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2. Create working library

2.1. Open new Mate Terminal

Right click on desktop and open a new Terminal.

|

New Folder Shift+Ctrl+N
Paste
Select All
(4 Keep aligned
Organize Desktop by Name

Change Background

:> 4 Open Terminal

2.2.  Select the Project directory
» cd IC6_workspace

2.3. Load environment variables
» source SEA2025 setup

2.4, Launch the Cadence Virtuoso
» virtuoso &

| sea2025u10@tesla:~/IC6_workspace

File Edit View Search Terminal Help

[sea2025ule@tesla ~]$ cd IC6 workspace/
[sea2025ule@tesla IC6 workspacel]$ ls

cds.lib MODULE TECH PVT MC SEA2025 setup
|[sea2025ule@tesla IC6_workspacel]$ source SEA2025_setup
|INFO: Project env requirements are fullfilled!

|INFO: License setup done.

%INFO: Cadence tools IC, SPECTRE and XCELIUM configured.
|INFO: Project Seasonal School AMS has been configured.
;[sea2025u10@tesla IC6 workspace]$ virtuoso &

I[1] 68902

|[sea2025ule@tesla IC6 workspace]$ I

2.5.  Open library manager

Virtuoso @' 6.

pen cellview ')
i node in anothel
Library Path Editor...

trigger for w
lues of follm

NC-verilog.-
VHDL Toolbox... 'batch’

Rev. 1.0
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2.6.  Create new working library

Edit View S3 Help

- BN
Cell View...  Ctrl+N

Open.., Ctri<0 i
Category..  Ctrl+N

Open (Read-Cnly) Ctrl+R

Give a suitable name to your working library (on below examples the name “AMSdesign2025” was used) and
attach it to and existing technology library.

Technoiogy File for library "AMSdesign2025"

Youcan:  Compile an ASCil technology file
 Reference existing technology libraries
& Attach to an existing technology library

« Do not need process information

m Cancel Help

Select “tsmcN28” from the list and click OK.

Page 5
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3. MOS Parameter Characterization

3.1. Create a new schematic view

Edit View S3 Help

New Wl Library... Ctri+N
Open., Ctri<0
Open (Read-Only) CtrlR CHlCEOIy.-: (SUHN

Give a suitable name to your schematic (on below examples the name “MOS_characterization” was used).

File

Library AMSdesign2025
Cell MOS_characterization
View schematic
Type
Application
Open with Schematics L n
| Always use this application for this type of file

3.2. Add devices

Instance a core voltage NMOS (“nch_mac”) and PMOS (“pch_mac”), and DC voltage sources like the schematic
below.

Rename the NMOS instance to “T_NMOS” and the PMOS instance to “T_PMQOS?”, for later use.

Launch File Edit View LICH Check Options Window Calibre
1o 2@
- 14 ] ‘BE H 3
S = EE 1. wire (narrow) ” It Library Browser -
Navigator 1Z] 1 wire (wide) Shift+W __ Show Categories
Schematic sbe Wi
MOScharacterzation | — ire Name.. & Library Cell View
+ OBJECTS Wire Stubs and Names ~ Space Try n = \L—r. n - 7 n -
Al Net Expression... — e —
Instarices 'tg tsmch28 - h nch_mac - -BE symbol -
Nets kI, Pl P | r———" | || p—— 100 o =
Instance Library Cell View
NMOS tsmcN28 nch_mac symbol
PMOS tsmcN28 pch_mac symbol
DC voltage source analogLib vdc symbol
ground basic gnd symbol

Add variable names to DC voltages sources values, and to length and width of transistors to be used later for
parameters variations. See examples below:

Rev. 1.0 RENESAS Page 6
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CDF Parameter Value
nmos
core volt =
Length{M) xLength M
CDF Parameter Value CDF Paramete Value Finger_width{M) xWidth M

Noise file name Naise file name Width{M) XWidth*1 M
Number of noiseffreq pairs o Number of noise/freq pairs 8 Mumber of Fingers 1
DCvoltage xvds ¥V DCvoltage xvgs V Multiplier 1

Alternatively, you can copy the following pre-edited schematic to your library:

Library Cell View
MODULE_TECH_PVT_MC | MOS_characterization schematic

3.3. Create a new Maestro Analog Design Environment (ADE Explorer)
On schematic launch the Maestro ADE Explorer environment.

= New File
File
Library AMSdesign2025 n
Edit ) Cell MOS_characterization
View maestro
ADE XL .
2 [ La Type maestro n
ADE GXL
Application
— Open Existing View Open with
ADE Assemibler
Layout XL €« e sep
Rev. 1.0 RENESAS
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3.4.  Select analysis and define variable values
Select “dc” analysis and “Save DC Operating Point” check box.

Analysis  Ultran] @ dc O ac ~ GEE
o _ sens  _ dematch _ acmatch
st Loz Q If o
o ewlp  pss « pac « pstb
O pnoise L pxf o O gpss
Capac U gpnose U apxf U apsp
 hb _ hbac  _ hbstb  _ hbnaise

U hbsp U hbxt

DCAnalysis
Save DC Operating Paint v
Hysteresis Sweep U

Sweep Variable

_ Temperature

_ DesignVariable

__ Component Parameter
_ Model Parameter

Enabled Options...
—_—

[ ok JENeN Defaults || Apply | Help

Copy variables from schematic and double click on the left side of the variable to edit their values. See example
below.

Setup CE B —

_ Name | Volue | Name | Qi
. ol "

- {0 AMSdesign2025:MOScharacterization:1 - {lF AMSdesign2025:MOScharacterizatio
- @y simulator spectre - @; Simulator spectre
EJQ; Analyses [-]%3 Analyses
L Mdc t + W dc t
P Edit Variable L
BIECUURE  Export to CSV E1¢& Design Variables
L Import from CSV ¢ [ xvdd 0
v & Para

L [ xvds 045
w “§ Cornd - [@] xvgs 045
Reliability| ~ Copy to Celiview xWidth  100n
7 @ Mont{ Disable All Parametric Sets : xlength ~ 30n
__ Checks/ASSerTS L

Copy from CSllview

3.5.  Edit Model Libraries path and Corner Section
Add the below model libraries path to “Global Model Files” and select “TTTT_RT_CT_BT” as corner section:

8E

r .
l R | spectre2: Model Library Setup x
Open Design in Tab ! | Model File |section |
Add Analysis... t | E-- Global Mode! Files
| i-{ o |..v_1p9m_Sx1y1z1u_ut-alrdi/v1 B_2p3a/OA/tsmcN28/. /models/spectre/toplevelscs | TITT RT CT BT || )
Notes... : __ |<Click here to add model file>
Delete Notes I <
Design... B
Load ADE L State... —
b3
Simulator... =
High-Performance Simulation...
Model Librecles..
Temperature... m Lancel Apply Help
Models file path: /DataHDD/tsmc/28n_rf _ull_hpc_plus_Op9v_1p8v_1p9m_ 5xlylzlu_ut-
alrdl/v1.8 2p3a/OA/tsmcN28/../models/spectre/toplevel.scs
Rev. 1.0 RENESAS Page 8
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3.6.  Run Simulation and see results
Hit the > to run the simulation and open the “Results Browser”.

n Replace Log Viewer

= Debug...
Type. Debug,

Corners ...

Monte Carlo ...
Export Data ...
Create Datasheet ...
% Real Time Tuning
S-Parameter Comparison ...

RF »

Calculator ...

Results Broy

Waveform ..

Resuits Display ...

Job Monitor ...

On Results Browser select one transistor DC operating point parameter and send it to calculator.

Append B SHSEIQ U0

o B

Vmaestro/results/maestro/interactive.1/1/AMSdesign2025:MOScharacterizatiol

B B ..estro/results/maestro/interactive.1/1/AMSdesign2025:MOScharacter
- [ dcop
B dcopinfo

B [@ T_PMOS

m. = vn

Signals | Search ‘

covigb(F/m)=0 ib(A)=nan igidI(A)=0
covigd(F/m)=2.4754356e-17 ibe{A)=-5.4559774e-12  igisl(A)=0
covigs(F/m)=2.5218725e-17 ibulk{A)=-5.0059774e-12 igs{A)=1.8728%4e-14
csb(F)=-2.241774e-18 Id{A)=1.107502a= a

csd(F)=-6.4623751e-19 idb(A)=5.450| & Up One Level 7e-15

csg(F)=-5.4392308e-17 ide(=1.107) Lo [79¢-05

css(F)=5.7280319-17 ids(A)=1.107 bt 94e-21

ft{Hz)=nan ig{A)=nan Piot from all DBs B77e-0¢

fugHz)=2.2378518e=11  igblA)=2.16 . 4895e- H H H

s i s Bxpor s Right click over any transistor parameter
gbs(S5)=1.8124621e-12 igbinv(A)=2.1| {0y Send to Expart List 8992e- i

S ommcee L ooz value to open the dialog box

Em{5)=9.9720705¢-05 iges(A)=1.24 232e-1

EmbiS)=1.020902e-05 igd(A1=3.250| 4] Table 769614

Once on calculator send it to Maestro ADE to be calculated every time the simulation is run.

Virtuoso (R) Visualization & Analysis XL calculator ==

File Tools View Options Constants Help cadenc

HH In Context Results DB: characterization/maestro/results/maestro/Interactive.1/1/AMSdesign2025:MOScharacterization: 1/psf ' L
L

[l 'app plot erplot

Mﬁ- AMSdesign2025:MOschg)
Il i

vt | v | vde Vs L 0S |wOp ot L omp | vn

—opt yae

w SP ' VSWI

aAif | Jide | LS VN2 | ZzZp _¥Yp

it

Jle oft _ ramity _ Wave | cip | n &) |append B8 rectanguiar n |E
M p\vl"T_NMOS" "id” ?result "dcOpinfo l \jgb buffer expression to ADE Outpu(s.l

7 8 9 /

Do the above steps for every parameter you want to observe.

Rev. 1.0 RENESAS Page 9
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Refresh the ADE outputs plot and confirm the resulting values are matched with the results browser. See

example below:

Teas

Plot Outputs|

{Fkvx§@

I=E=R= ISR == NGRS

n | (None) @ C@

|_S=tup

7 &8 x| I

Name ‘

Walue |

b 4 AMSdesign2025:MOScharacterization:1

i @ simulator spectre

expr

pw"T_NMOS" "id” Presult "dcOplinfo™)

| vaie | Piot| Save|

11.08u

Every time a new simulation is run the saved expression will be calculated and their results plotted on ADE

outputs results.

3.7.

wriables WeJe

Simulation Results Tools

Load a pre-defined list of measurements
Import the below pre-defined measures file and refresh the ADE outputs plot.

o & 4 ns

28

Delete

Export ...

To Be Saved
To Be Plotted
Save Al ...

Pre-defined measurements file path:

» ~/IC6_workspace/MODULE_TECH_PVT_MC/

outputs_ AMSdesign2025_MOS_characterization_maestro_params.csv

Send To Expression Editor  »

»
»

Example of measured results:

Name | e | Details | valwe | prot|
-] -] -]
VGEs expr (W"NVG_NMOS" Presult "dcOp”) - wi YAVS5" Presult "dcOp™)) 450m ~
VD5 expr (v{"/VD_NMOS" ?result "dcOp”) - vi /AVSS™ Fresult "dcOp™)) 450m "
ld_NMOS expr pviT_NMOS" "id” Fresult "dcOplnfo”) 11.08u ~
Gmoverld NMOS expr (pv("T_NMOS" "gm" ?result "dcOplinfo™) / pv("T_NMOS" "id" result "dcOplinfo”)) 9.004 ™
WVdsat_NMOS expr pvi T_NMOS™ "vdsat” ?result "dcOpinfo”) 169.3m »
Vth_NMOS expr pv("T_NMOS” "vth" 7result "dcOplnfo”) 390.3m ™
Gm_NMOS expr pv("T_NMOS" "gm"” ?result "dcOpinfo”) 99.72u ~
Gds_NMOS expr pvl"T_NMOS" "gds” Presult "dcOplnfo®) 9.508u ~
Cgg NMOS expr pv("T_NMOS" "cgg” Fresult "dcOpinfo”) 70923 ~
Cds NMOS expr pv("T_NMOS" "cds” ?result "deOpinfo”) 458.62 ™
Cgd_NMOS expr pv("T_NMOS" "cgd” Presult "dcOplnfo”) -24.87a ~
Cgs_NMOS expr pvi"T_NMOS5" "cgs” ?result "dcOpinfo™) -41.79a ~
lg NMOS expr pv("T_NMOS" "igdt” ?result "dcOplnfo™) 42.76f ~
Id PMOS expr pv("T_PMOS" "id" ?result "dcOplnfo®) -2.855u »
Gmoverld PMOS expr abs((pvl "T_PMOS5" "gm” ?result "dcOpinfo”)/ pv(™T_PMOS™ "id™ Fresult "dcOpinfo™)) 1549 ~
Vdsat_ PMOS expr pv("T_PMOS" "wdsat” Fresult "dcOpinfo”) -75.65m »
Vth_PMOS expr pvi™T_PMOS™ "wth” Fresult "dcOpinfo™) -442.6m ~
Gm_PMOS expr pv("T_PMOS" "gm"” Fresult "dcOpinfo™) 44220 »
Gds_PMOS expr pv("T_PMOS5" "gds" ?result "dcOpinfo”) 5.491u ~
Cgg PMOS expr pv("T_PMOS" "cgg” Fresult "dcOpinfo™) 74953 ~
Cds_PMOS expr pvi™T_PMOS" "cds” Fresult "dcOpinfo”) 61.63z »
Cgd_PMOS expr pv("T_PMOS" "cgd” Fresult "dcOpinfo”) -25.19a ~
Cgs_PMOS expr pv("T_PMOS5" "cgs” ?result "dcOpinfo”) -46.06a ~
lg PMOS expr pv("T_PMOS" [igdt™ ?result "dcOpinfo®) -64.96f ~
Rev. 1.0 RENESAS Page 10
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3.8.  Add transistors parameters variations
On ADE setup environment add more than one value to variables to enable the parametric simulations.

