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utive Overview

Junction scaling for 22nm node planar and FINFET
CMOS requires low energy implantation but the surface
oxide thickness will determine the energy (>83eV) and
dose. Engineering the surface amorphous layer
maximizes dopant activation, reduces implant damage
and junction leakage with sub-melt laser or flash lamp
annealing. The annealing process and equipment must
be optimized to prevent strain relaxation, high-k/metal
gate stack failure and wafer breakage.
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Introduction
— Defect and junction leakage reduction

— JOB Technologies:
e 22nm low defect and leakage p+ USJ
e 22nm high activation n+ USJ
« 22nm eSIC strain by implant ation
« 16nm FINFET high tilt implant retained dose

Planar CMOS Doping

FINFET CMOS Doping

MSA Process And Equipment Design Issues
Summary
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- Junction leakage become
larger by shallower SDext

with MSA

‘ J.0.B. Technologies (Strategic
arketing, Sales &
” g 2

—

—
We want to know “What is
the main cause of leak

increase”
L/I Gate poly

(A) S/Dexl(;IDL?
(B)Side of deep S/D

I
(D) STI

(C) bottom of deep S/D

A=HALO (BTBT)

B=HALO & PAI (EOR damage)
C=Residual implant damage & HALO?
D=STI stress induced leakage

4



Low Damageimpiantétion

 Improve self-amorphization, lower critical implant doses for
amorphization and smooth amorphous interfaces thereby
reducing EOR damage and residual implant damage while
enhancing dopant activation with MSA
— Higher implant beam current or dose rate improves self-amorphization

— Lower implant wafer temperature (cold or cryo-implantation) OC to -160C
using chilled water of liquid nitrogen wafer cooling

— Use molecular dopants (B18H22, B36H44, As4 or P4) improves self-
amorphization

— Use heavier ions for PAI (In, Sb or Xe), also He-PAl

- Stable defects and reduction in residual implant damage
thereby improving junction leakage
— Higher MSA peak temperature
— Pre/post MSA diffusion-less spike/RTA<900C
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« Planar CMOS Doping
— 22nm and 16nm node

 FINFET CMOS Doping
 MSA Process And Equipment Design Issues
 Summary & Next
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Low Energy Implant Approach I

m Monomer ion beam:

— Deceleration of higher energy ion / ‘ .
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B: 100-350eV/1E15
— B, Ge-PAI+B or Xe-PAI+B

BF2: 500-890eV/1E15
— BF2, Ge-PAI+BF2 or Xe-PAI+BF2

Boron wlmtmm Mm' Yecn
1175C ‘ Al 13,8! NzP 158 16/C1 17|Ar 14

1225C

1275C
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Retained D 4/cm?2 Limits MSA Dopant
Activation Level To <Bss (<1.2E20/cm3)!

1.2E+15

1E+15
8E+14

Flash Rs= Bss>1E20/cm3
6E+14_ — — — —

— {ElashRs=9F19/cm3 _ __ _Tg_____ W N -] -

Boron Retained Dose (1/cm2)

4E+14

2E+14
0 T T T T T
0 2 4 6 8 10 12 14 16
Xj Junction Depth @ 5E18/cm3 (nm)
Borland, Semiconductor International, Dec. 2006, p.49
J.0.B. Technology (Strategic 14
- Marketing, Sales & Technology)

S, N



JOB: Sample 8 (1325C anneal) after HF dip
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~"22nm Node p+ Junction
Scaling Using B36H44 And
Laser Annealing
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Insight-200

JT

— Varian He-PAl excellent junction leakage
— UJT He-PAIl no EOR defects and (low leakage 11T-2004)

* QOleg of IBM

— Insight invited paper said that series resistance more critical than SCE
so this drives to deeper junctions. Higher dopant activation by adding
up to 8 laser passes for As n+ USJ. But gate oxide failure at
temperature >1300C.

— IWJT invited paper said because of difficulties with epi or implant for
eSIiC a HYBRID approach is another option (SEG+implant) .
 AMD/Dresden IWJT

— With eSiGe BF2 SDE implant leakage is 5x higher than B and
amorphization reduces strain.

— For eSIC by C-implantation no significant nMOS device improvement.
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Using Deep PAI+C,H,+P4 With

Laser Annealing
IEEE/RTP-2009
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C-substituted Si by HRXRD
P4+C (no PAI, Ge-PAI, Xe-PAIl & Sb-PAl)
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* Planar CMOS Doping

« FINFET CMOS Doping
— 16nm Node Bulk or SOI?

