/_’i""‘-;l{ _";‘\'3’:{\.‘. AMERICAN
:( 2B )5} UNIVERSITY
““’1’\{\ . f;’j ofBEIRUT

Virtuoso 23.1
Module 12 — Post-Layout Simulations

American University of Beirut (AUB)
Lebanon

cadence



.;-;“('(;;;[,%\: AMERI CAN

Setting up the Configuration View
Testbench Maodification

DC and AC Analysis

Measurements Across Sweeps and Corners

a s wbheE

Monte Carlo Statistical Analysis

cadence



20 AMERICAN

z} UNIVERSITY

&£~/ orBEIRUT

Module Objective

In this module, we will learn how to use the extracted view to simulate the circuit with the
parasitics.
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1. Setting up the Configuration View

« First, we must set a new configuration to our symbol view. From the Library Manager,
click on the library amplifier_common_source, then click on the testbench cell, then
File > New - Cell View...

« Change the Type to “config”, and make sure the Library and the Cell fields are as

shown below.

4 amplifier_common_source testbench maestro
5 amplifier_common_source cs_amplifier maestro
& amplifier_common_source cs_amplifier2 maestro

7 amplifier_common_source cs_amplifier2 schematic

Load Defaults...

Save Defaults...

Open 5hell Window...

Ctri+P

Exit

Ctri+X

[ @i

a* Applications Places  Library Manager: WorkArea: /home/use... Wed 07:58e & Al O
Library Manager: WorkArea: /home/user/cadence0l - & X
Edit View Design Manager Help cé dence
Y o iorory.. cunen
B Open.. Ctris0 Cell View... |, Ctri+N View
Open (Read-Only)... Ctrl+R Category..  Ctri+N n |7 n v
Open With... B testbench - | By -
] ] cs_amplifier View | Lock | Size |
1 amplifier_commaon_source cs_amplifier av_extracted
nmos maesiro 939k
2 amplifier_commaon_source cs_amplifier schematic pmos schematic 29K
3 amplifier_common_source cs_amplifier layout testbench

New File x
File
Library Fmpliﬁer_cnmmnn_gburce n
Cell testhench
View config
Type Iu:u:unﬂg n

Application
Cpen with

Library path file

Always use this : ylication for this type of file

fhomefuser/cadencell fcds. lib

M

Help
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1. Setting up the Configuration View (continued)

« The New Configuration window opens.

« Click on Use Template. From the drop-down list of the “Name” field choose spectre.

MNew Configuration

Description

Top Cell
Library: |amplifier_common_source, B
Cell: testbench n
View: n
Global Bindings
Library List:
Wiew List:
S’
Stop List: —
Constraint List:
e

m Cancel Use Template Help

Use Template

Template

Marme: lspe ctre n

From File: stalls/IC618/share/cdssetup/hierEditor/templates/spectre

0K Cancel
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Configuration . i i
View « Change the View to schematic and click OK.
Testbench New Configuration X
Modification
v Top Cell
DC and AC " . -
. rary:  amplifier_common_source
Analysis
Cell: testbench
7 L
Measurements View: [schematic n
Across S
Sweeps and Global Bindings '
COI‘nerS Library List: myLib
* Wiew List: i0s_sch cmos.sch schematic veriloga ahdl pspice dspf
Montel C_arlo Stop List: spectre
Ana ySIS Constraint List:

Description

Default template for spectre

Mate:
Please remember to replace Top Cell Library, Cell, and View
fields with the actual names used by your design.

W D

m Cancel Use Template Help
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1. Setting up the Configuration View (continued)

« From the Virtuoso Hierarchy Editor, click on Tree View.

 Right click on the folder AO(amplifier_common_source cs_amplifier schematic) - Set
Instance View - av_extracted.

Virtuoso® Hierarchy Editor: New Configuration (Save Neede... —

o x

Launch File Edit View Help

C

adence

'::) L T E‘ l - !. - i, |

Virtuoso® Hierarchy Editor: New Configuration (Save Ne.. - o X
Launch File Edit View Help cadence
IV =R~ NEaes i BN - B
2|
Top Cell 7 8 x| | global Bindings 78X
Library: amplifier_common_source Library List: myLib
el i E B E Wiew List: nspice dI_ipf
View: schematic
Stop List: spectre
Open Edit ADEL | ADE Explorer Constraint List:
Ne—
Table View | Tree View |«
—Cell Bindings
@ Library | Cell View Found View To Use  |d |
amplifier_comm... cs_amplifier schematic
&% amplifier_comm...  testbench schematic
analogLib res spectre
analoglib wdc spectre
analogLib vsin spectre
Epdk045 nmosTv spectre
gpdk045 pmosiv spectre
EpdkO4s primRes3 spectre
gpdk045 resnsppoly schematic

Top Cell

Explain...

Library: amplifier_common_source

Open...

Open (Read-Only)...

Cell: testbench
View: schematic
Open | Edit . ADEL | ADE¥

Expand Instance
Expand By Instance Group

Expand Subtree

Table View Tree View

.~ Target: Instance

Collapse Subtree

Add Stop Point

Instance
B &% (amplifier_common...
M A0 (amplifier_co...
() RO(analogLib re...
=U VO (analogLib v...
- (Z) V1 (analogLib vs...

| Add Bind To Open (Skip Instance)...

