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Background & Introduction Proposed PVTSizing Experimental Results

PVT robustness is significant for analog synthesis.
X = (W4, L4, ...) is a certain set of design solution of analog synthesis.

Performance cloud of X

NOISe‘ Ideal performance of X NOISe‘ under PVT variation
O + PVT variation @ @
> >
Power Power

Performance space that meets given specifications
® X meets given specifications under some PVT corners.

@ X fails to meet given specifications under some other PVT corners.

THE CHIPS 3
b TO SYSTEMS
A



Background & Introduction Proposed PVTSizing Experimental Results

Challenge of PV T-robust analog synthesis

Challenge 1: Randomness of starting point limits success rate.

» The mapping between device sizes and circuit performance is highly nonlinear.

» With bad starting point, it's easy to stuck at the local optimum for a long time.
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Background & Introduction Proposed PVTSizing Experimental Results

Challenge of PV T-robust analog synthesis

Challenge 2: Out-of-iteration PVT corner pruning leads to corner-overfitting.

Out-of-iteration _
Model updating Fail
Qterations) Pass
Start PVT comer gl EE) FulPVTtest BE) End
pruning
Sampling
Full PVT corner set Reduced PVT corner set
Corner -1- Corner -2- Corner -3- Corner -4- ‘ Corner -1- Corner -5- Corner -8-
Corner -5- Corner -6- Corner -7- Corner -8- PVT C(.)mer
pruning
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Challenge of PV T-robust analog synthesis

Challenge 2: Out-of-iteration PVT corner pruning leads to corner-overfitting.

Out-of-iteration

Model updating Fail
Qterations Pass
PVT corner >
Start runing =) EE) Ful PVTtest BEB) End
Sampling
Corner-overfitting ,
Performance |_ _ E_B___ _‘_ _ _§pecification
I I I I ~ Corners remained
" Corners cut off
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Background & Introduction Proposed PVTSizing Experimental Results

Challenge of PV T-robust analog synthesis

Challenge 3: Inaccurate prediction limits the effectiveness of sample pruning.

Noise
4 Real performance of X
Wnl, Lnl,

$ ’

Critic | >
ogg o | Power
o0 O i

oo | Noise
_______________ A
’, Prediction
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Possible predicted

Gain, Power, Noise, ...
performance of X
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Backgrond & Introduction Proposed PVTSizing Experimental Results

Formulation of PVT-robust analog synthesis

Define figure of merit (FoM) to convert multiple specifications into a single target.

AT
+Ci I
T, T < 0
FoM = { Performance
3 O_O Specification
- mln( ),ifwewantF-ZC-
—C 0 F 3 Z_ max(F; + C;, )’ L=
! ! r={<m C: — F:
FL-C min( : l ,0),if we want F; < C;
- ,0> _ F-+ C., C
min (max(F1 TCC) | Li=1 max(F; + C;, C;)

All the specifications are met when FoM = 0.
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This work: PVTSizing

Tr

[

1

e
Circuit netlist

\

® o N
® Trust‘.-
® @ Region

TuRBO-based
initial sampling

Overview of PVTSizing
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This work: PVTSizing

[ Fom A || Fom, |[ Fom4 |

T |
i [ Fom A |[ Fomsd || Fom, |
.[ '{|" ‘ /"“_‘ < Critic-assisted pruning . _E“ é" i
[ - S : &
J I

a ] =
Circuit netlist | Simulator T = . Full PVT test
¥ | ‘ In—iteration PVT pruning ‘
i Actor Critic Wny, Lny, ... Ty
°.° P AR AR | Wn,, Lny, ... b = e
Som® || iR dE >
e | e | Tgee Wy Lo, ... Output
TuRBO-based || RL agent Candidate design
initial sampling | . solutions

Contribution 1/3: Divide sizing problem into 1) single-corner initial sampling phase and
2) multi-corner sizing phase to improve success rate.
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Contribution 1: TURBO-RL-based optimization framework

Initialization

‘e, » TuRBO-based |
o® e TR initialization

\

Xl XZ X3

Design solutions
under typical corner

|

. Sample under all PVT
- corners to get initial dataset |

Do TuRBO-based initial sampling.
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Contribution 1: TURBO-RL-based optimization framework

Initialization Last-sample buffer
__________________ i FOMll —_— _0 5
‘%, = TuRBO-based !
o o TR initialization ol = —US R
4 i  FoMj; = +02
X1 Xp Xg = TMemTOL
Design solutions FoM;s = —0.4

under typical corner

I FoM;s =03

! Sample under all PVT | .
- corners to get initial dataset | FoM;g = —0.5

Build last-sample buffer to record the results of latest sampling of each PVT corner.
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Contribution 1: TURBO-RL-based optimization framework

Initialization Last-sample buffer

__________________________

FoM;; = —0.5 Task 1: Improve the FoM of design solution under corner -1-.