MSA Process And Equipment Design Issues
Summary & Next
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Summary. of FINFET At VLS| Sym-2008'&
IEDM-2008

VLSI Sym 2008:

Planar CMOS to 22nm Node

— Intel said SRAM needs Bulk FInFET/Trigate at 16nm or Floating Body
Cell (Mark Bohr)

« HK/MG+strain-Si makes pMOS almost equal to nMOS at 45nm node

IEDM 2008:

ITRS-2008 update (Iwai-san TIT):
— FD-SOI CMOS delayed until 2013
— FINnFET delayed to 2015 (16nm node)

Intel:
— Stated that FINFET not ready for 22nm node manufacturing (K. Kuhn).

kJ.O.B. Technologies (Strategic 34
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ceniered ror mgn-perrormance 10g1c, OT = 1UUnA//Um at vg,= uU.
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Figure 1: Schematic of the planar FinFET structure. Light(gray) regions
indicate the single crystal silicon mesa wsed for the fin and source/drain
pads, dark(red) regions indicate the polysilicon gate line and pad.

—

d: SDG extension implants, tilt of 45%,
' ~aly one of following per wafeg,

T

18
33
38
30 |

ADG gate and extension implants, tilt of 30°. Both of the gate implants

ere done for each wafer, but only ene of extension implants per walg
m Allon fie)

chnologies (Strategic

Dosc I Snoc Dir Dose/2 | E
(rel) | (e | °P° (reh) | (el

0.62 1.00 | As 1.00 0.50
0.62 1.00 | BF: 1.00 0.25

Table 2: Extension and gate implant conditions. SDG Dose and energy is
given n relative units, Ra is the simulated 10% interstitial 51
concentration range after implant, measured normal to fin surface.

Kedzierski et al, IEDM-2001
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Retained Chemlcal Dose Versus

Electrical Activation Limited
Conformal Doping

John Ogawa Borland
J.0O.B. Technologies, Aiea, Hawal
&
Masayasu Tanjyo, Tsutomu Nagayama and Nariaki Hamamoto
Nissin lon Equipment, Kyoto, Japan
INSIGHTS 2009




B-Type Substrate o Energy Dose Tilt Twist ( RS ) ™ as I/15IM§ | after anneal
No. [kev] | [fcm2] [ [deg] [deg] (CQfsq) | %STD |TWunits| %STD (Xj) A MS (X
slotl 8.0 i) 1007.00 2.759 205.23 2.170 110 100
. slot2 8.0 15 1027.40 2.652 203.97 2.210
Eli_;—:; slot3 Bls 9.0 5.50E+13 30 0 1014.40 2.739 224.16 2.420 125
slotd 11.0 45 1026.40 2.816 255.79 2.310 140
slots 16.0 60 1038.00 2.873 355.94 2.050 175 165
slota 2.00 0 2233.50 1.820 53741 0.900 130 120
BE2-Tilt slot7 2.00 15 2439.20 1.831 532,75 0.970
Depend slotd BF2 2.00 1.00E+15 30 1] 2533540 1.719 530.15 1.020
slot9 3.00 45 1928.10 1.635 568.92 0.680
slotlo 4.00 60 1766.80 1.460 S81.78 0.480 175 165
slotll 0.50 1] 2035.00 2.515 597.82 1.200 175 205
(B-Tillt slotl2 0.52 15 1983.00 3.104 594,29 1.110
slotl3 B 0.58 1.00E+15 30 0 2027.00 2.580 617.06 0.720
Depend) slotld 0.71 45 200700 2.468 629.77 0.420 235 255
slotls 1.00 60
818 Energy slotle 8.0 1688.80 2.693 183.59 1.910 70
Depend slotl? Bl18 16.0 5.50E+13 60 1] 1045.00 2.917 353.95 2.050 165
slotls 32.0 658.323 4,105 582.90 0.290 285
BF2 Energy slotl9 2.0 3995.00 1.409 436.46 2.230 o0
Depend slot20 BF2 4.0 1.00E+15 60 1] 1668.90 1.671 579,73 0.490 165
slot21 8.0 750.80 0.948 582.16 0.410 250
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Retained Chemical'Dose Versus Tilt Angle

140E+15.4
120E+15 == —
__________ *BF2
————— mB18
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1.00E+15 = 5 E—
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©
o
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]
©
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Tilt Angle
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Bss (carriers/cm3)

1.40E+20
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Boron Solid Solubility
1400C=5E2( 500 |
1100 20
P00C=2E20
900C=1.2E20
800C=5E19—>c \\‘w,‘*
700C=2.3E19 e =
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Implant Matri .Onm Surface Oxide To
Det Ine If Retained Dose Is Sputter Or