<none>

constraint
drc

layout
maestro
FIVS
schematic

symbol

l4y Specify SPICE Source File...
ldy Specify Reference Verilog...

l44 Mark as External HDL Text (AMS UNL only)

spectre cmos_sch cmos.sc...

spectre cmos_sch cmos.sc...
spectre cmos_sch cmos.sc...
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T/ Shwor | 1. Setting up the Configuration View (continue
Configuration  To update the config file, click on View = Update (Needed).
Vie
ew
« The Update Sync-up window pops-up, Click OK, and Save the config file.
Testbench
Modification
* Virtuoso® Hierarchy Editor: New Configuration (Save Neede.. — 0O X Update SY“C'“P b4
DC and AC - -
Launch File Edit JUEUN Help cadence
Analysis . : .
= Fl ( r - The following cellviews have been edited but not saved.
‘ ||| U 0 kad UG ypoase iNeedeay < m 2 Q—n - To synchronize the hierarchy editor with your application,
Measurements Top Cell |_ E_— E | Global Bindings il b ::.;:i:;r:;zv:r;ﬁﬂv;:: in your hierarchy. Select the
ACross Library: amplifier Bl Parts Table Library List: yLib . | |
t Tahble Select Cellview
Sweeps and cell: thena| - e Tabk o ;
C P : ‘Ei :1::. Propestias view ks Pspice dspf | Gy 1 {amplifier_common_source testbench config)
18w =chei i T
OII]erS Stop List: spectre —
v Top Cell
Monte Car|0 Open Edit v Global Bindings Constraint List: =
Analysis seareh
Table View Tree Recreate Full Hierarchy...
Target: Instance
Filkers...
— lrult:m Options... r | Inherited View List |
gin (amplifiel
B AO (amplifier_co.. av_extracted spectre cmos_sch cmos.sc...
I U RO (analoglLib re... spectre cmos_sch crmos.sc...
> &) VO (analoglLibv... Spectre cmos_sch cmas.sc...
U V1 (analogLib vs... spectre cmos_sch Crmos.sc... Cancel HE]P
Il Mamespace: CDBA Filters: OFF Update: Needed
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2. Testbench Modification

« To open the schematic of the testbench, click on Open (it might take a minute).

Table View i Tre

Target: Instance

Virtuoso® Hierarchy Editor Editing: (amplifier_common_sou.. —= @ X
Launch File Edit View Help cadence
b B2 d @ & 9 o o B B Q- B~
Top Cell 7 & X|| Global Bindings TIEIX
Library: amplifier common_source Library List: myLib
el i BE L iew List: pspice dspf
s’
Wiew: schematic
Stop List: spectre
Open Edit ADEL ADE Explorer Constraint List:
F—

Instance:

B &% (amplifier_common...

& (Z)) RO (analoglib re...
&5 VO (analogLib v...
U V1 (analogLib vs...

View To Use

|| AD (amplifier_co... av_extracted

Inherited View List

spectre cmos_sch cmos.sc..
spectre cmos_sch cmos.sc...
spectre cmos_sch cmos.sc..
spectre cmos_sch cmos.sc...

I Mamespace: CDBA  Filters: OFF

13| =
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View

) oseor +| 2. Testbench Modification (continued)

* To simulate the circuit, we will use the tool ADE Assembler. Click Launch - ADE
Assembler.

Testbench
Modification Virtuoso® Schematic Editor L Editing: amplifier_common_source testbench schematic Config: amplifier_.co.. - O X
mEne Edit View Create Check Options Window PVS Help cadence
ADEL i ! - W] .
DEaTdAC ;DE}(L g U [ X W T~ © ﬂ&'T'E'%"""\L\‘-{:ﬁﬂ :“3 L 1L = =»
nalysIs = =
¢y ADE GXL Basic B & (4 ke Uy T | B B-
ADE Explorer TIEIX - B B
MeaSUrementS ADE Assembler
ACfOSS Layout XL
Sweeps and Layour XL =]
C Layout EAD 8 it
orners Schematics L 4
* Schematics XL —
Monte Carlo - L
. = 7E
AnaIyS|S Plugins 4
b e LTES n input autput
Library amplifier_c... K cs_amplifier N
Cell testbench
View schematic |
Mode [2f editable |
Last Saved Frijan 5 2...
Locked By rrsaber@c...
Units inch
maouse L: schSingleSelectPt() M: hiZoomAbsoluteScale(getCurrentWindow() 0.9) R: schHiMousePopUp()
a4 | > cmd: sel:0 I
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2. Testbench Modification (continued)

« The Launch ADE Assembler from opens, choose “Open Existing View”, and click OK.
« Make sure the Cell is set to testbench and the View to maestro.

 Click OK to open the tests.

Open ADE Assembler View x
File
Launch ADE Assembler x Calls
Library __ampliﬂer_cnrnmu:un_su-urce n
ADE Assembler cs_amp].lfler
Mmo s
« Create New View & Open Existing View cell testbench Mo
(o TS view |fusssir B ﬁﬁm
Type maestro
Browse
\ J
Application
s Lﬁ.DE.&::EH:Ier
Always use this application for this type of file
Open for ® edit _ read
Library path file Jhome /user /cadencel1/cds.lib
Open in ® newtab . currenttab o new window
m Cancel Help
el
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2. Testbench Modification (continued)

* Notice the tab maestro along with the tab testbench.

« Expand the tab Tests. Notice we already have a copy of the original testbench.

» We will rename the Tests to “testbench_pre layout” and “testbench_post_layout”.

Virtuoso® ADE Assembler Editing: amplifier_common_source testbench maestro

o x

Launch File Create Tools Options Rum EAD Parasitics/LDE Window Help

cadence

b e digle § OB EFREDIGIE B @ e B= G

|[No Parasitics/DE

n Q}? Ll No Sweeps n '%3 @ 0 ||F!&[-3-'n:n:n:

|~ ! ||[5ing|e Run, Sweeps and Corners

L&

Data View il El & testhench E’, maestro
Mame | Value | Outputs Setup Results
c:!c-@msn B 4-%x %0 - BRI a0 o
I+ v <> amphtier_common_source_testbench_1 (RGNS
- amplifier_common_source_testbench_1_1 it n| bame nl Type n| Details n| Eval'l')rpe=| __ | __ |
(v & Global Variables amplifier_common_source_testbench_1 signal finput peint | e
B & Parameters amplifier_common_source_testbench_1 signal Joutput point L L
B uﬂ Corners amplifier_common_source_testbench_1 Gain expr ymaxdBZ0(VH"foutput") F VR .. point W
[:_l E:tzu";::ttzs amplifier_common_source_testbench_1 Bandwidth expr bandwidth{(VF~foutput”) / WF("/i... point ;
& REIiahPiIity Analyses amplifier_common_source_testbench_1 Current Consumption expr mag(IDC("VOPLUS"Y point .
1 || Checks/Asserts amplifier_common_source_testbench_1 Power Consumption expr mag((IDC"VO/PLUS™) * VDC(™/n... point "
Data | Histary amplifier_common_source_testbench_1_1 signal finput paint - =
amplifier_commaon_source_testbench_1_1 signal Joutput point L L
Run Summary (5] amplifier_common_source_testbench_1_1 Gain expr ymaxidB20((VH"foutput") £ WF" .. point ™
1 Test ~ Nominal Corner amplifier_common_source_testbench_1_1 Bandwidth expr bandwidth{{(VF™/output™) / VF(™/i... point "l
1 Point Sweep W 3 Corners amplifier_commaon_source_testbench_1_1 Current Consumption expr mag(IDC("VOPLUS"Y point ™
amplifier_common_source_testbench_1_1 Power Consumption expr mag((|DC"VO/PLUST) * VDC(™/n.. point "
I is
History ltem Status ; f o — .
limouse L: M: R:

2(5) | Create Spec Comparison
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2. Testbench Modification (continued)

» Select the test “amplifier_common_source testbench_1” and left-click once to rename it to

“testbench_pre_layout”.

« Select the test “amplifier_common_source_testbench_1 1" and left-click once to rename it to

“testbench_post_layout”.

* Note that if by mistake you switched to ADE Explorer, click on the blue arrow to switch back to ADE

Assembler. Also, make sure to check the Global Variables.

Virtuoso® ADE Assembler Editing: amplifier_common_source testbench maestro - o x
Launch File Create Tools Options Run EAD Parasitics/LDE Window Help CE dence
_— o de = [ @ . =
e dmle | DB EIRWAIGIE B @ e - =
||lN0 Parasitics/LDE n S [iga) | No Sweeps &2 ||l5|ng|e Run, Sweeps and Corners n S @ 0 (|Reference " @
Data View (5 £3 R — E’, maestro
Name | Value |r1 Outputs Setup Results
] o - .
. X % M i B2 © ekl -~ C
E v % Tests St
# (v b testbench_pre_layout IAAE e
31 [ 4 [testbench,_post layoLit _ Test Name | Type Details | EvalType | Plot | Save | Spec |
(8 :g & ‘Global Variables testbench_pre_layout signal finput point =
4 rload 100k testbench_pre_layout signal Joutput point 0
= vdd 11 testbench_pre_layout Gain expr ymax(dB20((VF{"foutput”) / VF("/... point W =75
v vsin  650m —
- testbench_pre_layout Bandwidth expr bandwidth{(VF{"/output™) / VF(™/i... point " = 4G
B (v & Parameters testbench_pre_layout Current Consumption expr mag(IDCI™/VO/PLUS")) paint ! < 2.5m
e \—"l Corners = testbench_pre_layout Power Consumption expr mag({IDC{"/VO/PLUST) * VDC(™/n... peint v < 2.75m
Data | Histary testbench_post_layout signal finput point e
testbench_post_layout signal foutput peint
7 X L
Run Summary — — 1 |testbench_post_layout Gain expr ymax(dB20((VF{"foutput”) / VF("/... point v =75
2 Tests & Nominal Corner 4o cthanch_post_layout Bandwidth expr  bandwidth{(VF("/output) /VF(i..  point ® > 4G
[ i [
1 I TR ¥ 3 Corners testbench_post_layout Current Consumption expr mag(IDC("NVO/PLUS"Y) point " < 2.5m
testbench_post_layout Power Consumption expr mag({IDC{"/VO/PLUST) * VDC(™/n... peint v < 2.75m
History ltem Status -
[ 11 __
limouse L: M: R:
2(5) | > i
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Conf\'/?g\:vat'on - Select the test “testbench_pre_layout”, right-click and select Design. Note that if
. the Model
» The Choose Design — ADE Assembler form opens. : .
Testbench : : : : Libraries are
Modification « Make sure the View Name is set to schematic. Click OK. not defined,
« Select the test again, right-click and select Model Libraries. Make sure the “gpdk045.scs” file is selected, and please check
DC and AC the section is set to tt.
AnaIySiS N 1 WICTaLT 1ToL LUp_f M.OdUIe 3
‘ HNO Parasitics/LDE n Copy to Run Plan » Sllde 14.
Measurements D“a'“ 1 — e
Across B Delete Notes Choose Design -- ADE Assembler x
SweepS and E] o T Tests Resource Corner i :
Uhrar_t,,rhlame Amplitier common_source :n
CoTers e e setup. e [T
Monte Carlo f’ff‘“j:j:"“:’;;"k“ pre-Run cript. T ——
AnaIyS|S ¥ vad 1.1 Design...
b [BE] vsin @ 650m
Load ADE L State...
fﬁ ?arameters Simulator...
Data | History ﬂigh-Pe:.'fornjnance Simulation... View Name schematic n
Run Summary i‘::e'r‘::::is“' Open Mode & edit  read
2U=4 - ;nmuli,..
» 1 Point Sweep M - )
I Simulation Files... m Cancel Help
I ENV/IR Analysis...
T MATLAB/Simulink
oryem ] stad Environment...
limouse L:
25 | = MDL Control...
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Conf\'/?g\:vat'on - From the taskbar, open the Virtuoso Hierarchy Editor. * Note that we
. . - need to
» Click on View - Update (Needed) and save the config file.
Testbench update and
eslhcerion Virtuoso® Hierarchy Editor: New Configuration (Save Neede.. — 0O X Save_ the
Launch File Edit BIEYE Help cadence Conflg flle
DC and AC when we
Analysis Il £ & Q@ usdate Needeay @ B @ B - u
3 Top Cell _|_ L x| [ Global Bindings 7.8 % make
Measurements Library: amplifier m Parts Table Library List: myLib = mOdificationS-
Across Cell: testbench il View List: pspice dspf
SweepS and \iew: schemati Properties o
COI’nerS P Stop List: spectre _—
* Open B E|Dh;| Bindings Constraint List: _—
Monte Car|0 Search
Analysis TableView Tree|  Recreate Full Hierarchy...
- Target: Instance
Hiters...
Instan| o vions F | Inherited View List |
= @& (amplifiel—— :
H U RO [:]I!x]lﬂngh re... spec‘[r&(mas_scn CIMoOS.5C...
> &) VO (analoglib v... Spectre cmos_sch cmos.sc...
() V1 (analogLib vs... Spectre cmos_sch Cmos.sc...
Il Namespace: CDBA Filters: OFF  Update: Needed
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Conf\'/?g\:vat'on « Select the test “testbench_post_layout”, right-click and select Design. « Since the
» The Choose Design — ADE Assembler form opens. av_extracted
Testbench : . i i
g Change the View Name to config. file was set in
Modification the config file
Select the test again, right-click and select Model Libraries. Make sure the “gpdk045.scs” file is selected, and we choose th’e
DC and AC the section is set to tt. _
Analysis View Name
y Virtuoso® | "9 T Choose Design -- ADE Assembler “Config” for the
Measurements Open Test In Explorer
ACross | O DesigninTab Library Name amplifier_common_source pOSt-IayOUt
Sweeps and LBl §] oo Coll Name T simulations.
Corners ”lND Parasitics/LDE Copy to Run Plan nmos
Monte Carlo — = B Note that if the
AnaIySIS E|£ % Tests R;S;L:FEE l.:o_rner M Odel
5 B testbenchpreayout Libraries are
; % -/ testbench_post_layout Job Setup... i
i - Clear Job Setup... not deflned,
[?] &4 & Global Variables .
¥ [ rioad 100k Pre-Run Script... View Narme please CheCk
: v [ Vd_d 11 Design... .
] vsin  650m Load ADE L State... Open Mode & edit . read MOdL”e 3 Sllde

