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Motivation
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Motivation

» Manufacturing process becomes less controllable under aggressive scaling.
» Deviation of device parameters from nominal becomes more likely.
» Performance and power of manufactured hardware become unpredictable.
» We need system-level models of variation at early stages of the design.

 Contribution: VARIUS-TC

» Modeling process variation in emerging devices at architecture-level.

: A ‘ VARIUS-TC: A Modular Architecture-Level Model of ICCD’16 /= /2016
‘- Parametric Variation for Thin-Channel Switches 2 1 16/57201




Thin Channel (TC) devices

[K. Ahmed, and K. Schuegraf. "Transistor wars." IEEE Spectrum48.11 (2011): 50-66.].

", VARIUS-TC: A Modular Architecture-Level Model of 1CCD's6 10/5/2016
w Parametric Variation for Thin-Channel Switches 3 5




Thin Channel (TC) devices

Traditional Planar CMOS

[K. Ahmed, and K. Schuegraf. "Transistor wars." IEEE Spectrum48.11 (2011): 50-66.].
[

"+ VARIUS-TC: A Modular Architecture-Level Model of [CCD' 6 10/5/2016
"_“ Parametric Variation for Thin-Channel Switches 3 5




Thin Channel (TC) devices

Traditional Planar CMOS

mmmmm  Channel Thickness

[K. Ahmed, and K. Schuegraf. "Transistor wars." IEEE Spectrum48.11 (2011): 50-66.].

4 A - VARIUS-TC: A Modular Architecture-Level Model of ICCD’16 10/5/2016
w Parametric Variation for Thin-Channel Switches 3 5




Thin Channel (TC) devices

Traditional Planar CMOS SOI

Buried
insulator
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Thin Channel (TC) devices

Traditional Planar CMOS SOI FinFET

mmmmm  Channel Thickness

[K. Ahmed, and K. Schuegraf. "Transistor wars." IEEE Spectrum48.11 (2011): 50-66.].
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Hierarchical Variation Modeling
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Hierarchical Variation Modeling
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Look-Up Table
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* LUT vs. closed-form formula:
* Modularity eases experimentation with different designs (e.g., SOI variants)

* Robust closed-form formula may not always be available for emerging switches
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Logic Timing Model
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Logic Timing Model
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Memory Model

* Supports 6T and 8T memory cell
* Timing errors

* Write timing

* Read timing
* Stability errors

* Hold error
» Write Stability
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Hold Error
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Evaluation Setup

* Device parameters
* PTM, FinFET, 16nm
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Evaluation Setup

* Device parameters
* PTM, FinFET, 16nm

* Parametric sweep
LFin’ TFin’ d)g
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Evaluation Setup

* Device parameters Parameter | Low var. | Medium var. | High var.
* PTM, FinFET, 16nm Lrin 3.5% 7% 10.5%
Trin 3.5% 7% 10.5%
* Parametric sweep o 0.16% 0-32% 0.48%

* Lpin Trin $g

* 3 levels of variation
* low, medium, high
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Impact on Logic Timing
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Impact on Logic Timing
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PV can still increase the minimum operating
voltage significantly.

A VARIUS-TC: A Modular Architecture-Level Model of

¥ Parametric Variation for Thin-Channel Switches 15 ICCDA6 10/5/2016 m




Example Use Case

g A ‘ VARIUS-TC: A Modular Architecture-Level Model of ,
- Parametric Variation for Thin-Channel Switches 16 ICCD16 10/ 5/ 2016 m




Example Use Case

* Reducing operating voltage reduces power consumption.

g A ‘ VARIUS-TC: A Modular Architecture-Level Model of ,
- Parametric Variation for Thin-Channel Switches 16 ICCD16 10/ 5/ 2016 m




Example Use Case

* Reducing operating voltage reduces power consumption.
» Frequency reduces, too.

g A ‘ VARIUS-TC: A Modular Architecture-Level Model of ,
- Parametric Variation for Thin-Channel Switches 16 ICCD16 10/ 5/ 2016 m




Example Use Case

* Reducing operating voltage reduces power consumption.
» Frequency reduces, too.

Throughput < N f

cores X cores

' A ‘ VARIUS-TC: A Modular Architecture-Level Model of ,
- Parametric Variation for Thin-Channel Switches 16 ICCD16 10/ 5/ 2016 m




Example Use Case

* Reducing operating voltage reduces power consumption.
» Frequency reduces, too.