Surface Reflection Limited

« B18H22:
— 200eV/1E15, 0 & 45 degree tilt
— 200eV/2E15, 0 degree tilt
— 500eV/1E15, 0 & 45 degree tilt
— 500eV/2E15, 0 degree tilt
— 1keV/1E15, 0 degree tilt

- B36H44.
— 200eV/1E15, 0 degree tilt
— 500eV/1E15, O degree tilt

* B:
— 500eV/1E15, 45 degree tilt

kJ.O.B. Technologies (Strategic 42
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B, B18 & B36-Retained Dose
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5.00E+14 B36
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200E+14
0. D0E+DD
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_ ) Implant Depth {nm)
: J.O.B. Technologies (Strategic 43
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+ B18/1E15
m B18/45tilt
3 = B18/2E15 B36
« B36/1E15 ~ . BIB/2E1S B18
B
2.5 F
f B18/45 tilt
2 ;4{};
2.0nm B
Initial Surface
15 Oxide Thickness
1 -
0.5
[I 1 1 1 1 1 1
0.0 £ 10.0 15.0 20.0 25.0 30.0
J.0.B. Technologies (Strategic 44
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B, B18 & B36 Dose Loss Study: .
As suggested-by EAG repeat test with Si/SiGe Epi marker layer. | suggest we use

2nm oxideLlOnTh/SiMOnm SiGe Epi wafer and also without 2nm oxide but with hydrogen
surface termination which will be free of native oxide except oxide grown during implant.

«Control no implant
*B (200eV/1E15)

*B18 (200eV/1E15)
*B36 (200eV/1E15)

H2/Si/SiGe  SiO2/Si/SiGe

X X EAG deltai-st wafer

X X LS i

X X o A N iy

Ge CONCENTRATION (atom%)

100

200

300 400

500

600

DEPTH (A)
(FIEAG S—
Wiater Mo, pre—process Ellipgo Meazurement Implantation
SiCe H? bake { TEQS | Si02/c-5i | monitar Si Ty} Eneray Inn Dioze Boron Doze tit | twist | step

W92-0003-1 = 344

W92-0003-22 ?:E 300G, 30min 164 E 020 ke - 100E+15 fem2 | OF o 1
WA2-0003-23 5 144 E1a 0400 ke' : BESE+13 Aem? P 100EH1S fem?2 § O° o 1
WA2-0003-24 E 2048 =Kl 0800 ke § 27BE+13 fem? | 100E+1S fom? 1
W94-0020-22 g 2408

W94-0030-23 E o 2378 034 B o020 ket - 100E+15 fem? | 07 o 1
WA4-0020-24 I 2360 E12 0400 ket § BESE+1E Aem? | 100E+1S fem2 | O° o 1
W94-0020-26 o 2364 B3 0800 ke i 278E+13 fem? P 100EHS fem?2 i O° o 1




Outli
"+ |ntroduction

* Planar CMOS Doping
 FINFET CMOS Doping

« MSA Process And Equipment Design Issues

Summary & Next

LJ.O.B. Technologies (Strategic
- Marketing, Sales &
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& Spike Results Temperature?
Bss (atoms/cm3)

1.BE+20

1.6E420
1.4E+20
1.2E+20
1E+20
BE+19
6E+12
4E+19 -
2E+19 -
0 : ; :

650CSPE Q0aC 5pike S00C 1000C Spike 1000C 1050C 5pike  Flash-ODMS  Flash-MTSM
Spike+FLA Spike+FLA

J.0.B. Technology (Strategic
rketing, Sales & Technology)

HB

B Ge+B
B BF2
B B10H=

B Bl18Hx
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Extension eakage) -

(with MISA e
shlewall depasition)

B el aflor @ike-RTA
Iw.o. Msa
Q ==y akrapheRTA

lon Leakage Current (A/cm?2)
.00E-02

? ——- B200eV ; A5 'f.,f.’:.'.'l....,..'.'.'.'.'.f.:.
. |-m-5keVGe+B
1.00E-03 890eVBF2 5
i 5keVGe+BF2 o
| |- 4keVB18H22 g
1.00E-04 - I'\ \ Depth (a.u.)
- / \ Yamamoto et al., IWJT| 2008,
- I \ MSA pins F in substitutional
1.00E-05 : I' " site and degrades leakage!
- [
: : 1 F effect: Noda (MRS 2008), Yamamojto
[ I | (IWJT 2008), England (11T 2008 P41))
1.00E-06 + -
g —
_ — v
/ A
1.00E-08 . . . . . |
. 900C spike Spike+FLA FLA+Spike Flash SPE SPE+FLA FLA+SPE
J.O0.B. Technoldgies(Siratagic 48
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efect Reductlon

045 -J NMOS | | . . .
.¢_ Spike —sw 2% |%— Laser anneal —
[ §pike anneal il first
04 T ony |~ first N -
only first :
= 4 :
ﬁ.D_35-——="—————————? i e N e
E | L in
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Figure 4: NMOS, with HEY'MG and eWF modulate by La-based
capping, long channel Vth as function of different junction

anneal conditions.

