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@) 5E™| Module Objective

In this module, we will learn how to:
» add specifications to the design using the tool Calculator

add sweeps and corners to the design

run simulations across multiple corners under different process conditions

use the Waveform Balloon feature

use the Real Time Tunning feature
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1. Adding Specifications to the Design

« Select the “amplifier _common_source” library, the “testbench” cell, and double click

on the maestro view.

Library Manager: WorkArea: /home/user/cadence0l

= =] x

File Edit View Design Manager Help

cadence

~ Show Categories __ Show Files

Library Category Cell View

v B- v B- v

B: amplifier_common_source - B: testbench » W maestro

aExamples prmos f’: schematic | rrsaber@cadencestation

ahdiLib testbench

analogLib
basic

bmslib
cdsDefTechLib
Epdk045

mixSig
models
passivelib
pllLib

pliMMLID -

OCEAN cs_amplifier View -~ Lock Size
U5_Bths O nmos

Messages

Log file is "fhome/user/cadencel1/libManager.log".

L

|Lih:ampliﬁer_commnn_source Free: 386.40G 4
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Adding Specs

« To open the schematic view of the testbench, select Session - Open Design in Tab.

to the Design

Sweeps and Virtuoso® ADE Explorer Editing: amplifier_common_source testbench maestro - o X
Corners M Setup Analyses Variables QOutputs 5Simulation Results Tools EAD  Parasitics/LDE  Window Help caden ce
! It g  openvesznintae e & 3 [T flnewwn  RRloone  RIEF G RE X |
Settlng up setup |k save ZIFIx Mame Type | Details | Value | Piot | Save | Spec | {?
SweepS and M3 ¢l save ACopy.. | signal finput < ¥ | é
ignal foutput = v
Corners Import-. L s ==
-4 an  Load ADEL State .. ench_1 |
¢ % Si L4 save Ocean Script ... d'o
Running H?’L Quit ’:
SlmUIatlonS - f:c : 20G Automatic Start-Stop
- c
i = |
and Analyzing
& Design Variables |i
Results - [& rload 100k
<[] wdd 1.1
¢ - [&] wsin £50m
Waveform :
[ | g Parameters
Balloons 5 5] Cormers
* [ || Reliability Analyses
H | Monte Carlo Sampling
Real Time [ || Checks/Asserts
Tu ni ng limouse L: M: R
1(2) | Save A Copy .. | | Results: ExplorerRun.0 | amplifier common source testbench schematic | Simulator: spectre aps  Batch D
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1. Adding Specifications to the Design (continued)

» ADE Explorer provides us the option to set up specification limits for measured outputs.
This option enables us to verify/check whether our design meets its designated
specifications.

 After running each simulation, ADE EXxplorer compares the results to the specs that we
have provided.

« ADE Explorer employs the following scheme to indicate the status of our results:

» pass, near, or fail status for each simulation.
— pass means that the measured value is within the limits defined by the specification.

— near means that the measured value is no more than 10% outside the target value of the
specification.

— fail means that the measured value is greater than 10% outside the target value of the
specification.

« The measured values with a pass status are displayed with a green background, those
with a near status appear with a yellow background, and those with a fail status appear
with a red background.

Thisis a
major time-
saving
feature.
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sseeor | 1. Adding Specifications to the Design (continued)

?S?r:ggoif;r? - We will test the voltage gain followed by the bandwidth, current consumption, and power
consumption specifications.

Svgze(iazgnd » The specifications are on slide 2 of Module 2.
]  First uncheck the “Plot” checkbox for the output and input expressions.
S‘j’ve;g;’;’ i - We will start by setting up the gain specification.
Corfers - Open the Calculator (Tools = Calculator).
Running » The gain is the highest point in the steady part of the output voltage divided by the input
Simulations voltage
and Analyzing )
RESUIIS * If you recall, we plotted the gain in Module 3 by using the tool Calculator and by setting
! our function to dB20 (VF (" /output") /VF ("/input")) .
Waveform
Balloons » Here we need to add the “ymax” function which will give us the highest point, which will
v be our gain.
Real Time _ _ _
Tuning * Please check Module 3 if you need a refresher on how to write the equation on the next

slide.
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1. Adding Specifications to the Design (continued)
« The new equation will be: ymax (dB20 (VF (" /output") /VF ("/input")))

« To send the output of our equation to the output setup window click on the button
highlighted below.

Virtuoso (R) Visualization & Analysis XL calculator - o x
File Tools View Options Constants Help cadence
HH In Context Results DB:  none specified n =}

|||ﬁ amplifier_comrnnn_sourn H‘
||| |

! Wt W W e Wdc W VB W4 05 i Op ! Ot — mp ! W — Sp

b3

./ opt . war VN2

B\Remnguiar B @' g

it o If i lde | LA IS ' Zp
]

|l off  Famiy _ wave | v cip | Tl & Append

Key P... 5% ymax(dBZOVF " output" ) VFinput"))

9 L

6

: 3 LS o ) fm fm S
* In the maestro tab, change the name to “Gain”, the Spec to > 7.5, and Units to dB.

kN Do

7
4
1
0

Name | Type | Details | Value | Plot | Save | Spec | Units
signal finput bl |
signal foutput | ||
Gan | e e veompan) | v [ G R e

* Note if the Units column is not visible, right click on “Spec” and enable the Units column.