* Parameters
G v =l _Corpers
Data | History

Simulator...

High-Performance Simulation...

hidmdg) |ibeorias

——

14.
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Conf\'/?g\:vat'on - From the taskbar, open the Virtuoso Hierarchy Editor. * Note that we
. : L need to
» Click on View - Update (Needed) and save the config file.
Testbench update and
eslhcerion Virtuoso® Hierarchy Editor: New Configuration (Save Neede.. — 0O X Save_ the
DC and AC Launch File Edit ULl Help cadence Conflg f||e
Analysis Il £ & Q@ usdate Needeay @ B @ B - u when we
3 Top Cell _|— . x| [ Global Bindings 78X make
Measurements orary: e B Borts Table raryuse  myip ) (e modifications.
Across Cell: testbench il View List: pspice dspf
SweepS and \iew: schemati Properties o
COI’nerS Stop List: spectre _—
v Top Cell
* Open B E|:h;| Bindings Constraint List: _—
Monte Car|0 Search
Analysis TableView Tree|  Recreate Full Hierarchy...
- Target: Instance Ftars..
— 0stan  oprions.. F | Inherited View List |
g (amplifiel
I & RO {analoglib re... Spectrg cmos_Sch Crmos,.sC...
> 5 Vo :analloiil:L: V... sEectr& cmos:sc: CIMOS,5C...
U V1 (analogLib vs... Spectre cmos_sch Cmos.sc...
Il Namespace: CDBA Filters: OFF  Update: Needed
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3. DC and AC Analysis

cadence



‘D AMERICAN
UNIVERSITY
L/ orBEIRUT

Configuration
View
v
Testbench
Modification

DC and AC

Analysis

Measurements
AcCross
Sweeps and
Corners
v
Monte Carlo
Analysis

3. DC and AC Analysis

« Uncheck the test “testbench_pre_layout”, since we want to run the analyses only for the post-layout now.

« Make sure the test “testbench_post_layout” is enabled.

» Uncheck Corners, and select Single Run, Sweeps and Corners from the drop-down list.

« Make sure to uncheck Enable Electrical data Capture from EAD Flow in EAD — setup...

Virtuoso® ADE Assembler Editing: amplifier_common_source testbench maestro - o x
Launch File Create Tools Options Run EAD ParasiticsslLDE Window Help cadence
. . ) ) vk 5 - o = . =
b dgle | D@ EHIREEIGIE B @ e B &
"lNu Parasitics/LDE n % (el |No Sweeps _JllSingIe Run, Sweeps and Corners B % 0 @ [— @
Data View B I'=:J l’:i “® testbench i_-' maestro
Mame | Value J Outputs Setup Results
[~ oM e 5
: o-% |G - BEZ|D J el
=R Ctg Tests by =ty
i ¥ testbench_pre_layout Ut (T
[ (v B [testbench_post_layout Test | Name | Type | Details | Evarype | Piot | Save | Spec Units |
EI _g & Global Variables testbench_pre_layout signal Jinput peint e
i M rload 100k testbench_pre_layout signal foutput point -
1% vdd 11 testbench_pre_layout Gain expr ymax(dB2O(VF"foutput™) / VF("/... point w =75 dB
Pk W vsin  650m s
. testbench_pre_layout Bandwidth expr bandwidth((VF"/output”) / VF™/i... point v > 4G Hz
"[-3-] v & Parameters testbench_pre_layout Current Consumption expr mag(IDCCMOPLUS™) point " < 2.5m A
| o =l Corners testbench_pre_layout Power Consumption expr mag{IDC"/VIVPLUS™) * VDC("/n... point v < 2.75m W
1+/|=] Locuments testbench_post_layout signal finput point -
Setup States testbench_post_layout signal Joutput point L]
Reliability Analyses . - . .
- testbench_post_layout Gain expr ax(dB20((VHfoutput”) f VH"/... oint =75 dB
__| Checks/Asserts 4 . P Ll . . P o
testbench_past_layout Bandwidth expr bandwidth{(VF“/output™) / VF(*/i... point v = 4G Hz
testbench_post_layout Current Consumption expr mag(IDCCVOPLUS™) point » < 2.5m A
testbench_post_layout Power Consumption expr mag((IDCVO/PLUS™) * VDC("/n... point v < 2.75m W
Data | History
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3. DC and AC Analysis

* Press on OK to close EAD Setup.
° Run the S|mUIat|On MSingleRun. Sweeps and Corners n %(Eﬁi

« EAD setup should look like this before running the simulation.

