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Intreetiction: 32/28nm, & 22/20nm nodes

Tri-Gate Doping reports from VLSI Sym & International
Workshop on Junction Technology June 2011 Kyoto, Japan

— Evening panel rump session on “Can Fin/FET/FD-SOI Compensate for
the Stagnation in Scaling?”

— IMEC & JOB on beam-line and IBS on plasma FInFET doping
— IBM/Alliance & Toshiba/Japan papers on Tri-gate

FD-SOI Doping reports from VLSI Sym & International
Workshop on Junction Technology June 2011 Kyoto, Japan

— IBM/Alliance 2 papers on UTBB-SOI
— MIRAI/Selete papers on NFET Vit variation dominated by B-HALO TED!

37" |[EEE-PhotoVoltaic Specialist Conference June 20-24, 2011

Seattle, WA

— Selective Emitter Formation by: 1) Laser Diffusion Doping, 2) Dopant
Paste or 3) Patterned Implantation
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Missing (i.e. vacancy)
{111} plane due to SMT
for a 30nm deep
amorphized Si

~350 MPa tensile
longitudinal stress is
present in the channel

There is compressive
stress in dark blue areas,
but it is not shown here
to better see details of
tensile stress distribution

Ch pworks‘
Fep 2011

i Synopsys 2010

channel

Intel IEDM 2009

Fig. 5 - Cross section of NMOS and PMOS devices showing raised
S/D regions for reduced parasitic resistance.




014: 14nm node with double exposure and a change to EUV'

2016: 11nm node with EUV e
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GLOBALFOUNDRIES PMOS and N
Transistors [2]

+ Density — gate-first has higher density, since gate-last
requires restricted design rules (RDRs). That prevents

arthogaonal layout, requiring local intercannect; but at 20-nm
EBElOEs are npesded for lithography so that advantage
disappears.

Scaling — it's easierto scale without having to cope with
FDORs; at 20-nm there's no choice.

Process simplicity — it's obviously easier to shrink if vou can
keep the same process architecture, whether it be to 32- or
Z20-nm

Foweriperformance —the gate last stoictire allows strain
closer to the channel, increasing performance; but fully
contacted source/drains increase parasitic capacitance,
slowing things down. According to Patton these net each
other out for a high-performance pracess, making the gate
firstlast decision neutral. For low-power pracesses, strain
is not used atthe 45/32-nm nodes, so gate-first gives hetter
power/performance metrics.&nbsp; At 20-nm strain has to
he used for low-power, and with the need for RDEs and
lacal interconnect, the halance shifts in favour of gate-last.

- d

MOS (nght) Gate-Last



_Intel Pr e May 4,

Traditional Planar Transistor Gate For 22nm NOde
&

High-k
Dielectric

Traditional 2-D planar transistors form a conducting channel in the
silicon region under the gate electrode when in the “on” state

22 nm Tri-Gate Transistor

3-D Tri-Gate transistors form conducting channels on three sides
of a vertical fin structure, providing “fully depleted” operation

(intel') Transistors have now entered the third dimension!
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e |Intr ction: 32/28nm, 22/20nm & 16/14nm nodes

Tri-Gate Doping reports from VLSI Sym & International
Workshop on Junction Technology June 2011 Kyoto, Japan

— Evening panel rump session on “Can Fin/FET/FD-SOI Compensate for
the Stagnation in Scaling?”-> FINFET or UTBB-SOI at 20nm & beyond?

— IMEC, JOB and IBS on FInFET doping
— IBM/Alliance & Toshiba/Japan papers on Tri-gate

* FD-SOI Doping reports from VLSI Sym & International
Workshop on Junction Technology June 2011 Kyoto, Japan
— IBM/Alliance papers on UTBB-SOI
— MIRAI/Selete paper on NFET B-HALO TED dominated Vt variation

- 37t IEEE-PhotoVoltaic Specialist Conference June 20-24, 2011
Seattle, WA

— Selective Emitter Formation by: 1) Laser Diffusion Doping, 2) Dopant
Paste or 3) Patterned Implantation
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R-1: Can FinFET!FDSOI Compensate for the Stagnation in Scaling?

