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CMQOS Transistor: SDE/Halo—

SDE: B, BF,, SDE: As, P, Sb
BlOH14' BlSH22' AS4’ I:)4’
B-clusters As-clusters
PAIl: Ge, Si, F PAIl: Ge, Si, F _
p MOS Cocktails: C, F, N, Cocktails: C, F, N, n MOS
C7H7’ ClGHlO C:7H7' C16H10

Halo: As, P, Sb, Halo: B, BF,, In
As-clusters BioH14 BigHys:
\ Metal /7  B-clusters

Gate
e I R
| Oide ©

& Source

Frontier Semiconductor
2

www.frontiersemi.com
JTG, Process Controls, May 30, 2007



SDE/Halo Transistor Issues _

SDE/gate overlap

Threshold voltage: V,,
SDE dose, X, abruptness, T,,,
Halo profile, gate doping, etc.

Drive Current: |,,
SDE dose, X;, abruptness,
Gate overlap
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CMOS Scallng S. Thompson, P. Pack_
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Leakage Current Control for Low Po
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Fig. 6 Low damage junction engineering to mitigate junction
leakage while maintaining good short channel effect.

There are 2 main sources of junction leakage for sub-
100nm CMOS transistors: trap-assisted leakage due to dam-
age from the high dose source/drain extension implants and
band-to-band tunneling leakage due to the very steep and
highly doped source/drain extension-well junctions that are

fects. Reduction of implantation damage can be achieved by

optimization of dopant species and implant conditions, such
that any residual implantation damage is fully contained in-
side the source/drain diffusions and thus kept away from the
junction depletion regions. By grading the source/drain ex-

O and We U 8] ne Dand-to-Da Cl u ngd e K=

age can be reduced, but at the expense of higher Rexr. This
loss in transistor performance can, however, be mitigated by
the performance benefits of strained silicon.

But for 45 and 32 nm, “no” junction
diffusion is allowed !!
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Fig. 8 NMOS (upper) and PMOS (lower) total leakage, Iixs,
vs, drive currents, ITon, at 1.2V. Process I and IT are un-

optimized processes with better Ioff and short channel con-
tral, but worse total leakage due to gate/junction leakages.
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Metrology Challenges for SD_

Lightly-doped substrates

B-doped epi on n-Si (4x1014 d/cm?3)
(=20 Ohm-cm)
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T. Clarysse (IMEC) et al. E-MRSO05 for contact probes (4PP, VPS).
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Metrology Challenges for SD—

Medium-doped substrates

B-doped epi on medium doped n-Si
(7x1017 d/cm3, ~20 um, ~14 Ohm/sq)
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RsL — Non-Contact Sheet Resistance _

How It works Modulated
LED Beam

1. Free carrier creation (by the light) and
measurement of the junction photo-voltage signal.

2. Carrier spreading (proportional to Rs).

3. Carrier recombination (leakage current).

IMEC Round Robin for 10 to 100 nm Epi
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SDE/Halo Integration: Sheet R—

*B-USJ (0.5keV, 1015 cm-2);

*Ge - PAI (30keV, 1015cm-2);

*As- HALO (40keV, 4*1013cm-?); ;

*Halo implant annealing: 10 s at 1050C
before the PAI or B implants

Spike anneal 1050°C, 100 ppm O, in N,
fRTPA  15ms |T=700°C+AT=600°C(T,=1300°C)
fRTPB 1.5ms |T=700°C+AT=550°C(T,=1250°C)
fRTPC 1.5ms |T=750°C+AT =600°C(T,=1350°C)

fRTP D 1.5ms | T;=750°C+AT =550°C(T,=1300°C)
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Addition of halo profile to SDE
Increases Rs by ~35% (decreased X]j).

V. Faifer et al. Insight (USJO7)
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Metrology Challenges for SDE/I—_

Lightly-doped (10 ohm-cm) 700
substrates (wide depletion,

low |leakage) have close
agreement between RsL and
4PP measurements.