ADE will cross all the values independently and run a simulation for each possible combination. See examples

below:
MName | Value

> @ AMS5design2025:MO5_charadte rization: Param
> %3 Simulator spedre

% Analyses
t Add values directly to dialog box separated by spaces like the

example on the left or open the “Parameterize” box as the

E| & Design Variables

xedd 0.9 example below.
IEET o os0d ] &)
T o ST =
- .
Add specfication [ Add Specification [
Center/Span%
Center/Span
From/To n
N N Exclusion Lisi -
Design Variables Inclusion List ——
xvdd 0.9 Add Spedfication Step Type |Linear n From 0
xvds 0.104508
Step Size: | 0.1 To 0.9
¥Width  100n 500n
xLength  30n 300n
Delete Spec Ok Cancel Help Ok Cancel \ﬂ(
i . Darama tars

Example of parametric variables variations within accepted devices sizes and operating voltages:

>%} Simulator spectre

% Analyses

EI& DesignVanables

VB wvdd 09

wwds 0104508

xvgs  _ {From/To}linear:0:0.1:0.9{From/Ta}
: ¥Wi.. __ 100n500n1u

- [ xte.. _ 30n300n1u

See below an example of simulation results table. Please note, for a broader visualization, the table has been

presented on “Detail - Transpose” format.

Rev. 1.0 RENESAS
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QS M B e BT R G B BlEY%EaMN

270 rows
xds | owgs | xwidth | xlength | | pasyFal —| VG5 |  ¥DS | 1.NMOS | Gmoverld NMOS | Vdsat NMOS | Vn_NMOS | Gm_NMOS | Gds NMOS |
- | -] - | - | -] - |
100m a 100n 300 il 100m 155.7p 3263 75.97m 396m 50810 667.1p
100m 0 100n 300n i 100m 1.565p 3317 46.8m 409.4m 51.91p 1.403p
100m 0 100n 1u i 100m 261¢ 3125 45.11m 435.7m 2157p 150.9¢
100m 0 500n 300 i 100m 361.5p 2854 66.55m 460.6m 10.32n 1511n
100m 0 5000 300n i 100m 1.253p 3055 49.19m 469m 38.29p 98¢
100m 0 500n 1u i 100m 5213 2438 46.15m 475.6m 1266p 2345
100m 0 1u 300 i 100m 576.8p 2846 65.27m 467m 16.41n 24370
100m 0 1u 300n i 100m 1.784p 2755 49.63m 485.3m 49.14p 1.278p
100m 0 1u 1u i 100m B22.1f 1833 47.61m 489.8m 15.56p 29591
100m 100m 100n 300 100m 100m 3976n 3194 76.07m 396m 127n 16.15n
100m 100m 100n 300n 100m 100m 4421p 3341 46.81m 409.4m 14770 40p
12 nom 100m 100m 100n 1u 100m 100m 7.136p 3373 45.12m 435.7m 240.7p 4.469p
13 nom 100m 100m 5000 300 100m 100m 6237n 2833 66.58m 460.6m 176.7n 25.12n
14 nom 100m 100m 500n 300n 100m 100m 54p 314 49.19m 269m 11790 W071p
15 nom 100m 100m 5000 1u 100m 100m 10.82p 3347 46.15m 475.6m 389p 6.665p
16 nom 100m 100m 1u 30n 100m 100m 9.882n 2828 65.29m 467m 279.5n 40.3n
17 nom 100m 100m 1u 300n 100m 100m 44p 3392 49.63m 485.3m 1.492n 38.78p
18 nom 100m 100m Tu Tu 1 100m 100m 13.87p 335 47.61m 489.8m 4647p 8.849p
19 nom 100m 200m 100n 300 200m 100m 83590 2806 7811m 336m 2345, 32050
20 nom 100m 200m 100n 0 200m 100m 12070 3249 47.02m 409.4m 9220 1.093n
21 nom 100m 200m 100n 1u 200m 100m 203.7p 3308 45.23m 435.7m 67390 128.2p
2 nom 100m 200m 500n 300 200m 100m 10130 2714 67.05m 460.6m 27480 389.7n
3 nom 100m 200m 5000 300n : 200m 100m 1.041n 3381 49.23m 469m 3190 926.1p

To plot all the results of a measured parameter right click on one of the results and select “Plot All”.

Outputs Setup Results

Detail - Transpose n O Nad | %
>

|| Iter.. n [ria] '|I£ *|Replace n"@ @ @= Eﬁj I} E | : _“| h!_

270 rows 270 rows
Pont —| Comer | xvds |  wgs | aWidh | xlength | [ PaswFal —| ves |  wDS | 1.NMOS | Gmoverld NMOS | Vesat NMOS
] -] [~ - | -] [~ - | -] -] -] E
1 nom 100m 0 100n 30n 0 100m 155.7p 3263 75.97m
2 nom 100m 0 100n 300n 0 100m 1.565p 3317 46.8m
3 nom 100m 0 100n 1u 0 100m 3125 4511m
4 nom 100m a 500n 30n a 100m
Qutput Log
5 nom 100m a 500n 300n a 100m
6 nom 100m 0 500n 1u 0 100m View Netlist '
7 nom 100m a 1u 30n a 100m Open Terminal ..
B nom 100m a Tu 300n a 100m
9 nom 100m 0 1u 1u 0 100m
10 nom 100m 100m 100n 30n 100m 100m
1 nom 100m 100m 100n 300n 100m 100m
12 nom 100m 100m 100n 1u 100m 100m
13 nom 100m 100m 500n 30n 100m 100m
14 nam 10Nm 100m SNnn AANNn 1NNm 1NNm

Please note, if X axis on plotted waveform is not Vgs voltage, change it by right click on the X axis and select
“Swap Sweep Var” dialog box and change it to “xvgs” variable.

Sweep Voriables jugs
Plot Destination MNL'

X Value

Axis Properties...

Yvs¥o.

Swai Sweep V.

See a plot example below for NMOS drain current (vs) Vgs voltage simulation results for the different parametric
values.

naracterization:1

m Close Help
=Ry Gy
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Module 1

xLengt| xWidth

Plotted signals can be added to ADE by right click on a waveform — Send To — ADE. See the example below:

Measurement

Move to

Copy to

Change Y Axis

Select Matching
Color

Type
Style

Width
Symbols On

Symbol

00.0 650.0 700.0 750.0 800.0

On ADE right click on the Details tab and make the “EvalType” column visible:

Export ..
Table b

Calculator

850.0

sign2025h

plorer Editing: /

tion maestro

nulation Results Toos EAD

Parasitics’LDE  Window Help

L% _New wWin n "L’Z{’

__RBg x

Outputs Setup Results
36 rows
Name | Type Details ) | Plot| Sa
n Hide Filters n

WGES expr (v("VG_NMOS" Presult"dcOp") - v("'AVSS" Presult "dcOp")) Test v

VDS expr {"/¥D_NMOS" Presult "deOp") - v{"#AVSS" Presult "deOp']) v Name v
ld_NMOS Eexpr pv("T_NMOS" "id" Presult"dcOpinfa”) v Type ¥
Gmoverd_NMOS Expr (pe("T_NMQS" "gm" Zresult"dcOpinfo")f pe("T_NMOS" "id" Zresult " o . v
Vidsat_NMOS expr | pu("T_NMOS" "vdsat’ result"dcOpinfa") v Detais I~
Wth_NMOS expr pv("T_NMOS" " ?result "dcOpinfo”) ~
Gm_NMOS expr pv("T_NMOS" "gm" ?result "dcOpinfo") v Walue v
Gds_NMOS expr pv("T_MMOS" "gds" Presult "dcOplinfo”) v Plot ~
Cgg_NMOs expr pv("T_NMOS" "cgg" Presult "dcOpinfo”) s »

W Sav
Ig NMOS expr abs(pv("T_NMO5" "igdt" fresult "dcOpinfo")) e I
Id_PMOS expr abs(pv("T_PMOS" "id" ?re sult "dcOplinfo")) v Spec ~
Rev. 1.0 RENESAS Page 13
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Technology Characterization Workshop Module 1

Double click on the “EvalType” box and change it from “point” to “Sweeps” to enable the post processing of the
plots after all parametric simulations have been concluded for a correct plotting of results and refresh the results
table. A more user-friendly name can be given to the plot. See some examples below:

Qutputs Setup Results

35 rows
Name | Type ‘ Details | EvalType — | Plut| Save |
-] [~
Id_NMOS5_vs VGS expr swapSweep(ld_NMO5 "xvgs") SWEEDS W ||
Gmoverdd_NMOS_vs VGS expr swapSweep(Gmoverd _NMOS "xvgs") SWeeps ) ||
Vdsat_NMOS5_vs VGS expr swapSweep(Vdsat NMOS "xvgs") SWeeps ) ||
Vth_NMOS_vs VGS expr swapSweep(Vth_NMOS "xvgs") SWeeps ) ||
Gm_NMOS_vs VGS expr swapSweep(Gm_NMOS "xvgs") SWeeps ) ||
Gds_NMOS_vs VGS expr swapSweep(Gds_NMOS "xvgs") sweeps W ||
Cgg NMOS_vs VGS expr swapSweep(Cgg NMOS "xvgs") sweeps ~ ||
Ig_NMO5_vs VGS expr swapSweep(lg_NMOS "xvgs") sweeps ~ ||
Id_PMOS_vs VGS expr swapSweep(ld_PMOS "xvgs") sweeps W ||
Gmoverdd_PMOS_vsVGS expr swapSweep(Gmoverd PMOS "xvgs") sweeps W ||
Wdsat_PMOS_vs VGS expr swapSweep(Vdsat PMOS "xvgs") SWeeps ' ||
Vth_PMOS_vs VGS expr swapSweep(Vth_PMOS "xvgs") sweeps i ||

Alternatively, you can import the following pre-defined plots file:
~/IC6_workspace / MODULE_TECH_PVT_MC/ outputs_AMSdesign2025_MOS_characterization_maestro_plots.csv

To plot the above expressions, change the visualization of results on ADE to “Detail” and plot the waveforms with
right click on a result waveform icon, and then on Plot.

mulation Results Tods EAD Parasitics/LDE Window Help

(D3 - 1

wp Results

<NDEtal Q -_7-|ﬁv‘_:|‘, n &~ 1~ i F E°) ft M;
Paint  — | Test | Qutput | Nominal Spec | wei
Al AMSdesign2025:MOScharacternization:Param | 1d_NMOS_vs_VGS
Al AMS5design2025:MOScharactrization:Param Gmoverdd NMO... L= Slotal
All AMSdesign2025:MOScharacterization:Param | Vdsat_NMOS vs... L= M
Al AMSdesign2025:MOScharacterization:Param | Vth_NMOS_vs V... |2
Al AMSdesign 2025 MO Scharacterization Param | Gm_NMOS_vs V... L= Open Glculator .
Al AMSdesign2025:MOScharacterization:Param | Gds_NMOS_vs_... = Open Results Browser ...
All AMSdesign2025:MOScharacterization:Param | Cgg_NMOS_vs_ V. k= _ _
Al AMSdesign 2025 MOScharacterization:Param |1z NMOS vs VGS | |- S (DRI
All AMSdesign2025:MOScharacterization:Param | 1d_PMOS_vs VG5 23
Al AMS5design2025:MOScharacte rization:Param Gmovedd PMO... L=
Al AMSdesign2025:MOScharacterization:Param | Vdsat_PMOS_vs. ke
Al AMSdesign2025:MOScharacterization Param | Vth PMOS ws V... | |2
All AMS5design2025:MOScharacterization:Param | Gm_PMOS_vs_V. =3
All AMSdesign2025:MOScharacterization:Param | Gds_PMOS ws V.. k=
Al AMSdesign2025:MOScharacterization:Param | Cgg PMOS vs V... L2
All AMSdesign2025:MOScharacterization:Param | 1g PMOS vs VG5 23

Example of plots from ADE expression simulation results table:

Rev. 1.0 RENESAS Page 14
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Technology Characterization Workshop Module 1

NMOS Vth (vs) Vgs (Threshold voltage vs gate to source differential voltage)

= Vth NMOS_vs VGS
Vth_NMOS_vs_VGS
B Vth NMOS vs VGS
BN Vth_NMOS_vs_VGS
B Vth_NMOS_vs_VGS
Vth_NMOS_vs_VGS
Vth_NMOS_vs_VGS
B Vith_NMOS_vs_VGS
Vth_NMOS_vs_VGS
Vth_NMOS vs VGS
B Vth_NMOS_vs_VGS
BN Vith NMOS vs VGS
Vth_NMOS_vs_VGS
BN Vth NMOS vs VGS
B Vth_NMOS_vs_VGS
BN Vth NMOS vs VGS
B Vth_NMOS_vs_VGS
B Vth NMOS vs VGS
BN Vith_NMOS_vs_VGS
Vth_NMOS_vs_VGS
BN Vth_NMOS_vs_VGS
B Vth_NMOS_vs_VGS
B Vith_NMOS_vs_VGS
Vth_NMOS_vs_VGS
Vth_NMOS vs VGS
B Vth_NMOS_vs_VGS
Vth_NMOS vs VGS
Vth_NMOS_vs_VGS

nom 0.1 3e-08 le-07
nom 0.1 3e-08 5e-07
nom 0.1 3e-08 le-06
nom 0.1 3e-07 le-07
nom 0.1 3e-07 5e-07
nom 0.1 3e-07 le-06
nom 0.1 1le-06 1e-07
nom 0.1 1e-06 5e-07
nom 0.1 1le-06 le-06
nom 0.45 3e-08 le-07
nom 0.45 3e-08 5e-07
nom 0.45 3e-08 1le-06

0.45 3e-07 1le-07

0.45 3e-07 5e-07

0.45 3e-07 le-06

0.45 1e-06 1le-07

0.45 1e-06 5e-07

0.45 1e-06 1le-06
nom 0.8 3e-08 le-07
nom 0.8 3e-08 5e-07
nom 0.8 3e-08 le-06
nom 0.8 3e-07 1e-07
nom 0.8 3e-07 5e-07
nom 0.8 3e-07 le-06
nom 0.8 1e-06 le-07
nom 0.8 1le-06 5e-07
nom 0.8 1e-06 le-06

P00 0RQQRFRRFRCQOCOREBROOOOOOOCOLOLOLOTRYS

200.0 3000 400.0 500.0 700.0
xvgs (m)