Note if the
Units column
IS not visible,
right click on
“Spec” and
enable the
Units column.

Note that if the
output isn’t
appearing in
the setup
window, it
means that
the syntax is
wrong or there
IS an error.
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1. Adding Specifications to the Design (continued)

* For the bandwidth, open the calculator again and type
(VE ("/output") /VE ("/input™)) in the function space.

 Click on the “show function panel” button, choose “Special Functions” and click on
“bandwidth”.

lﬂectangular nl @l Q

|l oft _ Family _ wave | ciip | T o7 Replace

| Key Pad = )f| (VR output W input™)

Z B ] i

4 = &

! = . expr  [Epr]

| wanesn (Y 1 8

e A e e e e
| stack X
H‘_ QP/NMO","wth")

W

b

Function Panel (][]
5 pecial Functions n fi Q

PN clip dZa dnl fallTime frequency harmonicFreq ipn numCony  phaseMargin pstddev rms_jitter  spectralPower unityGainFreg ymax

azd compare dBm  dutyCyde  firstval gainBwProd histogram2D  ipnVRI overshoot phaseNoise przbode  root spectrumMeas value yrmin

abs jitter compression delay ewnQAM flip gainMargin  iinteg lastal pavg pow pzfilter  rshift stddewv wavels\Wave

average compressionVRI deriv ewvnQpsk  fourEval getAsciWave inl loadpull  peak prms riseTime sample swapsweep KITIEN

bandwidth  convaolve dft  eyeAperture freq groupDelay integ Ishift peakToPeak psd rms settlingTime tangent xmin

busTransition cross dftbh eyeDiagram freq_jtter harmonic intersect normalQd period_jitter psdbb rmshoise slewRate thd wval

* If the
Function
Panel isn’t
appearing,
make sure to
window
Fullscreen
the
Calculator.
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(3) s 1. Adding Specifications to the Design (continued)
Adding Sp(_ecs
19 bie (D « After clicking on “bandwidth”, the following window should appear.
Sweeps and rrr—
Corners —
¢ Signal | (VR"/output™yWF{finput"))
Setting up o6 [3 BD
Sweeps and Tvoe llow |
Corners OK Apply | Defaults | Help | Close
v
Running « Where “Signal” is the plot that we want to get the bandwidth for, “Db” is by how much we
S(ijm:Iatlior)s want to go down from the maximum. In our case we need the 3dB bandwidth.
and Analyzing
Results « Type specifies the type of plot you have. If it is shaped like the output of a low pass filter
v choose “low”. If it resembles the output of a high pass filter choose “high”. If it is for a
Waveform band pass filter choose “band”.
Balloons
v * Choose “low” for the Type and click OK.
Real Time
Tuning
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1. Adding Specifications to the Design (continued)

« Make sure that the written expression is the following:
bandwidth ( (VF (" /output") /VE("/input™)) 3 "low" )
 Click the highlighted button to send the output to the output setup window.

lRectangular n @ | E

|||.!.- Off . Family _ Wave |1 Clip | r;lf\ lﬂ |Append

Key P... =1lE handwidthl[\iFi foutput™)WH"/input") 3 "low I

LS o ) o fm  FE S

Stack 8 x|

« Name your output “Bandwidth”, set the specification to > 4G and the Units to Hz.

Name | Type | Details | Value | Plot | Save | Spec | Units
signal finput - -
signal foutput | ||
Gain expr ymaxidB20((VH"/output”) FF"input" 1)) dB

W > 7.5
e L G N . 1

Note if the
Units column
IS not visible,
right click on
“Spec” and
enable the
Units
column.
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) Ssewor | 1. Adding Specifications to the Design (continued)
Adding Specs : i
« The current consumption is the current at
the voltage source. In the calculator type
Sweeps and “‘mag( " and click on idc then click on the
Corners red terminal of the voltage source. Then
> close the “mag” parenthesis.
Setting up
Sweeps and The "mag” function represents magnitude.
Cori‘efs We use it to get the absolute value of our
— chosen output.
unning
aﬁ('jm:r']ztl'ozfi‘rf Send the output to the output setup window
Resuﬁs J by clicking the highlighted button.
‘
Waveform o VL uvf|uvdc|uvsuosuop s Ot — mp | _ wvn — 5p ovswr . hp . zm
Ba”OOﬂS it . if & idc . is . opt _ war N2 L) Zp (Jyp . gd _ data
¢ | Off _ Family _ Wauel! Clip| :;';w, & | Replace nRectangular n {% =
Real Time SR llEl | mogpoce )
Tuning o e e
; i ¢ 0 () fm = "+ EHIAL 5
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1. Adding Specifications to the Design (continued)