Heavy-doped (Halo, ~5e18)
substrates (narrow depletion,
higher leakage) shows strong
loading pressure shifts with

D
o
o

500

400

300

Sheet Resistance (Ohm/square)

4PP and higher RsL values.
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SDE/Halo Integration: Sheet R_
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L eakage Current; s

Effect of Halo Doping and PAI Energy

Leakage current mechanisms under
forward bias (RsL) are:

* carrier recombination

* trap-assisted tunneling.

Depletion layer thickness (W
decreases with halo doping,
Increasing leakage current.

depletion)

!
I* Wdepletion

A 4

EOR damage within depletion layer
Increases leakage. EOR damage
location depends on Ge PAI energy.

halo/well

B Frontier Semiconductor
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EOR Depth for Ge PAI

Implants & Leakage
: EOR Depth (A) = 60.013*x%5%
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SDE/Halo Integration:

Low leakage for no Halo.

High leakage for single Flash
anneal for Halo/PAI/SDE.

Lower leakage for post-Halo
anneal followed by flash anneal of
SDE (with no PAl).

[
m
o
w

Upshot:
Damage present before ms-scale
anneals is not easily removed.

Leakage Current (Alcm 2)
= I I
m m m
3 & b

1.E-07

1.E-08

Integration of ms-anneals has large
opportunity for leakage reduction.

www.frontiersemi.com
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LEAKAGE CURRENT, A/lcm?
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SDE/Halo Integration: Leakag_
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n-SDE/ p-Halo Components: I_

p-Halo with In give high leakage.
p-Halo with B, or BF, is low leakage.

Combined SDE/Halo process next.
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Fig. 8: Junction leakage results for the different pHALO

implants.
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Leakage Current: Epli layers _

Epi-doped layers also have
leakage current signatures.

10-3 |-

Defects at growth interfaces
Impact activation & leakage.

10°}

Leakage current density, Alcm

Process issues for doped —f 00 £
SiGe & Si-C strained epi. w0 107 102

Doping concentration, cm
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S J P 2 W0

_ 3*10 /z 110 %
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g o 1045 <
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1E+17 ’ ’
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Depth (nm) JUNCTION DEPTH, A
~8 nm “dead” layer
T. Clarysse (IMEC) et al. MRS06 y
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Leakage Currents in RsL and _

RsL measures the “process dependent” (damage and doping)
component of junction leakage, the recombination/ generation

current amplitude, lo(A/lcm?).

RsL (forward bias ~ +26 mV)
Recombination
Trap-assisted tunneling

Gate Ox Band-band
Leakage R Tunneling

Transistors (reverse bias ~-1V) |
Generation ~ SOE 1
Trap-assisted tunneling j _ —
Band tunneling ! Halo
. EOR damage-—» *****_*************J**
Contact emission Depletion layer 3
Gate leakage | "N
Sub-threshold current
Well
| J=1,(Alcm?) * (eaVkT — 1) | Substrate / \ /
/ v 7
Carrier Thermionic
Recombination Emission
EEE— Frontier Semiconductor
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Forward & Reverse Bias Leaka_

047 Ny, = 108 traps/cm? 7

0.0~

1103 -
1104 v=-1V
1105 -

1106 V=26 mV

™

1107
V=+26 mV

LEAKAGE CURRENT, A/cm?

1108

RsL leakage (at +V,) is slightly =

smaller than reverse bias leakage g a0 a0l a0t
N . DOPING CONCENTRATION, dopants/cm3
(including band-to-band

—=a— Reverse diode

tunneling), as expected. S LEOS A o B age
§ ]
~ 1.E-06 -
§ ]
o 1.E-07;
=7 ]
- 1.E-08 +——
1.E+16 1.E+17 1.E+18 1.E+19
T. Clarysse et al., Insight07 (USJO7) Well/Halo concentration level
(at/cm3)
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Junction Leakage iIn Tran_

Area of SDE junction is ~2x channel
area per transistor.