Throughput «< N

fCOfES

|

cores X

' A ‘ VARIUS-TC: A Modular Architecture-Level Model of ,
- Parametric Variation for Thin-Channel Switches 16 ICCD16 10/ 5 /2016 m




Example Use Case

* Reducing operating voltage reduces power consumption.
» Frequency reduces, too.

Throughput «< N

cores X f

I

cores

' A ‘ VARIUS-TC: A Modular Architecture-Level Model of ,
- Parametric Variation for Thin-Channel Switches 16 ICCD16 10/ 5/ 2016 m




Example Use Case

* Reducing operating voltage reduces power consumption.
» Frequency reduces, too.

Throughput «< N

cores X f

"

* Process Variation ...

cores

g A ‘ VARIUS-TC: A Modular Architecture-Level Model of ,
- Parametric Variation for Thin-Channel Switches 16 ICCD16 10/ 5/ 2016 m




Example Use Case

* Reducing operating voltage reduces power consumption.
» Frequency reduces, too.

Throughput «< N

X fcores

H

cores

* Process Variation ...

g A ‘ VARIUS-TC: A Modular Architecture-Level Model of ,
- Parametric Variation for Thin-Channel Switches 16 ICCD16 10/ 5/ 2016 m




Example Use Case

* Reducing operating voltage reduces power consumption.
» Frequency reduces, too.

‘Y| — No variation
Throughput < N_ . X f e <- o ey
y + 065V
D o A 0.75V
< 0.86V
. o
 Process Variation ... o
\x
\+~
= | — A

| | i | | i | T
0.3 04 05 06 07 08 09 1.0

Power

g A ‘ VARIUS-TC: A Modular Architecture-Level Model of ,
- Parametric Variation for Thin-Channel Switches 16 ICCD16 10/ 5/ 2016 m




Example Use Case

* Reducing operating voltage reduces power consumption.
» Frequency reduces, too.

‘Y| — No variation
Throughput < N_ o X fes < oy
y + 065V
D o A 0.75V
< 0.86V

 Process Variation ... al— °\
X VvV
T —— NOM

—y —A .,

| | i | | i | T
0.3 04 05 06 07 08 09 1.0

Power

g A ‘ VARIUS-TC: A Modular Architecture-Level Model of ,
- Parametric Variation for Thin-Channel Switches 16 ICCD16 10/ 5/ 2016 m




Example Use Case

* Reducing operating voltage reduces power consumption.
» Frequency reduces, too.

‘Y| — No variation
Throughput < N_ o X fes < oy
m + 065V
D o A 0.75V
= VMIN 0.86V

 Process Variation ... al— °\
x\+_ VNOlVl

= | —A §

| | i | | i | T
0.3 04 05 06 07 08 09 1.0

Power

g A ‘ VARIUS-TC: A Modular Architecture-Level Model of ,
- Parametric Variation for Thin-Channel Switches 16 ICCD16 10/ 5/ 2016 m




Example Use Case

* Reducing operating voltage reduces power consumption.
» Frequency reduces, too.

‘Y| — No variation
Throughput < N_ . X f e <- o ey
y + 065V
D o A 0.75V
< 0.86V
. o
 Process Variation ... o
\x
\+~
= | — A

| | i | | i | T
0.3 04 05 06 07 08 09 1.0

Power

g A ‘ VARIUS-TC: A Modular Architecture-Level Model of ,
- Parametric Variation for Thin-Channel Switches 16 ICCD16 10/ 5/ 2016 m




Example Use Case

* Reducing operating voltage reduces power consumption.
» Frequency reduces, too.

- No variation - |Jnder variation
<
Throughput o N____xf . O 0.44V
cores cores 5% 055V
o + 0.65V
D o A 0.75V
< 0.86V

. o X
 Process Variation ... al— \ \

| | | | | | T
0.3 04 05 06 07 08 09 1.0
Power

g A ‘ VARIUS-TC: A Modular Architecture-Level Model of ,
- Parametric Variation for Thin-Channel Switches 16 ICCD16 10/ 5/ 2016 m




Example Use Case

* Reducing operating voltage reduces power consumption.
» Frequency reduces, too.

