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Generic MOSFET Scaling

Trends/Innovations
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SEMATECH CMOS Activities

SEMATECH

Disruptive

Gate Stacks VLSI, 2009

VLSI, 2009
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Non-Planar Devices:
Similar Module Challenges & improved SCE

SEMATECH

R. Harris, P. Majhi (SEMATECH),
Stanford workshop on MUGFETS, 2007;SEMICON 2008
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Key Challenges with High u Channel Materials

Group consensus in SEMATECH hosted workshop “New Channel SEMATECI;/!,«”:
Materials for Future MOSFET Technology” Dec’06-07

Challenges with Ge devices

1. Short Lg demonstration
- BTBT due to low Eg?
- Compete with strained Si

2. CMOS ?
- NMOQOS: practical or
fundamental barrier?

3. Gate Stacks
- scalability
- reliability

4. Heterogeneous integration on Si
- selective epi ?

Several Other Challenges w.r.t Metrology, Process Challenges...
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High Mobility Materials on Si Platform

[Critical thickness of SiGe-on-Si]
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» Selective deposition of Ge on Si

*Thin — below critical thickness
* Low defect density

» Can be used for SiGe, Ge, llI-V

» Confine inversion layer



Short Lg MOSFETs on Ge Based Channels:

lon and loff Control

pDrain Current, / “_n(

10
Bulk Si
03
)]
E str-Si
g0z :
2 SiGe-HFET gyr.cen Ge
=
W
E ’
= ﬂ Ge-HFET
=
100p 10n 1
SUHTUPR: Ch | IHTBT (N.l,lfn)
(N ‘ annel §
10" bl L rashinans Krishnamohan, Saraswat (Stanford)
20 15 10 05 00 .05 -0

Gate Voltage (V)

loff can be controlled Iin

P. Majhi et.al, SEMATECH, heterostructures
EDL 2008

SEﬁATECIl-]f«}

| SiGa 7% 5m, HSIcm
134 L G 134

Wi R N
) ﬂv\rfﬁ (on/loft ~ 1e6
0’ ﬁw 10"
g L:% )
1010 ' il 1011
A h Nh A
S 19-11 T o 12-1;
Low junction and gate ; 1
leakage even for scaled "G‘N | :10_14
MOSFETs (<fnmEOT) ruft-r—itr=110
g T
U 44 42 40 98 €5 94 92 00 02 04 06 08 10
VeVu Y

S. Lee et.al, SEMATECH,
EDL 2008

29 April 2009



Planar and Non-Planar Si/SiGe/Si QW
PMOSFETSs
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thicknass above tc . .
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* Best reported short Lg pFET (lon/loff ~ 54 1) devices with high Ge%. Better than state-
of-art Si on power / performance metric

» Also demonstrated concept in scaled non-planar scheme



Ge “N’"MOS Issue: “Is it INTRINSIC ?”
SEMATECH

Junction Extensions: -
« USJ: Flash/Spike anneals o Dit/Nit
e Infusion, Plasma, SSL -High Dit/Nit near Ec
- But what about GeO2?

 Low SSL and High diffusivity,

and hence poor shallow junctions
-What about milli-sec anneals ?

e Fermi-Level Pinning at Ev and
hence high Schottky Barrier
Height for n-Ge.

-What about SBH modulation

techniques
- what about Germanides ?

Contact Resistance:
= Schottky Barrier of Silicide /
Germanides

= Doped Ni Silicide/Germanide
= Schottky FETs

Gate Stacks

* High-k/metals

* No fermi-level pinning
 scalability
e reliability




Key Challenges with High u Channel Materials
SEMATECH;

Group consensus in SEMATECH hosted workshop “New Channel
Materials for Future MOSFET Technology” Dec’07-08

Several Other Challenges w.r.t Metrology, Process Challenges...



Classification of llI-V FETs Being Evaluated
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W. Tsai, P.Majhi, New CMOS Channel Materials, ITRS on-line workshop, July 2008




I1I-V FETs Grand Challenge:

Short Channel Performance (Del Alamo et.al IEDM 2007) SEMATECH
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Manufacturable and Scalable Gate Stacks
on InGaAs SEMATECH )

e Intel-SEMATECH (in APL, DRC, IEDM 2008
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» Lowest CET devices on Il1-V to-date
 Ability to tune Vb with Metal work function
 Surface channel mobility needs improvement (currently ~ 2000 cm2/v.sec)




CMOS Scaling Enabled by New Materials
and/or Architecture SEMATECH

Device Evolution and Challenges
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SEMATECH Extensive R&D Network 7\
SEMATECH

» University Network: 80+ schools National Lab Network:
« Examples: MIT, Stanford, Berkeley, * BHNL Synchrotron XPS, XSW

UIUC, CMU, GATech, UT Austin * LANL Neutron SANS, SPEAR
» Students completed (or completing) e ORNL HR TEM

their PhD research: 27 « ANL Ferroelectric, piezoelectric
» Co-authored papers = 180+ e Sandia MEMS

« Jointly arranged conferences, e NIST FTIR.1/f Noise. XRD
workshops =9 ’ ’

Albany, NY:

SEMATECH North e
Funded by State of NY "= &
Home of Lithography, -,
3D Interconnect,

Metrology and FEP

=N P, Emerging
= “E= Technologies and ISMI

Premier user of 68,000 sq. ft. class 1
clean room for 200/300mm wafers

300,000 sq. ft. class 1 clean room
_ State of the art tools for 300 mm wafers




Summary
SEMATECH /

CMOS Scaling Is feasible only with New Materials (High-
k/Metals, Dual/Engineered Silicides, SIC/SiGe S/D, Non-Si
channels).

Numerous challenges facing CMOS Scaling, but numerous
opportunities as well. With intense and focused research
(industry- academia) these challenges are surmountable !

SEMATECH evaluating use of its well recognized skill base
to execute emerging nanotechnology R&D agenda In:
NEMS, Sensors, Energy, Biotech, Photonics, III-V structures
Electrical characterization and failure analysis
Centered around univ network with faculty / students participation

29 April 2009 SEMATECH Confidential
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