- Gm_NMOS_vs VGS
Gm_NMOS_vs_VGS
B Gm_NMOS_vs_VGS
B Gm_NMOS_vs_VGS
B Gm_NMOS_vs_VGS
Gm_NMOS_vs_VGS
Gm_NMOS_vs_VGS
B Gm_NMOS_vs_VGS
Gm_NMOS vs VGS
Gm_NMOS vs VGS
B Gm NMOS vs VGS
B Gm NMOS vs VGS
Gm_NMOS vs VGS
B Gm_NMOS _vs VGS
B Gm_NMOS_vs VGS
B Gm_NMOS_vs_VGS
B Gm_NMOS_vs_VGS
B Gm_NMOS_vs_VGS
B Gm_NMOS_vs_VGS
Gm_NMOS_vs_VGS
B Gm_NMOS_vs_VGS
B Gm_NMOS_vs_VGS
B Gm_NMOS_vs_VGS
Gm_NMOS_vs_VGS
Gm_NMOS_vs_VGS
B Gm NMOS vs VGS
Gm_NMOS vs VGS
Gm_NMOS vs VGS

3e-08 1e-07
nom 0.1 3e-08 5e-07
nom 0.1 3e-08 le-00
nom 0.1 3e-07 1e-07
nom 0.1 3e-07 5e-07
nom 0.1 3e-07 le-06
nom 0.1 1le-06 1e-07
nom 0.1 1le-06 5e-07
nom 0.1 1le-06 le-06
nom 0.45 3e-08 le-07
nom 0.45 3e-08 5e-07
nom 0.45 3e-08 le-06
nom 0.45 3e-07 1e-07
nom 0.45 3e-07 5e-07
nom 0.45 3e-07 1e-06
nom 0.45 1e-06 1e-07
nom 0.45 1e-06 5e-07
nom 0.45 le-06 le-00
nom 0.8 3e-08 le-07
nom 0.8 3e-08 5e-07
nom 0.8 3e-08 le-06
nom 0.8 3e-07 1e-07
nom 0.8 3e-07 5e-07
nom 0.8 3e-07 le-06
nom 0.8 1le-06 le-07
nom 0.8 le-06 5e-07
nom 0.8 le-06 le-06

300000 0R0QRFCRFCRPBTORLRNROCYICOYBOLOCDYLEYE

LALLM N U L e U U L M U L U U U U M L M U U U L g U e e U L UL S S UL L N U U UL MY MU LR E |
0.0 100.0 2000 300.0 400.0 5000 600.0 700.0 800.0 900.0
xvgs (m)
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Technology Characterization Workshop Module 1

NMOS Cgg (vs) Vgs (Total gate capacitance vs gate to source differential voltage)

xLengt| xWidth

- Cgg_NMOS_vs_VGS
Cgg NMOS_vs_VGS
Il Cgg NMOS_vs VGS
B Cgg NMOS ws VGS
Bl Cgg NMOS_vs_VGS
Cgg NMOS_vs_VGS
Cgg NMOS_vs_VGS
I Cgg NMOS vs VGS
Cgg NMOS_vs VGS
Cgg NMOS_vs_VGS
B Cgg_ NMOS_vs _VGS
I Cgg NMOS vs VGS
Cgg NMOS _wvs VGS
M Cgg NMOS_vs_VGS
B Cgg_ NMOS_vs _VGS
I Cgg_ NMOS_vs VGS
W Cgg NMOS vs VGS
Bl Cgg NMOS_vs_VGS
M Cgg NMOS_vs_VGS
Cgg NMOS_vs_VGS
Il Cgg NMOS ws VGS
Bl Cgg NMOS_vs_VGS
B Cgg NMOS_vs_VGS
Cgg NMOS_vs_VGS
Cgg NMOS ws VGS
Bl Cgg NMOS_vs_VGS
Cgg NMOS_vs_VGS
Cgg_ NMOS_vs_VGS

nom 0.1 3e-08 le-07
nom 0.1 3e-08 5e-07
nom 0.1 3e-08 le-06
nom 0.1 3e-07 le-07
nom 0.1 3e-07 5e-07
nom 0.1 3e-07 1le-06
nom 0.1 1e-06 le-07
nom 0.1 le-06 5e-07
nom 0.1 1e-06 le-06
nom 0.45 3e-08 1le-07
nom 0.45 3e-08 5e-07
nom 0.45 3e-08 le-06
nom 0.45 3e-07 le-07
nom 0.45 3e-07 5e-07
nom 0.45 3e-07 1e-06
nom 0.45 le-06 le-07
nom 0.45 le-06 5e-07
nom 0.45 1e-06 le-06
nom 0.8 3e-08 1e-07
nom 0.8 3e-08 5e-07
nom 0.8 3e-08 le-06
nom 0.8 3e-07 le-07
nom 0.8 3e-07 5e-07
nom 0.8 3e-07 le-06
nom 0.8 le-06 le-07
nom 0.8 1e-06 5e-07
nom 0.8 1e-06 le-06

PP R 0020000 RBQOCRTRERANDLOYBTPOEDCDLTYS

=
=}
|

200.0 300.0 400.0 500.0 600.0 700.0 800.0
xvgs (m)

NMOS Gm/Id (vs) Vgs (Transconductance Efficiency vs gate to source diff

Name | corne xvds ‘xLe

- Gmoverld NMOS_vs VGS
Gmoverld NMOS_vs VGS nom 0.1 3e-08 1e-07
Bl Gmoverld NMOS_vs VGS nom 0.1 3e-08 5e-07
B Gmoverld NMOS_vs VGS nom 0.1 3e-08 1e-06
B Gmoverld NMOS_vs VGS nom 0.1 3e-07 1le-07
Gmoverld NMOS_vs VGS nom 0.1 3e-07 5e-07
Gmoverld NMOS_vs VGS nom 0.1 3e-07 1le-06
Bl Gmoverld NMOS_vs VGS nom 0.1 1le-06 1e-07
Gmoverld NMOS_vs VGS nom 0.1 1le-06 5e-07
Gmoverld NMOS_vs VGS nom 0.1 1e-06 1e-06
I Gmoverld NMOS_vs VGS nom 0.45 3e-08 1e-07
B Gmoverld NMOS_vs VGS nom 0.45 3e-08 5e-07
Gmoverld NMOS_vs VGS nom 0.45 3e-08 1e-06
B Gmoverld NMOS_vs VGS nom 0.45 3e-07 1e-07
B Gmoverld NMOS_vs VGS nom 0.45 3e-07 5e-07
B Gmoverld NMOS_vs VGS nom 0.45 3e-07 1e-06
I Gmoverld NMOS_vs VGS nom 0.45 le-06 1e-07
Bl Gmoverld NMOS_vs VGS nom 0.45 le-06 5e-07
I Gmoverld NMOS_vs VGS nom 0.45 1e-06 1e-06
Gmoverld NMOS_vs VGS nom 0.8 3e-08 1e-07
Il Gmoverld NMOS_vs VGS nom 0.8 3e-08 5e-07
B Gmoverld NMOS_vs VGS nom 0.8 3e-08 1e-06
B Gmoverld NMOS_vs VGS nom 0.8 3e-07 1e-07
Gmoverld NMOS_vs VGS nom 0.8 3e-07 5e-07
Gmoverld NMOS_vs VGS nom 0.8 3e-07 1e-06
B Gmoverld NMOS_vs VGS nom 0.8 1le-06 1e-07
Gmoverld NMOS_vs VGS nom 0.8 1le-06 5e-07
Gmoverld NMOS_vs VGS nom 0.8 1le-06 1e-06

Q000000000 O0CO0O0

L

M

3000 400.0 500.0 600.0 700.0 800.0
xvgs (m)
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Technology Characterization Workshop Module 1

e NMOS Ig (vs) Vgs (gate leakage vs gate to source differential voltage)

corne xvds |xLengt) xWidth

nom 0.1
nom 0.1

nom 0.1

3.9. Save results to CSV file

Simulation measured results can be saved on CSV file for post-simulation editing using for example Matlab,
Excel, Octave, etc.

Vintu
Simulation Results Tools EAD Parasitics’/LDE Window Help
’3 New SubWin n r'L%
0 s-Setoy

Results

il

| xvds | XVES

100m
100m
100m
100m
100m

2 -

ilalala|ala
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Technology Characterization Workshop Module 1

The saved CSV file can be accessed directly from the Maestro ADE on “Documents” tab.

Setup PE0O

Name | Value J
[~

g ﬁ AM5design2025:M0O5_characte rization: Param
%3 Simulator spectre

EI%; Analyses

v dc t

1@ DesignVariables

xvdd 0.9

xvds 0.10450.8

WES {From/Tc}Linear:0:0.1:0.9{Frem/Tac}
xWidth {1000 500n 1u

xLength  30n 300n Tu

(2] !& Parameters
B v <)} Corners
EI Domments

MOS_param_sim.0.csv

1 _'l@ Monte Carlo Sampling
[ |__ Checks/Asserts

Or alternatively through the file explorer on the following location:

a R = =4 ! J ad

[ @‘ Go To: [fAMSdesignz 025/M0OS_characterization/maestro/documents

Point.

1, nar
2, nar

MOS_param_sim.0.csv

<Library name> / <Testbench schematic design name> / maestro / documents / <csv filename>
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June 23, 2025 © 2025 Renesas Electronics



Technology Characterization Workshop Module 1

3.10. Example of post processing CSV data
On the example below the Id and Gm/Id of a NMOS transistor has been measured with a sweep of Vds and Vgs
voltages on the range [0V ; 0.9V] in steps of 50mV independently. Results have been saved to CSV format,
copied to Excel tool and the following 3D plots have been generated.

e Id (vs) Vds (vs) Vgs

Id (vs) Vds (vs) Vgs

I [uA]

0.8

0.35

=+ W
c % 4
gb

0.55
0.6
0.65
0.7
0.75
0.8
0.85
0.9

Vds [V]

m-10-0 m0-10 w10-20 wm20-30 m30-40 wm40-50 m50-50 w&0-70 wm70-80

e Gm/Id (vs) Vds (vs) Vgs

Gm/Id (vs) Vds (vs) Vgs

35

30

B

Gm/Id [S/A]

m-50 m0-5 m5-10 ®m10-15 m15-20 m20-25 m25-30 m30-35

Rev. 1.0 RENESAS Page 19
June 23, 2025 © 2025 Renesas Electronics



Technology Characterization Workshop Module 1

4. Diode connected inverter

4.1.  Schematic
Copy the Diode Connected Inverter schematic from reference library.

Library Cell View
MODULE_TECH_PVT_MC | Dio_con_Inverter schematic

The objective of this testbench is to measure the VTRIP voltage and transistors “dc operating point” results for
different lengths and widths.

4.2. Maestro ADE simulation environment
Create a new Maestro ADE simulation environment. Configure the model’s library and select “TTTT_RT_CT_BT”
section.
Select “dc” simulation and “Save DC Operating Point” check box (if necessary, revisit point 3 above for more
details). Edit the devices variables as below example:

)
E] v cﬁ—_: Tests
L‘i:I o AMSdesign2025:Dio_con_inverter
>% Simulator spectre

: %3 Analyses
e 0.2 Please note: the Width of NMOS has been kept
__ 300 60n 120n 240n 4800 960n . . . .
xawidthN _ 500n stable to reduce the number of simulation iterations.
xwidthP __ {From/To}linear:700n:100n: 1.6u{From/To}

Import the following pre-defined measures file:
~/IC6_workspace / MODULE_TECH_PVT_MC / outputs_ AMSdesign2025 Dio_con_Inverter_maestro.csv
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The Maestro ADE should be like the example below:

COutputs Setup Results
G- %% O BEE Jel-lie-10 O
23 rows
Test | Mame | Type | Details | EvalType | Plot| Save| Spec |
ke ke = L L L
AMSdesign2025:Dio_con_inverter Id_ NMO5 expr pv(T_NMOS5™ "id™ Fresult "dcOpInfo™) point w
AMSdesign2025:Dio_con_inverter Vgs NMOS expr pv("T_NMOS™ "vgs” Presult "dcOpinfo) point ~
AMSdesign2025:Dio_con_inverter Vth_NMOS expr pviT_NMOS™ "vth™ ?result "dcOpinfo”) point ~
AMSdesign2025: Dio_con_inverter Vds_NMOS expr pvi T_NMOS™ "vds" ?result "dcOpinfo”) point ~
AMSdesign2025: Dio_con_inverter Vdsat_NMOS expr pv(T_NMO5" "vdsat” Fresult "dcOpinfo”) point o~
AMSdesign2025:Dio_con_inverter Cds_NMOS expr pviTT_NMOS™ "cds” ?result "dcOplinfo”) point ~
AMSdesign2025:Dio_con_inverter Cgd_NMOS expr pv(T_NMO5™ "cgd” Fresult "dcOpinfa’) point o~
AMSdesign2025:Dio_con_inverter Cgs_NMO5 expr pv"T_NMO5" "cgs" Fresult "dcOplinfo”) point ~
AMSdesign2025:Dio_con_inverter Cgg NMOS expr pv(T_NMO5" "cgg” Fresult "dcOplnfo™) point ~
AMSdesign2025:Dio_con_inverter gds NMOS expr pv("T_NMO5" "gds" Fresult "dcOpinfo”) point ~
AMSdesign2025:Dio_con_inverter Em_NMOS expr pv(T_NMOS5™ "gm” Fresult "dcOplnfo”) point ~
AMSdesign2025:Dio_con_inverter Id_ PMOS expr pviT_PMOS™ "id" ?result "dcOplnfo”) point »
AMSdesign2025:Dio_con_inverter Vgs_PMOS expr pv(T_PMOS™ "vgs" ?result "dcOplinfo”) point ~
AMSdesign2025:Dio_con_inverter Vth_PMOS expr pv(T_PMOS”™ "vth™ Presult "dcOplnfo™) point ~
AMSdesign2025:Dio_con_inverter Vds_PMOS expr pv(T_PMOS" “vds" Fresult "dcOpinfo”) point ~
AMS5design2025:Dio_con_inverter Vdsat_PMO5 Eexpr pviT_PMOS5” "vdsat™ Presult "dcOpinfo”) point ~
AMSdesign2025: Dio_con_inverter Cds_PMO3 expr pv(T_PMOS5™ "ods™ Fresult "dcOpinfo”™) point ~
AMS5design2025: Dio_con_inverter Cgd_PMO5 Eexpr pv(T_PMOS" "gd™ Fresult "dcOplinfo”) point ~
AMSdesign2025:Dic_con_inverter Cgs_PMOS expr pv({T_PMOS” "cgs” ?result "dcOpinfo”) point ~
AMSdesign2025:Dio_con_inverter Cgg PMOS expr pv(T_PMOS™ "ezg” Fresult "deOpinfe™) point v
AMSdesign2025:Dio_con_inverter gds_PMOS expr pv(T_PMOS” "gds” 7result "dcOpinfo”) point o
AMSdesign2025:Dio_con_inverter £m_PMOS expr pv("T_PMOS” "gm” ?result "dcOpinfo”) point ~
AMS5design2025: Dio_con_inverter V_VTRIP expr valueivi"VTRIP™ Tresult "dcOp”) 0) point ~ AR(Tovdd”) 20 - 0.005 0 ((VAR(™ovdd ™)/ 20+ 0.005)

A spec has been set to V_VTRIP measurement to better identify the transistors sizes that are closer to the
desired V_VTRIP = AVDD / 2 = 450mV (all results within a margin of 450+5mV will appear as green color).

