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We are here

2014 total smartphone sales were 1.24B units.

Q4/14=367.5B smartphones
=69% of cell phone sells!

Q1/15=71.7B PCltablets
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Figure 16. Key electronic parameters for major semiconductors.

Note the improved mobility for Ge vs S1, along with the degraded bandgap (47).
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*2018: Nano-wire at 5nm (Si, SiGe and
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Anngils/appear to have caused Ge loss

A@ming repeatable anneal conditions....

Following High Temp Anneals Only:
« 700 °C loss is 33%
* 900 °C loss is 50%

Very low temperature anneal (375 °C) prior to high temp.
anneal greatly mitigates Ge loss.

Following Very Low Temp Anneals (375 °C) + High Temp
Anneal:

e 700°C lossis 7%
e 900°C lossis ~ 0%

__k Epion & J.0.B. Technologies, 2004 7
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DIFFUSION & ACTIVATION ANALYSIS
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o Submelt: no modification of SIMS profile o LTA vs RTP: reduced Rs at same Xj depth
o Melt < 1.4 J/cm?: no diffusion at 1x10"®cm= {o Exiracted Nact = 1.2x102°cm-® with 1.3 J/cm?
o Abruptness : from 28 to 8 nm/dec o Energy >1.3 J/cm? :100% dose activated

o No positive contribution of multi pulse laser
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IWJT June 6, 2013
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Ge 3keV (~7nm) at 1E16/cm2 & 1E17/cm2
B2H6 500V (~7nm) at 4E15/cm2 & 4E16/cm2

Ge+B Plasma Implanted Wafers Provided by Micron
= Laser MeItAnneaIing Provided by Innovavent & Excico
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and has a bandgap of 0.87eV.

Fig. 3 MOSFET fabrication process flow (a) Fin. S1GeSn SRB patteming (b) STI formation (¢) Poly gate definition (d) Spacer formation and S/D recess (e)

st doped ST Spriaxial te-prowth, (0) Cate Tast Fugh- metal gate. 1900 - 1170.1160
(a) PMOS (b) NMOS g 2000 1 SRB: Siy5,GeSng e . o ::g: giﬂs.jigzﬂ,? siD
o - i

E"-: »NMOS = -o-PMOS GeSn (8% Sn) S/D
31600 1 wpmos ﬁﬁﬂﬂ 1 -3960 so10
: 1170 %3500 1 A
21200 - 1160 T S~
g £2500 -
5 800 - 780 Z
= 21500 -
% 2 1170
s ] T 500 -
% 400 2 SipsGe Sl 3sGe” Sig3,GeSng
g = @230
=] E -500 J 4 N
- - - A;5.54 B: 5.60 C. 565

Fig. 4 (a, b) PMOS and NMOS devices (gate stack, spacers, contacts {a] S/D Options {b] SRB lattice constant (A)

omitted) fabricated using “7nm’ design rules. PMOS: GeSn (4% Sn)
channel, in-situ doped GeSn (8% Sn) S/D. NMOS: Ge channel, in-situ
doped S13Geg; S/D (c, d) Longitudinal stress distribution (oxy) for
PMOS and NMOS. Other components of stress were found to be less

than 10% of ...

Fig. 12 Dhfferent options for tuning the channel stress: (a) 51 content in NMOS
S/D stressor. Sn content in PMOS S/D stressor (b) Lattice constant of the com-
mon SRB. Channel material kept mnvaniant: GeSn (4% Sn) (PMOS) and Ge
(NMOS), “Tom’ design rules.
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1E13/cm? to 3E15/cm? on resistivity and FWHM Raman Ge-peak with 600°C 5 min SPC (solid phase
crystallization) annealing and the critical P-implant dose is <2E14/cm? to be defect free after annealing.

(a) S ! (b) 2L W L
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Fig. 4 (a) Typical Ge Raman peaks
(around 300 cm™) before and after P ion
implantation with a dose of 3 x10'° /em’
and thermal annealing. (b) Annealing
temperature dependence on crystallinity
recovery of Ge. Although the annealing
temperature was increased up to 850°C,
still crystallinity is still worse than that
of initial Ge substrate.

Fig. 5 (a) Resistivity and FWHM of
Raman peak of P implanted GeOl as a
function of implantation dose. Above 3
x10" /ecm®, FWHM of Raman peak is
increased and reduction of resistivity is
saturated. (b) Correlation between
resistivity and FWHM of Raman peak.
By solid phase diffusion with
phosphorous silicate glass (PSG), further
reduction of resistivity is achieved
without increasing FWHM of Raman
peak.
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perimentation

* Results
 Summary:

Laser-LPC (Liquid Phase Crystallization) critical to achieve controlled n+
USJ down to sub-10nm with high dopant activation without diffusion.

Best reported Ge n+ USJ activation level of 1IE21/cm3 at 10nm is for Sb
Implant with laser-LPC

Best reported Ge n+ USJ activation level of 3-5E20/cm3 at 10-40nm is
for P implant with laser-LPC.
Sn implant can be engineered to:
* Improve Electron Mobility by 2x and uniform depth with Sb implant n+ doping
* |s neutral to degrade Electron Mobility by 3x with P implant n+ doping.

Next try Sn implant for Ge p+ USJ Hole Mobility Enhancement (B, BF2,
B18, In, Ga)
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