Junction leakage of ~10-2 A/cm? 40 nm p-MOS transistor
exceeds entire operating limits for
low-power devices (ITRS05).

c-Stress Liner

Generation leakage currents are
determined by implant residual
damage and halo doping profiles,
measured as recombination currents
in RsL from 107 to >10-2 A/lcm?.

J-P. Han et al.
Infineon, IBM, Samsung Chartered,
IEDMO6

RsL (+0.025 V) |

Leakage current density A/cm?

1OIlS 1oll7 1618
Trap concentration, cm

B Frontier Semiconductor
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SDE/Halo Integration: Process _

Doping: (Dose, energy, ion type, beam current/scan rate, wafer
temperature, PAI, incident angle, anneal).

1. SDE & Halo ion type (single or multiple dopant ions).
2. Halo angle & dose (X] effects).

3. Diffusion-less anneals: RTA & cocktails, SPE, Flash, Laser.

Damage: (Dose, energy, ion type, beam current/scan rate, wafer
temperature, PAI, incident angle, anneal).

1. Damage accumulation & annealing (ion type, scan rate).

2. Impact of Halo dose & damage on leakage.

Relevant Metrologies: RsL (Rs, leakage), Transistors (Vt, lon, loff)

B Frontier Semiconductor
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e Improve our theoretical understanding of RsL
 Develop an accurate JPV simulator for RsL

e Galin better insights in RsL behavior under non
standard conditions through modeling (simulations)
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IITO8 is a year away (June

Monterey Conference Centar
Maonterey, California USA
- June 8-13, 2008

General Information
IIT 2008 will be located at the Monterey Conference Center and the Portola Plaza Hotel,
adjacent to Monterey Bay, Fisherman's Wharf, and historic downtown Monterey.

This Conferance Series is the premier world meeting for the presentation of the latest
advances in all aspects of ion impl ion, from the tals of ion-solid interac-
tions to manufacturing applications of the latest machines and systems. |IT is held av
two years, rotating between sites in the United States, Ewope, and Asia. IIT 2008 will be
the 17th conference in this series.

School:
June 5-7, ‘08

Posters & Proceedings m——

The conference will cover a wide range of topics including Doping Processes, Implant
Technology, Materials Science, Process Control and Yield, and Novel Applications.
Ultra-Shallow Junctions will be a major feature covering recent advances, including
Cluster Beams and Plasma Immersion. The conference program will consist of invited
and oral presentations and poster sessions, For the duration of the conference thare will
be a Trade Exhibition featuring ion implantation equipment and service.

IIT School
The Conference will be preceded by a School featuring lon Implantation Science and
Technology. The IIT School will take place on . in the Portola Plaza Hotel.

Conference Venue & Travel
There will be a strong Social Program to enable participants to sample the history and cul-
fure of the Mcnterey Bay Area, including a welcome reception, excursion, and banquet
at the Mont 1. Partners of conference attendees will enjoy a memorable
program, including an opporlumty to explore Monterey and the surrounding regions.

Official Language- The official language of the conference will be English. Simultaneous
translation will not be provided.

E!!lll:ltlun & Sponsorship

Conference:
June 8-13, ‘08

www.11t2008.com

tion will take place in the Mont:
Ihmughnut the scientific conference. Additional sponsorship Bppur!l.mltles are avaliab!s

please contact Aaron Vanderpool by e-mail:
Aaron.OManderpool@intel.com

AVS
Della Miller
110 Yellowstone Dr.,
Suite 120
Chico, CA 95973
Phone: 530-896-0477
Fax: 530-896-0487
E-mail: dellagavs.org

Aaron Vanderpool
Aaron.0.Vanderpool
&lntel.com

Susan Felch, Applied Materials ~ Amitabh Jain, Texas Instruments Ed Seebauer, University of lllinois
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