Moderators:M. Hane, Renesas Electronics Corp.
C. Mazure, Soitec Group

Panelists:  A. Stroyjwas, PDF Solution
C. Hu, Univ. of California, Berkeley
K. Okada, Tokyo Institute of Technology
M. Bohr, Intel Corp.
M. Haond, STMicroelectronics
S. Venkatesan. GLOBALFOUNDRIES

CMOS Bulk technology is facing serious issues with respect to further device down scaling in spite of the fact that many new
technologies have successfully been developed, such as strain techniques, high-K dielectric and metal-gate-electrode. Despite
that, performance scaling frend seems to stagnate when moving towards further advanced CMOS nodes. Fully-depleted (FD)-
devices (planar SOI or Fin-type) are known as promising device structures for revitalizing CMOS scaling by means of the short-
channel-effect mitigation, lower leakage. smaller variability, and so on. Such the new device structures will strongly impact not
only on LSI core device/process technology but also on chip modules architecture and circuit design paradigm. This panel
discussion will be aimed at addressing key challenges for the introduction of planar-FDSOI or Fin-FET in conjunction with future
technology scaling prospects, and several key questions:

* How Fin-FET/FDSOI can be integrated within an LSI chip?

* On such a chip, should Fin-FET/FDSOI be applied for the whole area, including analog circuit, or for a partial area, such as
SRAM blocks?

. V&Waleratim would be practically viable for Fin-FET/FDSOI mtroduction and what are the specific reasons for this?

J.0.B. Technologies (Strategic 8
rketing, Sales &
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CC Wu, TSMC, IEDM-2010, paper 27.1 )

Figure 15. N-FInFETs junction leakage
decreases by 100 times at the same I g
leakage compared to the planar NFETs
using similar process conditions.

» Spike > Laser: 10x
penalty in junction leakage
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Figure 1. TEM Cross-section showing Physical Lg min @ioff=100nA/um [m]
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Lower Tri-Gate Chann

Low doping and the <110> sidewall surface

16

PMOS Tri-Gate Mobility (Long Channel)
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Fig. 5 Universal mobility vs. channel
impurity scattering dominated regimes.
Device falls off the universal mobility

controlled regime for 35nm Lgate.
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.doping SIMS profiles after anneal compared to boron in Fig.4. A huge lose in As dopant level

was detected from 2E21/cm3 before anneal to <5E19/cm3 after anneal for a loss of >30x (97%)
as shown in SIMS of Fig.7. This might explain why Applied reported having to use an in-situ
oxide capping layer for their Conforma plasma doping system. Without an oxide cap Applied
reported an arsenic surface dopant loss of >65% after anneal!

1E+22
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1E+20 +
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B Concentration (atoms/cm3)
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Figure 4: SIMS “B and "B isotope depth profiles through the
un-annealed and annealed BF, plasma doped fins. The spikes at
the top and bottom correspond (o the top of the fin and the trench

bottom.
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Figure 7: SIMS As depth profiles through the un-annealed and

annealed AsH, plasma doped fins. The spikes at the top and

bottom correspond to the top of the fin and the trench bottom.



Improving Retained Dose

\hSequence

( Results Arsenic Dose, Normalized
Post-Anneal

Oxide cap on Si fin '
test structure No Cap With Cap

Use of the Conforma system’s in-situ SiO, cap can more than
double the retained dose after anneal

Moie: Assumes use of cap oxide is compatible with integration scheme.
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com ﬁvnson of B-SIMS profile for BF3 4.5kV plasma and BF2 4.5keV beam-line in
19.8 with an Xj at 1E19/cm3 of 19-20nm. Trying to grow an SEG epilayer on the BF3
plasma doped silicon surface resulted in highly defective epi as shown in Fig.7. The

effects of BF3 plasma doping on the epi growth rate reduction as a function of dose is
shown in Fig.6 while that for n-type plasma is in Fig.5.

1,00E422 =
1,00E+21 . BF34,5kV 1E15 | |
ﬁ r - BF2+ 4,5keV 1E15
§1,0DE+20 -
5 i
B1,00E+19 -+
F b e
- e
1,00E+18 . ' P
0 10 20 30 40
(nm)

Fig. 7: Example of defective grown layer after a BF;
Fig 8: Comparison of the SIMS proﬁles of boron obtained 1MPlantation and the SEG process. Stacking faults and twins

after Beam Line implantation with BF,” at 4,5kV and 1x10"° are observed.

at/cm’and PULSION® with BF; at the same energy and
dose.

