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Design Flow with Coside, WiCkeD, IIP
and the Cadence Design Framework
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State of the Art: How can we combine Circuit & System Level?

Use of Mixed-Level simulator coupling
— Critical/ unknown components as circuit-level simulations

— Too slow for software; requires licenses; inappropriate for embedded SW

Automated model generation

— Not enough desired automation; needs additional model verification

Use of pre-existing SystemC AMS models & automated characterization of circuit

— choosen Tool MunEDA WiCkeD
Novelty: We model & maintain dependencies/sensitivities of circuit-level variations
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Overview for the Workflow of the proposed solution

Library of parameterizable

Block models Performance verification
System optimization

Perf | COSIDE
CADENCE errormance values System

Circuit Designer Model
Designer

Only one single circuit instance

modeled .
We want subspace to analyze! ‘m‘
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Overview for the Workflow of the proposed solution

Library of parameterizable

Block models Performance verification
System optimization
Circuit ' Sensitivities,
model Working pointsE?‘ COSIDE
CADENCE WicKeD - System
Circuit Designer > (Characterisation) Bring it in Model
COSIDE | Designer

e S e .

‘ ' / - = ST

=5 +£j‘g Agreed, relevant
w i JJ‘ Performances for system model
R = = D Parameter variations to be considered
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Linear Model of Dependencies

1. Given and defined working point and range (min, max) for each considered parameter
— Use same parameter for dependent variations
— Use combination of parameter to model dependencies (correlations)
2.  WiCkeD determines a linear dependency model of performances from all parameter variations

3. Minima and Maxima of performances are optimized by WiCkeD

4. Exported of model in JSON

- .
: TECHNISCHE UNIVERSITAT
n KAISERSLAUTERN



Import into SystemC AMS / COSIDE

1. WiCkeD:
- linear model for Performance
- Optimisation

TU KL's Bridge2Circuit C++ library is an “add-on” for each block, but
does globally v

2. Bridge2Cirecuit :
- linear model for Performance
- Optimisation for Parameter

1.JSON

— Read JSON File with dependency models Configuration
3.1 Performance 3.2 Optimisation
— Set parameter to concrete values in simulation run (JSoN) data (JSON)
v

4. Bridge2Circuit :
- concrete Performance value for
given configuration

= (e.g. working points, corner cases, optimization)

= Computes performances of each block with globally set

variations 5. Coside Model:
- Simulation of the In-

and output behaviour

® ® Q T v O O

— Run (Coside) system simulation(s) to get system performances
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Use Case Example: Tire Pressure Metering System (TPMS)

i_custOpAmp1 i_sub2_tdf1 i_gain_tdf1 i_ ADC21 i_DigitalDetection1
<double> <double> status s_status
VRef vOut it W osample in | | doutsample
CUSTOPAMP ADC2 DIGITALDETECTION
powerdown s power_down
E‘ SUB2_TDF<T> k={T}(05)
i_Scenario1 -
= re_Pressure_sample
SCENARIO. 1 e passss sanp g Models HW Models SW
i_custOpAmp2
egOpAmpOut
vOut
CUSTOPAMP B
withoutCharcterisation = false
Models HW

Models HW

Goals:
* Validating of the System performances
e Target System for System optimization
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H

Scenario

= Differential output
* Frequency: 1 Khz
= |deal sampling

i_Scenariol
SCENARIO

i_PressureSensor1

PRESSURESENSOR

e

tire_Pressure_sample

i_custOpAmp1

i_custOpAmp2

e

Aol out
CUSTOPAMP m—>————

i_sub2_taft
o

egOpAmpOUt

i_ADC21 i_DigitaiDetectiont

5 status
ADC2 M DIGITALDETECTION
sogerdom_s_power_down

lengthScale = 0.5

tdf i

i_gain_tdf1
<double>
tdf_o

{ gtire_Pressu re_sample

ouT

B Pos_Sample
B Neg_Sample
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Circuit Level Part: Operational Amplifer

= Derived from a measurement electronic book?