« Change the output name to “Current Consumption”, set the specification to < 2.5m, and
the Units to A.

|# maestro x| “® testbench

Name Type Details | Value | Plot | Save | Spec Units
signal finput I e
signal foutput L N
Gain expr ymax(dB20[(VH"foutput") F VR ... v = 7.5 dB
Bandwidth expr bandwidth{(VF{“/foutput™) £ VFf... > 4G Hz

e Grsmpien | ey matocenomusy T

* Note if the
Units column
IS not visible,
right click on
“Spec” and
enable the
Units
column.
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1. Adding Specifications to the Design (continued)

 Finally, the power consumption is the multiplication of the current at the source by the
source voltage.

* In the calculator type “mag ( " to get the magnitude, then click on idc and click on the
red terminal of the voltage source. Add the multiplication sign “*” and click on vdc, then
choose the line at the voltage source to get the voltage.

* The final expression is: mag (IDC (" /V0/PLUS") *VDC (" /netl") )

VL (WA | ®wde (RJws KJos [KJop Asot Kmp | AJwvn — 5p o~ owswr _ hp o Im

i V2

nRectangular n| {‘(:&'| E

— IPp L ¥P . gd _ data

!ﬁampliﬂer_

e IF — idc w . opt . var

_III — it

|_ Off _ Family _ Wave |g Clip | U,.’\ = | Replace

Key P... EUX] | magfio avoPLUS VD Qrmet1 )

iz 8 !

4 5
1 2
a

- Heza Mg "0, el
+ ‘Idj (3 () g [f +* _f% 5

« Send the expression to the output setup window by clicking on the Send Buffer
Expression button.

Note that the
line
representing
the voltage
source might
have a
different
name than
“net1” in your
case.
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Adding Specs * Note if the
{0 the Design Units column
- « Set the name of the output to “Power Consumption”, set the specification to < 2.75m, is not visible
Sweeps an : . : ’
Comers and the Units to W. right click on
1 “Spec” and
Setting up [ maestro x| ¥ testbench enable the
Sweeps and Name Type o Details | Value | Plot | Save | Spec Units Units
signal Inpu ) L)
Corners signal foutput N CO|Umn
¢ Gain expr ymaxidB20((VH"foutput™) F VR ... W = 7.5 dB
Running Bandwidth expr bandwidth{(VF™/ output™) / VF(™/i... v = 4G Hz
Simulations Current Consumption expr | mag(IDCVO/PLUS"Y) " < 2.5m A
and Analyzing Pones Consamptin | —opr_mpiocemALS Vo || [m G PR
Results
v
Waveform
Balloons
v
Real Time
Tuning
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1. Adding Specifications to the Design (continued)

 After adding the specifications, the maestro tab should be as shown below.

Virtuoso® ADE Explorer Editing: amplifier_common_source testbench maestro - o x
Launch Session Setup Analyses Variables Outputs Simulation Results Tools EAD  Parasitics/LDE  Window Help cadence
’ e 5 - — ¥ : R
185 2 Gl g7 &l d= & 0§15 livewwn R0 REA I BE X |
Setup ZlE §| [ maestro & testhanch ®ac
=12
3 Trane
Name | Value | Name | Type | Details | Vvalue Plot | Save | Spec Units ]
n n signal finput e | @'
-f_\r amplifier_commaon_source_testhench_1 signal foutput L L go |
% Simulator spectre Gain expr ymax(dB20((VH"foutput”) / VF"/... " > 7.5 dB
2@ Analyses Bandwidth expr bandwidth{{VF{/output®) / VF(*/i... ~ > 4G Hz X
- I tran 030n canservative Current Consumption expr mag(IDC(™VOPLUS")) W < 2.5m A h
- | ac 1 20G Automatic Start-Stop —
Power Consumption expr mag((IDC{"NOPLUST) * VDC(™/n... v < 2.75m
- | dt t == .
=1 ¢% Design Variables |i
- [&] rload 100k
- [&] wdd 1.1
- [ wsin £50m
[ | g Parameters
# |_|“) Corners
[+ |__ Reliability Analyses
H | Monte Carlo Sampling
& |__| Checks/Asserts
nmouse L: : R;d
3(16) | > Select terminals for the IDC expression... amplifier_common_source testbench schematic | Simulator: spectre aps D
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2. Sweeps and Corners

« Sweeping model parameters and design variables enables designers to run several
iterations while simulating their design.

* Thus, it enables the designer to investigate different scenarios, and run these scenarios
in different types of analyses.
« This is very useful when you are trying to:
— Meet your design with a set of required specifications
— Verify your design

Sweeps
should be
done for
very specific
purposes.

Sweeps do
not replace
hand
calculations.

As a good
practice, the
results
should be
interpreted
with care.
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2. Sweeps and Corners (continued)

« Corners define extreme variations of PVT:
— Process
— Voltage
— Temperature

iIn which you would like to analyze your circuit.
* You can set these extreme points, in your Corner analysis simulation setup.

