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History of lon Implanter and Its Future Perspective —— by Masayasu Tanjyo and Masao Naito —— Nissin lon

Equipment Co.,Ltd. has been mainly engaged in the manufacturing and sales business of medium current ion

implanters for manufacturing semiconductor devices since its establishment. The EXCEED® series has been widely

acknowledged by device manufacturers for its quality in the basic machine concepts and for its continued supplies

of the leading-edge models that meet ever-changing customer requirements. This paper reviews improvements in

the system performance and key technology of the EXCEED series, such as magnetic energy filter, radio frequency

(rf) plasma flood gun, precise implant angle control and high throughput endstation. The paper also looks toward the

technology for future ion implanters.
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ITRS 2007 Prospect for 1/2 Pitch & Gate Length

Year of i 03 [2004 11201 2015[2016{2017 [20 20212022
DRAM 1/2 pitch (nm) 10090 | 80 | 70 |65 | 57 |50 |45 |40 |36 |32 | 28 |25 |22 |20 |18 |16 | 14 |13 [ 11
Flash Poly Si 1/2 pitch (nm) 54 |45 |40 |36 (32|28 |25 (23|20 |18 |16 |14 |13 |11 (10| 9
MPU/ASIC Metal 1(M1) 12 pitch (nm) 68 |59 (52 |45 |40 |36 (32 |28 |25 |22 |20 (18 |16 | 14 |13 [ 11

LSTP Physical gate length (nm)| 76 | 65 | 53 | 45 | 45 | 37 |32 |28 |25 |23 (20 |18 (16 |14 (13 |11 [10| 9 |8 | 7
LOP Physical gate length (nm) | 65 | 63 | 45 | 37 |32 |28 |25 |23 |20 |18 [16 |14 |13 |11 |10 |9 | 8 | 7 |6.3 |56
MPU physical gate length (nm)| 45 | 87 | 32 |28 |25 |23 |20 |18 |16 |14 |13 |11 |10 |9 | 8 | 7 |6.3 |5.6 |5.0 (45
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lon Implantation Process & lon Implanter Classification
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Improvement of EXCEED Series lon Implanter Characteristics
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BEAR IHGR2
(Bernas-type Electron Active Reflection) (Indirectly Heated Cathode with electron active Reflection)
AFVR ATV
<Source life time> <Beam current> (epA)
BEAR IHGR2 Ener RAVAFY AT MEAF
Heavy user for P+++  ~100hr {400~500 hr v BEAR |IHG-R2| BEAR | IHG-R2 | BEAR |IHG-R2
Normal user for 300 keV 4 | 80 350 | 600 | 1500 | 600 | 1500
200~500 h hr~
Medium Recipe_|200~500"1] 3001 600keV® 9| — | — | 45 | 260 | — | 600
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¥FToH200mmy = — A HIZIE7 4 7 X FEPFG
(Plasma Flood Gun) %###{L CTw/ 23, EXCEED®
2300H LD 300mm 77 = — Iz iE, Sl 734 2 5
JoE UCBF L ZE MM PFG 2 L, wind
T = NEHTA A E—LIL T IR 2B LTy 2 —
NED TS AEME T AEBELTHEMT B AT LTH
5, 79RARETIITNAZAZARRLF vy —V 7y 738
DT, 77— FEEAUIED Inm DU TICH# 2o 72 T4 AT
BEF TR X —Z2BALEDMEEICIET % 3eVIITIC
TEMEND 5, UtOEAN PFGIZE T 2L X — %
K74y —T3eV ETIEMT 2822 T2, B
bk 7 4 9 2 v 2o Tz o a3 I .
WIREMmERE(BNE LR, F VAT vavy I D%k
EOBNDFEEWICI DT, SR PFG X, RITOM

Filament Type PFG RF Type PFG
Electron Energy 6eV 3eV
Electron Current Density 10 pA /cm? 20 pA /cm?
Life Time of PFG > 500 hr > 1000 hr
Filament type RF type erowave it
Filament Power Supply e
Filament Sheath Q= ;ﬁgmn“‘e”f”‘ it o
I PFG Current Monitor Bas Power  piagma