EAD Setup x
@nable Electrical Data Capture for EAD Flow M
Pre EM Check
Design Selection
Design Under Test: ([amplifier_common_sour cs_amplifier
Save Options
Signal Selection
® All 5ignals
¥ Hierarchy Stop Level 99 =
lected 5i he EAD -> 5ignal Selection me
Electromigration Checking
Type cale
v [ I 1.00
v A Current (lavg 1.00
forms for nd < Check
Voltage Dependent Rules
Ty cale
Min and Max Voltage (Vmin/Vmax oo
sLIa

Y
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3. DC and AC Analysis (continued)

« ADE Assembler automatically switches to the Results tab.

Configuration
View

¥  The results are shown below.

Testbench

Modification

IE Virtuoso® ADE Assembler Editing: amplifier common_source testbench mz

DC and AC

Launch File Create Tools Options Run  EAD Parasitics/LDE  Window Help

e ulgle  CEEEIRQE|E B @ 2 e

Analysis

- SN
Bo O O

Measurements l"lNu:u Parasitics/LDE B Q. [l N0 Sweeps _i"lSingIE Run, Sweeps and Corners
Across | Data View EE§| =& tacthench [ maestra %
Sweeps and
p MName | Value | Outputs Setup Results Run Preview
)
Corners B —
! Detai BO 0% 0@ Bk~ ~pewwin Eovone)
& ' Q:j Tests L - 2
Monte Carlo . N testbench_pre_layout 6/8 rows
P ¥
Analysis . « 4 testbench_post_layout Test | Output | Nominal | Spec | Weight | Pass/Fail |
el & Global Variables
P rioad 100k testbench_post_... Gain 16.61 dB »7.5 pass
- vdd 1.1 testbench_post_... Bandwidth 3.917 GHz = 4G
’ L vsin  650m testbench_post_... Current Consu... 1.738 mA < 2.5m pass
- — testbench_post_... Power Consum... 1.912 mwW < 2.75m pass
— HH'H """"""" - —' | |testhench_post_... | foutput -
st
Data | Histary testbench_post_... finput L
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3. DC and AC Analysis (continued)

« To view the DC Node Voltages and Operating Points, from the Results tab, select any result and
right-click - Results - Annotate - DC Node Voltages and DC Operating Points.

« ADE Assembler switches automatically to the testbench tab showing the DC Node Voltages and
Operating Points.

[ ]

1.1

i output
ce_amplifier  ocUS =l gaem 1

=_ r=rload

A
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4. Measurements Across Sweeps and Corners

To run the simulation across sweeps and corners, we have to define the sweeps and corners.

Note since we are using a copy of the original testbench used in Module 4, the corners are set.

Uncheck the Global Variables.

Check the Corners.

Expand the test “testbench_post_layout”, the Analysis,
and the Design Variables.

Make sure to have the setup as shown in the figure.
Run the simulation.

Data View BEE
Name | Walue |ﬁ
B v % iTests

N J} testbench_pre_layout

[i] ~ J} testbench_post_layout

> %; Simulator spectre

E% Analyses

- | tran 0 30n conservative

- ¥ ac 120G Automatic Start-Stop
L de t

E& Design Variables

-[E] ricad 100K

[E] vdd  » 0.95:0.05:1.1
vin W 650m

[ |_ & Global Variables
H _& Parameters

=| g‘-‘ﬂ Carners

> 1J MNominal
Bl o

temp... 10
Bv ]

temp.. 45
B

temp... 75

[y

E] Documents
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4. Measurements Across Sweeps and Corners (continued)

The results are displayed for the “tt” process

corners.

The gain is better for higher vdd values.

spectre0: Model Library Setup X
.
The current and power consumption pass the — —
IVe N specs B Glnbal Model Files
g p . - Juser/pdk/gpdk045_v_6_0/gpdk045/ fmodels/spectrefgpdk045.5cs
P <Gl e o s mode e S
. . .
As for the bandwidth, the parasitics have affected
the results. .
.
—_—
m Virtuoso® ADE Assembler Editing: amplifier_common_source testbench maestro A _ O X
Launch File Create Tools Options Run EAD Parasitics/LDE Window Help cé de nce 2@
_—
=
lu e dgleg  IE S ORKQAIE B 8 & |es = &
"LND Parasitics/LDE n @ [ (N0 Sweeps Julmnﬂle Run, Sweeps and Corners n o 0 "Pk ErENCE; ) @ m-iisturytllntaraclive n f’& Eﬂncel E.Pp'}l' HEJP
Data View EX] | - i
' ] | =T s e
Name | Value |’_‘ Outputs Setup Results Run Preview
_ ; B T (2 i = F=l LR [ &M
= || |petait - Transpo i ) @) ~|rie 7 = L2 w ] newwin (None) =7 =] FEn My
. BO 0 wI® e Do BER @EHEED B0 EN
| 4 testbench _pre layout Jabere U
E‘ ™ J} testbench_post_layout Paint ‘ Corner ‘ vdd | temperature | Pass/Fail | Gain | Bandwidth |ram (nnsumﬂmr Consumpq foutput | finput |
¢ @ simulator spectre n n n n n n n n n n n
(E1Qy Analyses " nom 950m 27 pass 1436dB  4192GHz  1308mA  1242mw L= 5
i | rltran 0 30nconservative 1 co 950m 10 pass 1455d8  4326GHz  1.305mA 126mwW L2 =
¥ ac 120G Automatic Start-Stop 1 a 950m 45 pass 14248 4052GHz  1309mA  1243mW L= =
rac ot 1 « 250m 75 1404dB  3819GHz  1306mA  1241mW | =
: = 2 nom 1 27 pass 1526dB 4081 GHz  1454mA  1454mW L= ke
P B Parien Afariahias s
ot [EEEE 2 [ 1 10 pass 1545dB  4215GHz  1452mA  1452mW L= ke
2 <] 1 45 I 15108 3941GHz  1453mA  1453mwW L= 5
| Run Summary 78X 2 2 1 75 1494 dB 3.706 GHz 1.449 mA 1443mw [ k=
1 Test I Naminal Corner 3 nom 1.05 27 1601dE  3993GHz  1597mA 1677 mwW |- 5
3 <) 1.05 10 pa: 16.2dB 4126GHz  1597mA  1676mW L =
& 1 Point Sweep (Test Sweep Pc @ 3 Corners
3 a 1.05 45 1585dB  3853GHz  1.596mA  167EmW L= =
3 (@] 1.05 75 1568dB  3619GHz  1.589mA 1689 mwW L= =
4 nom 1.1 27 1661dB  3.937GHz  1.738mA  1912mW L= =
I 4 < 1.1 10 pa 1681dB  4068GHz  1739mA  1912mW L= ke
4 <] 1.1 45 16.44 dB 3.8 GHz 1735mA 1909 mW L= ke
History Item | Status 4 [w] 1.1 75 fail 16.25 dB 3.57 GHz 1727 mA 1839 mW L ke
Interactive.21 i | m