J.0.B. Technologies (Strategic .
“Marketing, Sales &

logy)




Dose in fonction of Si growth rate for P-type

implantation
4 *\
S ~+—BF2+ 4,5keV[—
31+ — B+ TkeV |
5 e ——
£ 251 e e — B2H6 2,5kV |
£ - ) " |-=BF34.5kv
= s ™ R
— 1 —
O ’ ~
05 -
[] T \H\H. T T
0 2E+14 4E+14 6E+14 BE+14

Dose (at/cm?)

TE+15)

Fig. 6: Growth rate as a function of implantation dose for

PD (BF; and B,H,) and BL (BF," and B") implantation (P- Fig. 5: Growth rate as a function of dose for PD (PH; and
AsH;) and BL (As" and P") implantation (N-Type)

Type).
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Dose in fonction of Si growth rate for N-type

implantation
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4A-5 paper by IBM o . The process flow'f
Tri-gate IS s In Fig.3 using extensmn Implantation and Fig.6 shows
the M Images. They said they used implantation for S/D but after
stlicide the junction leakage was degraded by as much as 4 orders of
magnitude due to NiSi encroachment of the NFET with a 970C RTA as
shown in Fig.7 for process A & B while process E gave best results. He
said you cannot implant the Fin and concluded that innovation in

junction technology is required but gave no details!

Alignment mark formation 1E-03
SOl thinning . S
Fin patterning .. 31 i E[ ___________________
Gate stack deposition and patterning i
Spacer 1 formation

=

E = -
Extension implant <G 5 1E-07 4--4------------ t - N

b

o

Spacer 2 formation

Activatonanneal o {4 | I

Silicide formation 1E-09 §-------------------mm -

MOL dielectric deposition -_---_---_---_---_---_---%

Contact patterning, fill and etchback 1E-11 . . . 1 .
®Metal deposition and patterning A E C D e

Fig 3: Process flow. Mixed electron beam

and optical lithography (MXL) was used Fig 7: NFET junction leakage as a function of

for all patterning with commercially silicide and implant process. Process (E) employed a
available EUV compatible lithography thin silcide offset spacer and a NiPt silicide formed
materials. using a novel sputtering technique.



2A-2 paper by IBM Alli
on sub-25n ET. Stated they have

successfully implemented Fin

€xtension doping via conformal doping

and showed it was 20% better in

doping the Fin than beam-line implant ¢ ©fs=t=pacerRiE

in Fig.7 for NFET improving device ative oxias removal

performance by 10% in Fig.8. This Conformal doping for NFETIPFET Extension €——
result is surprising based on the huge

Extension anneal

n-type dopant loss reported by Applied | '“E_““” | |
(>65%) and I BS (97%) for plasma I5BD S5iGe Epi grow on PFET/ISPD Epi grow on NFET
doping and also the defective epi Spacer2 formafion

Multi-Steps S/D Implantation (MS]) <€ —

growth on these plasma doped
junctions reported at IWJT. For PFET
they reported Ron was reduced by 50%
in Fig.9 improving devices by 25% in  © “™==*" 1
Fig.10 but no details were given on the I1g 4 Process flow of NFET

Mrmm doplng process A or B. /PFET with conformal doping
and epitaxial growth.

5D Activation anneal

Silicide



/-3 paper by Toshiba nanowire. They used AS Im

>1E15 for /D doping before epi raised S/D and reported poor
res ue to residual poly/amorphous regions so they switched to As
implant after epi raised S/D and results improved as shown in Figs. 6, 7
& 8. Therefore implantation can still be used even for Tri-gate with
undoped or in-situ doped Epi depending on the process integration
scheme you select.

