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Possible Logic Technology Roadmap
SEMATECH
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How To Address “Must Solve” Power Issue?
Pareto Analysis of Power Issue SEMATECH

/ Sub Vit Leakage

/ Best Efficiency V 4~0.3V \

/

Junctions, N.-P., TFET
30%

Gate Leakage
HK/MG

20%

Operating point

10%

Energy per Operation

40%

#1: Dynamic “leakage”
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vce: NEC (www. Nec.co.jp) and T. B. Hook et al IEDM p 27.6 2006

e Significance: Scaling Supply Voltage is Key to Address Power Issue
e High mobility channel materials enable V,, scaling w/o sacrificing performance




High-u on Si Heterointegration challenges
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High-u Fin Formation Options

Top-Down Fin Approach HDP Fill SEMATECH
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HVM'ability debatable, but good research technology to answer fundamental questions and
develop modules

Ge & llI-V Replacement Fin Approach CMP
Dummy Fin Fin etch/clean
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Elegant integration, but epitaxy challenging. Is high quality ~10nm fin possible?




Replacement Ge Fin
Effective dislocation trapping demonstrated SEMATECH
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e Significance: Quality Ge epi techniques may be needed for non-Si CMOS
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Replacement IlI-V Fin
Selective GaAs on Si with AR~3
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Replacement IlI-V Fin
Effective dislocation trapping demonstrated SAEM ATECKH )

Sample 1798 | | Wsample 1798

MorphologV A
features

- Trapping of all threading dislocations
- However, the ART structure promotes the formation of
other structural defects (morphology and stacking faults)
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High-u Fin Formation Options

Top-Down Fin Approach HDP Fill SEMATECH
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HVM'ability debatable, but good research technology to answer fundamental questions and
develop modules

Ge & IlI-V Replacement Fin Approach Defect
metrology
Dummy Fin Fin etch/clean High-u epi
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Elegant integration, but epitaxy challenging. Is high quality ~10nm fin possible?




Replacement Ge Fin CMP

Ge CMP initial development SEMATECH
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$-5200 5.0kV -1.0mm x150k SE 9/12/12 200nm
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$5-5200 5.0kV -0.8mm x150k SE 9/12/12 200nm
e Ge is an ‘easy’ material to CMP, many slurries are effective.
* Ge/oxide selectivity important for smooth and uniform post CMP morphology




InGaAs blanket wafer CMP Q?
SEMATECH

Starting layer structure Representative TEM

30 nm InGaAs

InAlAs

InP

Graded InAlAs
Buffer

GaAs Buffer
Defectivity ~e9 cm2‘mechanical’ wafers for CMP study

Si Sub

* Planar InGaAs hetero-structure: initial CMP learning vehicle
* Next slides will show the results of this test structure



InGaAs CMP: polish rate and morphology 7~
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e Slurry 1: slower, smoother

o Slurry 2: faster, rougher




InGaAs CMP: Controlling native oxide Q?
SEMATECH
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» Oxide formation controlled by slurry 1

* Significance: surface roughness, stoichiometry and i
uniformity essential for successful RPL fin integration %~ Nicroelectronics
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InGaAs CMP: Etch rate as function of PH
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Working theory: 2 step mechanism
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e Low pH increases oxide solubility and CMP rate.
» AsH; generation concern if pH too low Y obon

7 Microelectronics




Importance of Low Thermal Budget

InGaAs MOS stability e - SEMATECH
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Replacement Gate required at 7nm — POP and MG CMP challenges to continue
SEMATECH VLSI-TSA 2011




Qmportance of Low Thermal Budget 7~
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Short loop verification of gate-last approach

High-K :
3 nm Al,O;

20 nm n+tInGaAs 20 nm n+InGaAs

InGaAs/InAs/InGaAs: 5 nm

Buffer : Ing 5Alp 5As 500 pias] _ | 50 nm
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Coupon test structure using non-VLSI process flow:
 Fundamental scalability of IlI-V materials
 Module level learning

SEMATECH IEDM 2012
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In order to compare device characteristics, we plotted the subthreshold and gate current characteristics for both Inverted and Normal HEMT. Normal HEMT data came from our group with a similar channel design, barrier thickness, gate length and side recess length value. The inverted HEMT shows comparable subthreshold characteristics. Remarkably, the inverted HEMT exhibits much lower value of off-state current and gate leakage current.


q:undamental Promise of IlI-V

Gate last process enables SCE control to Lg=50 nm
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Low temperature gate-last process flow preserves gate-stack
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Integrity - Replacement gate required at 7nm node

SEMATECH IEDM 2012
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In order to compare device characteristics, we plotted the subthreshold and gate current characteristics for both Inverted and Normal HEMT. Normal HEMT data came from our group with a similar channel design, barrier thickness, gate length and side recess length value. The inverted HEMT shows comparable subthreshold characteristics. Remarkably, the inverted HEMT exhibits much lower value of off-state current and gate leakage current.


Fundamental Promise of IlI-V
Benchmarking: Injection Velocity (Vin)) SEMATECH

4 - InAs HEMT

A 4 ~13,000 cm’/V-s
oy p ~9,500 cm’/V-s
» 31
-..E.. Ino_ssGaAs
(&)
N~ 2 - Tqw =
(@ Tqw =10 nm
— -
= 4 n._
SE T *Strain-Si g4 O
N
*Si nFETs
0 VDS—O-ﬁV - I(VTDS=1.1-1I.3V) |
10 100

Lg [nm]
 Excellent scalability was observed with ETB InAs MOSFET down to L, = 50 nm.
« 2X higher injection velocity vs. s-Si device at ¥2 V.

SEMATECH IEDM 2012



Sum mary SEMATECH;

* High mobility channel materials expected at
10/7nm technology node.

* Replacement fin, elegant integration, but epi and
CMP challenges to overcome.

e Initial Ge and llI-V CMP results promising, more
work to do....

e [II-V gate-stack, thermal budget critical: gate last
flow likely, CMP critical.
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