[
nimouse L:

() Interactive.20 (7] Interactive.21

11019) | Net‘outpur

= =|Hl
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4. Measurements Across Sweeps and Corners (continued)

» Select the test “testbench_post layout” from the Data View. Right-click and select Model Libraries.

Change the section to “ff” and run the simulation.

* The results are shown below. spectreQ: Model Library Setup x
|Model File Section
(- Global Model Files
> » /homefuser/pdk/gpdk045_v_&_0/gpdk(45/../models/spectre/gpdk045.scs m -
e =Click here to add model file=
Outputs Setup Results e
Detail - Transpose g O ) ) [Filt 03 »| Lz wivewwin  B@ivone) B 7 Ed » b
16 rows 16 rows \ jfi J
Point | Corner | vdd | temperature | | Pass/Fail |  Gain | Bandwidth |rentConsumptwer Consumpti [ox Fo— amrrore
L L L L L L L L L - ] )

1 nom 950m 27 pass 13 dB 5.991 GHz 1.906 mA 1.811 mW

1 Cco 950m 10 pass 13.05 dB 6.358 GHz 1.917 mA 1.821 mwW

1 1 950m 45 pass 12.95 dB 5.681 GHz 1.5894 ma& 1.799 mW

1 2 950m 75 pass 12.9 dB 5.255 GHz 1.869 m& 1.775 mW

2 nom 1 27 pass 13.85 dB 5.806 GHz 2107 ma 2,107 mw

2 Cco 1 10 pass 13.93 dB 6.142 GHz 2.12 ma 212 mwW

2 C1 1 45 . pass 13.78 dB 5.536 GHz 2.091 mA 2.091 mwW

2 2 1 75 pass 13.71 dB 5.126 GHz 2.067 ma 2,061 mwW

3 nom 1.05 27 pass 14.57 dB 5.679 GHz 2.304 ma& 242 mwW

3 Cco 1.05 10 pass 14.67 dB 5.96 GHz 2.321 mA 2437 mW

3 C1 1.05 45 pass 14.48 dB 5.424 GHz 2.285 mA 2.4 mW

3 2 1.05 75 pass 14.35 dB 5.036 GHz 2.25 ma 2.362 mW

- nom 1.1 27 pass 15.16 dB 5.593 GHz 2499 ma 2749 mW

- co 1.1 10 15.3 dB 5.835 GHz 2519 ma 2771 mw

4 C1 1.1 45 pass 15.04 dB 5.356 GHz 2476 mA 2724 mwW

4 2 1.1 75 pass 14.87 dB 4.994 GHz 2.435 mA 26783 mW
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Change the section to “ss” and run the simulation.

4. Measurements Across Sweeps and Corners (continued)

» Select the test “testbench_post layout” from the Data View. Right-click and select Model Libraries.

« The bandwidth fails in all cases. spectre® Model Library Setup g
|Model File Section
- Global Model Files
y T h e res u Its are S h Own be | OW' = | fhome/user/pdk/gpdk045_v_6_0/gpdk045/. /models/spectre/gpdk045 scs L -
e _|=Click here to add model file=
&7
Outputs Setup Results :
- -
Detail - Transpu:mn CJ ﬁ@v ' ) [Filte ) | |~ *|New Win B{[NDHE:I n @ @ o
16 rows 16 rows —
Point | Corner wdd | temperature | Pass/Falil | Gain | Bandwidth |rent Cunsumpt| WEr Cunsumptﬂl m Lancel Apply Help
] = -] ~ | | | - | i
"""""""""" 11 nom 950m 27 fail 16.42 dB 3.746 GHz 942.2 UA 95,1 uW
"""""""""" 1 o 950m 10 Fail 1664d8  2797GHz  9321uA 885.5 UW
1 C1 950m 45 fail 16.23 dB 2.687 GHz 950.7 uA 903.2 uW
1 c2 950m e fail 16.05 dB 2.572 GHz GE0.1 uA 9121 uW
2 nom 1 27 fail 17.07 dB 2.74 GHz 1.05 mA 1.05 mw
2 Co 1 10 fail 17.25 dB 2.802 GHz 1.03% maA 1.039 mw
2 C1 1 45 fail 16.91 dB 2.67 GHz 1.05% mA 1.059 mw
2 c2 1 75 4l fail 16.75 dB 2.541 GHz 1.068 mA 1.068 mwW
3 nom 1.05 27 fail 17.48 dB 2.775 GHz 1.155 mA 1.213 mwW
3 Co 1.05 10 fail 17.64 dB Z2.848 GHz 1.744 maA 1.201 mw
3 C1 1.05 45 fail 17.35 dB 2.696 GHz 1.164 mA 1.222 mwW
3 2 1.05 75 fail 17.21 dB 2.557 GHz 1173 mA 1.232 mwW
- nom 1.1 27 fail 17.66 dB 2.856 GHz 1.257 maA 1.382 mw
4 Co 1.1 10 fail 17.79 dB 2.94 GHz 1.245 maA 1.37 mwW
- C1 1.1 45 fail 17.55 dB 2.77 GHz 1.266 mA 1.392 mwW
- c2 1.1 75 fail 17.4 dB 2.627 GHz 1.275 mA 1.402 mw
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 The results are shown below.

« Change the section to “fs” and run the simulation.