25 : j T 99.99 ey — 10 ' T J
<110> NW nFET = <110> NW nFET . ll]. \lll <110> NW nFET
20 w, ~15nm — 99 1 NW i Ex,&,,'i!em L 1o 8l li I/l Before Epi -
st axtaension
T " o] ET0 s ef
= e T 501 e i I A T
:}E i . e i 8 30 . pi ::l_ ‘-‘5 :
; > T After £ el N2
e, AR-DE Trasr" o L 1000mq g - 2|
_..-"'I {Unlversal Line) o1 w | H:“W* 1I5”""' Epi t
P . H
% 5 10 15 20 25 -0.14 -0.12 -0.1 -0.08 -0.06 l NW channel 0 ! 1 1
0.5
UL (W, *2H, )" (sm7) (a) Vv, (V) 1 0 Zﬁw ﬁ?nm]?ﬁ 100
Fig.6. Pelgrom plot of NW nFETs Fig.7. (a) dlahlbutlﬂﬂ and sou (11 . Hw ) )
with UT before/after epi. By I/T after (b) fabrication process of NW ¥ Fig.8. oVu-Wyw of NW

epi, oV, approaches the univ. line. nFETs with I'T before/after epi. ®  Good cr;lrstallinit:.r gp NFETs with 1 or 10 NW. oV,
reduces by NW increase.

‘J 0O.B. Technologies (Strategic 17
Marketing, Sales &
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IMEC IWJT-2011 Invited Paper #S8-2: " Dopant &
Carrier-Profiling For 3-D Device Architectures

«For 22nm node and beyond, FINFET have now emerged
as the device of choice due to performance improvement
(increased Id) and power reduction (low leakage).

« Comparing SIMS chemical profiles to SSRM electrical
levels IMEC concludes: A large inactive fraction is present
so that the conformality of electrical carriers is higher than
chemical dopant implying that characterization of electrical
conformality will be completely different than chemical
conformality. One should not extrapolate the electrical
conformality based on the chemical conformality!

« 45 degree tilt chemical conformality =36% by SIMS while
electrical conformality=78% by SSRM and resistor data
> showed 65 degree tilt =100% electrical conformality!

J.O.B. Technologies (Strategic
Marketing, Sales &
R " Technology)
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40nm fin - 45° tilted implant || 40nm fin - 10° tilted implant | ‘ 40nm fin - 45° tilted implant
500 500

Carrier Concentration (/em’) — 1E22 1 T Y T T 1E22 é’

(log,, scale) g i 8i i %

400 400 S < . Fin Bottom Pt

w1021 5 1E21 5. Sidewallof . T 1E21 o

- —_ 1.0E20 I ol the fin I “’

E 200 E w00 1.853 E igi i Trench 3,

_— — . - 1]

i m § aets goeoy |1 i—=md | 180 ¢

200 i 200 B 1 oE14 g o
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100 K i 100 = S
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Depth (nm) Depth (nm) 2 | | g
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Figure 9: 2D-SSRM map of active carrier concentration Depth (nm)

of BF, implanted at 45° and 10°

Table 1: Comparison of conformalities obtained for dose
retention using APT, SIMS and theoretical values. Also
conformality values for active percentage of retained
dose are mentioned as measured with SSRM.

Figure 10: SSRM vs. SIMS (45° implant). SSRM profile
is calculated from figure 10. ([8] for the procedure)

Conformality Conformality
(Sidewall/top) | (Sidewall/top)
(%) (%)
Retained dopants 43 il I,Q iz
implant implant

Theoretical Model [7]
SIMS
Atom Probe

Active percentage of
dopants

SSRM

19




Retained Chemlcal Dose Versus

Electrical Activation Limited
Conformal Doping

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




B-Type Substrate lon Energy Dose Tilt Twist T™W as I/1 siIM3fafter anneal
No. [kev] | [f/em2] | [deg] [degl | (/sone=%sTD [TWunits| %sTD (X)) & \LSIMS (¥]) A
slotl 8.0 0 1007.00 2.759 205.23 2.170 110
. slot2 8.0 15 1027.40 2.652 203.97 2.210
E;i::; slot3 B18 9.0 5.50E+13 30 0 1014.40 2.739 224.16 2.420
slot4 11.0 45 1026.40 2.816 255.79 2.310
slot5 16.0 60 1038.00 2.873 355.94 2.050
slot6 2.00 0 2233.50 1.820 53741 0.900 . % .
aroTile 5ot 2.00 15 2439.20 | 1.831 | 532.75 | 0.970 &-shallow
Depend slot8 BF2 2.00 1.00E+15 E11] 0 2335.40 1.719 530.15 1.020
slot9 3.00 45 1928.10 1.635 568.92 0.630
slotlo 4.00 60 1766.80 1.460 581.78 0.480
slotll 0.50 0 2035.00 2.515 597.82 1.200 {
. slotl2 0.32 15 1983.00 3.104 554,29 1.110 ]
(B-Tilt slotl3 B 0.58 1.00E+15 3o 0 2027.00 2.580 617.06 0.720 j
Depend) slotld 0.71 45 2007.00 2.468 629.77 0.420 "
slotls 1.00 B0
B18 Energy slotle 8.0 1688.80 2.693 183.59 1.910 .
Depend slotl7 B18 16.0 5.50E+13 60 0 1045.00 2.917 353.95 2.050 ,2
slotls 32.0 B538.33 4.105 582.90 0.390 oy
slotl9 2.0 3995.00 1.409 436.40 2.230 |
BF2 Energy 1
Depend slot20 BF2 4.0 1.00E+15 60 0 1668.90 1.671 579.73 0.490
slot21 8.0 750.80 0.948 582.16 0.410

