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Current Properties of Wire Electrical Discharge
Machining of P-Type Solar Silicon
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Abstract: In order to improve the efficiency of wire electrical discharge machining (WEDM) of solar
silicon, a diode-resistance ( DR) circuit model for P-type solar silicon WEDM was created to analyze
the current properties under constant voltage power supply. Theoretical analysis reveals that the circuit
current is determined mainly by the diode at the discharge end and the body resistance of silicon. With
the discharge continuing, the current is blocked by the increase of avalanche voltage of the diode due
to high temperature, but is boosted by the decrease of body resistance due to heat transfer. As a result,
a U-type discharge current curve is generated; i. e. , the discharge current is high on the both sides
and flat in the middle. To verify the theoretical analysis, a P-type solar silicon with resistivity of
2.1 Q - cm was machined by WEDM in experiments, and a single pulse discharge current waveform
was picked up. The experimental results show that the discharge current started from 4 A, then
dropped to 3.2 A, and rose to 5.2 A at the end of discharge, which confirms the discharge current
characteristics of the solar silicon deduced by theoretical analysis.
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Fig.1 Schematic diagram of reversed polarity
machining of P-type silicon
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Fig.2 Diode-resistance (DR) circuit schematic of
WEDM for silicon




%18

EREA R KA P A Ak b d] b i 4d 25

2 HERER
2.1 JHEEEER

HH K AR RS W] A, 2 rE AR 22 S REAT LR
BRI, 1 ) BELAR K, FEL B 7 i P PR L &
ERANTE AR b, B A [ B AL T W RS, itk 2
SREM R IR B E A IR R GE A4 61T 2818 R 8/
B, B 2% T FE 3SR S AN B 1 x 10° V/em, =4
BT RS, 7E 10 ~ 100 ns N, &F il B i 5F
W IB14 5T, T 880 F 38 3, (1] B R, BEL 98 /N B L 43 =2
— K48, (1] B R R T T R 3 K FE R B 4E e L R
Vac (20 ~25 V) ™1yt 424 F 16 B A8 IO 8 R
S 7E [ B b FRUR Y Ve =20 V.
2.2 HtERmiEAER

#m S P AUEEA RHE S, BT & Bk
YR ECSREAR R, P AR e A S TR T
&R RIRM R AL . SR TR,
HNTE R R IR AR, Bk, Dy, 4 BEAR 7Y
AT R AL T IERIR ST B B A AR X T —
MRS P RIEEM RHUE B H FrEE AR 1 E
E%ﬁﬁ{ﬁﬂ: 1 V,H Visw =1 V.
2.3 I ERimEEAAEE

R TR1 A BT e AR 6 A B[] P 28 2e0 55 A v B T L
TR B S, 7 B I L RO I B B KB
& BRFRIREARRBAR Y TEBLN N B
B, 5 P BIGEADRHE ALY BUZE L PN B S8 AR 2.
Htt, Dy FRERIA] a4k —A~ PN " Y B3 SR AR 2%
MR AR, 76 8 B v 4 T I el ELAR A, 1)
1A — A B S B 2 B, 2B AR AR
MRAEESE i R RN AR AR NS

VB%60(5_01)3/2(1](\)]_016)-3/4’ ()

Her: E; R SRR 257 T8 B, RE R 25 58
FE;=1.1eV; N, HRBIR—MK 2Bk E, B
RERPRL 25 7 CHR BE. A< SCSE 50 B F I K FH BB G Ak 1)
HHE p=2.1 Q-cm, N, =5.95 x 10 em *1" 4§
ARK(1), 115845 V, =88.5 V.

KROMERTER, — &V, lERENFH
R EARRL 3G K, B IE TR R Yk ETE
BUG R RLE TR R Z BT, V, dig k.
2.4 {keBPEAERY

EF v 55 R S R [E] R ARL 2R ik, B —
FE TR, HE 1 Ry 538 &8 A EEARR,
BT, FEARTE N Doy M D HIPAMR. Dy PR 3

RURAS LU B8 IR AE E , RS TR A
FEAA A4 Al T AR, AT 0L TG B i, Dgc PHAR E R
AR HLBR AR AR, 5700 FE s G e L 2% 32 i T R
K. PR BT AR B3 T, AR IR . X
TP, HRETRE —EE)E, BHREE
BRI, FT LA 22 T P, A ST 75 T P AR A
B A rLBE. X TR BEELAI (200 CRATR) BTy,
AT LAA D B B R A AR A 2. 3l A 1 IR
L, HBETE AR 1 AR E E , O B @ B ) B AR
JEH /N, IR B R, W LK B0 x 10° CRLE,
WE I B PP FE S B0, A RHIR BE B AR Ke
THCHR A RT3 R 200 °C. ) 25 3L 1) (R O 3k
SRTED ) BRA Dsc B BEAR:. 1BURE <5 1L T D > BR T, 36f o
A (R SRR AR ) D9 ry KT ARAERS Dgy
FEAR B AV IMR 22, AT LA g i Ak
R-TRHEMRA Ry RN

Ry =2 (2)
Ty

HK(2) RUMERES EREMF R L, %12
WK TR s AR, SAPRCE AR R
S [E] A 26, HOAR T S5 R0 Al T A 67 . 38 R A
TR ry, TEAALRITESE.

3 MERRTE

7EFE 2 () DR B8 L fificoh o B , fL B P T
1, Bkofre FE VL A L £ i R L P 2
VETERR I R L, A1 ok 57 T AR i i 3, o
VA L AR R K ML TR AT 0

V=I(Rs +R,) + Vgsy + Vgsc + Vic, (3)
_ V- VRSC - VRC - VRSM
I= R, +R, . (4)

N (4) BLRE T I T[] it , 7R B AR A
V, Visw, Vac Ml Ry BEALRFFAAL, Vis T Ry BEEH
TR 7 AR B E T AR 4. TR S T TR U L BCH AR
AR BEAE L RO PE T T 3P TR, — 7 TR L s —
A BRI A PR B AR B 9 R T T B 9
Vise 38R, X v A BELAS A6 5 79 — T T P L3R
A BB 17 A L% 3 , v TRLAEK Pl BEL R A RO VS BT 2
WK, ry R, R B/, BRRVEESE Ry /), X
P PR . R T S B Ak 3R T A A JRLE
TR, PR R AL 38, e X o G BELAS R
P, LA B T . BEE TR 4k ekt , R
T AR IR BE 2% B A A, R MELR SR T, Pufe s
Zeid— BRI AT B B B AR N —E TR BE , ik X



26 B @\ X

il

X

o

¥ ¥ R %45 %

R AR R E B, B 3 2 BTt FE WD
TERZRET , el B P2 Bk s T 0 2 ot
BN, ARG BRIERE , R RS LT, B B
fk e B B AR, ORI, AR RIS AR i B
T PRI

4 X I

h T HE_EARFEE IR R, I R EZLH
KIELOVEIWLR X P RYK B 68 Bk 17 L )
E, TESHILE 1, 6 S B 25 8B
HH A A bk o R PR LB R TR AN L 3 B, A
il T D AMEE (SEM) WLER T 5k A V1) 51 ) 32 TH 75O0
TEA AN E 4 B,

®1 BMEMIIZSH
Tab.1 Parameters of discharge machining
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Fig.3 Discharge wave form of WEDM
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Tab.2 Values of Ry and r,; under different currents
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