4. Measurements Across Sweeps and Corners (continued)

spectre0: Model Library Setup x
|Model File Section
E}- Global Model Files
- | /home/user/pdk/gpdk045_v_6_0/gpdk045/. /models/spectre/gpdk045.5cs fs ./
-1 __|=Click here to add model file>
—_—
Outputs Setup Results =l
Detail - Transpose B @ | g |Filter ... n [rid] v| Iﬁ - @ [% M- b4
= . i lce) —_—
16 rows 16 rows
- - - - - - m Cancel Apply Help
Point | Corner | wdd | temperature | Pass/Fail | Gain | Bandwidth | Current Consumption | Power Consumption |
Lo Lo L L Lo Lo Lo Lo Lo
1 nom S950m 27 742 dB 7.541 GHz 1.119 mA 1.063 mw
1 o 950m 10 7.343 dB 7.956 GHz 1.116 mA 1.06 mw/
1 1 950m 45 pass 7.583 dB 7.08 GHz 1121 mA 1.065 mw
1 L 950m 75 pass 8.078 dB 6.228 GHz 1.123 mA 1.067 mw
2 nom 1 27 pass 10.95 dB 5.775 GHz 1.258 mA 1.259 mw
2z Co 1 10 pass 10.98 dB 6.088 GHz 1.257 mA 1.257 mw
2 L 1 45 pass 10,95 dB 5.509 GHz 1.261 mA 1.261 mw
2 2 1 75 pass 11.05dB 5.085 GHz 1.26 mA 1.26 mwW
3 nom 1.05 27 pass 1254 dB 5.343 GHz 1.358 mA 1.468 mwW
3 o 1.05 10 pass 1262 dB 5.569 GHz 1.397 mA 1.467 mw
3 1 1.05 45 pass 1248 dB 3.119 GHz 1.358 mA 1.468 mw
3 2 1.05 75 pass 12.44 dB 4.764 GHz 1.396 mA 1.466 mwW
4 nom 1.1 27 pass 1359 dB 5.129 GHz 1.536 mA 1.69 mw/
4 Co 1.1 10 pass 13.69 dB 5.345 GHz 1.536 mA 1.69 mW/
4 l 1.1 45 pass 1351 dB 4.913 GHz 1.535 mA 1.685 mw/
4 2 1.1 75 pass 13.46 dB 4.568 GHz 1.531 mA 1.685 mw
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4. Measurements Across Sweeps and Corners (continued)

Change the section to “sf” and run the simulation.

In this case, the bandwidth fails for all the design points.

The gain, current, and power consumption pass the given spec for all the design points.

The results are shown below.

Cutputs Setup Results
Detail - Transpose B @ " | J | Filts n [ri] v| Ii - @ I:% M-
- J % |
16 rows 16 rows
Point | Corner | wdd | temperature | Pass/Fail | Gain | Bandwidth | Current Consumption | Power Consumption |
L L L L L L L L L

1 nom 950m 27 fail 15.6 dB 3.425 GHz 1.146 mA 1.089 mwW
1 co 950m 10 fail 15.8 dB 3.513 GHz 1.14 mA 1.083 mW
1 a1 950m 45 fail 15.43 dB 3.33 GHz 1.151 m& 1.093 myw
1 2 950m 75 fail 15.26 dB 3.165 GHz 1.154 ma 1.096 myw
z nom 1 27 fail 16.22 dB 3.404 GHz 1.261 mA 1.261 mwW
2 co 1 10 fail 16.42 dB 3.497 GHz 1.256 mA 1.256 mwW
2 C1 1 45 fail 16.06 dB 3.305 GHz 1.266 mA 1.266 mwW
2 2 1 75 fail 15.89 dB 3.136 GHz 1.268 mA 1.268 mW
3 nom 1.05 27 fail 16.69 dB 3412 GHz 1.375 mA 1.443 mw
3 Cco 1.05 10 fail 16.88 dB 3.51 GHz 1.359 ma 1.438 mwW
3 C1 1.05 45 fail 16.53 dB 3.309 GHz 1.378 mA 1.447 mW
3 2 1.05 75 fail 16.36 dB 3.138 GHz 1.38 mA 1.445 mw
4 nom 11 27 fail 17 dB 3.453 GHz 1.485 mA 1.634 mwW
L co 11 10 fail 17.19 dB 3.555 GHz 1.48 mA 1.628 mW
- a1 1.1 45 fail 16.84 dB 3.348 GHz 1.489 ma 1.637 my
- 2 1.1 75 fail 16.65 dB 3177 GHz 1.485 ma 1.638 mwW
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5. Monte Carlo Statistical Analysis

Change the section to “mc”.

spectrel: Model Library Setup X
|Model File |Section |
£} Global Model Files
b ¥ fhomefuser/pdk/gpdk045_v & 0/gpdki45/. . /models/spectre/gpdk045.5c5 \ J
-D <Click here to add model file= _
_—
=
_
b4
_—
Cancel Apply Help
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5. Monte Carlo Statistical Analysis

« To run the Monte Carlo Analysis, remove the sweep, uncheck Corners, and choose

Monte Carlo Sampling from the drop-down list.

Virtuoso® ADE Assembler Editing: amplifier_common_source testbench maestro

= =] x

Launch File Create Tools Options Run EAD Parasitics/LDE Window Help

cadence

|- =S

Lodge | (U EREEIGIE B @ e

[Nﬂ Parasitics/LDE n % Ll LI\.‘.:’.-.-.-l-l-::-. J)__:r\.-lan'[(: Carlo Sampling ' % o el Reference " @
Data View 78X Outputs Setup Results
Neme e | g - % S0 [ BRI © G-l O O 9