—

logy)

.0.B. Technologies (Strategic
arketing, Sales &

Borland et al., Insights-2009




. Monomer B had the highest retained chemical dopant level
“>1E15/cm2 but lowest dopant activation level Bss=2.8E19/cm3
with Flash annealing.

« B18H22 had a retained chemical dopant level of 5.5E14/cm?2
but the highest dopant activation level Bss=1.1E20/cm3 with
Flash annealing.

» As4 retained chemical dopant level was 7.5% higher than AS
and the dopant activation Rs value was also 7.5% higher.

 FINFET
— Run device study with customer
— Try Xe-PAl & In-PAl high tilt with B and B18H22 from above
— Try Sb-vs-P for n+ FInFET

kJ.O.B. Technologies (Strategic 22

Marketing, Sales &
~— " Technology)
. N



L
0

S7-3 paper by myself. My message was that for Tri-Gate with a;,l;stgj;';:ﬁz

aspect ratio a dual .5 degree tilt implant for the Fin will giv
you e % chemical conformality on the top and side wall of the
-gate Fin especially when you use hydrogen surface passivation

compared to oxide surface passivation at high tilt angles and/or low
energies.

Influence of Surface Passivation
on B, B,gH,, and B,;H,, Retained
Dose for USJ

John Ogawa Borland Temel Buyuklimanli
J.0.B. Technologies EAG

Aiea, Hawaii East Windsor, New Jersey
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psometry 10

ine Amorphous Layer Depth
8 a-layer is 2x deeper than CBH and B36 is 2.5x

Key is Damage Free Fin so Avoid

12: T T e Iclrlel-i-B 1Ge-PAI Complete Amorphization of
- - ] FIN! Use B18H?22!
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Fig. 2. The optical thickness for various boron dose and ion ™ o A
species. :
J.0.B. Technologies (Strategic 25
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 Introduction: 32/28nm, 22/20nm & 16/14nm nodes

" Tri-Gate Doping reports from VLSI Sym & International
Workshop on Junction Technology June 2011 Kyoto, Japan

— Evening panel rump session on “Can Fin/FET/FD-SOI Compensate for
the Stagnation in Scaling?”-> FInFET or UTBB-SOI at 20nm & beyond?

— IMEC, JOB, IBS and SEN on FInFET doping
— IBM/Alliance & Toshiba/Japan papers on Tri-gate

 FD-SOI Doping reports from VLSI Sym & International
Workshop on Junction Technology June 2011 Kyoto, Japan
— IBM/Alliance papers on UTBB-SOI
— MIRAI/Selete paper on NFET B-HALO TED dominated Vt variation

- 37t IEEE-PhotoVoltaic Specialist Conference June 20-24, 2011
Seattle, WA
— Selective Emitter Formation by: 1) Laser Diffusion Doping, 2) Dopant
Paste or 3) Patterned Implantation
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7 1 paper by IBM AII| for 22nm Lg |mproving-enihe\

ack workfunction tuning layers in conjunction with back gate bias so
no implant doping at all since the channel is undoped as shown in Figs. 3
& 4 for NFET & PFET

(A/um)

L.

400 5‘:”3 800 1000 1200 400 600800 1000 1200
£ Loy (nA/um) [, (WA/um)
O A N o
X A . .
\x,“-\" o /" Fig. 3 Iy-Iyg characteristics of HP Fig. 4 I ,-I s characteristics of HP
,{9’ & c and LP NFET transistors at and P PFET transistors at
R X - . 1_ B
5 @ & Vop=1Vand 0.8V Vpp=1V and 0.8V
J.O.B.Te Q\% & KN 27
~ Marketing, S \)\?