4.3, Simulation results
Run the nominal simulation. See below example of simulation results:

Outputs Setup Results
Detai - Transpese n QO | % E | Filter n | " ~ Replace B'_% @ [@ |} = | 5“_‘3| M
iy o — + =)
60 rows 60 rows
Point  —| Comer | xlergth | widhP | | Pass/Fail —| I1d_NMOS | Vgs NMOS | Vth NMOS | Vds NMOS | Vdsat NMOS | Cds NMOS | Cgd NMOS | Cgs NMOS | Cgg NMOS | gds
=

1 nom 30n 700n 28.26u 443.3m 443 6m 443.3m 122.4m 728.22 -106.7a -194.4a 316.63 3
2 nom 30n a00n 30110 4485m 443 5m 248 5m 125m 746z -106.7a 19553 317.8a 3
3 nom 30n 200n 31790 453m 443.3m 453m 127.3m 761.82 -1067a -1965a ETERA 3
4 nom 30n 1u 33320 457m 443.3m 457m 129.3m 77592 -106.7a 197 4a 319.6a H
5 nom 30n 1.1u 34730 460.6m 443.1m 460.6m 131.2m 78862 1067 19813 320.3a 3
6 nom 30n 1.2u 36.06u 463.9m 449m 463.9m 1329m 800.42 -106.7a -198.38a 321a 3
7 nom 30n 13 37270 466.9m 448.9m 466.9m 134.4m 81112 -106.7a -199.4a 321 63 3
1 nom 30n 1.4u 38430 469.7m 448.9m 469.7m 135.9m 8211z -1067a -199.9a 32218 3
3 nom 30n 150 39510 472.2m 448 8m 472.2m 137.2m 830.42 -106.7a -200.4a 322.6a 3
10 nom 30n 1.6u 40.450 474.4m 448.7m 474.4m 138.3m 8384z 1067 -2003a 323 3
1 nom 60n F00n 11.57u 428 3m 457.4m 428 3m 1123m 1.498a -1091a -2817a 421 8a )
12 nom 60n a00n 12.38u 432.7m 4573m 432.7m 1143m 1532a 10928 -2842a 42473 9
13 nom 60n 200n 13120 4365m 457.3m 436.5m 116.2m 1562a -1092a -2863a 436.3a 3
14 nom 60n 1u 13.81u 433.9m 457.3m 439.9m 117.9m 1.588a 10928 -2882a 428a 3
15 nom 60n 1.1u 14.44y 443m 457.3m 443m 119.4m 1.613a 10923 -289.3a 439,63 1
16 nom 60n 1.2u pass 15.03u 445.7m 457.3m 445.7m 120.8m 1.635a -1092a -2912a 431a 1
17 nom 60n 13 1 pass 15.59u 448 3m 4573m 248 3m 1221m 1.655a 10928 -2925a 432.7a 1
18 nom 60n 1.4u pass 16.11u 450.6m 457.3m 450.6m 123.3m 1.674a -1093a -2937a 433.4a
13 nom 60n 150 I 16.6u 452.8m 457.3m 452.8m 124.5m 1.691a -1093a -2947a 434.4a 1
20 nom 60n 1.6u pass 17.05u 454.7m 457.3m 454.7m 125.5m 1.707a -1093a -2956a 435.3a 1
21 nom 120n F00n 48940 433.2m 453.2m 233.2m 91.21m 23243 -109.8a -6258a 771 53 1
2 nom 120n 200n 5250 437.1m 453.3m 437.1m 93.06m 23453 -109.8a -6321a 77718 1
23 nom 120n 200n 55740 440.5m 453.3m 440.5m 94.69m 23633 -109.8a -6374a 781.8a 1
24 nom 120n 1u 5.872u 443.5m 453.3m 443.5m 96.17m 2378a -1099a 6422 785.8a 2
25 nom 120n 1iu Dass 6150 446.3m 453.2m 446.3m 97.52m 2391a -1099a -646a 789.4a 2

Simulation results can be saved on CSV file for future editing with other tools like Matlab, Octave, Excel, etc.
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V_VTRIP results can be plotted and the variation of this voltage analyzed for the different transistors sizes
combinations. See example below.

476.0

466.0

442.0

434.0

426.0

4.4,  Switch from ADE Explorer to ADE Assembler (and vice versa)

Click on the ﬁ to switch from ADE explorer to ADE Assembler (it is possible to return to ADE explorer again
with the inverse procedure).
ADE Assembler
i3]

Launch Hle Create Tods Options Run EAD Parasitics/LDE

T

e dihie § DB E=ER

Mo Parasitics/LDE No Swee
ADE Explorer L B & L) osee
[€] Name | value J
Launch Session Setup Analyses VWariables OQutputs Simulat n
) . r > X T
g dl g7 e d= & 2 (5
Setup BE0
Name | Value J
( > n Sdesign2025:Dio_con_inverter E‘& Design Variables
: ulator spectre ¥len.. _ 30n 60n 120n 240n 480n 960n
EI% Analyses xwi.. __ {From/To}Linear:700n:100n:1.6u{From/To}
L Mde t xwi.. | 500n
S owvdd 09
=1 DesignVariables -
¥length  30n 60n 120n 240n 480n 9600

xwidthP  {From/Tc}Linear:700n:100n: 1.6u{FromiTa} & v & Global Variables
xwidthN 5000 3 o o Parameters

; xydd 09 [ v ) Corners

[] Documents

= v & Parameters Setup States
E = | Reliability Analyses

(B v < Cormers H _| Checks/Asserts
E] Dowments

1 _ @ Monte CarloSampling

[ |_ Checks/Asserts Data | History

ADE Assembler has the possibility to create multiple “Tests”, with different Analyses, Schematics, configurations,
etc.

A very useful feature on ADE Assembler is the possibility to easily access the history of the simulations run.
To be able to save different names for each simulation access the “Save Options” dialog box and uncheck the
“Overwrite History” option, like the example below.
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Launch Fle Create Tools Run EAD Parasitics/LDE

II\ b = E % ”|@ﬁ &k Job Setup

|| ParasiesiLoe Run Options...

Qutputs Formatting...

Plotting/Printing

Wave Compare Settings.

=] !% Tests

B [ 4 :AMSdesign2025:Dio_con_inverter
i @, simulator speare
B%; Analyses

Save Options

History Entries to Save

Save entries

< e erwrite History NextHistory Run &8
Retain Netlist Directory

Simulation Results
& Save Simulation Data All

& Save Netlists

_ Use Local simulation Results Directory

/tmp

Design Points per Optimization Run
' Sawve all design points

& Savebest 1@ design paint{s)

I

Results Location

Simulation Results Directory Location:

/simulation/lobo/helders
Browse...
_

ADE Assembler Results Database Location:

' It is also possible to edit the simulation
results location path.

Browse...
_—

@3 crcel  Defauts (Apply

. Help

See example below with 3 different simulations on ADE Assembler history dialog box.

.
Launch FHle Create Tools Options Run EAD Par
b dgle ¢ 0@ EE

Mo Parasitics/LDE hd Mo Swee|
| e
| DataView 78X

[l test_inv_diode_WNmos_500n_TYP_PVT.0
(7)) OP_typ_500n.0

Datal| History

| Run Summary fcall=) X!
1 Test
# 1 Point Sweep

& 0 Corner

v Nominal Corner
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4.5, Add a second test to same Maestro on ADE Assembler

As mentioned above, it is possible to add different tests to the same Maestro Assembler and associate a
different schematic.

Copy the current schematic view to a new view and give a different name, see example below.

View Library | AMSdesign2025
- |§ -

L§ n Cell Dio_con_nverter
v ' schematic hd

View schematic

[ | View -~ | Lock |

A mas ion 1

= open.. ctri+0 To

Open (Read-Only)..  Ctrl+R
pen {Read-Only). ri library | AMSdesign2025

Lo Open With...
Cell Dio_con_nverter
View schematicjaram#
Rename™ Ctri+Shift+R

To create a new test setup “Click to add test” and select the current working cell name (“Dio_con_Inverter” on
the example above). On the View Name select the new copied version.

€] Virtuoso® ADE Assembler Editing: AMSdesign2025 Dio_con_Inve

Launch FHle Create Tools Options Run EAD o .

DG § ) E)] e wseps
IR G Bl Lvory ame B
|| NoParasitics/LDE B @ [ [nos CelName Dio_con.Imerter
! ] o
| Data View @@&(,I ol M0S_characterization
Name ‘ Walug |
B Bl 4
23
) v T Tests
v 4 AMSdesign2025:Dic_con_inverter
:> Click to add test

v @& Global Variables Al :

o & Parameters AN View Name schematic B
1;51 Corners Al e Mode schematic
Dowments Al P

i @ Setup States A
Reliability Analyses & Cancel —

= m £ Help

| Checks/Asserts Al ——

Unselect the first test, so it does not run simultaneously, and give a suitable name to the second test (click twice
on the name to edit it). See example below.

Launch Fle Create Tools Options Run EAD Par

e dgle § G/ EE

|[ o Parasiticso B & [ [noswe
Data View =
Name | Value |
: - |
E | % Tests

L @; AMSdesign2025:Dio_con_inverter
@ AMSdesign2025:Dio_con_Inverter_Params N
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To hide the measurements from the first test, uncheck them. See below.

Data View el X‘ |3 maestrﬂ ¥ | “® Dig_con Inverter
plame, | zlus | OUtp”‘SS@ ;| Resutts
C-tr'_‘, Testsn é T x ‘ ‘_' n' LE/R ||' J G l;ejﬂ‘
L T

LJ '_* AMSdesign2025:Dio_con_inverter Show All Tests —
\w < AMSdesign2025:Dio_con_Inverter_Params
%; Simulator spedre

@; Analyses Show Enabled Tests
& DesignVariables

H

Hide All Tests

Show Disabled Tests

¥ & Global Variables :> AMSdesign2075:Dio_con_inverter

(=R & Parameters

v AMSdesign2025:Dio_con_Inverter_Params

Open the schematic view with design in tab option. See example below.

[c]

Launch Hle Create Tools Options Run EAD Parasitics/LDE Wi

luecdPle F O E =R

([NvoParasitcsoE B No 5
Data View |3 maestro
Mame | WValue | Qutputs Set

L%

I‘i__| ™ G\(r'_" Tests

s esccsganzsmio co] A TR Confirm the schematic opened is the one
VERETEROEGINE,  Open Test n Explorer you have saved with a different view name

¥ & GlobalVariables (“schematic_params”).

Add Analysis...
£ v @ Parameters nalyst

Create Test Copy

v =} Corrers Delete

On the schematic, delete the variables on both transistors and add fixed values. See example below.

Length(M) 38n M
Finger_width(M) [586n
Width(M) 5860 N
Numter of Fingers 1
Multiplier 1

Run the simulation with nominal conditions (typical process and xvdd=0.9V).
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Create the following measurements (if necessary, revisit point 3.6 above on how to add expressions to ADE) and

edit the specs column as the example below.

Outputs Setup Results

7 - o > A =

- ¥ Filter [— -l - ¥
% Gy e B@E © eh-|#-0 O
3126 rows

Test | Name | Type | Details | Evatype | Plot| save| spec | weignt |  units | Dgts |

AMS5design2025: Dio_con_lnverter_Params Region_NMO5 Eexpr pv("T_NMOS" "region” Presult "dcOpinfo”) point ~ range 1| 3 100
AM5design2025:Dio_con_lnverter_Params Region_PMO5 expr pv("T_PMOS" "region” fresult "dcOpinfo”) point ~ range 1|3 100
AMS5design2025: Dio_con_lnverter_Params V_VTRIP expr wi"AWTRIP" Presult "dcOp”) point ~ range 0445 0.455 B0 W 3

We want the transistors to be in saturation (region=2), so define a specification between 1 and 3.

The “Weight” column will define the importance of the specification.

Refresh the results tab. As can be seen below not all results are compliant with specifications.

Qutputs Setup

Results

: BO O|% OB y B 7® &) & B
Detail Lol |%vv|_ Iter ... _L_I{j I_ ~ Replace '@ @
3 rows W

Test | output |  Nominal | Spec | weight | PassFal |

AMSdesign2025: Dio_con_Inverter_Params | Region_NMOS 3 range 1 3 100
AMSdesign2025: Dio_con_Inverter_Params | Region_PMO3S 2 range 1 3 100 pass
AMS5design2025: Dio_con_Inverter_Params | V_VTRIP 430 mV range 0.445 0.455 80

4.6.

Transistors region meaning:
0 - cut-off

1 - triode

2 - saturation

3 - subthreshold

4 - breakdown

Configure the optimizer to calculate transistors sizes that comply with all specifications

Instead of running a large number of parametric simulations to find the best size for the transistors to match with

the VTRIP specification, it is possible to use the Virtuoso optimizer.

To prepare the Maestro for running the optimizer, it is necessary to set initial values. On ADE assembler open

the “Variables and Parameters” tab.

siicsiLoe [JIEEITY caiibre Help
Welcome toAssembler |”, Basic E‘ E
Parasitics & Electrical Setup 5
Toolbars 4 Parasitic Flters [
Outputy Workspaces » parasitic Report Variables and Parameters 278X
£o v | Tas 4 Setup DB Viewer Eelupaats B = SE =
3/26 rows v Data View B [
= Varigbles | Parameters

Operating Region

Whitelist ﬂ Y

o 4

Variables a *d Parameters

AMSdesign2025:Dio_con_Inverter_Pal Run Plan
AMS5design2025:Dio_con_Inverter Pal r

Seled devices in the schematic, select properties below, and create, match, or ratio

Parameters.
AMSdesign2025:Dio_con_Inverter_Pa ¥ Run Summary
Variable Display
(3, Toggle Visibiliy
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On the schematic editor select the 2 transistors simultaneously and go back to Maestro environment. The
transistors parameters should be displayed like the example below.

Variables and Parameters
SDE
lSse'c|.||:| State.|_ n U ¢ |_L| E

Variables = Parameters

Whitelist BY @ [FE H 1:n

Is possible to toggle between “View by Property” and
“View by Object” using the eye tab below.