I Arc Power Supply
Coil
Front Faraday Top Plate

Supply
\55] Chamber Antenna  Insulator

Electron
o Mask Slit Reﬂg\z/tov
(-5v)

Plate
" \ ¥ . Hood Suppressor
Back p e ol
e
‘:l‘@(ﬁy?l l?l
Front
Refractor Power Supply -7 L Vacas

Hood Suppressor
Power Supply

@Low Electron Energy (3eV)
@Low Metal Contamination

@Longer PM cycle
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151%. International SEMATECH 2325 U 72 Y84k
Hwu—F=<v 7 ITRS2009 (International Roadmap
for Semiconductor 2009 4EFERK) #1075 & 5[ L 72 K AR
FIVPAIEDOU— Ry TTH S, kDR Y >
AV = ESIO 7 — FBIUIED b 5 VY AF I, A S
7— k& High-k 7 — MEEED + 7 v P 27 ICEEHRZ 5
1. FD-SOI (Fully Depleted-Silicon On Insulator) * !
 Multi-Gate & o XA 7 2 241213 2013 4 %
TIIBfT T3 L FPHENTwE, L2LAE2s, CCD -
CMOS & » % —% DRAM - Flash Memory & \»- 72 {54#
ORI NGB F AL 2D TIE, 2D X I X b
TV AIREETHER CBRETE 20MEL Toiv,
INGEFEEOERING 7 v P A Y THM{boEA 7
TN ARG, KD EEEOREABBEI L LD T
EXCEED®3000 Evo & EXCEED®9600 Evo o fkie i {k
2D 5, fib, KR 7RIS DEZF L X -5
F—X{HEA7 vt 21213 CLARIS®Y ) — X3S EHTE 5,
20084 lIcfk . 2 LV ¥ - EL TV Y —RAL X
CLARIS®<G1> 1, Au v AHEMHETH>7h, Fo v
+ 5 — & 1% CLARIS®<G2> % 20094V Y — A L, #HIZ
RAEFEIZY) v - EDFEATE 2RI 7 2873 ARE
CLARIS®<G3>% Y Y — 2§ il TH 5, AHEIFIEKT

Production Year 04] 05] 06| 07] 08] 09| 10] 1] 12 18] 14] 15] 16] 17] 18] 19] 20

Technology Node (nm)

DRAM 1/2Pitch 90nm 65nm 45nm 32nm 22nm | 16nm

Technology Node (nm)
Flash Poly Si 1/2  Pitch

Poly-Si Gate
(Classical MOS)

Metal |Bulk-MOS [ ‘

— 54nm 36nm 25nm 18nm 13nm

High-k |FD-SOI [ ®

Gate |Multi Gate ®

A\ 4

450mm Wafer
Production

v

REREFEE = A2,/ High-k7'— k. FD-SOI </LF45— b
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WX —BRLE Lo THEER 71X 2D 2L ¥ il % 1%
EHN—9 2% Z L5, EXCEED® & CLARIS®T, MeV
FEAUNDA F VEAT AL AZTRTAN—TEL L%
ATW5,

K152, V==Y A ZOIHKROTFHHFEHE L TH
% H3ei iR 2 BR K F @ Intel Corporation, Samsung
Electronics Co., Ltd., Taiwan Semiconductor Manufacturing
Company, Ltd.® Group Tl&, 20152 ¥ =%y F £ L
T450mm 7 = — N TOEEPHHN I N T2, Zoiil
= — RIZHRHE LT, B < 450mm ek & BAFS T 5 0
HTdH5,