9A 2 paper by 1B AIAID hey demonstrated the ba
the ET—S ’ B-SOI) using multi-step implant into the raised S/D
,' th tilted |mplantat|on in Fig.1.

— ;'z"“

STI formation

Ground plane (GP) implantation
and annealing

High-k metal gate patterning

First spacer formation

Raised source/drain (RSD) EPI
) Angled extension implantation

Second source/drain spacer (a)
formation

Source/drain implantation

Rapid thermal annealing (RTA) +
laser annealing

Silicide
MOL and BEOL

Fig. 1 A simplified UTBB integration
flow, featuring conventional gate first
high-k  metal gate and raised

source/drain  EPI  process. The (b)
preservation of thin SOI layer during Fig. 2 TEM cross-section of (a)
J.0.B. Technologies (Strategic gate RIE and first spacer formation is  25nm BOX and (b) 10nm BOX
SMarketing, Sales & key for integration integrity. UTBB devices with gate length of

25nm and channel thickness of
6nm.
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See Mogami

Variabi

NMOS V1t variation is larger than RDF!

11 Paper #S1-1;

ssues and Advanced Process Technology for
Variation Mitigation
V1t variation of pMOS is smaller than that for nMOS

PMOS V1t variation dominated by Random Dopant Fluctuation

Compared channel/HALO dopants of boron, phosphorus, arsenic and
antimony and only B-channel doping from HALO showed reverse SCE
therefore As n+SDE defects caused B-TED and B pile-up at the channel
surface. Use C co-implant to reduce B-HALO TED and reduce nMOS Vt

variation!

—
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Figure 7 Relation between Vth variation and

Vth and Tox for N/P-MOSFETs.
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Fig.2 Boron diffusion modulation model for explaining reported d Vi Vo
experimental behavior of NFET random Vi1 fluctuation (RDF). Figure 11 Carbon co-implantation effect for
Vth  variation mitigation of
NMOSFET
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Figure 9 Boron transient enhanced diffusion
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- Introduction: 32/28nm, 22/20nm & 16/14nm nodes

" Tri-Gate Doping reports from VLSI Sym & International
Workshop on Junction Technology June 2011 Kyoto, Japan

— Evening panel rump session on “Can Fin/FET/FD-SOI Compensate for
the Stagnation in Scaling?”-> FInFET or UTBB-SOI at 20nm & beyond?

— IMEC, JOB, IBS and SEN on FInFET doping
— IBM/Alliance & Toshiba/Japan papers on Tri-gate

* FD-SOI Doping reports from VLSI Sym & International
Workshop on Junction Technology June 2011 Kyoto, Japan
— IBM/Alliance papers on UTBB-SOI
— MIRAI/Selete paper on NFET B-HALO TED dominated Vt variation

« 37" |[EEE-PhotoVoltaic Specialist Conference June 20-24, 2011
Seattle, WA
— Selective Emitter Formation by: 1) Laser Diffusion Doping, 2) Dopant
Paste or 3) Patterned Implantation

ymmary
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Paper 23: Joint paper between UNSW & Centrotherm on “Record Large
Area P-type Cz Production Cell Efficiency of 19.3% Based on LDSE
Technology”.

Paper 617: Poster H-43 by Centrotherm on “Selective Emitter by Laser
Diffusion on c-Si Solar Cells in Industrial High Efficiency Mass
Production”.

Paper 25: Joint Innovalight & Hanwha Solar talk on “Efficiency Gain of
Silicon Ink Selective Emitters at Module Level”. Using the Innovalight
Cougar process for SE they inserted the silicon ink screen print step
before diffusion to increase cell efficiency to >19%. On the module level
they reported Homo-Emitter (HE) modules power=215.8W and
efficiency=15.98% while Selective Emitter (SE) modules
power=228.6W and efficiency=16.92%.

Paper 560: Joint Varian & Suniva on “High Efficiency Selective Emitter
Enabled Through Patterned lon Implantation”.