« The output of each of these simulations should satisfy the set of specifications of this
design.

» Process Corners are usually designated by ‘Fast’, ‘Typical’ and ‘Slow’, and these are
related to MOS device carrier mobility.

Corner
simulations
are
pessimistic by
nature since
extreme
process
variation have
a low
probability of
occurrence.

Corner
simulations
deal with
extreme
variations.
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fﬁf;ggDsegfgC; - Example of Process Corners for a MOS device:
— If you simply study the behavior of one NMOS, and plot its characteristic (Id vs Vgs),

Sweeps and you will notice that if this transistor has:
Corners Vth=650.28 mV, it is ‘“Typical’
Vth=602.23 mV, it is considered ‘Fast’

Setting up _ . ) ‘ ,
Sweeps and Vth=700.05 mV, it is considered ‘Slow’.
Corners

v
Running
Simulations
and Analyzing
Results

v

Waveform
Balloons

* |
Real Time ]
Tuning ) s:.z: =y =D gD fin]

cadence




72O AMERICAN
| ;) UNIVERSITY
e/ oFBEIRUT

Adding Specs
to the Design

Sweeps and

Corners

Setting up
Sweeps and
Corners

v

Running
Simulations
and Analyzing
Results

v

Waveform
Balloons

v

Real Time
Tuning

2. Sweeps and Corners (continued)

 If your schematic has an NMOS

and a PMOS, the number of
corners will increase from three to
five as shown in the figure.

The first letter designates the
NMOS process condition, and the
second letter designhates the
PMQOS process condition.

PMOS variation

iy
©

FF

55

T
é NMOS variation

SF
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2.a. Setting up Sweeps & Corners

ADE Explorer provides the tool to perform both
Sweeps and Corners simultaneously, or each one at a
time (depending on the preference of the designer).

Sweeps can be set by defining a set of design
variables in ADE Explorer.

To define a range use the format:
<start>:<step>:<stop> (you can also use space or
comma separated lists).

In this case, define a sweep for vdd type
0.95:0.05:1.1. This means starting from 0.95V up

to 1.1V with steps of 0.05V.

|
|
+
|
|

L
H

-,} amplifier_common_source_testbench_1
Q:.; simulator spectre

I[—]% Analyses

W tran 0 30n conservative

> W ac 120G Automatic Start-5top

L wde t

I[—]&J Design Variables

. [&@ rload 100K

. B vdd 0.95:0.05:1.1
- |§E[ win 650m

& Parameters

‘—'ﬂ Corners

Reliability Analyses

[i; Maonte Carlo s5ampling
ChecksiAsserts
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’jﬁ?ﬁ;g;ez?;ﬁ « To define Corners, open the Corners Setup by selecting Tools = Corners from the ADE

T Explorer menu, or simply by clicking on Click to add corner.

Sweeps and : - —
Virtuoso® ADE Explorer Editing: amplifier_common_source testbench maestro - o x
Corners
Launch Session Setup Analyses Variables Qutputs Simulation Results [l EAD Parasitics/LDE Window Hel a
g £ Ly =l o L0L 2 & = Ig il el cadence
- It g2 & 8 7 gl de O 5 [ IES flvewn  Logviewer I =R
Setting up :
S d SuEUp [0 Name | Type Debug... Value | Piot | Save | Spec | ——
Rele e
Weeps an Mame | Value | signal Corners ... L v ™ & Trans
Corners n signal Monte Carlo ... = ™ I @
- 4l¢ amplifier_common_source_testbench_1 expr Export Data ... ~ 15 {e |
- @ simulator spectre expr Create Datasheet ... v = 356G
Runnlng £1@; Analyses expr 4 Real Time Tuning I < 2m X
. . - | tran 0 30n conservative expr . 7 < 2.75m
Simulations ¥ac 120G Automatic Start-Stop &Parameter Comparison ... = >
i - W d t RF 4
and Analyzing b dc .
Calculator ...
Results =1 ¢% Design Variables alcuiator |ﬁ
-[&] rload 100k Results Browser ...
¢ <[] wdd {0.95:0.05:1.1 Waveform ...
Waveform ) wsin 630m Results Display ...
i ob Monitor ...
1
Balloons B (v & Parameters
=l v <) Corners
* I Nominal
Real Tlme __| Reliability Analyses
Tur“ng _'l@ Monte Carlo Sampling
| Checks/Asserts
nmouse L: M: R:
1{2) | Delete named filter | | Results: ExplorerRun.0 | amplifier_common_source testbench schematic | Simulator: spectre aps  Batch l
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(3)Bs] 2.a. Setting up Sweeps & Corners (continued)