- No variation - |Jnder variation
<
Throughput o N____xf . O 0.44V
cores cores 5% 055V
o + 0.65V
D o A 0.75V
< 0.86V

_ o X
* Process Variation ... N _\ - \ ____________

 If > 2x area increase is not X, +
affordable... L)

[ [ | |
0.3 04 05 06 07 08 09 1.0
Power

g A ‘ VARIUS-TC: A Modular Architecture-Level Model of ,
- Parametric Variation for Thin-Channel Switches 16 ICCD16 10/ 5/ 2016 m




Example Use Case

* Reducing operating voltage reduces power consumption.
» Frequency reduces, too.

— No variation — Under variation
o
Throughput < N_ . X fec  <- 0...044¢
y + 0.5V
D o A 0.75V
= 0.86V
. . o 0.5V x
* Process Variation ... N %\_ - \ ____________
 If > 2x area increase is not X, +
+\\A§
affordable... —

[ | |
0.3 04 05 06 07 08 09 1.0
Power

g A ‘ VARIUS-TC: A Modular Architecture-Level Model of ,
- Parametric Variation for Thin-Channel Switches 16 ICCD16 10/ 5/ 2016 m




Example Use Case

* Reducing operating voltage reduces power consumption.
» Frequency reduces, too.

— No variation = Under variation
o
Throughput o< N . xf .. <- iy
» + 065V
D o A 0.75V
< 0.86V
o 0.0.5V % 0.6V
* Process Variation ... N %\_ - - }‘{ ____________
 If > 2x area increase is not X, +
+\\A\
affordable... .

[ | |
0.3 04 05 06 07 08 09 1.0
Power

e VARIUS-TC: A Modular Architecture-Level Model of ,
v Parametric Variation for Thin-Channel Switches 16 ICCD16 10/5/2016 m




Related Work

i A ‘ VARIUS-TC: A Modular Architecture-Level Model of ICCD’16 /= /2016
‘- Parametric Variation for Thin-Channel Switches 7 1 16/5/201




Related Work

* VARIUS-NTYV is tailored for planar CMOS only.

i A ‘ VARIUS-TC: A Modular Architecture-Level Model of ICCD’16 /= /2016
‘- Parametric Variation for Thin-Channel Switches 7 1 16/57201




Related Work

* VARIUS-NTYV is tailored for planar CMOS only.
 FinCANON and McPAT-PVT are architecture-level FinFET-based models.

A VARIUS-TC: A Modular Architecture-Level Model of

¥ Parametric Variation for Thin-Channel Switches 17 ICCDA6 10/5/2016 m




Related Work

* VARIUS-NTYV is tailored for planar CMOS only.

e FinCANON and McPAT-PVT are architecture-level FinFET-based models.
 Modular

A VARIUS-TC: A Modular Architecture-Level Model of

R & Parametric Variation for Thin-Channel Switches 17 ICCD16 10/5/2016 m




Related Work

* VARIUS-NTYV is tailored for planar CMOS only.

e FinCANON and McPAT-PVT are architecture-level FinFET-based models.
 Modular
e TCAD-based device-level simulations

A VARIUS-TC: A Modular Architecture-Level Model of

R & Parametric Variation for Thin-Channel Switches 17 ICCD16 10/5/2016 m




Related Work

* VARIUS-NTYV is tailored for planar CMOS only.

e FinCANON and McPAT-PVT are architecture-level FinFET-based models.

 Modular
» TCAD-based device-level simulations

* VARIUS-TC’s strength

: A ‘ VARIUS-TC: A Modular Architecture-Level Model of ICCD’16 /= /2016
‘- Parametric Variation for Thin-Channel Switches 7 1 16/57201




Related Work

* VARIUS-NTYV is tailored for planar CMOS only.

e FinCANON and McPAT-PVT are architecture-level FinFET-based models.
 Modular
e TCAD-based device-level simulations

* VARIUS-TC’s strength

* Probabilistic model to analyze processor logic and error modes of memory
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Conclusion

* VARIUS-TC

* Models process variation in emerging devices at architecture-level.

* VARIUS-TC facilities
 Extraction of a safe operating frequency and voltage
* Generation of critical path delay, power, and V,, distributions

* (Calculation of error probabilities for

* logic (timing)

* memory (timing and stability) error modes
* Design space exploration

« Modularity eases experimentation with different designs (e.g., SOI variants)
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