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HIGH-EFFICIENCY DEVICE RESEARCH

«lemeator 143 %€ 2 DMz FIRS T USE OF ki

C~ L2 om-=) FOLY AS PASiS T VeanNt
FOR EBEAUCIT SURFACE, REFLA2AMIZING  [3$537
INEGITI IR

rataonales

LOWER TEMF. FROCESSING (H75<(C)
NON-CRITICAL DEFOSITION FPROCESS
FOST—DEFOSIT HEATING UNIMFORTANT
DROFS S EVERN IF DOFING>1Q* > /cm™

SamMmpPl awx

®IN— AND F—FRASES (2 O—cm) 3 CcCz Sa
® T <y L1OT1Oum except oOoNE
P IRESUIL. TS AVEFRAGED, 10 To oy Cetot.s

T AMD YO TOMTYROL =

rress3l ts oz

e S AND RED RESFONSE (N. O. &Sum)

® 3 = LD cm/’ss FOR mnm—EBASE .

8 S and RSRKR EFTTER THAaN ROC AanND
LS

® T IS T —FROO THA S = K F L Y WFSE 3

O LUMMARI ZED ON TNAIWLE (VIS
® FSCUCD METHOD MEASURES S (VG

Rl cataons LINDHOLL M,
I UIGHROGCHEEL ., AICTFEF RN, | G SR LE @&
LU ECTRON DEWV . LETT, =W = Far)

TABLE 1

Summary of measured parameters at 28° C, (no AR coating). The cells have
area A = 4 cm® and thickness of about 210 ¢+ 10 ym except for cell 2N which was
330 ym thick., The results are the average values from 10-20 cells.

— o ]
Base back Voc [5cr(2>0.6um) L S

Cell type contact (mV) (mA) (um) (em/s)
1P ) ohmic 573 63 310-350 4 4
2P p BSF 574 64 310-350 4,2x107-5x10
5P ) poly=-Si 583 67.7 310-350 1100-1500

BSF
1N n ohmic 566 62.7 190-250
2N n BSF 565 65.2 190-250 700-1000
5N n poly=-Si 591 65.5 190-250 100-160

BSF
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c.|# Oscilloscope
e H —j
o

I

Exik B4

|<

Fig. 4(a) Electronic circuit used in the SCCD method. The switching time of
the power MOSFET is less than 100 nsec.

log, 1)

Slope o< T,

7
o) /

(b}

Fig. 4(b) Schematic illustration of the current decay displayed on a log
scale,
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HIGH-EFFICIENCY DEVICE RESEARCH

FUTURE 2 ONGOINGSs HD FOL VY
CONTACT
e et

1. ONE ADDITIONAL RUN COMPLETED,
F—EASE , A=0O. 130cm, FZ Si, 8 mail
L(expeactaead) ~JT0O0umMm L. (ot )=12Tum
PROCESS NOT UNDER CONTROL

S IGHT IMPROVEMENTS (I .,V . RSR)
rationales:s SHOW BSF ACTION FOR
P=O. 15 0N0Ccm

Z. FRESENT RUN
—BASE, P=O.3Acm, FZ, 14 milms,

FOL.Y UNDESFfT GRID LLINES

rratioma.l =2 RECT_ACICE TIUOMMEL OY YDE
IDEA. AREAL. INHOMOGENEITY A
Voc"‘

= NEAR FUTURE RUNS

USE THIN C-.1SOum)d BASES OF
P~ . 1 0O0CMm. o« . CONTACT EBACK BY HD
FPOL Y. .. INTERLEAVE FRONT WITH

OXIDIZ AND FOLY /Z7METAL CONTACT.

a. PREDICTIONS OF MAX %

IF USE AEROAVE SCHEME, AND ASSUME
RADIAT IVE AND AUGEKR PROCESGES
CONTROL. ©t, % & 223%. ..SAr, TR
JFL-OSLT89- S4 -1. . - RESULTS BASED
ON NUMBERS FOR S IN VU GRAFHS TO
FOLLOW.
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HIGH-EFFICIENCY DEVICE RESEARCH ORIGINAL 1/ 7K 13

OF POOR QUALITY

HD FOL. .Y (MECHANISMS)

descriptions:

SFECIAL TEST STRUCTURES
CiHERM. 2. STRUCT «»>»ELECTRICAL.
DIZTERMINE S AT INTERFACE
HD FOLY IS $SizAs

NO INTERFACIAL OXIDE

CVvD FOLY AT &70<C

results: 2 MECHANISMS

1) LOW u INTERFACE REGION~N~1O0OO0QH
on(inter face) ~ O O0OTS am=/o

e L (amNmnterface ~ 1004

P IT AR DY MA C1mnmter+) ~ 1O=* oo

e Srrainmn =1 ZTe W QO E or Saamorph .
= e OW—HI JCT IF Ndlow) 210V /.o

IF N~10O*=/cc, S=<15 cm/s

TF NZ1Ore /e ceeNC(EFF)  SX1000 cm/7s

implications:s HD FOLY CaAaiN CuT
FECOMEBINAT ION LOSS AT EOTH FRONT
AND EACK SURFACES

2rblicatons . Neugroschel , et .

eal TEEN Terv . ams . EXl erctroOnmn
Deavi ces ., 3077 —31 &H G /35
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14y _PULY MECHANISMS: 1 .EY 1DEAS

FREVIOUS WORK ON FOL Y /ZN-=-

HIARD Tt SEFARATE S AND .

HERE USE THIN CO-.8Mmum>?> N—-EPFPI.
LOW DOFING (103s,co) OoN ©O. 0868 Ncecm

- TYFE SUBSTRATE.

SAMFPLES:s METAL/7FOLY/N—-EFPI /F-+

CONTROL.S: METAL/ N—E~I/F+

THICKNESS OF N—EFI VARIED.

VARIOUS TYFES OF 13500A FPOLY
AND HEAT TREATMENTS STUDIED WITH
TEM AND SIMS TO REVEAIL. STRUCTURE

AND CHEMISTRY
ELECTRICAL MEASUREMENTS VvS. T

ArD VvV TO SEFARATE THE CURRENT

COMFONENTS..
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¥ - contact i AL
r—— " o ——\ .{ polysilicon
fil
__?l? ! r_/ Im
Si0, - L Si0,
n - epi
-/
p - substrate
(a)
— 1" - contact ring Al
¥
| ' |
Al J
Si0, Sio,

p - substrate
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AS CONCENTRATION (cni)

ARSENIC CONCENTRATION (cni®)

- ,.022,-— T T T Bl R K
in ~ situ monocrystat
10214 __ doped layer ’
|
|
|
10201 I \1a
{
10'9}-
10'8 P R L —
0 100 200 300
DEPTH (nm)
(a)
W71
undoped layer mono-
doped layer l.(“ deposited) crystal
16%'E :
1J
£
1020 !
H
i
19 '
10 !
!
(
108 !
I
|
|
10" | L - r L
° 100 200 300
DEPTH (nm)
(b)
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polysilicon ._I |_._monosilicon

bulk

grain
boundary

7777

~-5x ‘IozoAs/cm3

metallurgical
polysilicon ~
monosilicon
interface

< 10'® As/em®

Vi
l AW |= intertacial

layer
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HIGH-EFF.CIENCY DEVICE RESEARCH

TABLE 1

Summary of heat treatments and electrical measurements.
silicon contacts were performed in argon.
25°C.

Heat treatments for poly-
Electrical measurements were done at

CONTACT

DEVICE HEAT 0 S omax
TREATMENT (10-13A/7¢m?) (cm/sec)
" Undoped 1€ none (5.8 ¢+ 0.4) x 103 ~ 106
Polysilicon If 800°C, 64 hrs (5.5 ¢+ 0.5) x 103  ~ 108
" (1500 A) 16 900°C, 5 min (5.5 ¢ 0.5) x 103 ~ 106
3 In-situ 1A none 74 0.3 175
Doped 18 800°C, 64 hrs 10 £ 1.5 250
Polysilicon 1C 900°C, 5 min 6.6 £+ 0.5 175 ,
(1500 A) 10 900°C, 15 min 6.5 ¢ 0.3 165 !
28E  1000°C, 15 min 61+ 0.5 165
Bilayer: 11 none (4.2¢ 0.2) x 103~ 106 :
1500 A undoped + 1J 800°C, 64 hrs 4.9 ¢+ 0.6 175
1000 A in-situ 1K 900°C, 15 min (4.2 + 0.2) x 103  ~ 106
doped L 850°C, 14 hrs 5.2 ¢ 0.6 180
28A  750°C, 8 hrs (4.0 £ 0.3) x 103~ 10°
Metal 450°C, 20 min (5¢ 1) x 103 ~ 105
Reference
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