ﬁ\d?ri]ngDSp?cs * The “Corners Setup” form pops-up, click on the Add new Corner icon in the toolbar. - The
o the Design _ _ o
I « Enter “10” in the temperature field for CO column. Add a new corner and enter “45” for Trzrr?pgsatﬁirehl
Sweeps and C1, and “75” for C2. These temperature values are in degrees Celsius. J gnty
Corners dependent on
 Now that we have four values for Sweeps (0.95,1,1.05,1.1), and four Corners (10, 45, the
Setting up 75, and 27 which is the nominal temperature value) the simulation will run for a total of application.
vaCeeps cile sixteen points, which are defined by the combinations of Sweeps and Corners.
OTheTs Corners Setup X ® Tempel‘atu re
Running BB 08§ e e &l T " 'S one.
S'mUIatlonS !ResaurceCarneranminal n ] dlmenSIOn
and AnaIyZ|ng C2/Temperature 75 When
Reiults Corners ¥ MNomnal ¥ 0w Ci lz cz B ConSidering
Waveform = ’ corners.
Balloons —
* Model Fil :
Real Time T
Tu n | ng Model Group(s)
Tags \J
m _ Cancel | Apply | Help
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2.b. Running Simulations & Analyzing Results

» Make sure the process corner “tt” is selected. Click on
the green Run Simulation icon on the right side of
your window, and check which outputs satisfy the
specs defined eatrlier.

» Display your results in “Detail-Transpose”, this way,
your sweeps and corners will be clearly shown.

« As you can see, all the results are within the limits
defined by the specifications.

spectre0: Model Library Setup x

|Model File |section |

E}- Global Model Files

e Luser/pdk/gpdk045_v_6_0/gpdk(45/. /models/spectre/gpdk045.5cs  tt \ /

| | M[<Ciick here to add mode file> I
W
| J
—

Outputs Setup Results
F s 5 (=
Detail - Transpose n Q " | v J | Filte n (] vl I’_ hd @ [% @ [ M_
16 rows 16 rows
Point | Corner | wdd | temperature | Pas=/Fail | Gain | Bandwidth |rent Consumptlwer Cunsumpq
Lo Lo Lo Lo Lo Lo Lo Lo
nom 950m 27 pass 14.37 dB 6.385 GHz 1.364 maA 1.296 mw

1 co 950m 10 pass 1455 dB 6.634 GHz 1.362 mA 1.294 mw
1 al 950m 45 pass 1422 dB 6.129 GHz 1.364 mA 1.296 mw
1 L3 950m 75 pass 14.06 dB 5.709 GHz 1.36 mA 1.292 mw
2 nam 1 27 pass 15.26 dB 6.229 GHz 1.518 mA 1.518 mw
2 co 1 10 pass 15.45dB 6.48 GHz 1.518 mA 1.518 mw
2 1 1 45 pass 15.11dB 5.97 GHz 1.517 mA 1.517 mw
2 2 1 75 4 pass 14.95 dB 5.543 GHz 1.51 mA 1.31 mW
3 nom 1.05 27 pass 16.02 dB 6.101 GHz 1.671 mA 1.754 mwW
3 co 1.05 10 pass 16.21 dB 6.352 GHz 1.672 mA 1.755 mw
3 1 1.05 45 pass 15.86 dB 5.842 GHz 1.667 mA 1.751 mw
3 2 1.05 75 pass 15.69 dB 5.412 GHz 1.658 mA 1.741 mw
- nom 1.1 27 pass 16.64 dB 6.017 GHz 1.82 mA 2,002 mw
- co 1.1 10 pass 16.83 dB 6.266 GHz 1.823 mA 2,005 mw
- 1 1.1 45 pass 16.47 dB 5.761 GHz 1.815 mA 1.997 mw
- 2 1.1 75 pass 16.28 dB 5.337 GHz 1.803 mA 1.984 mwW

« Ifyou
received a
'sim error’ try
checking if
your model
libraries are
still as
assigned
previously. If
not, please
check
Module 3
slide 14.
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(&) el 2 b Running Simulations & Analyzing Results (continued)