J.O.B. Technologies (Strategic
“Marketing, Sales &
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W Technology)
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SpBSI°C SpH00°C SpISIEC

C. Ortolland et al.,

0.55 r[PMOS]
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Figure 6: PMOS, with HK'MG and eWF modulate by Al-based
capping, long channel Vth as function of different junction
anneal conditions.
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MSA Process & Equipment DesignIsstues®

* Flash -

—/W*afer slip, warpage & breakage require special hardware and
" confidential know-how and wafer edge damage pre-screening.

— Pre-heat temperature >450C or >750C and limits max peak temperature
— +/- 60C temperature variation across the wafer.
— 1-50msec dwell time but if too short surface still amorphous

 Laser
— Wafer slip, warpage & breakage.
— Localized hot spots (+50C) causing poly-Si line breakage
— 100usec to 1msec dwell times
— Pre-heat temperature >400C
— Laser stitching pattern and gate stack shadowing requires quad-mode
warfer rotation
 Other Integration Issues
— High-k/metal gate stack failure >1300C
— eSiGe strain relaxation >1200C, eSIC max Csub>1300C

)
k‘] O.B. Technologies (Strategic 50
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FUJITSU

Millisecond annealing

+  To minimize dopant diffusion in annealing, the millisecond annealing
> | techniques are applied. It is replaced or combined with spike RTA.

= The technical limitation restricts the annealing time is ranging from sub ms to
several ms. The highest temperature is higher than 1350 °C.

Laser

Flash lamp =
E 12—
]
p— = 'E’ 1021 — Implanted
- wiafer —— o 102 — FLA
= er Z .
Laser anneal = -
(~KW/mm?, CO, laser, solid state laser) Flash lamp anneal >
g 101
~ 1200 E
s 5 107
5 s e N ST b T
2 oo 107 30 40 50
2 Depth [nm]
0 e 1 Disconnected poly-5i line due ,
oz 5153 B 10 to locally heat condensation B SIMS profile after FLA
Thermal distribution of laser anneal
10 Sep, 2008 Low Energy Implant Era AIBT symposium. 2008, M. Kase (FML) 6

MO.B. Technologies (Strategic : St
o reaemooy  Others also see this LSA effect so keep Temp <1200C



Total temperature fluctuation

within patterned wafers

Fuffrsu

Total temperature fluctuation of patterned wafers
= Non-uniformity within blanket wafers + Non-uniformity within a chip

Total temperature fluctuation of
pattern wafers in LSA and FLA is
around 100 °C. The main part of
fluctuation is the variation caused
by pattern effect.

We must devise a countermeasure
against deviation of device
characteristics caused by pattern
effect in LSA and FLA.

LSA

Pattern density dependent
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Anneal Process Flexibility

-

Cambination Processing
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Amorphous layer

Amorphous layer

Nara et al., Selete, ECS May 2008

1E+21
As 20keV1E15/cm?
3 FLA Pre-Heat 500°C
g ‘,
£ 1E+20\:X
S X
Fig.2 XTEM image of n+/p junction (As: 20keV) after £
FLA with different discharge voltages. §
(a): 3425V, (b): 3525V, (c): 3725V, §1E+19
<
1E+18
0 50 100
Depth [nm]

Figurel5 SR and SIMS profiles after FLA. The activation phenomena of FLA includes
SPER. SR measurement data shows that surface amorphous layer is not activated.
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Fig. 4. The FSP-FLA pulse shape
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Fig. 11. Junction leakage of p- and
n-type FET.
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Fig. 7. (a) T.W. signals of FLA and FSP-FLA w/ PAL (b) TEM images
g Of (1) FLA, (ii) higher FLA. and (iii) FSP-FLA used in this study.

Onizawa et al., Selete, VLSI Sym
2009, paper 8B-4, p. 162
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Executi vVerview T
Junction scaling for 22nm node planar and FInNFET CMOS

requires low energy implantation but the surface oxide
thickness will determine the energy (>83eV) and dose.
Engineering the surface amorphous layer maximizes dopant
activation, reduces implant damage and junction leakage with
sub-melt laser or flash lamp annealing. The annealing process
and equipment must be optimized to prevent strain relaxation,

high-k/metal gate stack failure and wafer breakage.
JOB Technologies:

22nm low defect and leakage p+ USJ

22nm high activation n+ USJ

22nm eSIC strain by implant ation

16nm FINFET high tilt implant retained dose
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