=) T_PMOs
Numberof Fi.. 1
LengthiM) 30n
‘- ! Variables and Parameters (715
nf 1

1 Setup State;
L

B.Td

500n N
Variables
Width{M) 500n
2@ T_NMos wiietist [ G 0 I:n

Numberof Fi.. 1 T
X r{' [E Number of Fingers | Toggle between View by Property and View by Oq‘eiI|—
LengthiM) 30n LengthiM) 200
m 1 m 1
1 1 nf 1

1 Multiplier 1

thi.. 500n Finger_width(M) S500m:50m2u
500n [ Width(M) (various)

Select both the transistors “Finger_Width(M)” and click on “Create Parameter” icon.

Variables and Parameters 5]

lSetupSta:e:l n i ._SE E

Variables Parameters

wteist [ N7 @ =1 1:n
T
E|Q T_PMOS Create Parameter

Numberof Fi.. 1

Finger i [soon ]

Width(M) 500n
=& T NMOS
Number of Fi.. 1

Muiltipfer 1

Finger with..

Width(M) 500n
Instance S |Pararr|:t:r WValue DesignValue
¥  T_NMO5 Wig 500n 500n
¥ T_PMOS wifg 500n S00n
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Save the defined parameters as “initial_state” file. Saved state should appear on “Setup States” tab.

Name J Value ﬂ

v %} Tests
i @ AMS5design2025:Dio_con_inverter
v @ AMSdesign20 25:Dio_con_Inverter_Params

@

B (v & Global Variables
= 1& Parameters
Lo [E TP 500n

- o [E TN.. 5000
M o ) Comers
SDE [] Documents
seup e ) 225 [E
|Sa\oe variables and parameters| :>

initial_state
__| Reliability Analyses

| Variables Parameters

Update the transistors “Finger_Width(M)” value to change from 500nm to 2um in steps of 50nm. See the
example below.

Variables and Parameters
SDE
Setup State; B dyl o =

| Variables Parameters

Whitelist BY @& =0 1:n

= @ T_PMOS Create Parameter Range
Number of Fingers 1
8 - .
LengthiM) 30n & Specify minimum/maxmum values
m 1 ' Percentage of design value
nf 1 8 Same +/- %
! 1 N .
._\t-‘.f.‘r.!'ihr."rf,' 500n Minimum Value ggq.
EE) T_NMOS
Number of Fingers 1 Maximum Value 2u
Length{l) 30n
m 1
: Step Size B m
M itip Ner

Widthih) S00n

_— Limit to Integer Values

m. Cancel | Help

|

T_PMOS
T_NMOS

</ <

Change the type of simulation to “Local Optimization”. See example below.

instance - | DesignValue
i 500n:50m:2u 500n

E s o0n:s0n2u 500n

Launch File Create Toos Options Run EAD Parasitics/LDE Window Calibre Help

oo ale § O @ EEsEI6|E

B 8 [jeas -]

' % L:\J |NoSweeps

“lNo Parasitics/LDE
e

| pataview

?ﬁ Qutputs Setup

||| Local optimization n ¢

Single Run, Sweeps and Corners

% Simulator spectre
% Analyses

3726 rows

| Name Value (9 b4 | % Global Optimization

Monte Carlo Sampling

[ SRR L ocal Optimization k
Improve Yield
Sensitivity Analysis
Feasibility Analysis

11

¥dc ot Worst Case Comers

AMSdesign2025:D Manual Tuning
AMSdesign2025:D g p, pan = i

& Design Variables
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Confirm the “Starting State” on simulation option tab is selected.

Algorithm

Evaluation

« Full & Conditional | s
% |

Starting Point

Stating state  initial state [ <: |
05

Stopping Criteria

Pping be

M All Specs Met

— Time Limit (minutes)

__ Point Limit

m Cancel | Help

Run the simulation.

If a dialog box like the below appears click Ok, do not change the schematic or Maestro configurations during the
optimization simulations process.

Yeu are running simulation with ignore DesignChangesDuringRun and your setup has device parameters.
ignoreDesignChangesDuringRun setting will be ignored because it works only for the cases when setup dees not have device parameters.
Any medifications tothe design during run will be taken into consideration.

Do you want to continue?

(¥ Donat show this message again during the current session

@ e ey | Hep

The optimization process will start with successive approximations, taking into consideration the specifications
and weights given. When all specs are complied, the simulation stops and final sizes are presented.
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! Outputs Setup Results

‘Opti'nization n K.J K.J | v vﬁl[e’...n [rud] '| Iﬁ | Replace BL@ @ [@

Final results and respective
transistors sizes

Initial sizes sim results

21 rows
Point - | Test | Output | Nominal | Spec Weight
-
:> Parameters: T_PMOS.Wfg=850n, T_NMOSWfg=500n
7 AMS5design2025:Dio_con_Inverter_Params  Region_NMOS 2 range 13 100
7 AMSdesign2025:Dio_con_lnverter Params  Region_PMOS 2 range 13 100
7 AMSdesign2025:Dio_con_Inverter_Params  V_VTRIP 451 mv range 0.445 0.455 80
Parameters: T_PMOSWig=1.1u, T_NMOS5.Wfg=500n
4 AMSdesign2025:Dio_con_Inverter_Params | Region_NMOS 2 range 13 100
4 AMSdesign2025:Dio_con_lnverter Params  Region_PMOS 2 range 13 100
4 AMS5design2025:Dio_con_Inverter_Params V_VTRIFP 461 mv range 0.445 0.455 B0
Parameters: T_PMOSWfg=1.15u, T_NMOS5.Wfg=500n
] AMSdesign2025:Dio_con_Inverter_Params | Region_NMOS 2 range 13 100
[ AMSdesign2025:Dio_con_Inverter_Params  Region_PMO5 2 range 13 100
] AMSdesign2025:Dio_con_Inverter_Params  V_VTRIP 463 mvV range 0.445 0.455 80
Parameters: T_PMOSWfg=1.45u, T_NMOS5.Wfg=500n
5 AMSdesign2025:Dio_con_Inverter_Params  Region_NMOS 2 range 13 100
5 AMSdesign2025:Dio_con_lnverter Params  Region_PMOS 2 range 13 100
5 AMSdesign2025:Dio_con_Inverter_Params  V_VTRIP 472 mvV range 0.445 0.455 80
Parameters: T_PMOSWfg=550n, T_NMOS.Wfg=500n
2 AMSdesign2025:Dio_con_Inverter_Params | Region_NMOS 2 range 13 100
2 AMSdesign2025:Dio_con_lnverter Params  Region_PMOS 2 range 13 100
2 AMSdesign2025:Dio_con_Inverter_Params V_VTRIP 434 mv range 0.445 0.455 B0
Starting Point: T_PMOS5.Wfg=500n, T_NMO5.Wfg=500n
1 AMSdesign2025:Dio_con_Inverter_Params  Region_NMOS 2 range 13 100
1 AMSdesign2025:Dio_con_Inverter_Params Region_PMOS 2 range 13 100
1 AMSdesign2025:Dio_con_Inverter_Params V_VTHP 430 mVv range 0.445 0.455 B0
Parameters: T_PMOSWfg=500n, T_NMOSWfg=550n
3 AMSdesign2025:Dio_con_Inverter_Params  Region_NMOS 3 range 13 100
3 AMSdesign2025:Dio_con_Inverter_ Params | Region_PMOS 2 range 13 100
3 AMSdesign2025:Dio_con_Inverter_Params  V_VTRIP 428 mV range 0.445 0.455 80
It is possible to back annotate the parameters to the schematic.
Point - | Test | outpit | Nominal | Spec | weignt |

5 Sl G el PMO S Wig=850n, T_NMOS5.Wfg=500n

7 AMSdesign2025:Dio_
7 AMSdesign2025:Dio_
7 AMSdesign2025:Dio_
Parameters: T_PMOS5Wfg=1.1u, T_N
4 AMSdesign2025:Dio_

Submit Point ...

Troubleshoot Point

Save variable and parameter values to Setup State

range 13
range 13
range 0.445 0.455

range 13

Annotate

Backannotation updatesthe value of Design Variables (located on the Data View
pane under "Tests"). and of parameters inthe schematic.

Note that once updated, the original values cannot be retrieved.

Specify an option for backannotation.

& All variable s and parameters

« Only design variables

'« Onlydevice parameters

s None

— Donct show this dialog again

———

. Help
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5. PVT corners simulations

5.1. NMOS current mirror schematic
Copy simple NMOS current mirror schematic from reference library.

Library Cell View
MODULE_TECH_PVT_MC NMOS_mirror schematic

All NMOS have the same size, MNB and MNC have the same VDS voltage. Values have been chosen to set the
transistors in saturation region for better current mirroring. An ideal 10uA current is applied to MNA.

5.2. TYP PVT corner simulation
Create a new Maestro ADE Explorer environment.
Edit Models File path (see point 3.5 for more details). Configure the devices models section as
“TTTT_RT_CT_BT” (typical Process), supply voltage as 0.9V (typical technology supply value) and temperature
as typical 25°C.

Name | Value

> ‘a‘ AMSdesign2025:NMOS5_mirror:1
% Simulator spectre

E% Analyses

W dc t

Design Varighle }
xvdd m Cancel /| Defaults /| Apply /| Help
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Run the simulation with the above operating conditions and save the following measures to ADE (follow the
same steps presented on point 3.6 above).

Outputs Setup Results
o ~ = =
- O BRIE Jeu-l-0 O
19 rows
Test | Name [ mpe | Details | Evaltype | Ptot|
] & ]

AMSdesign 2025:NMOS5_mirror: 1 Id_MMNA expr pvi"MNA" "id" Presult "dcOplnfa") point ~
AMSdesign 2025:NMOS_mirror: 1 Wih_MNA expr pv("MNA" "vth" Zresult"dcOpinfo") point ~
AMSdesign 2025:NMOS_mirror 1 Vs MNA expr w"VGS_MNA" Presult"dcOp”) point o
AMSdesign 20 25:NMOS_mirror: 1 Vdsat_MNA expr pv("MNA" "vdsat" Presult "dcOpinfa") point I
AMSdesign 20 25:NMOS_mirror: 1 Vsat_marg_MMA expr pv("MMNA" "vsat_marg" fresult "dcOpinfo”) point W
AMSdesign 20 25:NMO5_mirror: 1 OP_region_MNA expr pv("MNA" "region” Presult "dcOplinfo") point ~
AMSdesign 2025 NMO5_mirror: 1 Id_MNE expr pv("MNE" "id" Presult "dcOpinfo”) point o~
AMSdesign 20 25:NMO5_mirror: 1 Vth_MNB expr pv("MNB" "vth" fresult "dcOpinfo") point ~
AMSdesign2025:NMO5_mirror:1 Vds_MNB expr v("VDS_MNB" Presult "dcOp") point v
AMSdesign 2025:NMO5_mirror:1 Vdsat MNEBE expr pv("MNB" "vdsat" ?Presult "dcOplnfo") point ~
AMSdesign 2025:NMOS5_mirror: 1 Vsat_marg_MNB expr pvi"MNB" "vsat_marg" Presult "dcOplinfo") point ~
AMSdesign 2025:NMOS_mirror: 1 OP_region_MNB expr pv("MNB" "region" ?result"dcOplnfo") point ~
AMSdesign 20 25:NMOS_mirror: 1 ld_MNC expr pv("MNC" "id" Presult "dcOpinfa") point »
AMSdesign 20 25:NMO5_mirror: 1 Vih_MNC expr pv("MNC" "vth" Fresult"dcOplinfo") point s
AMSdesign 20 25:NMOS_mirror: 1 Vds_MNC expr v("VDS_MNC" Presult"dcOp”) point W~
AMSdesign 20 25:NMO5_mirror: 1 Vdsat_MNC expr pv("MNC" "vdsat" ?Presult "dcOpinfo”) point ~
AMSdesign 2025 NMO5_mirror: 1 Wsat_marg_MMNC expr pv("MNC" "vsat_marg" Presult "dcOpinfo”) point o~
AMSdesign 20 25:NMO5_mirror: 1 QP _region_MNC expr pv("MNC" "region” Presult "dcOplinfo") point ~
AMSdesign2025:NMO5_mirror:1 Id_MMA_MMNE _error expr (Id_MMNE - Id_MMNA} point v

Alternatively, load the following pre-defined measurements file path:
~/IC6_workspace / MODULE_TECH_PVT_MC / outputs_ AMSdesign2025 _NMOS_mirror_maestro.csv

5.3.  Define Specifications values (specs) for the measures

One good way to easily evaluate if a measurement is close or even out of specification is to add min/max or
range values into ADE and the result will be plotted with a color scheme. See examples below:

Outputs Setup Results

% [= - e
o~ X % M re BT © ol O | |
21 rows \/
Test | Name | e | Details | EvalType | Plot| save | Spec
™ ™ ™ ™
AMSdesign 20 25:NMOS_mirror: 1 Id_MMNA expr pv("MNA" "id" ?result "dcOpinfo") point ~
AMSdesign 20 25:NMOS_mirror: 1 Wih_MNA expr pv("MNA" "vth" ?result"dcOpinfa") point ~
AMSdesign2025:NMOS_mirror:1 Vds_MNA expr wi"AGS_MNA" Presult"dcOp”) point ~
AMSdesign2025:NMOS_mirror: 1 WVdsat_MMA expr pv("MNA" "vdsat" Presult "dcOpinfo") point v
AMSdesign2025:NMOS_mirror:1 Vsat_marg_MNA expr pvi"MNA" "wsat_marg" Presult "dcOpinfa”) point v > 200m
AMSdesign2025:NMOS_mirror: 1 QP _region_MNA expr pv("MNA" "region” Presult "dcOpinfo") point v
AMSdesign 20 25:NMOS_mirror: 1 Id_MNB expr pvi"MNE" "id" ?result "dcOplinfo") point v range Sul 11u
AMSdesign2025:NMOS_mirror: 1 Vth_MNEBE expr pv("MNB" "vth" Presult "dcOpinfa") point ~
AMSdesign2025:NMOS_mirror: 1 Vds_MNB expr wi"NVDS_MNB" Zresult "dcOp") point ~
AMSdesign2025:NMOS_mirror: 1 Vdsat_ MMB expr pv("MNB" "vdsat" Presult "dcOplinfo") peint ~
AMSdesign2025:NMOS _mirror:1 Vsat_marg_MNE expr pvi"MNE" "wsat_marg" ?result "dcOplinfo”) point ~ > 200m
AMSdesign2025:NMOS_mirror: 1 OP_region_MNB expr pv("MNB" "region" Presult"dcOplinfo") point ~
AMSdesign2025:NMOS_mirror:1 Id_MNC expr pvi"MNC" "id" ?result "dcOplinfo"} point ~ range Sul 11u
AMSdesign2025:NMOS_mirror: 1 WMth_MNC expr pv("MNC" "vth" Zresult"dcOplinfo”) point ~
AMSdesign2025:NMOS_mirror:1 Wds_MNC expr wi"AVD5_MNC" Presult"dcOp") point ~
AMSdesign2025:NMOS_mirror: 1 Vdsat MNC expr pv("MNC" "vdsat" Presult "dcOpinfo") point ~
AMSdesign2025:NMOS_mirror:1 Vsat_marg_MNC expr pvi"MNC" "wsat_marg" Presult "dcOpinfo”) point ~ > 200m
AMSdesign2025:NMOS_mirror:1 OP_region_MNC expr pv("MNC" "region” Presult "dcOpinfo”) point v
AMSdesign2025:NMOS_mirror: 1 1d_MNA_MNE_error expr (1d_MNA - Id_MNE) point v range -300n| 300n
AMSdesign2025:NMOS_mirror: 1 1d_MNA_MNC_error expr {1d_MNA - Id_MNC) point " range -300n 300n
AMSdesign2025:NMOS_mirror: 1 Id_MNB_MNC_error expr (Id_MNE - 1d_MMNC) point ~ range -300n| 300n
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5.4.  Typical corner simulation results
Run the simulation configured with typical operating conditions (TYP PVT). See below an example of results.