AddrllngDSp(_ecs  Process
to the Design i i i i : ey
; g  Click on the green Run Simulation icon after changing the process corner to “ff”. Corners are
° h dd i i h i h spectre0: Model Library Setu X usua”y
Sweeps and When vdd is 1.1 in this instance, the pectre0: ry Setup desi ted
o o _ esignate
Corners results is within10% of the specified limits [ s sesion b Fg o
1 " ':' no:'ue IL.|Esfar 5w z 5/../models/spectre, 505 \ / aS
_* for the Current and Power Consumption. 1| o romeluserlplk/gpk045 .6 O/gpdkO45/./models/spectre/goakO45. L— D ‘ yr )
Setting up - e Typical’ and
Sweeps and ‘Slow
Corners =
Outputs Setup Results 5
. Detail - Transpose n O | | Filte [Fa] '| Ii - @ & @ M- — °
Running p— — oo B F— — @& concel Aepy  Help Process )
S|mUIat|0nS Point | Corner | vdd | temperalure| Pass/Fail | Gain | Bandwidth | Current Consumption | Power Consumption | Corners IS
and Analyzing B B B @ B B B B B another
Results 1 nom 950m 27 " pass 1 13.03dB 5.021 GHz 2.023 mA 1.922 mw ] .
1 co 950m 10 i 13.07 dB 9.588 GHz 2.037 mA 1.935 mw d Imension
1 Cl 950m 45 pass 12.99 dB B.455 GHz 2.006 mA 1.906 MW
1 (&) 950m 75 pass 12.95 dB 7.603 GHz 1.975 mA 1.877 mW Wh en
Waveform z nom 1 27 pass 13.88 dB B.765 GHz 2.239 mA 2.239 mW . .
Ba"oons z o 1 10 pass 13.94 dB 9.32 GHz 2257 mA 2.257 mW CO”Sldenng
2 Cl 1 45 pass 13.82 dB B.206 GHz 2219 mA 2219 mw
¢ 2 (&) 1 75 d s 13.75 dB 7.428 GHz 2.181 mA 2,181 mw corners.
. 3 nom 1.05 27 pass 14.6 dB B.549 GHz 2.453 mA 2.576 mW
Real Time 3 co 1.05 10 pass 14.69 dB 5.088 GHz 2.475 mA 2.599 mw
Tu ning 3 Cl 1.05 45 pass 14.52 dB B.006 GHz 2.429 mA 2.55 mw
3 (&) 1.05 75 pass 14.42 dB 7.302 GHz 2.384 mA 2.503 mw
4 nom 1.1 27 15.21 dB B.393 GHz 2.664 mA 2.931 mw
4 co 1.1 10 15.32 dB B.906 GHz 2.691 mA 2.96 mW
4 Cl 1.1 45 15.09 dB 7.875 GHz 2.635 mA 2.899 mW
4 (&) 1.1 75 14.93 dB 7.239 GHz 2.583 mA 2.842 mW
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T ey Y| 2.b. Running Simulations & Analyzing Results (continued)

- - - - - . 1
Adding Specs « Click on the green Run Simulation icon Ihe first
to the Design . ‘s’

;e after changing the process corner to “ss”. TN - dett_er tS
' esignates
Sweeps and « Some of the bandwidth results in this case [ emre Secion the NMOS
COTGI’S are W|th|n 10% Of the glven ||m|t_ filwc-:lai:le;ﬁ*:rg:E?ﬁ:::lﬁf_;e_f_ﬂﬂgpdk045f--#modelﬂspectreﬁgpdkﬂ%-scs 55 - process
Setting up ‘Condl’tlon
Sweeps and @ slow’.
Outputs Setup Results
Corners : = - _ RS
Detail - Transpose n O |v | Filte n (] v| E A @ I:E) @ M_—
16 rows 16 ows €D o 2w || o The second
Runn”’]g Point | Corner | wdd | temperature| Pass/Fail | Gain | Bandwidth | Current Consumption | Power Consurmnption | L y )
: . etter 's
Simulations -] -] [~ [~ [~ [~ [~ [~ [~ dosi
. 1 nam 950m 27 pass 1648dE  4.071 GHz 974.7 ul 925.9 uW
and Analyzmg 1 co 950m 10 pass 1671dB 4162 GHz 964.5 uA 916.3 uW eSIQnateS
Results 1 al 950m 45 16.3 dB 3.969 GHz 9831 uA 933.9 uW the PMOS
1 @ 950m 75 16.1 dB 3.783 GHz 992.2 u 942.6 uW
2 nom 1 27 pass 17.15 dE 4.066 GHz 1.087 mA 1.087 mW p rocess
2 co 1 10 pass 17.34dB 4174 GHz 1.077 mA 1.077 mw ..
Waveform 2 1 1 45 16.98 dB 3.95 GHz 1.096 mA 1.096 mW Condltlon
Balloons 2 @ 1 75 . 1682dE  3.746 GHz 1.105 mA 1.105 mw . ,
3 nam 1.05 27 pass 1758dE 4115 GHz 1.197 mA 1.257 mw SlOW .
* 3 co 1.05 10 pass 17.75 dB 4.24 GHz 1.187 mA 1.246 mw
- 3 al 1.05 45 1744dB  3.985 GHz 1.206 mA 1.267 mw
Real Tlme 3 @ 1.05 75 17.29dE 3767 GHz 1.215 mA 1.276 mw
Tunlng 4 nom 1.1 27 pass 17.81 dB 4.273 GHz 1.304 mA 1.435 mw
4 co 1.4 10 pass 17.95dB 4363 GHz 1.293 mA 1.423 mw
4 al 1.4 45 pass 17.68 dB 4.08 GHz 1313 mA 1.445 mw
4 @ 1.4 75 17.52dB  3.853 GHz 1.322 mA 1.454 mw
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) Seeor | 2.b. Running Simulations & Analyzing Results (continued)