—
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Top 50 Solar PV Module Efficiency (Moneo-Crystalline) S(D LARPLAZA

EMPOWERING YOUR FOLAR BUTINESH

1 Sunpower E13/ 320 50LAR PAMEL -2.8%
2 AUOD Solar 15.50% PI31EE00
3 Sanyo Electric 15.00% HIT-M2405E10 71.60%
4 Jiawei 12.30% JW-5100 21.01%
% Crown Remewable Energy 18.30% Summit 100l
& JASolar 15.54% JAMS[L)-72-215/5I 19.10%
7 Trina Solar 15.40% T5M-210DCE0 18.10%
£ CNPY Solar ‘ 15.20% CHPY-105M 12.80%
S Yingli Solar —— 15.20% Panda 265 Series 12.50% €= _9 30/
10 letion 15.20% IT3155AcC 18.30%
11 LG Solar 15.20% LE26051C
12 China Sunergy 15.06% CSUNZ0G-72M 15.00%
13 ET Solar 15.06% ET-MS572205 205W 18.34%
14 Hareon Sclar 15.06% HR-205W 12.80%
15 Suniva 16.00% Optimus 260 19.20%
15 Siliken 15.00% SLEEOMEL 2E0Wp
17 Topray 15.80% SLSM-1E0D 305W
15 FVG 15.75% FWE B4-125 230W 17.30%
1% Group Dmegc Magnetics 15.73% Oh255-M156-6 18.00%
20 Sunrise Solartech -3.900\ 1z.7o% SR-M572200-1 12.50%
21 Suntech 15.70% PLUTOZ00-Ade 15.00% _33%
22 Jinko Solar 15.67% i e ) 13.25%
23 Risen 15.66% SYF2005-M
24 Frankfurt C35 Solar 15 66% F5 200'W MON
25 Chaori 15.66% CRM2005 125M-7
& Eoplly Mew Energy 15.66% 125M/72-200
27 Era Solar 15.66% ESPSA 200
25 CETC 15.60% ZKX-2000-24 12.00%
25 Sifab 15.60% SLAZSER
30 Topsola 15.53% TEMED-156M 17.82%
31 Bisol 15.40% BMO/25 17.20%
32 Hanwha SolarOne 15 308 SF1&0 16.50%
33 Astronergy 15.30% CHSMSE12M 155
34 DelSalar 15.30% DEM_B3A-WT series 250
35 Perlight 15.27% PLBA-Z50/24 12.00%
35 JMS Scolar 15.27% JMAS-CS 1800 195
37 Mage Solar 15.25% Mage Powertec Plus 255/5 MR 17.80%
35 Sclon 15.24% SOLOM Black 230/07
3% PV Power Technologiss 15.12% SM-240MHO
40 Renesola 15.06% JC2455-24/Bb
ElectI‘OIQ \]Uly 7 2011 41 Schiico 14.90% SPV 210 SRAL-1
! 1 42 Alec Solar 14.90% 519,245
43 Eging 14.90% EGM 130
44 Astom 14 B3% ASH130m-72
4% 5Sun Earth Soclar Power 14 53% Sun Earth M 1320W
. . 45 Hyundai 14.50% Hi5-5215 5F
J.0.B. Technologles (Strategic 57 Win Win Precicion 14 73% WSP245ME 33
rketing, Sales & 4% FKioto Photovoltaics 14.72% KPY 220 M
43 Sharp Solar 14.70% MNU-UZ40FZ

50 Solar-Fabrik 14 705 Premium L-hono 245



Summary

« Bulk-Tri-Gate starting production at 22nm node by Intel, others

considering it at 20nm node and beyond.

— Intel reports multi-implants to control Vt and lower channel doping level
with SiGe and HK/MG last strain technology. Fin S/D doping by recess

then in-situ doped epi raised S/D.
— Fin extension doping options by beam-line (JOB, IMEC & Toshiba) or

plasma (IBS, IBM)
« UTBB-SOI proposed at 20nm node by ST, others considering it
at 14nm node
— In-situ doped epi raised S/D proposed by IBM
— Tilted beam-line implantation into epi raised S/D by IBM
* MIRAI/Selete reports nMOS Vt variation dominates due to B-
HALO TED and C co-implant reduces TED effects

- Solar Selective Emitter doping options laser diffusion by
Centrotherm, dopant paste by Innovalight and mask

hi;nplantation by Varian. y
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