wEIC, ¥ a yHEIRIC BIEREE TS M D w T oA
F Vi ABMOBH T IO W TERLT %, SiICT3A A
FEZ 2T AL APELRABFEEOXMAT N 2L LT
BOORHICHEH 2 £ 0 T %, SICHRITFEIRMEDH 5 2
EPHA Y N—Y DRIBLIFHRIGEPHIFTE, B
BLOELIRNT—FTNRL AT VP RAVICHEREF b
TERD, 44 v F U EDRBSICEMR Z FR T 2 D H3H
HTEaX bokd, GRS T, Lard
2, BOEEME D 6 A > FRKOEESiC M 2 T % Befli
PHFES I, A A VIEAZFIATCENEEEE ) 2 LT
E LTRSS T T E X, Mtkld, RERDAIL A v E—24
% RIS ATE 2 SICH A 4 i AZEE © ImpHeat
ZVY—RA L%, CHUTKDEEEESEEVREBICLS
TN Ak DRI, EEROKK, HHOBKE Vo7
MHIRIE DRI L5,

MEMS %, Solar cell 7 ~oifix, #iGa 2 + o
BEDYE\ODS, ZNZNDTNA ZADERZ /LT % simple
R AEZ LT 2 U, KB g 0t n 5 B
HrzHLTwS

EREM T 4 A7V —Ic v 505 LTPS-TFT (Low
Temperature Poly Silicon Thin Film Transistor) #i&
A A HEABEEIC O W TE, 20 4ERTICAZEETT ;0 B
ZIFU YT, THEERIMEZH#ARLTED, 4.5
AR 7 2 FEBCR IR E B 2 & &1, KR 5.5 1AL
TN IRLEERH T 2 3 . ERE A = — b 7 & v OFHFfE
B K 3 =—RfERICHEDE TAZBG L 72,
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1  MOSFET

Metal Oxide Silicon Field Effect Transistor : #5245 k
7 VPR DI TLSIOFTlRD Il I w3

%2 LSTP
Low Stand-by Power : {K£5#%E: % 7 MOSFET O &5,
WCHERESSICEDNTVRE PV YRS,

%3 LOP
Low Operational Power : {&&){E& /s MOSFET D WEFR,
FlIARAV avEflbN TR 7 VvPRY,

%4  MPU/ASIC

Micro-Processor/Application Specific Integrated
Circuit : 2> ¥ 2 —% W THAR 2 RLIE 2 17 9 84
Fv 7/ % B REDRED I ICHEG - WG XS LSIo
T, IR S EEEEE

%5  CMOSFET
Complimentary MOSFET : PRI MOSFET & NI MOSFET
O FL B LR > 72 s 7 v P AT AT A &I
& WAN L (N

%6 Vit
Threshold Voltage (L & WiHEHE) : 7 ¥ L ICD
ON/OFF AJJ Bt H:,

%7 PIIEA
Patterning ImplantationjE A : 7 = — NZHEAT % & &
127 = — NN A %2 6l U 7233 A5,

%8 BEAR

Bernas-type Electron Active Reflection : /NX—F X A &

yﬁ@fﬁfvi&%wu7v7&tﬁ%®%ﬁ%mm¢
2 & D ET 2 RIS S TA A v AR

ﬁ®\747X/Fﬁﬁ%ﬁﬁLk4jyﬁo

%9 IHC-R

Indirectly Heated Cathode-Active Reflection : 7 4 7
AV BT IARICEERI NG WL HITT 7 A< LD
oAy —F (BEfR) 2Bl AY—Fid74 7 Xk
225 DEE T TMEAINT T 7 A2 ERHOEE % H/E
T4 4 Vi, Zflif4 A4 > E— LB PR L EFHm,

%10 ITRS2009

International Roadmap for Semiconductor 2009 4 f&
i : International SEMATECH 23AF L 722 koo —
= 772009 FEhil,



%11 FD-SOI
Fully Depleted-Silicon On Insulator : #{KH 2% 1564
RZMSOI L7 vy RS,

¥ 12 LTPS-TFT

Low Temperature Poly Silicon Thin Film Transistor :
BAY ) aviilis 7 v P28, T4 A 7L —
DUAA v F v T3,
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