i_ADC21 i_DigitalDetectiont

e o e N\ee s
CUSTOPAMP

T 5 |suez 1okt

ADC2 DIGITALDETECTION

" |nput performances

SCENARIO - -
i Presn e g

— Outputrange_min/max

— Offset Error

— loop_gain_20db

®» Main characteristics

— Out = min{outputrange,vO0*Vin}

Vout

g
il
I
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Dimensions of the Import sgon
= [ ]performance
0
1 () u Name : "Loop_Gain_value_dB20"
@ [ ]Speciﬁcaﬁon
' Name : "Current"
= Characterization data of MunEDAs WiCkeD Tool: [ Jspociicaton
=2{}2
— 69 parameter oL Jorecteaton
a{ls
- 5 pe rformances ﬂ[l]::;?ﬁ;a::t:umange_max
:‘()4 N : "offset2"

— 10 evaluation of simulation, for minima and maxima of o[ Jovestoton

= { }Results

the performances 3 () Simulaton

= {} Performance Extrema
@ [ ]Parameter_Config

— Sensitivity of the parameter to the performances S rwomaee Rt
® 0:"Maximum of performance Loop_Gain_value_dB20"
- Si m u |ated 35334 Si m ulations With 2 Si m ulators in @ 1:"Minimum of performance Loop_Gain_value_dB20"

® 2:"Maximum of performance Current"
® 3 :"Minimum of performance Current"

parallel for around 36 hours & 4 Maximum of perormance outpulRange_min
w5 of per tpi ge_min"
w6 i of per outpt _max”
® 7 :"Minil of per putR; _max"
® 8:"Maximum of performance offset2"
@ 9 :"Minimum of performance offset2"
E] c} Sensitivity
9 c) sens@centerpoint

4 [ ]Parameter_Config

@ [ ]Performance_Results

i [ ]sensitivity

uD iption : "Sensitivity and per values @ center point”
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System Model results with educated guessed performances

i_custOpAmp1

i_sub2_tdf1 Lgainwfl | Apc21 i_DigitaiDetection!

doic: = ! oma
EYVARCIEIL TN T | sy >
CUSTOPAMP—?—)—IK @2 anc2 DIGITALDETECTION ,1.@
i_Scenarit §[swroras S
= (e
=
GETDS
i_custOpamp2
e egOpAmPOUL
- CUSTOPAMP@i
B Pos_Sample —

™ ~—————— bounds_min =0

B Neg_Sample
g_>amp //// Bounds_max=>5
m result_Amplified __ M offset=0
Pos_Amplified ~ .| Open loop_gain

Neg_Ampliefied . ST R e =1000
W Digital_Sample /
A
| [
m Status °
B Power_Down _
o T Tl I
0 1 2 3 4 5 6 7 H 9 10 1 Tlme insec
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System Model results with sensitivity-aware performances

11111

Pos_Sample
Neg_Sample
result_AmpIifiedr
Pos_Amplified
Neg_Ampliefied

Digital_Sample

Status

Power_Down

i_Scenariot

o

—"a cusToPAMP ) —

\
|
2 s sampn
o)

i_custOpAmp2

‘ egOPAMPOU
H’"" cusToPAMP B3 ———

e o
—

i_DigitaiDetectiont -

- -
Y apc2 (S DIGITALDETECTION
L — s

bounds_min

— =0.359841
. v,//////‘* Bounds_max=

0.93543

offset=
-0.1223326587696
Open loop_gain=
529296

w

Time in sec
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System Optimization Main Idea

= Optimization:
— Change design parameters (e.g. length and/or width of transistors)
— Make performances fulfill specifications f < f, (e.g. power < 1 pW)
— Additional considerations
= Operating conditions (e.g. temperature, supply voltage)
" Process variations & mismatch
= Ageing

= Optimization can be applied at all levels of abstraction (block, IP, system, ...)
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System Optimization Results

outputRange_max maximize 935.3 mV 8.947V

responseTimeToSuddenlLoss_sec minimize 569 ms 370 ms

= Duration: 20 min

= # system evaluations (simulations): 711
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System Optimization Results

