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 Diversified application domains @ST with intensive usage of memory
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Dedicated 
Automotive ICs 

Discrete &
 Power Transistors

Analog, Industrial & 
Power Conversion ICs

MEMS & Optical sensing solutions ASICs based on ST 
proprietary technologies

GP MCU & MPU,
 Secure MCUs, EEPROM



Possible weaknesses in full custom designed 
memory periphery
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• Memory periphery 
has many circuits 
that are hand-crafted 
and prone to wrong 
sizing

• This improper sizing 
can cause design 
failures

• A design 
methodology is 
needed during the 
design phase to 
identify and fix such 
weaknesses



Existing statistical methods and limitations for 
memory periphery analysis

Memory periphery (full 
custom)
- Prone to variations/errors
- Precise analysis required

Specific device focused 
robustness analysis should be 

done to ensure correct  statistical 
behavior for critical logical stages 

in design

Possible masking of weakness in 
a larger logical depth when 

wholistic statistical evaluation is 
used (E.g., Sigma Amplification)

Brute force Monte Carlo for each 
stage is not feasible

High sigma brute force statistical 
analysis is appropriate for highly 

repeated blocks such as memory 
bitcells (E.g., HSMC)



PrimeSim Design Robustness (DR) flow
o Key difference between Monte Carlo methods 

and DR: DR is applying variation on one device at 
a time

o For a design of 40K MOSFETs, variation is 
introduced in just ~200 MOSFETs transistors in 
the final stage to identify the weak devices

o Device features are varied on targeted devices 
and multiple simulations are run to evaluate the 
impact on variation on critical measurements

Variation Analysis 
(Targeted)

ML



Steps to enable DR
Sample JSON file

Set up nominal simulation 
with .MEAS

Add all critical corners

Create JSON file to define 
input variation and error 

tolerances

Waveforms DR Reports

Run multi-corner DR 
analyses

Specify variation on 
VTH/IDSAT

Specify error 
tolerances

Specify devices to 
exclude or include

Specify conditions 
for active device 
identification

Here, we are increasing 
VTH by 150mV and 

decreasing IDSAT by 
40%

(ΔVth=+150mV, 
ΔIdsat=-40%)



Analysis of DR results

US20170301396A1 

Bleeder control 
circuit

Analysis run on full memory instance – 16384 words x80 bits 



Analysis of DR results

o Above, we see clk2q_delay measurement varying by 47% just because of a 
single weakened MOS

o Degraded waveforms as a result of device weakening is shown in the next slide
o Identifying such devices is the goal of DR!

DR Report



13.7ns

144m
V

clk2q_delay 
degradation

DWL_level
drop

Elongated DWL

αDWL_NOMINAL
βDWL_DR
αQ_NOMINAL

CK

βQ_DR

α 🡺 _NOMINAL denotes to the nominal 
simulation without DR induced weakness
β 🡺 _DR refers to the nominal simulation with 
DR induced weakness

Dummy Wordline level is deteriorating 
significantly (144mV) under DR 
(ΔVth=+150mV, ΔIdsat=-40%) impacting the 
parameter under evaluation (clk2q_delay)

Analysis of DR results
Waveform degradation



Analysis of DR results

o The size of the PMOS in the bleeder control circuit (identified by DR as a weak device) 
was fixed by resizing

o  DR was rerun with this netlist change
o The device disappears from the weak device list
o Bleeder CTRL circuit was verified with corrected sizing. DWL under-drive sigma 

reduced from 13mV 🡺 6.6mV

Rerunning DR after fixing the weak device



o Synopsys PrimeSimTM Design Robustness identifies weak devices in 
large full-custom IPs

o DR Methodology 25X faster than any other Monte Carlo based method

o DR methodology helps to analyze weakness in design as well as
identifies causes

o Once the device is identified, we can resize the device and rerun 
DR to validate that the problem is fixed

Summary and conclusions



Thank You


