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Abstract: Power as one part of PPA (Performance, Power and Area) becomes more and more important in large SoC chips,
especially under 7 nm technology. Al chips schedule multi —cores in parallel for specific application scenario, which lead to very
large power consumption. Power optimization for each core is highest priority for an Al chip design. With a typical power scenario
or multi—scenario grouped together, we can do power optimization from RTL synthesis to GDS. The basic flow is using Joules—replay to
convert RTL activity file(time—based formats—VCD/FSDB/SHM/PHY) to gate level activity file. Synthesis with Genus has 3 steps: syn—
gen, syn—map and syn—opt, Joules—replay is added after each step, and the replayed activity file will be used in power optimiza-
tion in next step, which increase power estimation accuracy. Innovus place and route also has 3 main steps: place —opt, CTS-opt
and route—opt, same flow with Joules—replay can be involved after each step, and it generates stimulus activity for next step. At final
timing signoff stage, we use post—sim activity for power opt in Tempus. With this full flow power optimization flow, we can achieve
more than 10% power reduction, combined with MBFF(Multi-Bit Flip—Flop) optimization, we can get 21% power reduction finally.
Key words: power optimization ; AT chip design ; SoC physical design ; Joules—replay ; Genus ; Innovus

0 1
PPA, 28 nm N
) 0 o 1
7 nm , , , (leakage power),
o PPA o
o 1 PMOS
(Leakage Current)= —>N-Well + Gate —>
. N-Well+ ->

) 2022 48 8 —65

http://www.chinaaet.com



MEFEA

http://www.chinaaet.com

CadenceLIVE China 2022

Gate s (Internal Power) , 2 s
Source Drain Sub liberty ’
l input transition  output load °
= (net) ,
l P i L~ P+ (Switching Power) , net
N-Well °
EDA s
P-Substrate SAIF (Switching Activity Interchange
Format) , VCD (Value Change Dump) FSDB (Fast Signal
| Database) o
PR , sig-
,MOS noff power Synopsys
, PN , PrimeTime PX Cadence Palladium .
MOS , (Static , Dynamic)
, , power domain
) (standard cell) ;
leakage liberty (.lib) leakage
power design ( o
Macro)  leakage o ULVT cell
PR o , (vector—less)
, leakage power switching activity  15%,
, , low power .
design  leakage 0 7nm Al , ,
RC , .
° ) 2
’ (toggle rate) o Cadence  Palladium (
o S ,
0 . RTL
’ © RTL ,
Voo ’
o RTL °
Cl ) Cadence Joules Joules —
v T“uﬁ_‘.?/_ H replay , RTL
‘|' CL T (Gate Level Netlist) ,
Vss Ve °
2 o

66 —www.ChinaAET.com

http://www.chinaaet.com



h
CadenceLIVE China 2022

M EFHEAR

ttp://www.chinaaet.com

Palladium

ys

O-delay power analysis

I
1 P l Power
RTLjGate ! oo Cycle based waveform . anal
emulation rofiling Wln(t;v::: Lnet:;:?ted Voltus/Joules
. Gate waveforms for We’re discussing this flow
accurate PA; / ] SDF delay-based accurate
’ :;'nl}m?ms for 2 replay glitch power analysis
exploration I ) Replay
Xcelium
Voltus/Joules
imulation e
waveform Simulation
SHM
Simulation waveforms also
acceptable.
3 Palladium
3 — Place_opt :
3.1 read_activity_file ../genus/syn_opt_xreplay . ved - format
RTL , Genus , VCD - scope / joules_testbench / joules_top_inst — start 27972 .
RTL ° Genus 777ns—end 28047.837ns
3 : Syn_gen . syn_map syn_opt . , read_activity_file —format TCF filel —weight 0.3
4 Genus FSDB N read_activity_file —format TCF file2 —weight 0.2
« Genus : read_activity_file —format TCF file2 —weight 0.5
— Syn_gen : read_stimulus —file operator_power_test.fsdb - - Cis_opt:
dut * —start 27972.777Tns—end 28047.837ns read_activity_file —reset

Syn_opt : read_stimulus —file

start 27972.777ns—end 28047.837ns

syn_map_xreplay.ved —

read_activity_file ../X-replay/placed_xreplay.ved —format

VCD —scope/joules_testbench/joules_top_inst —start 27972.

3.2 PR signoff 777ns —end 28047.837ns
5 ,  Innovus Place Routing 3.3 Signoff
3 : place_opt .cts_opt  route_opt o 6 ,  Signoff , IPA power
Joules—replay . signoff , power
weight R o IPA FSDB IR R
« Innovus: vector IR o
fa’ ~TTTTTTTTTTTTTTTTTTTTmTTTmTETTTTTTTTTT = "\\
I I
: — :
1 Syn_opt X
1 1
! 1
! 1
1 ! é'
1 .
! ; Power
reports
4 Genus FSDB
) 2022 48 8 —67

http://www.chinaaet.com



MHETFHEA

Microelectronic Technology

http://www.chinaaet.com

CadenceLIVE China 2022

Final P&R

Internal/Switching/

Flow Type

6 sigoff
4
case
FSDB base ,case 1
Innovus PR
,case 2 case 1
1
Genus
Case 0 No FSDB
Case 1 FSDB
Case 2 FSDB +MBB
4.1 Signoff QOR
2 s case( ., casel
: (1) case