*e, » TuRBO-based

o TR| initialization FoM,;, = —0.3 Task 2: Improve the FoM of design solution under corner -2-.
4 i  FoMy; = +0.2
X]_ XZ X3 . E E FOMM = —0.1 E

Design solutions FoM;s = —0.4
under typical corner ' |

I FoM;s =03 ]
| = 4+0.2 Multi-RL agent

! Sample under all PVT | .
- corners to get initial dataset | FoM;g = —0.5

Multi-task reinforcement learning for multi-corner sizing.
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This work: PVTSizing

Tr i [ Fom A || Fom, |[ Fom4 |
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Contribution 2/3: In-iteration PVT pruning based on last-sample buffer
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Contribution 2: In-iteration PVT pruning

—————————————————————————————————————————————————————————————————————————————————————————————————————————

N Model updating Fail

- PVTocomer jterations >
Start ‘ pruning ‘ Full PVT test ‘ End
L Sampling

_________________________________________________________________________________________________________
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Contribution 2: In-iteration PVT pruning

¢~ Model updating Fail
Pass

PVT corner  jterations >
Start ‘ pruning ‘ Full PVT test ‘ End
ka Sampling

Last-sample buffer

FoM,, = —0.5 FoM;s = —0.4 PVTcorner | FoM;; = —0.1 FoM;5 = —0.4

pruning Reduced PVT corner set
FoM;, = —0.3 FoM;s = —0.3 FoM;, = —0.3 FoM;; = —0.3
Corner -1- Corner -5- Corner -8-
FoMy; = +0.2 FoM,; = +0.2 FoM;; = 40.2 FoM;, = +0.2
K-means
FOMM_ = —01 FOMlg = _05 FOMM_ = _01 FOMlg = —05
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Contribution 2: In-iteration PVT pruning

¢~ Model updating Fail
Pass

PVT corner  jterations >
Start ‘ pruning ‘ Full PVT test ‘ End
ka Sampling

w/o corner-overfitting
A
Specification

_ __.__.____ _ - - -
I I_ Corners remained

" Corners cut off
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This work: PVTSizing
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Circuit netlist | Simulator T » . Full PVT test
* | ‘ In-iteration PVT pruning ‘
I Actor E i_ Critic E th th Wn] Ln1
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TuRBO-based | RL agent Candidate design
initial sampling solutions

Contribution 3/3: Critic-assisted pruning for selecting candidate design solutions
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Background & Introduction Proposed PVTSizing Experimental Results

Reduced PVT corner set

Contribution 3: Critic-assisted prun | ng Comer-1-  Corner-5-  Corner -8-
Predicted change in last-sample buffer
FoM;; = —0.5 FoM;; =-01>-05 P
FoM,, = —0.3 FoM,, = —0.3
FoM;; = +0.2 FoM;; = +0.2

P » ity = i FoM, = =01 Predicted “up” number =
candidate FoMs = —0.4 FoMys = —0.5 < 04 DOWN 2

FoMy, = —0.3 FoMy, = —0.3 Predicted “down” number
FoM;; = +0.2 FoM;; = +0.2 =1
FoM;53 = —0.5 FoMig = =03 > —05 [JpP

Use Critic network to predict the relative FoM of latest sample and X . ndidate-

THE CHIPS
TO SYSTEMS
o,




Background & Introduction Proposed PVTSizing Experimental Results

Contribution 3: Critic-assisted pruning

Critic

YES

PUN,= 2 ‘ 3 PUN > B ? ‘ Xselocted  (With the highest PUN)

PUN: Predicted “up” number

1) Skip sampling step. 1) Sample Xc.iocted

2) Update g.
‘ l / P is updated in each iter.

1) Update networks.
2) Go to next iteration.

Set sample threshold S for further pruning.
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Testcases
s _tHi — |
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StrongArm Latch (SA) Folded-Cascode OTA (FC) Bandgap Reference (BGR) Pre-Amplifier (FIA)
024
FC 20 7 10%°
BGR 8 3 1023
FIA 6 2 1017
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Background & Introduction Proposed PVTSizing Experimental Results

Synthesis results on four real-world circuits

» 1.9~8.8x sample efficiency and 1.6~9.8x time efficiency compared to tools from industry

and academia.

. . Testcases FC OTA StrongArm BGR FIA
» Remain high success rate. o PVTSizing 538 174 365 334
Samgles Virtuoso 1023 674 3232 764
RobustAnalog 4202 2033 8238 2043
Sample efficiency 1.9% 3.8x 88x  22x
improvement
PVTSizing 0.68h 0.25h 0.43h  0.29h
Runtime  Virtuoso 1.14h 2.45h 1.63h  0.88h
RobustAnalog 3.87h 3.00h 8.59h  2.93h
Time efficiency 1.6 9.8 37x  3.0x
Improvement
Success PVTSizing 100% 100% 90%  100%
rate Virtuoso 100% 100% 100%  100%
RobustAnalog 80% 100% 20% 100%

In tests with success rate less than 100%, only data with successful
optimization are included.
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Background & Introduction Proposed PVTSizing Experimental Results

Support for mismatch-aware synthesis & Results

> In Monte Carlo simulation, each simulation point corresponds to a set of mismatch parameters.
» Each set of mismatch parameters can be regarded as a mismatch corner.

» By treating mismatch corner as PVT corner, PVTSizing can handle mismatch-aware synthesis.

=y PVT-Robust ] @o
Synthesis R Results of mismatch-aware synthesis on FC OTA

________ PVT Robust Framework | # of samples Runtime Successed?
} W W+ AW PVTSizing 823 3.73h Yes
T ; Virtuoso 5267 5.27h Yes
tl Mismatch-aware <::’/ __l -1 |_ Improvement 6.4 X 1.4x /

Synthesis

Mismatch Robust
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Background & Introduction Proposed PVTSizing Experimental Results

Conclusion

» PVTSizing

» A TuRBO-RL framework is proposed for high-success-rate PVT robust analog synthesis.
» In-iteration PVT corner pruning is proposed to avoid corner-overfitting.

» Critic-assisted pruning is proposed to improve effectiveness of performance prediction.
» Mismatch-aware synthesis is supported.

> Results

» 1.9~8.8x sample efficiency and 1.6~9.8x time efficiency compared to tools from industry

and academia.
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Thanks for your attention.
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