Add S I I i I i G e Thefi
o ﬂ']ggDe‘;?;rf * Click on the green Run Simulation icon after changing the process corner to “fs”. LetetelrrSt‘f’

v * In this case, the Gain nearly fails to meet the specification for the nominal and CO designate
Sweeps and corners of 950 mV. the NMOS

Corners spectre0: Model Library Setup x
T process
|Model File Section d t
i £} Global Model Files conaituon
Settl ng u p = ~ /homef/user/pdk/gpdk045_v_6_0/gpdk045/. /models/spectre/gpdk045.5cs fs ./
Sweeps and .1 _|<Click here to add madel file> ‘fast’.
Corners Outputs Setup Results —
Detail - T n IT] Filts ‘ ) ’ y & M- WL
etail - Transpose O | ' | Filt 'l L - @ I:% @ E| o hd The Second
Running 16 rows 16 rows 3¢
S| mu I a.t|0 ns Paoint | Corner | widd | temperature | Pass/Fail | Gain | Bandwidth |rent Consumpt| wer Consumpq —_ Lette r ,S,
S Al B B B B B B B B B Co N designat
an nalyzing 1 nom 950m 27 7.421 dB 11.11 GHz 1.164 mA 1.105 mw eSlgna €S
Results 1 co 950m 10 7.307 dB 11.77 GHz 1.161 mA 1.103 mw
1 C1 950m 45 pass 7.616 dB 10.39 GHz 1.165 mA 1.107 mw the PMOS
1 2 950m 75 pass 8.145 dB 9.14 GHz 1.165 mA 1.107 mw
W f 2 nom 1 27 pass 10.89 dB B.733 GHz 1.312 mA 1312 mw p roCess
averorm 2 o 1 10 pass 10.89 dB 9.265 GHz 1311 mA 1.311 mwW Condition
Balloons 2 C1 1 45 pass 10.92 dB 8.178 GHz 1.312 mA 1.312 mw
2 2 1 75 . pass 11.05 dB 7.394 GHz 1.31 mA 131 mW ¢ SIOW,
* 3 nom 1.05 27 pass 12.48 dB 7.968 GHz 1.459 mA 1.532 mwW '
. 3 co 1.05 10 pass 12.55 dB B.462 GHz 1.450 mA 1.532 mw
Real Tlme 3 C1 1.05 45 pass 12.44 dB 7.536 GHz 1.457 mA 1.53 mwW
Tu ning 3 2 1.05 75 pass 12.42 dB 6.9567 GHz 1.453 mA 1.526 mW
4 nom 1.1 27 pass 13.53 dB 7.626 GHz 1.605 mA 1.766 mwW
4 co 1.1 10 pass 13.62 dB £.079 GHz 1.607 mA 1.768 mW
4 C1 1.1 45 pass 13.47 dB 7.264 GHz 1.603 mA 1.763 mw
4 2 1.1 75 pass 13.43 dB 6.711 GHz 1.596 mA 1.756 mw
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X)) Sieer | 2.b. Running Simulations & Analyzing Results (continued)
Adding Specs - Click on the green Run Simulation icon after changing the process corner to “sf”. * Thefirst
to the Design Letter ‘s’
v  All the results here passed the limits defined by the specifications. designates
Sweeps and
Corners the NMOS
T process
Setting up Sl Pt | condition
Sweeps and Detail-Transpose I Q Q[ ©)[re BB -E [ [0 & 1 M ‘slow’
Corners 1o oo
Point | Corner | wdd | bemperaturel Pass/Fail | Gain | Bandwidth | Current Consumption | Pawer(onsumptinnl
| | | | - | | - | - | |
Runn|ng 1 nom 950m 27 pass 15.65 dB 5.05 GHz 119 mA 1.13 mw y The Second
Simulations 1 G T e | & e T ek | astom | iisema 13 Letter 'f
and Analyzing e s = designates
Results ] co 1 10 pass 16.49 dB 5.221 GHz 1.306 mA 1.306 mw the PMOS
2z C1 1 45 pass 16.12 dB 4.804 GHz 1.3153 mA 1.315 mW
2 2 1 75 4 pass 15.95 dB 4527 GHz 1.316 mA 1.316 mW pro CeSS
Waveform 3 nom 1.05 27 pass 16.78 dB 5.033 GHz 1.431 mA 1.502 W .
Balloons e e | o e I condition
¢ 3 2 1.05 75 pass 16.44 dB 4.53 GHz 1.433 mA 1.505 mvv ‘fa St’ .
4 nom 11 27 pass 17.12 dB 5.102 GHz 1.548 mA 1.702 mW
Real Time 4 €0 1.1 10 pass 17.32 dB 5.315 GHz 1.544 mA 1.698 mw
Tuning e e
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JSseror | 2.b. Running Simulations & Analyzing Results (continued)

Adding Specs » Click on the green Run Simulation icon after changing the process corner to “mc”. * Thefirst
to the Design Letter

! « After choosing “mc”, which stands for “Monte Carlo”, the simulation will run with default designates