Outputs Setup Results

Detail n ol s | % | Filter .. [ru V| |+ wRreplace n L@ @ [ﬁ;
21 rows

Test n| Output n| ""”“"“"=| Spec n| “E‘E“‘n| "E‘“’F""=| Transistors MNB and MNC have the

same operating conditions, as

AMSdesign2025:NMOS_mirror1 | 1d_MNA 100 expected, they have equal drain
AMSdesign2025:NMOS_mirror:1 | Vih _MNA 463m Curl’entS. Although, they are different
AMSdesign20 25NMOS_mirror: 1 | Vds_MNA 499.6m
AMSdesign2025:NMOS_mirror:1 | Vdsat_MNA 115.6m from MNA due to different Vds
AMSdesign 20 25 NMOS_mirror: 1 | Vsat_marg_hMNA 384m = 200m pass VOItages.
AMSdesign2025:NMOS_mirror:1 | OP_region_MNA 2
AMSdesign2025:NMOS_mirror:1 | Id_MNE 9.883u range 9u 11u pass
AMSdesign2025:NMOS_mirror:1 | Vth_MNB 463m A” trans|stors are on Satura‘“on reg|0n
AMSdesign 20 25 NMOS_mirror:1 | Vds_MNB 400m . . .
AMSdesign 20 25 NMOS_mirror 1 | Vdsat_MNE 115.6m Wlth gOOd Saturatlon marglnS.
AMSdesign20 25:NMOS_mirror:1 | Vsat_marg_MMNB 284 4m = 200m pass
AMSdesign2025:NMOS_mirror:1 | OP_region_MNE 2 T . . . .
AMSdesign 20 25:NMOS_mirror:1 | 1d_MNC 9.883u range 9u 11u pass ransistors reQIon meanlng'
AMSdesign2025:NMOS_mirror:1 | Vth_MNC 463m O - CUt—Off
AMSdesign 20 25 NMOS_mirror: 1 | Vds_MNC 400m 1 _ triOde
AMSdesign2025:NMOS_mirror:1 | Vdsat_MNC 115.6m i
AMSdesign2025:NMOS_mirror:1 | Vsat_marg_MNC 284 4m = 200m pass 2 - saturation
AMSdesign 20 25:NMOS_mirror:1 | OP_region_MNC 2 3 - Subthreshold
AMSdesign20 25 NMOS_mirror: 1 | 1d_MMNA_MNE _error 117.3n range -300n 300n pass
AMSdesign2025:NMOS_mirror:1 | 1d_MNA_MNC_e rror 117.3n  range -300n 300n pass 4 - breakdown
AMSdesign2025:NMOS_mirror:1 | Id_MNE_MNC_error o] range -300n 300n pass

5.5. Define corner variations
To add PVT corner variations, launch the “Open Corners Setup...” dialog box and add a new corner.

Launch Fle Create Tools Options Run L

e B - BB
e dBle § O = :
(l[neParasities/ioE B< ) Aldd At

D ata View = Corners »  Mominal

Namne | palus J Temperature
n Design Variables

B v G Tests I

5 | - AMSdesign2025:NMOS_mirror:1 RSN s
%3 Simulator spectre :

%3 Analyses
& Design Variables

Model Files
Model Group(s)
Tests

& ..MOS_mirror1|
-..mber of Corners 1

Select All

Deselect All ]

L o

COpen Cornke s Setup...

On the new corner add the “Design Variables” and “Model Files” paths, as the example below:
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= Corners Setup

BrBrle 0 DI PUli0e e guldl >

Corners ~ Mominal v co

Temperature
Design Variables
sovdd

Click toadd

Parameters

Add/Edit Model Files

Click to add Model Files
Model Files

= [ becs ]
Model Group(: pref o o

Click toadd

Tests

» ..MOS_mirror1 &
...mber of Corners

Click toadd

/DataHDD/tsmc/28n_rf_ull_hpc_plus_0p9v_1p8v_1p9m_5x1ylz1l
- u_ut-alrdl/iv1.8_2p3a/OA/tsmcN28/../models/spectre/toplevel.scs

=

Add the Process, Voltage and Temperature corner values to be simulated.

Corners Setup

BoBs O ol g i dndle s &

Corners L Nominal » [ai}

Temperature 40125

Design Variables
wovdd 0.81099

Click to add

Parameters

T SSSS_RS_CS BS FFFF_RF_CF BF SFSF_RT CT BT FSFS_RT CT BT

Model Files - - - - - - - - — - - -
fib.scs TR

Click to add
Model Group(s) modelgroup
Click to add

.. mber of Corners 1 16

Please note, the ADE will cross all values added independently and run a simulation for each possible
combination. The total number of simulations is added to the bottom of corners setup dialog box.
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5.6.

Corners simulations results
Run the PVT corners simulations. See example of results below:

Outputs Setup Results.
Detai B | %0 Bk ~perae BT B R B B U8 M
| Pammeer | Nominal | | | | | | co | o 02 03 o4 s 06 07 08 09 010 o 012 [CRE) o4 co_is
et 1 Gupw | Nomnal | spec | wegt | Feswrar | M | wex | o | o oz s o) ©s | s | s s s w0 @ @z FX) X" @
‘AMSdesign20 25:NMOS_mirror:1 | Vsat_marg MNC 284 4m = 200m fail 166.9m 393.5m 212.4m 167.9m 392.0m 347.9m 213.5m 170.2m 393.5m 350.2m 211.5m 166.9m 391.5m 347m 213.4m 169.6m 393.1m 349.6m
‘AMSdesign20 25:NMOS_mirror:1 | OP_region MNC 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
AMSdesign2025:NMOS_mirror:1  1d_MNA_MNB_error 117.3n range -300n 300n 84.43n 304.3n 2187n 70.16n 11.8n 270490 165.2n 14.07n -84.43n 303.2n 214.6n 64.73n -19.99n 2755n 1729n 21.8n 74.69n
AMSdesign2025:NMOS_mirror:1 | 1d_ MNA_MNC_error 117.3n range -300n 300n 84.43n 304.3n 2187n 70.%6n 11.8n 2709n 165.2n 14.07n 84.43n 303.2n 214.6n 84.73n -19.99n 27550 1729n 21.8n 74.69n
AMSdesign2025:NMOS_mirror:1  I1d MNB_MNC_error 0 range -300n 300n pass o o 0 0 0 0 0 0 0 0 o 0 0 0 0 0 0 0
As can be seen from the simulations results, some of the measurements do not pass all the specifications on all
. . . . . L . he circuits' perf dtrv
corner conditions. At this point you can edit the transistors' sizes to improve the circuits' performance and try to
comply with all the specifications. Or, if specifications are extremely hard to comply with, new architectures can
For example, increase the number of fingers (nf) of all transistors from 2 to 6 and increase the length (L) of all
T ED
Detal -] | S E e B ke o BTR @ FRCR) B B g My
[ Parameter | Nominal | 1 1 1 1 [ o | co coz 03 coa s 6 7 o8 s co10 con o2 013 co1a cois
Test | Output. | Nominal | Spec | Weight | PassFal | Min | Max [ co0 | coi 2 @3 | 4 | cs5 | cs | co7 s s 010 o1 €012 .13 014 015
 AMSdesign 2025:NMOS_mimror: 1 OP_region MNB 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
| AMSdesign 2025:NMOS_mirror:1 | 1d_MNC 9.949u range u11u 9.834u 10.06u 9.834u 9.892u 9.967u 10.02u 9.848u 9.93u 10u 10.06u 9.835u 9.893u 9.97u 10.02u 9.857u 9.919u 9.996u 10.06u
| AMSdesign 2025:NMOS_mimror: 1 Vth_MNC 467.1m 390.7m 525.1m 525.0m 445.9m 525.1m 445.9m 470m 390.7m 470m 390.7m 519.7m 440.5m 519.7m 440 .5m 476 .6m 397.4m 476.6m 397 4m
| AMSdesign 2025:NMOS_mimror:1 | Vds_ MNC 400m 310m 490m 310m 310m 430m 490m 310m 310m 490m 4930m 310m 310m 490m 490m 310m 310m 490m 490m
(AMSdesign 2025:NMOS_mirror:1 | Vdsat MNC 94.77m 78.79m 117.6m 79.04m 116.6m 79.04m 116.6m 788m 116m 78.79m 116m 79.7m 117.6m 79.69m 117.6m 7897m 116.2m 78.93m 116.2m
| AMSdesign 2025:NMOS_mimrer:1 | Vsat_marg_ MNC 305.2m > 200m 411.2m 231m 193.4m 411m 3734m 231.2m 194m 411.2m 374m 230.3m 192.4m 410.3m 372.4m 231m 193.8m 411.1m 373.8m
| AMSdesign 2025:NMOS_mimrer: 1 OP_region MNC 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
| AMSdesign 2025:NMOS_mirrer: 1 |d_MNA_MNB_error 56.98n range -300n 300n -63n 168.4n 1684n 109.3n 33.27n 19.33n 153.8n 81.17n 39.37p 63n 168.2n 107.1n 30110 24.07n 156.9n 85.57n 4.812n -57.03n

AMSdesign 2025:NMOS _mirror:1 | 1d_MNE_MNC_error

range -300n 3000

0

0

With the adjustments, the saturation margin is much closer to spec, and the mirrored currents errors between

MNA and MNB/MNC have been significantly reduced.

As expected, no error is obtained between Id_MNB and Id_MNC since they share the same operating
conditions.
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6. Monte-Carlo simulations

6.1.  Configuration of Monte-Carlo simulations

To run simulations of devices process and mismatch variations select the “Monte Carlo Sampling” option on
same NMOS current mirror testbench simulated on previous point and open the respective simulations
configuration tool.

EAD Parasitics/LDE Window Calibre Help

i B2 RIGNE B B e B G

;J No Sweeps g "lMcnte Caro Sampling n %3 @ o ”Fe

m Single Run, Sweepsand Corners —

7 8 - Monte Carlo Sarpling

|| outputs setup [ Rest Global Optimzaks

m— Local Optimization

! o~ K | %' 'u_f Imprnv\:Yle\d
F Sensitivity Analysis

Feasibility Analysis

Worst Case Comers |

Manual Tuning n

AMSdesign 2025:NMOS_min Run Flan pv("MINA" "id" Pre

AMSdesign2025:NMOS_mirror: 1 Vth_MNA expr pv("MINA" "vth" 2

5N

AT

Test

EAD PamasiticyLDE Window Calibre Help

=]

BEARIGIEB Bl L B2GE
| Mo Sweeps _1||[MomECanoSarn.pling ' "‘ﬁ @ olm}e‘erence
E maestro % | 4@ NMOS_mirror |

Outputs Setup | Results

Monte Carlo

= Guidect Mocte The number of points will be equivalent to the
R e number of simulations, each one with different
variations of each device parameters.

& Run a fixed number of points 288
'« Verify the yield (sign-off}

« Create statistical comers

+ venced - Show Al Optons 3 types of variations are available:
T F— ) - All (Process + Mismatch)
Number of Paints 268 - Mismatch
Target Yield 3 B sin B - Process
Method Standard Monte Carlo n
— Save Waveforms (Simulation Data) 3 Sampling Method are available:
M Save Statistical Parameter Data _ Random
Sampling Method [Low—Djscrepancy Sequence n .

- Latin Hypercube
Seed 12345 yp
- - Low-Discrepancy Sequence
FirstPoint 1

Specify Instances/Devices (Not Specified}

&€ o« Defaults | Help

Select the “Mismatch” variation, “Low-Discrepancy Sequence” sampling method and 200 points.
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The higher the number of points the more accurate the statistical analysis will be. See example below of

Gaussian distribution for different number of points (source Cadence Community website):

Fraquency

64 points

Histogram of Scobol

12

10

&
| I S T IR N S—

gnormiseb]. 1])

Frequency

256 points

Histogram of Sobol

8 - ——

20

1o
-

=
I
-3

gnorm(sobl, 1])

Frequency

1024 points

Histogram of Sobol

40

alll.

4 -2 A4 0 1 2 3

20

gnormisebl, 1])

Low-Discrepancy Sequence ensures a better distribution of devices variations across all possible range
compared with pure random sequence, which makes it possible to obtain more accurate statistic results with less
number of points when compared with pure random sequence. See examples below with the 3 methods for 256

points (source Cadence Community website):

256 points
random

1024 points
random

-2

-3

Random

Latin Hypercube

sobol

sobol

Low-Discrepancy Sequence

N A o]
0 o o
0 ° %o
OO'\XD%OOOA
- o © 099e0F 00 ©

-3
1
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6.2.  Monte-Carlo Model Libraries files
On “Model Library Setup” dialog box, select the “globalmc_localmc” section. Since only “mismatch” is selected
just local mismatch will be run with typical process corner.

r

| spectre2: Model Library Setup X

] |Model File | Section \

1 | B Global Model Files |

| & ..v_1p9m_Sx1y1z1u_ut-alrdl/v1.8_2p3a/OA/tsmcN28/. /models/spectre/toplevel.scs ___4}’/ glObalmC_lOCalmC

__ <Click here to add model file>

@ concel appy | Help

From TSMC “Model Usage Guide” document is possible to understand the statistical variations associated with
each section.