n n 12116 rows

DZ_%éTﬁbenm_PmJawm Test | Name | Type | Details | EvalType | Plot | Save | Spec |
[ 4 testbench_post_layout ~] [~ ] [~ ] B [~ |
, % Simulator spectre testbench_pre_layout signal finput point o =
% Analyses testbench_pre_layout signal foutput point -
I'él & Design Variables testbench_pre_layout Gain expr ymax(dB20{(VF("foutput”) / VF(finput ) point v > 7.5
g rload 100k testbench_pre_layout Bandwidth expr bandwidth{{(VF"/output”) / VF{*finput™) 3 "L... point I, > 4G
””ld ¥1.1 testbench_pre_layout Current Consumption expr mag(IDC/VO/PLUS ) point ~ < 2.5m
B vsin 2 650m testbench_pre_layout Power Consumption expr mag((IDC("AVOPLUST) * VDO /netl ™)) point v < 2.75m
. testbench_post_layout signal finput point = =
1 | & Global Variables testbench_post_layout signal Joutput point willl™
[+ W Parameters testbench_post_layout Gain expr ymax{dB20((VH"foutput”) / VH™finput™)))) point ™ =75
0| ‘—"1 Corners testbench_post_layout Bandwidth expr bandwidth{(VH"/output™) / VH™/input~)) 3 "L... point ™ > AG
Documents testbench_post_layout Current Consumption expr mag(IDC/VOPLUS™) point ¥ < 25m
I:-I ::::Ei I?tt:t.::al)m testbench_post_layout Power Consumption expr mag((IDC(VO/PLUS™) * VDC(™/net1 ")) point Lo < 2.75m
[+ __| ChecksfAsserts
para [T L )
imouse L: M.

(5] | plot new graph subwindow

| i
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5. Monte Carlo Statistical Analysis (continued)

* Click on the Simulation Options button and change the field “Run a fixed number of

points” to 200.
 Run the simulation.

Monte Carlo

Method Standard Monte Carlo

X

Variation ALl n

Number of Points [2CID|

» Save Waveforms (Simulation Data)

& Save Statistical Parameter Data

Metlist Options

] Advanced

Specify Instances/Devices (Mot Specified)

Specify Mismatch 1D (Mot Specified)

Specify Design Variables (Mot Specified)

m Cancel Defaults

Help
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. . : 11 H 7
View « The results are displayed using the “Yield” format, as shown below.
Testbench : - :
. . @ Virtuoso® ADE Assembler Editing: amplifier_common_source testbench maestro A - O X
M Od Ifl Catlon Launch File Create Tools Options Run EAD Parasitics/LDE  Window Help C 5 d ence
S o odes = ; =
' Do URe N EEROEED e~  BaG
DC and AC mNo Parasitics/LDE n %3 L) LND Sweeps _J”[Monte Carlo Sampling n %3 {3 @ F;‘:[—:'r:n:r: v, @ ||i-|istnr3.l:LMonteCarlo n /I:_"
An aIySIS | Dajallic Z/E8X| | <& testbench [ maestra %
‘ pame n| alus | Outputs Setup Results Run Preview
i (@ ] (@) = Fiter — = = i iy e S i
Measurements  osa s 00k v B0 QIO B e oo BF 2 ) @ 5 W) L EO¥WE-
AC rOSS 2| wdd ¥ 1.1 Test | MName | Yield | Min | Target | Max | Mean | Std Dev | Cpk | Errors |
B vin o esom s ] 2 ] o B i s B s
Yield Estimate: 56 %(112 passed/200 pts) Confidence Level: <not set> Filter: <not set>
Sweeps and ) - ﬁl testbench_post_layout
Corners | & Global Variables - &% Gainisummary) 100% (200/200)  11.55 dB =75 17.28 dB 16.29 dB 775.5 mdB 3.78 0
™ rload | 100k Gain 100% (200/200)  11.55 dB =75 17.28 dB 16.29 dB 775.5 mdB 3.78 0
o vdd |11 - £ Bandwidth(summary) 56% (112/200)  3.478 GHz = 4G 6.189 GHz 4,096 GHz 351.8 MHz 0.091 0
o 650m Bandwidth 5% (112/200)  3.478 GHz = 4G 6.189 GHz 4,096 GHz 351.8 MHz 0.091 1]
Monte Carlo o — = ﬁ Current Consumption{summary)  100% (200/200) 1.556 mA <2.5m 2.063 mA 1771 mA 91.36 uA 2.66 0
A I H Data =ty Current Consumption 100% (200/200) 1.556 mA < 2.5m 2.063 mA 1771 mA 91.36 uA 2.66 1}
n a‘ ySIS Run Summary 75X - ﬁ' Power Consumption{summary) 100% (200/200)  1.712 mW < 2.75m 2.269 mW 1.948 mwW 100.5 uy 2.66 1}
1 Test  Nominal Corner Power Consumption 100% (200/200) 1712 mwW = 2.75m 2.269 mwW 1.948 mW/ 100.5 uW 266 0
# 1 Point Sweep __ 3 Corners
200 MC Points
History Item | Status |
MonteCarlo.0 ) Interactive.20 | ') Interactive.21 | /) Interactive.22 | (/) Interactive.23 | () Interactive.24 | ) Interactive.25 () MonteCarlo.0
nmouse L: M: R:
11(19) | Select plotting template D|
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5. Monte Carlo Statistical Analysis (continued)

Click on the icon | k£ ~ and select Plot All.
The histograms plotted are shown below.

|

No. of Samples
(@]
=]
=

w
=]
(=

—
h/_L/‘ ’// '

11.0 12.0 13.0 14.0 15.0
Values

Current Consumption

Current Consumption

No. of Samples

Values (m)

i

13.92884.7044.480

1 Bandwidth

Y Bandwidth [y
I | s ! , o
Jarque-Bera 630.756 ) ,' Jarque-Bera276.858 p
Kurtosis 7.50320 fajl:(> 4 /’» & Kurtosis 4.79969
2¢ g/

{
T ,

00.25557.034 118582 306312GR1482G P06A(568S ~>‘~",<

| ul N » w0

16.0 17.0 18.0 5 4.0 45 5.0 5.5 6.0 6.5
Values (G)

)
=]
(]

o e 1Y

]
o,
oW

No. of Samples

Power Consumption

¥ Power Consumption Y

| i i R

Jarque-Bera4.05941 L Jarque-Bera4.05941 2
Kurtosis ~ 386.546m \\ Kurtosis  386.546m

B
e
o

/

MR
|

X}
e
(=}

446512,24476m

\F—Jmh

No. of Samples

64412m422m 184433 m 9444412.04

L/F [

1.7 : 1.9 2.0 2.1
S

Values (m)
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