Design History
] sp.emn-| hm'mamu’ """"'l
#1 (Deterministic Nominal Optimization)
L 2| [@[ 8]+ [m] e mosIP N3 e 2 W
FER NMOSIP_N2_M0_1 W
offset ‘outputRange_max vhm
o= FER NMOSIP_P2_M3_1 W
FFER_NMOSIP.N.
s v
(% LIB_ANASTASICA AUSTAUSCH_CELL REFVOLTBUFFER NMOSIP_NS_M0_1 W
1 o ASICA_AUSTAUSCH_CELL_REFVOLTBUFFER_NMOSIP_N4_M3 _} 100u
ASICA AUSTAUSCH R NMOSIP NS M1 1 W im-
. . ER_NMOSIP_P2_M3, =
R_NMOSIP. N1 M2 1 hm_
R ERNMOSIP. NS M1
r T T T 1 r T T T FERNMOSIP_P3_MO -m-
° 1 2 3 4 ° 1 2 3 STASICA_AUSTAUSCH_CELL FFER NMOSIP_N: [ i00. |
[spondsTineRsiddentone eac € LIB_ANASTASICA AUSTAUSCH_CELL_REFVOLTBUFFER NMOSIP_P2_M5 1 W [ 00w |
ASICA_ AUSTAUSCH, ER_NMOSIP_NL_MO_1_W [~ oo |
NASTASICA R NMOSIP_P2_M0_1 i T
ER_NMOSIP_Pa_M1_1 L 1000
054
FER NMOSIPN3_M 1 e
FER NMOSIP_P&_M0_1_ W 022
FER NMOSIPN: 0220
FER_NMOSIP_P3 MO 1 W T 022u
04
Tools FER NMOSIP_N3.| 022u
v
@ Siuistion R NMOSIP N3 M2 1 W 0220
7 ot STASICA_AUSTAUSCH_CELL ER_NMOSIP_N4_MO_1 1o
ANASTASICA_AUSTAUSCH_CELL REFVOLTBUFFER_NMOSIP_N7_M0_1 0220
& screening v
VOLTBUFFER_NMOSIP_P1_M4_1 W o2
3 Worst.Case Operation & Corer v
)LTBUFFER NMOSIP_P1_M5_1 W 0220
@ Monte Carlo Analysis: VOLTBUFFER NMOSIP_P2_M1 1 W 0220
& Worst-Case Analysis ASTASICA_A FER_NMOSIP_P: 0221
7D wismatch Analysis Logend STASICA AUSTAUSC FER NMOSIP P2 M4 1 W T oz2u
(&) Deterministic Feasibility Optimization ®  intial operating & corner values Upper bound, lower bound, and target ("initial") L ASICA_AUS ER_NMOSIP_P 0220
- ©  worstcase operating & comer values (upper) Upper bound, lower bound, and target (*worst-case”) T
3 J— NASTASICA Al R NMOSIP_P4_M1 1 Wi 0220
U R A ®  Viorst.case operating & comer values (lower) Simulation failed (“inital®, “worst.case") v
@ Deterministic Nominal Optimization ©  skipped update of worst-case operating & comer values M [ Number of violated constraints (*initial", "worst-case”) ER_NMOSIP_PDN1_MO_1 W CET]
& Global Nominal Optimization Te— - reo
= %o Rore requests 1n quede, 1 CUrFENTLy SIULATINg.
(@ vield Optimization 1 | #sims | #Failed | Queue | JobID | Request 709 finished by ‘atlas.muneda.con 121471 . 2
2 Model Generation B it ity 0 Mo more requests in queue. |
athsmunedacom 110907 M © : Request 710 appended. -
B Notepad atlas.muneda.com 120491 ) o sim\mr nhs.wmﬂn.m 120033 is free, request 710 started. =
e requests ) utrently simslariay
atlasmuneda.com 120686 [IECHN 0 P‘qul!l 716 finished by ‘atlas.nuneda, con 120933' .
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Core Advantages of this Workflows

Approach is semi-automatic

Based on re-use of models

Brings selected parameter-dependencies to system level simulation

Allows verification and system optimization within given limits by selected bounds, performances, ...
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Time for your

Questions!
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