On “SSSS_RS_CS_BS”, “FFFF_RF_CF_BF”, “SFSF_RT_CT_BT” and “FSFS_RT_CT_BT” sections, the local
mismatch is added on top of each process corner. These options should be used on very sensitive circuits,
where matching between branches is essential, like for example Differential Amplifiers, PLL’s, VCO’s, etc.

The plot below is an example of possible statistical variations when “Global Corner + Local Monte-Carlo”
sections are selected for simulation.

Global variation

FFG and SSG
— Local variation

Parameter 2

Parameter 1

On “globalmc_localmc” section with Monte-Carlo “All” variations option selected, all devices will have a global
variation withing the process statistical distribution plus a local mismatch applied to each device within the
mismatch statistical distribution.

The plot below is an example of possible statistical variations when “Global Monte-Carlo + Local Monte-Carlo”
sections are selected for simulation.
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global MC + local MC

A
AN == Total variation
St
=
O @ Total variation corner o P —-—0c 2 o 2
E total global local
] i s
= ——Local variation
A~ o
—Gilobal variation
>
Parameter 1
6.3. Monte-Carlo Mismatch simulations results
M “* H ” H H
Select just “Nominal” corner and run the simulations.
%3 Simulator spectre
% Analyses
£l Design Variables
3 xwdd 09
i1 v & Global Variables
(S & Parameters
£ v =) corners
- v | Nominal <:
B co
See example below of measured results summary.
(explore the various formats available of presenting the results)
Outputs Setup Results
BO 0% L e BT b B O [ S
Q Q%M AL ~pe @ “E = H B [®E
| Output —| Min | Max | Mean | Median | StdDev | Spec | PassiFail |
AMSdesign 2025 NMOS_mirron 1 Id_MN& 10u 1001w 10.07u 10.07u 1.79n
AMSdesign 2025:NMOS_mirror 1 Vith_MNA 462.6m  470.9m  467.1m  467.1m 1.504m
AMSdesign 2025:NMOS_mirror1 Vids_MMA 478.9m | 486.8m | 483m 483m 1437m
AMSdesign 2025:NMOS_mirror 1 Vdsat_MNA 9441m  95.13m 94.77m M.T7Tm 130.6u
AMSdesign 2025 NMOS_mirron 1 Wsat_marg_MNA 383.9m  392.7m | 3BB.2m | 38B.3m 1473m = 200m pass
AMSdesign 2025:NMOS_mirror 1 OP_region_MNA & & & 4 a
AMSdesign 2025:NMOS_mirror1 Id_MNEBE 9.18u 9.954u 9.934u 3434n range 9u 11u
AMSdesign 2025:NMOS_mirror 1 Vith_MNB 462.4m  4709m  467.9m  467.0m 1.516m
AMSdesign 2025 NMOS5_mirror 1 Vds_MMB 400m 400m 400m 400m a
AMSdesign 2025:NMOS_mirror 1 Vdsat_MNB 92.25m 98.56m  94.78m | 94.76m 1.166m
AMSdesign 2025:NMOS_mirror1 Wsat_marg_MMNE 301.4m | 307.8m | 305.2m | 305.2m 1.166m = 200m pass
AMSdesign 2025:NMOS_mirror 1 OP_region_MNB 2 2 2 2 a
AMSdesign 2025 NMOS5_mirror 1 Id_MNC 9.952u 9949y 346.6n range 9u 11u
AMSdesign2025:NMOS_mirror1 Vth_MNC 462.8m  471.4m  467.1m 467m 1.536m
AMSdesign 2025:NMOS_mirror1 Vids_MMC 400m 400m 400m 400m a
AMSdesign 2025:NMOS_mirron 1 Widsat_MNC 9143m  98.72m  94.77m  94.76m 1.184m
AMSdesign 2025 NMOS5_mirror 1 Wsat_marg_MNC 301.3m  308.6m | 305.2m | 305.2m 1.184m = 200m pass
AMSdesign2025:NMOS_mirror1 QP _region_MNC & & & 4 a
AMSdesign2025:NMOS_mirror1 | Id_MNA_MNEB_error | -1.125u | B24.6n | 52.91n 7234n 342.1n range -300n 300n fail
AMSdesign2025:NMOS_mirror 1 1d_MNA_MNC_ error  -1.227u 1.084u S4.4n 56.45n 345.3n range -300n 300n fail
AMSdesign 2025MMOS_mirror 1 | Id_MNE_MNC error | -898.6n | 1.097u | 1.497n -10.62n 339n range -300n 300n fail
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On point 5, with just PVT corner variations, the bias currents difference between branch B and C
(Id_MNB_MNC_error) was 0 for all corners, because all

devices have been affected by the same conditions (global variations). The mismatch between the devices that
happens in real silicon (local variations) was not considered.

With the addition of mismatch, even with typical PVT conditions, there will be differences in branches B and C

currents
fix)
For accurate systems the 30 is used as an accepted
variation of a measured value, it means more than 99%
of the samples will be withing this range value.
On ADE, we have access to just 10 variation results P R = e — P Y S T

(Std Dev). To simplify the calculation of the 3o usually - giij —
the 1o, is multiplied by 3. o

99.73%

Looking into the Monte-Carlo results, the difference (Source: www.researchgate.net/)
between the drain currents of MNB and MNC

(Id_MNB_MNC_error) has a Std Dev (o) of 339nA and a mean () of 1.497n. Statistically this means that
99.73% of the cases will be within the interval [u - 30 ; p + 30] = [-1.016UA ; 1.018uA].

Computing this error in percentage referring to the 10uA of the mirror we got [-10.16% ; 10.18%] variation
between these two currents, which is higher than £10%.

Results can also plot in “Histogram” or “Scatter Plot“ formats.

Outputs Setup Results @

(e BO Ol%m Bl pre DR AEBBEEDE @Y BN

Test | Name | vied | Min_ | Target |  Max |5 SRS
Yield Estimate: 33.5 %(67 passed/200 pts) Confidence Level: <not set> Fiter: <not set>
- ik AMSdesign2025:NMOS_mirror: 1

Plot/Print Versus Iteration

Print Correlation

+ % 1d_MNA{summary) 100 10u 10.01u 10.01u 1790 Histogram
+ &% Vih MNAsummary) 100 462.6m 4708m  4671m  1504m Seatter Plot
+ &% vds MNAsummary) 100 478.9m 4858m  483m 1.437m 3

+ &% 1d MNA_ MNC_e rror{summary) 60.5 -1.227u 1.084u 54.4n 335.3n 0.237 0

Id_MNB_MNC error

w

I
I
1
|
I
i
1
40
i
1
i

0.0
Values (u)
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The “Scatter Plot” has the possibility to choose the two axis, see examples below.

! ter Plot - Mismatch I 500
X Aods W Axis
Qutputs n Qutputs n

Vsat_marg_MNC
QOP_region_MNC

QP _region_MNC Id_MNB_MNC_error
G o X
- Bl |\/sat_miarg_MNC
REEARER [lew Win B |Vt marg Mne 1 mnc

Annotations Wih_MNC Id_MNC

Wsat_marg MNC  Id_MNB_MNC_error
__ BestRAtLine

oK Cancel Defaults Apply | Help |

Id_MNA MNC

—
t

MNC,Id,

4635 4045

Rev. 1.0
June 23, 2025

RENESAS

Page 42
© 2025 Renesas Electronics



Technology Characterization Workshop Module 1

6.4. Monte-Carlo Process + Mismatch simulations results

Change the Monte-Carlo variation method from “Mismatch” to “All” (Process + Mismatch) and re-run the
simulation. See below example of measured results.

Outputs Setup Results
- ) = [ Al = p 1 i
Q O % m | B Ak e B ) 20 R G B[ E
Test | Output  —| Min | Max | Mean | Median | Std Dev | Spec | PassiFail |
AMSdesign2025:NMOS_mirror 1 Id_MNA 10u 10.02u 10u 10u 5.077n
AMSdesign2025:NMOS_mirror 1 Vih_MMNA 4455m  485.5m  467.1m  467.1m 7.855m
AM5design2025:NMOS_mirror1 Vids_MMA 461.6m | 500.3m  483m 482.9m 7.703m
AM5design2025:NMOS_mirror1 Vidsat_MNA 93.14m  96.96m 94.78m  94.73m 724.1u
AMSdesign2025:NMOS_mirror ] Vsat_marg_MMA 367.2m | 405.9m | 3B8.3m | 3B88.3m 7.774m = 200m pass
AMSdesign2025:NMOS_mirror 1 0P _region_MMNA 2 2 2 2 0
AMSdesign2025:NMOS_mirror 1 Id_MNE 9.137u 10.8u 9.953u 9.953u 340n range 9u 11u pass
AMSdesign2025:NMOS_mirror 1 Vih_MNB 445m  489.2m  467.1m  466.8m 7.786m
AM5design2025:NMOS_mirror ] Vds_MNB 400m 400m 400m 400m a
AMSdesign2025:NMOS_mirror 1 Vdsat_MNB 90.97m 98.12m 94.79m  94.92m 1.314m
AMSdesign2025:NMOS_mirror 1 Vsat_marg_MMNEB 301.9m | 309m 305.2m 305.1m 1.314m = 200m pass
AM5design2025:NMOS_mirror 1 OP region_MNB 4 2 4 4 a
AM5design2025:NMOS_mirror1 Id_MNC 9.127u 9.958u 9.941u 3524n range 9u 11u
AMSdesign2025:NMOS_mirror 1 Vith MNC 446m  487.5m  467m 467m 7.732m
AMSdesign2025:NMOS_mirror 1 Wds_MMNC 400m 400rm 400m 400m 4]
AMSdesign2025:NMOS_mirror 1 Wdsat_MNC 90.87m 98.74m 94.81m 94.86m 1.4070Tm
AM5design2025:NMOS_mirror 1 Vsat_marg_MMNC 301.3m | 309.7m | 305.2m | 305.1m 1401m = 200m pass
AM5design2025:NMOS_mirror 1 OP _region_MNC 2 2 2 2 a
AMSdesign2025:NMOS_mirror | Id_MNA_MNB error | -801.2n | 870.2n | 51.64n 51.31n 339.5n range -300n 300n fail
AMSdesign2025:NMOS_mirror1 | Id_MNA_MNC error | -1.213u 8724n | 46.15n 62.59n 352.1n range -300n 300n fail
AM5design2025:NMOS_mirror1 | Id_MNB_MNC error | -1.036u | 1.147u | -5.498n -28.02n 341.1n range -300n 300n fail

Compare the results with the ones having just mismatch variation. What could we conclude?

Monte-Carlo devices parameters variations have a direct relation with the size of the devices. Higher sizes will
exhibit lower variations.

To verify the above sentence, try to increase the size of the transistors by 2x. Please note, to maintain the same
operating point, the devices need to maintain the same Width/Length rations.

See example below of measured results summary for bigger devices.

Although the errors between the mirrored currents have not reached the specs, they were significantly reduced
with the increase of devices sizes.
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| Outputs Setup Results
= £oy - [ i
LSLrnmary n@ u|vv J’;_J'“ﬁ'Replace n'@m@[@ [é E
Test | Qutput —| Min | Max | Mean | Median | Std Dev | Spec | PassiFail |

AMSdesign2025:NMOS_mirror 1 Id_MNA 9.998u  10.02u 10u 10u 5.744n

AMSdesign2025:NMOS_mirror1 Wih_MNA 453.3m  494.4m  475.8m  475.5m 7.876m

AMSdesign2025:NMOS_mirror 1 Wds_MNA 465.6m | 504.8m | 487.4m | 487.4m 7.789m

AMSdesign2025:NMOS_mirror 1 Vdsat_MMNA 9289m 96.15m 943m 94.26m B655.1u

AMSdesign2025:NMOS_mirror1 Wsat_marg_MNA 3714m | 411.2m | 393.1m 393m 7.807m = 200m pass
AM5design2025:NMOS5_mirror 1 OP _region_MNA 2 2 2 2 a

AMS5design2025:NMOS_mirror 1 Id_MNE 9.522u | 1043u | 9.98u 9.985u 187.3n range 9u 11u pass
AMSdesign2025:NMOS_mirror1 Wih_MNB 453m  496.3m  475.8m  475.6m 7.837m

AMSdesign2025:NMOS_mirror 1 Vds_MNE 400m 400m 400m 400m a

AMSdesign2025:NMOS_mirror1 Vdsat_MNB 91.94m 96.65m 94.31m  9432m 865.3u

AMSdesign2025:NMOS_mirror1 Vsat_marg_MNEB 303.3m | 308.7m | 305.7m | 305.7m BE5.3u = 200m pass
AMSdesign2025:NMOS_mirror 1 QP _region_MNB 2 2 2 2 a

AM5design2025:NMOS5_mirror 1 Id_MNC 9.514u | 10.65u | 9.982u 9.971u 194.4n range 9u 11u pass
AMSdesign2025:NMOS_mirron1 Wih MNC 453.6m  495.5m 475.8m  475.5m 7.807m

AMSdesign2025:NMOS_mirror 1 Wds_MNC 400m 400m 400m 400m a

AMSdesign2025:NMOS_mirror1 Vdsat_MNC 91.82m 965m  94.32m  9432m 922.6u

AMSdesign2025:NMOS_mirror 1 Wsat_marg_MNC 303.5m | 308.2m | 305.7m | 305.7m 922.6u = 200m pass
AMSdesign2025:NMOS_mirror 1 QP _region_MNC 2 2 2 2 a

AMSdesign2025:NMOS_mirror1 | Id_MNA_MNE_error | 433890 4B26n | 24.26n 18.13n 187n range -300n 300n fail
AMS5design2025:NMOS5_mirror1 | Id_MNA_MNC_error | -652.8n 485n 21.26n 30.2n 194.4n range -300n 300n fail
AM5design2025NMO5_mirror1 | Id_MNBE_MNC error | -368.2n | 623.6n | -2.992n -7.188n 188.1n range -300n 300n fail
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7. Capacitor’s Mismatch

7.1. schematic
Create a new schematic and instance 2 Metal-oxide-Metal (MOM) capacitors from TSMC28 PDK technology and
connect them to a voltage source with 0.9V DC voltage value. Give variable names to the number of fingers (eg.
xnf) and Length of each finger (eg. xLength). See example below.