; (2)casel case 2 DRC

DRC 10 ports ,
;(3)case 1 case 2
FSDB case, o

68 —www.ChinaAET.com

Netlist FSDB

Post-layout FSDB

, case

FSDB

’

95.0% 93.0%%

FSDB
PR QOR s IR
2 QOR
Case 0 Case 1 Case2
WNS/ns -0.015 -0.029 -0.032
TNS/ns -0.3 1.2 -0.2
NVP 56 139 20
Shorts 425 557 542
Total DRC 4 655 7208 7 486
AVG-1R/% 4.23 3.79 3.39
IR VIO 6 323 2292 2 081
4.2
Joules —replay ,
FSDB ) 7
X 7% s signoff
10.5% , , FSDB MBFF cell ,
19.8%

91.4%
90.7%
900 L 89.1% 89.5%

B4.6%

BS.0% | 83.5% 83.5%

81.9%
Nz%
BO.0% b

75.0% ¢
==X —replay o= X-replay+MBB
0.0% syn_oplt l place_opt ' els_opl ' romle_opl I signofl
7
3 signoff , case
s , casel case 2

http://www.chinaaet.com



http://www.chinaaet.com

CadenceLIVE China 2022

M EFHEAR

3 case ’ PPA
Case 0 Case 1 Case2 °
/mW 1117.2 1 000.8 895.5
1% 100 89.6 80.2 [1] Cadence Innovus user guide[ EB/OL].[2019-05-11].http://
/mW 17.4 15.4 14.6 www.cadence.com.
/mW 519 476.5 414.3 [2] Cadence Genus user guide[ EB/OL].[2021-10].http://www.
/mW 580.9 508.9 466.7 cadence.com.
43 ( :2022-06-20)
,  Tempus timing signoff ' (1982-). . ’ ’
PowerECO , 8 , PowerECO 2.5D )
1.8% , 21% (1991-), ‘ ’
5 N o
s FSDB Genus s (1987-), ,
FSDB Innovus PR , Tempus Power ECO , :
, MBFF .2.5D
, RTL  GDS 21% , o
95.0% 84.6% X-Replay + MBB
84.0%F 8359 83.5%
B3.0%
82.00% | 81.9%
BLO%T 80.2%
80.0%
79.0%% 19.0%
T8.09%6 +
T7.0%
76.0% syn_opt I place_opt I cts_opt I route_opt I signoff T PowerECO

8 Joules—replay+MBB

B L B s e i A e e S e o L B aa aEe e o

( 64 )

[4] CUO X,STAN M R.Circadian rhythms for future resilient
electronic systems: accelerated active self-healing for inte-
grated circuits| M ].Switzerland : Springer , 2020.

[5] CACHO F,MORA P,ARFAOUI W, et al.HCI/BTI coupled
model ; the path for accurate and predictive reliability simu-
lations| C]//2014 IEEE International Reliability Physics Sym-—
posium (IRPS).1IEEE ,2014.

[6] HUANG K,ZHANG X Q,KARIMI N.Real-time prediction
for ic aging based on machine learning|J|.IEEE Transactions
on Instrumentation and Measurement , 2019, 68 (12) : 4756 -
4764.

[7] MISHRA S, AMROUCH H,JOE J, et al.A simulation study
of NBTI impact on 14—nm Node FinFET technology for logic
applications: device degradation to circuit—level interaction[J].

[EEE Transactions on Electron Devices, 2019 ,66(1):271-

278.

[8] KARAPETYAN S,SCHLICHTMANN U.Integrating aging aware
timing analysis into a commercial STA tool[C]//VLSI Design,
Automation and Test, 2015.

[9] JAIN P,CANO F,PUDI B,et al.Asymmetric aging : intro—
duction and solution for power—managed mixed—signal SoCs[J].
IEEE Transactions on Very Large Scale Integration(VLSI)
Systems , 2014 ,22(3): 691 -695.

( .2022-06-20)
(1981-), ,
(1996-), , ,
(1990-), : .

) 2022 48 8

http://www.chinaaet.com



http://www.chinaaet.com

hRAX 7= BR

ZAEH A, KRBT FE & W EAEER BT (o THA LAY
&, LAZKRT|H @R BETIM. LARFNDATFIZE L. ILh.
FFRATIE S ML, RERTPFERZ, FE—WEFENLE TR
TG AEE A KFERB L,

AEHA, AL LEZRBE T B2 HEE (CNKL). 773K
FHifRS-F 6. F AP SR E (45 ). DOAT. £E (&5 A4&
T8N IST B AFEFARIR M SR B 52038 A LK.

st F ik BB B AT A SRR R LA . AR FAA, KT
PRI —4) ok Bk AT R IE B ARz

R

CRETFRORNHD) Jn
F E TR R REH R A R NPT

http://www.chinaaet.com





