R A2 A5 9% A2 e VRl
W2 £5% 2 . TSk T vk 5045 R 43 4T,
A BAURS518: (1) NREMKEE p A9 K/ K e
R AR R (2) FL oo fROE R 22 VE L 1, LX)
Il rs— rel #SEE LA 0. 35 %, 4f1E J5 B =A™
AR, iR LU Y g R, AT AT AR
IR AR, XS PRSI B AT A%, BRI R 2
5% LG 2. 6%, (HEANIAGELLX R 2z 40 T
AT AT A RRAS. B CAERATIAE B AT W
ARG GIN T TREFRAT B R 8 4, LR
WFl rs— rel ANEE LK) 0.35 £, BEH) exp( -

ZT[V:H 21V rirat rara
IR5)+ Exp[— IR&, ]_ rsrg H}J{E(ﬁ-ﬂ‘[l

1. 03) [ X ).
2.3 BEBREEEMRE EAANA

%Tt*ﬂu-‘u& P 2 ] DAFE I, PR UE S AN
ik AR 2290 B, FRATTRS R M 5 N 210K R
4, ,Lﬂf}KﬁéMﬁm R R B . 3T RE
TR ATAFEREL 1 7 T &5 0 ™ H AR (B 1, 3 F1 2, 4
PREF IR R 88 72, AR 30 A ) A 2 1 B 8 2 el i K 1)
0. 4 %) [N L, FeATTmT DAJE Ik % 2R B B % K 10
WAL, IEAE BT 0L R #BRE T A8 3, DURIE



6 1 i

R A TS R 0 Ak T T HRUBEL 2 43 AT mapping $E A 685

WASTE 1,3 M 2, 4 BREF AR 22 LK 0.4
SRR AT, AR S L 1 TS L.

Pel 4 F0 5 EFRATTN BT E DU E
FRIAREAR S P B 11 PR M 8 R 4, 6o AN 3 A Tk 22 R
PRI P T 5 e A 7 b B 1) 45 L

100 pm

Pl 4 Ak BT 2R 00 15 1 1%

Fig. 4 Probe tip positions before image treatment

B 5 AbER S R R0 T S

Fig. 5 Probe tip positions after image treatment

MELEPIAS ETE AR LA H, AT SR
B, 5e 4 T LURFEREH i 78 Ji 10 407 1 42 fhl /6 AT 4 &
BT E A, AT AL I 4 45 SR T {5,

3 mapping FTARNELER

FRATVLE B AT ()4 0] B B QDU BREH 3k
A7, BB AT RO R, AT AT SR A
SEPRET 00 43 A LA R Ui % 4 00, I 3o 7 T R I 7Y
LR 2 25 /T 0.1 ALK, A0 R 2 B /DS Dk
Pl LN P FEm (55 SCIRANVTR) , MR 212 7
0% 3~ dmm AbA5F Ik, N —ATEBOIT AL, AT
frofidsg, HRIER.

] 6 it FATT I Ay 325 45 1) 75mm BE Fy
14 1y LB 40 A1 1) mapping B (L4672 Qv em) . T E

WMAREZRE (1) B 2 360um, £ & 111 x, 7 ) UK ]
B oAy Tmm, BT FAE 05 8 750A (32 HYIX R /S 1 0
LI, 4 SCHR[ 7] BEAE 20 B, v BAGRAIE D 1 42 5] -4
/N ), SEA3 A 2N Sl 598 4. 13 3
4 hy 7 P B E

N
Rs= #Z‘,RS,: 218.4(¢) (N = 598)
Yo

P 6 HLBH SR A 2k mapping (L Qe em)

Fig. 6 Isoline mapping image of resistivity

M B AT O] W %% ) 1 (1 HBEL 2% 3 A1 13 10,
S A ARSI S BE, AT R 5 1 1 R
i, JF A LM SRS % AN A S
J&

Pi— Pu _ 32.4- 20.4
é(pﬂ o) é(32.4+ 20.4)

AT DL AR 5 9 S, R R e B R AN B A
bl A0 0 DU B A AN 38 A B (— <
20% ) ra1, s AT VAL SRR ) .

E = = 45%

4 it

it Rk X S % A A B o i 1T e BEL 6
A7, T LAAE 00 ek X Sl /S £ [0 s, R 00 e 14D R
Bt o — R AT 2 A R I g i B A X 3 X
PERE S5 BEBR IO B 1, AR AR K5 15 20 5
Z N .

S5 Xk

[ 1] Sun Yicai. Semiconductor testing technology. Beijing: Metallurgy In-



686 5tk

s,

s

1

25 4

[2]

[3]

[ 4]

[5]

dustry Publishing Company, 1984: 92( in Chinese) [ #hELF, 2= 5 1k
MR A JE 5t v 4 Lol IE AL, 1984: 92)

Keller S R. Semiconductor materials and their measurement. Beijing:
Metallurgy Industry Publishing Company, 1986: 247 ( in Chinese)
[Keller S R. 2= 5 4444 b B S0 k. Jb 5 o 42 0k Y RS AE,
1986: 247]

Rymaszewski R. Empirical method of calibrating a 4 point microarry
for measuring thirr filnr sheet resistance. Electron Lett, 1962, 3( 2) : 57
Van der Pauw L J. A method of measuring specific resistivity and hall
effect of dises of arbitrary shape. ] Philips Research Reports, 1958, 13
(Iy:1

Zhou Quande. Monitoring ion implantation in IC process by contour

[6]

[7]

mapping of sheet resigtance. Microelectronics, 2000, 30( 6): 410( in
Chinese) [ JI A, 1C 854 AT 20030 121 e BILAE A0 B 4%
Tl 1=, 2000, 30( 6) : 410)

Meng Qinghao, Sun Xinyu, Sun Yicai, et al. Mapping technigue for
measurement of sheet resistance distrubution, Chinese  Journal of
Semiconductors, 1997, 18(9) : 701( in Chinese) [ Wi JK it%., 757 52,
ShELEE, 25 B Mapping £5A%. 2 SR 540, 1997, 18
(9):701]

Sun Yicai, Liu Xinfu, Gao Zhenbin, et al. Four probe instrument for
measuring sheet resistance of microareas and its application. Research
& Progress of SSE, 2002, 22( 1) : 93( in Chinese) [ £ EAFF, 31 357 4,
(ST o W BN L g NS S R RPN O e T N L RGN
SEWFYT A RE, 2002, 22( 1) : 93]

Mapping Technique for Resistivity Distribution Measurement
on Cross Section of Original Silicon Monocrystal Using
Inclined Placed Square- Probe”

Zhang Yanhui, Sun Yicai, Liu Xinfu and Chen Zhiyong

( Institute o Microelectronics, Hebei University of Technology, Tiarjin

300130, China)

Abstract: A measuring method of the resistivity distribution for original Si mono crystal wafer using an inclined placed square probe is intro-

duced and Rymaszewski linear probe measurement is introduced into square- probe testing fields. The probe problem occurring in the testing pro-

cess and how to inspect and control the positions of the probe tips by using image and graph processing are all discussed. A mapping of an origi-

nal Si erystal wafer is obtained by this method. It is proved by the results that the accuracy can be ensured as the testing area is diminished ob-

viously, and this method is an effective testing method.
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