7.2. Create a Maestro ADE and run process corner simulations

Library Name tsmch2B
Cell Name cfmom_2t
View Name symbol
Instance Name ce

cfmom_2t
CFMOM_2T
56n M
56n M
xLength W
xnf

1

6

Create a new Maestro ADE. Select DC analyses. Run a typical process (section “TTTT_RT_CT_BT") and
temperature (27°C) and save the capacitors values from “dcOplnfo” simulation to ADE (if necessary, revisit point

3.6 above on how to add expressions to ADE). See example below:

Refresh results tab to see capacitors values. See example below:

MName | Malue || Outputs Setup Results
n n - Einy 77 CE] L L -
2 ¥ % Tests L~ % CRENGEE - NSNS M
B ¥ I AMSdesign2025:MOM capsi1 | | 2O
,% Simulator spectre Test | Narme | Type | Details | EvalType | P|m.|
- %} Analyses n n n n
: ! t AMSdesign2025:MOM _caps:1 C0_cap expr pv("CO.cab" "cap” Presult"dcOplinfo") paoint ~
; AMSdesign2025:MOM _caps:1 C1_ap expr pv("C1.cab" "cap” Presult"dcOpinfo") point ~
E& Design Variables AMSdesign2025:MOM _caps:1 Cap_diff expr (CO_cap - C1_cap) paoint ~
xnf __ 20
xLength _ 10u

COutputs Setup Results
. o -
Detail ] =
e [~ | (TR v_ - [E=R
3 rows
Test | Output |  Nominal |
AMS5design 20 25:MOM cap=s1 | C0_cap 104.5f
AMSdesign 20 25:MOM _caps1 Ol _cap 104.5¢
AMSdesign 20 25:MOM _caps:1 | Ca p_diff a
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Add “SSSS_RS_CS _BS” and “FFFF_RF_CF_BF” process corner variations and run the simulations.

-

SSSS_RS_CS_BS  FFFF_RF_CF_BF

Brlde & 01 F S0 000 18

| | Outputs Setup Results

% M B BlE W8 M

| process_corner_0 | process_corner_1 |

TF

SSSS_RS_CS_BS  FFFF_RF_CF_BF

» | Corners el MNeminal ¥ process_corner .

! Detail B Aot o
Temperature | Parameter
Design Variables P—
Pa rarnett.n;s toplevel.scs
Model Files 3 rows

lib.scs v —— Test | Output
Model Group(s) niod n
Tests AMSdesign20 25 MOM capsi1 | C0_cap
¥ MOM_psil| w ~ AMSdesign2025:MOM _caps:1 C1_cap
...mber of Corners 1 2 AMSdesign2025:MOM _caps:1 | Cap_diff

Compare the capacitors values for the different process corners.

| process_corner_0 | process_corner_1 |

78AT
T84T

As expected, there is no difference between their values because mismatch variation has not been added.

7.3. Run Monte-Carlo variation corners

Select Monte-Carlo simulation. On model’s library configuration dialog box select “globalmc_localmc” section
with 200 simulation points and run 3 simulations each one with a different type of variation (“Process”,

"Mismatch” and “All”).

=5 Monte Carlo )|

¥  Guided Mode

Whatwould you like todc?

& Run a fixed number of points 208
 Verify the yield (sign-off)

« Create statistical comers

~  Advanced - Show Al Options

rion [provms B <3

Number of Paints w3 spatch

Process
arget Vield T B sima

Method Standard Monte Carlo [~ ]

_ Save Waveforms (Simulation Data)

¥ Save Statistical Parameter Data

Sampling Method | Low-Discrepancy Sequence n
Seed 12345
FirstPoint 1

Specify Instances/ Devices (Not Spedified)

[ ok JENeE Defaults )| _Help |

Select just Nominal corner: & v @ cormers

v Nominal

; _J process_comer
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See examples below of simulation results for the 3 different types of Monte-Carlo variations.

“globalmc_localmc” section with global “Process” variation:

- Outputs Setup Results
Yield BO O|% ',_ Ci | 2 +Replace an m E E
Test | Name | ield | Min | Target | Max | Mean | StdDev

Yield Estimate: 100 %(200 passed/200 pts) Confidence Level: <not set~ Filter: <not set~
- ﬁl AMS5design2025:MOM_caps:1
+ -ﬁ CO0_cap(summary) 100 81.15F 134.27 10461 B.7791
+ rﬁ C1_cap(summary) 100 B1.15F 134.27 104.6f B.779F
100 0 0 0 0

- “globalmc_localmc” section with local “Mismatch” variation:

Outputs Setup Results
Yield BO Q% M| C2 +| |, *Replace nr‘_@ m E =
Test | Name | ield | Min | Target | Max | Mean | StdDev

Yield Estimate: 100 %(200 passed/200 pts) Confidence Level: <not set> Filter: <not set>
- i AMSdesign2025:MOM_caps 1

* -ﬁ CO_cap(surmmary) 100 104.3F 104.7F 104.5¢F 73.12a
+ rﬁ C1_cap(summary) 100 10437 104.71 10451 73.36a
+ rﬁ Cap_diff[summary) 100 -382.7a 256.7a -1.651a 108a

“globalmc_localmc” section with “All” (global Process + local Mismatch) variation:

. Outputs Setup Results
Yield BCO Q% MM i +| 2. +|replace ﬂr@ m |
Test | Marme | vield |  Min | Target | Max | Mean | StdDev |

Yield Estimate: 100 %{200 passed/200 pts) Confidence Level: <not set= Filter: <not set~
- ﬁ AMSdesign 2025 MOM _capsil

+ £F C0_cap(summary) 100 81.24f 134.2f 104,67 B.77If
+ £ C1_caplsummary) 100 81.25f 134.2f 104.6f B.776f
+ Gl 100 -3564a 260.7a 1.216a 103.2a

Compare the results and conclude the impact of global Process and local Mismatch variations on capacitors'
values.

For total corner variations the foundry uses the 3o results. See calculations below for above simulation results.
[W — 30; u+ 30] = [104.6 — (3x8.777); 104.6 + (3x8.777)]fF = [78.27; 130.93] fF
Let's compare them with the total corner variations results obtained earlier:

[ff; tt; ss] = [78.4; 104.5; 130.7] fF
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Change the model’s sections to “SSSS_RS CS_BS” and “FFFF_RF_CF_BF” and compare with the results
above with “globalmc_localmc”. See below example of simulation results.

“SSSS RS _CS_BS” section with “Mismatch” variation (SS Process + local Mismatch):

Outputs Setup Re sults

LT - [N R | 02 | ks ~pepee T2 il & B
Test | Name | Yeld | Min | Taget | Max | Mean | StdDev Note the results are
Yield Estimate: 100 %(200 passed/200 pts)  Confidence Level: <notset= Filter: <not set- centered on
- b AMSdesign2025MOM _caps:1 “SSSS RS CS BS”
+ &% C0_caplsummary) 100 13041 130.8f 130.7¢ 91.1a process corner result
+ &% C1_cap(summary) 100 1304f 130.8f 130.7f £9.58a 130.7fF) obtained
+FiG {100 -285a 331.7a 346.22 12363 ( 30' ) obtained on
point 7.2.

“FFFF_RF_CF_BF” section with “Mismatch” variation (FF Process + local Mismatch):

Outputs Setup Results

Yield BO O|% , £ +| [ +Replace B m b = Note the results are
Test | Name | wvield | Min | Taget | Max | Mean | Std Dev centered on
Yield Estimate: 100 9200 passed/200 pts)  Confidence Level: <not st Filter: <not set- “FFFF_RF_CF_BF”
- £} AMSdesign2025:MOM caps1 process corner result
+ rﬁl C0_cap(summary) 100 78.24f 78.56F 7RAT 54.66a (130,7fF) obtained on
100 78.25¢ 78.54f 7BAT 53.75a . 5
100 171a 199a 207.72 74.14a point 7.2.

7.4.  Calculation of capacitor’'s matching parameter (Ac)

The capacitors mismatch has been modeled on the PDK spectre files with an Ac parameter according to the
following formula.

(Ac) Ac (9] Parallel
O|\—74 )= —F—= + (+)
I VT 0 C1, (+) c2

The Ac parameter was obtained on the foundry from silicon measurements of the
difference between 2 parallel MOM devices capacitance values.

1)
On the graphic below, present on TSMC devices mismatch information document, it
is possible to see the 1 sigma statistical calculation percentage of the variation between 2 parallel capacitors
values.
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Mismateh-—PA | < Crvaier
. Lol1:w3fer3
Lot2, waferl
x Lot2,wafer2
* Lot2 wafer3
0.40 madel
0.35
£ 0.30
=2
o 0.25
% & s
1]
2 0.20 Y e
§ -
2 015 - £
E ‘ | | . .’ t . .
c 010 —% .m._!E ’é‘x:
0.05 J!!jﬁ 1 .
0.00 . L L L . .
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
1/(C"0.5)

The Ac parameter will correspond to the slope of the linear regression (green line) calculated from the silicon
results for different wafers.

i i i i 1 _ -0.5 1 _ —0.5)
Choosing two different capacitors sizes, for example 25fF (Jz_5 = 0.2 fF~~) and 100fF (m =0.1fF%)is
possible to calculate the Ac.

0.2-0.1

= — = 0, -0.5
0.2-0.1 1 % FF7>7

Ac

The “Ac“ parameter can be used on the modeling of the DAC capacitors mismatch variation (for example in an
ADC Matlab behavior modelling script). The results can then be used on the definition of the DAC capacitors
calibration corrections factors for a good ADC DNL/INL linearity.

The standard variation of the difference between the 2 random capacitors values is given by:

d(Ac) = a(c; — ) = \/02(C1) + 02(c;) + cov(cy, c3)

Assuming the standard variations values of ci1 and cz are independent, the covariance is canceled.

o(Ac) =/o2(cy) + 02(c,) =+/2- 02 =2 - 0,

Dividing by normalized capacitor value Cn is possible to obtain the variation of a capacitor value from the Ac and
respective capacitor mean value:

(Ac) N2 on - On (Ac) 1 - on Ac 1 Ac 1 c
ol—|= = —=0|=])—= — = — S o, = —
c C, ¢, °\c)' vz C. JC. V2 N
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With the above formula it is possible to obtain an estimation of the standard deviation for the capacitor value:

0.01 1

o -104.5 = 0.0723 fF

(104-.5fF) \/:lOT \/— f
As can be seen from the table below, the resulting value is similar with the standard deviation obtained from
Monte-Carlo local “Mismatch” simulation (obtained on point 7.3 simulations above). See respective simulation
results below:

Re sult . .
UiplsSEtp — - Monte-Carlo simulation
Yield n J G| 18 v. | B ~| |22 ~Rreplace results with
Test | Name | wed | Mn | Taget | Max | Mean | StdDev “globalmc_localmc”
Yield Estimate: 100 %(200 passed/200 pts) Confidence Level: =not set= Filter: <not set= section and local
- ﬁ AMSdesign2025MOM _capsil “Mi ” ot
= ismatch” variation.
+ £ C0_caplsummary) 100 104.3f 104.7F 104.5¢ 73123 smatch” variatio
+ £ C1_caplsummary) 100 104.3f 104.7F 104.5¢ 73363
+ £ Cap_diffisummary) 100 -3827a 256.7a -1.651a 108a (xnf=20 ; xLength=10u)

In case the access to foundry documentation is not possible, the Ac parameter can be obtained from Monte-
Carlo local mismatch simulation results.
Let’s consider the Monte-Carlo local “Mismatch” simulation results above.

0.108
= - — 0 -0.5
Ac = 0( ) Ve Toac V1045=106 [%.fF 7]

The Ac results match with the value taken from TSMC documentation plot.

Re-running the Monte-Carlo with smaller capacitors sizes. From example below with xnf=10 and xLength=5u, it
is possible to see the Ac parameter has not changed significantly, which indicates we can use the Ac parameter
independent from the unit capacitor size/value to estimate the mismatch between 2 distinct capacitors.

Outputs Set Re sult . :
pus e — - Monte-Carlo simulation
|field BO O% MY | B3 +| L2 ~repiace results with
Test | Name | wield | Min | Taget |  Max | Mean | StdDev ITTT_RT_CT_BT”

Yield Estimate: 100 %(200 passed/200 pts) Confidence Level: <not set> Filter: <not set> section and local
- lﬁl AMSdesign2025:MOM _caps: 1 “Mismatch” variation

+ b C0_cap(summary) 100 24.63f 24.83f 24.73F 33.9% ’

+ ﬁ- C1_ap(summary) 100 24.64F 24.83f 24.73F 34.09a

- L 100 -1778a 1193a -7669z 50.17a (xnf=10 ; xLength=5u)
0.05017
Ac = 0'( ) Ve = W-\m.m =1.01 [%.fF°°]

The calculation of the capacitor value standard deviation from the Ac value, for the smaller sized capacitor, can
also be confirmed to match with simulation results:

001

o, -24.73 = 0.0352 fF
(24.73fF) = 24 =3 \/— f
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A stable Ac is inline with the expectation that a smaller sized capacitor will have a higher mismatch value
between 2 parallell structures. From the formula it can be seen the sigma (o) has an inverse relation with the +/C.

From the examples above, it can be seen, the mismatch is 2 times bigger for the smaller sized capacitors wen
compared with the mismatch between the two bigger capacitors.

¢(30) 3x 0.07312fF 021 [%] ¢(30) 3 % 0.03398fF
= ee— . (1) ; -_—_
c Bigger Size 104'5fF c Smaller Size 24'73fF

= 0.41 [%]

How to save data in Monte-Carlo simulation
By default, the Monte-Carlo simulation does not save the simulation data to reduce disk space usage. Without
saving them it is not possible to plot signals or run new post simulation calculations.
To be able to save the data on Monte-Carlo simulations, open respective configuration dialog box and select
“Save Waveforms (Simulation Data)”.

cr Monte Garlo &

¥  Guided Mode

‘Whatwould youlike to do?

& Run a fixed number of points
o Verify the yield (sign-off}
 Create statistical comers

~  Advanced - Show All Options

Variation ALL B

Number of Paints 208

1 n B B

Method Standard Monte Carlo

@ Save Waveforms (Simulaticn Data) @

¥ Save Statistical Parameter Data

Sampling Method | Low-Discrepancy Sequence n

Rev. 1.0 RENESAS Page 51
June 23, 2025 © 2025 Renesas Electronics