Sweeps and process corner “tt” since we have not enabled the Monte Carlo Sampling. the NMOS
Corners

spectre0: Model Library Setup X process
T « As expected, the results are as that of the >
) |Model File Section condition
Settlng up “tt" case E}- Global Model Files ) . ,
. | /home/user/pdk/gpdk045_v_6_0Vgpdk045/. /models/spectre/gpdk045.5cs meoo \ / yp
SWGepS and Ll | =Click here to add model file> : o t ICaI -
Corners &
Outputs Setup Results .
Detail - Transpose n O | | Filte n [ria] v| Ii - @ @ @ M- \=.) ® The Second
. - e
Runn|n 16 rows 16 rows LR
Letter 't
1 1 Point Corner wdd temperature Pas=/Fail Gain Bandwidth | Current Consumption | Power Cansumption A
Simulations o o - - - - - - - : t
- o M designates
and AnaIyZIng 1 nom 950m 27 pass 14.53 dB 6.375 GHz 1.398 mA 1.328 mwW
Results 1 co 950m 10 pass 14.71 dB 6.626 GHz 1.397 mA 1.327 mw the PMOS
1 1 950m 45 pass 14.38 dB 6.118 GHz 1.398 mA 1.328 mw
1 (o] 950m 75 pass 1422dB  5.696 GHz 1.393 mA 1.323 mwW p rocess
2 nom 1 27 pass 15.4 dB 6.226 GHz 1.556 maA 1.556 mwW .
Waveform 2 o 1 10 pass 1559dB  6.478 GHz 1.556 mA 1.556 mW Cond|t|0n
Ba"oons 2 ci 1 45 pass 15.25 dB 5.966 GHz 1.554 mA 1.554 mw ‘ . y
2 (o] 1 75 pass 15.09dB 5537 GHz 1.547 mA 1.547 mwW typ | Cal .
¢ 3 nom 1.05 27 : pass 16.13 dB 6.111 GHz : 1.711 mA 1.797 mw
. 3 co 1.05 10 pass 16.32 dB 6.362 GHz 1.713 mA 1.799 mw
Real Time 3 1 1.05 45 pass 15.97 dB 5.851 GHz 1.708 mA 1.793 mW
; 3 c2 1.05 75 pass 15.8 dB 5.423 GHz 1,698 mA 1.783 mW
Tu ning 4 nom 1.1 27 pass 16.71 dB 6.046 GHz 1.864 mA 2,051 mw
4 co 1.1 10 pass 16.91 dB 6.294 GHz 1.867 mA 2,054 mW
4 1 1.1 45 pass 16.54 dB 5.791 GHz 1.859 mA 2,045 mW
4 c2 1.1 75 pass 16.34 dB 5.371 GHz 1.846 mA 2,031 mw
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2.b. Running Simulations & Analyzing Results (continued)

There are many ways to display the results, after you have run your simulation:

Detail: Displays all the columns in details for each simulation point.

Detail transpose: Displays the corners and sweeps on the left of your screen, and
displays the results and the status (pass, near or fail) for your output expressions for
each simulation point.

Optimization: Displays the Test, Output, Value, Spec, Weight, Min, Max and corner
related columns.

Status: Displays the progress, status of your simulation and the contents of the run log
file.

Summary: Displays a summary of the results for output expressions across all corners
and sweeps (Min, Max, Median, Stddev, Pass/fail status).

Yield: Displays the overall yield estimate (based on pass or fail status) for Monte Carlo
Analysis.
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2.c. Viewing Waveform Balloons

* In order not to stay far from your schematic while performing your analysis, the
waveform balloons tool can provide a quick overview on your circuit performance.

« To do so, right click on your test name (amplifier_common_source:testbench:1 in this
case) and select Open Design in Tab.

Setup = Out

= %; Simulator sp
I?]'%; Analyses

B & Design Varial

MName |

Value |I —

A+ amplifier_co

- & tran 030
- | W ac 120
- & dc t

- rload
- [E] vdd
- vsin

H 1& Paramete,
H v ‘—'ﬂ Corners

t| |__| Reliability Ana
7 |_| @ Monte Ca

H || Checks/Assert]

Open Design in Tab
Add Analysis...
Motes. ..

Delete Notes

Design...
Load ADE L State...

Simulator...

High-Performance Simulation...
Model Libraries...
Temperature..,

Stimuli...

Simulation Files...

EN/IR Analysis...
MATLAB/Simulink r

Environment...

MM Contral
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2.c. Viewing Waveform Balloons (continued)

 Make sure that “Waveforms” is checked.

= @ 1 -T -2 -E-Q Q @ & E
I -© - NS B @[ 5 by o Ty & o B
2 E {_§ E% x EE’ > ;}‘ bf Q Replace n (Mone) n r'[_;ﬁ5 iz j'_), E - EI MSim Time 0

* Now hover over a net and the Waveform should appear.

* To pin a certain Waveform to your schematic, click on the Pin icon in the upper right

e X
I=1.10e+00,temperature=e

Navigator 78 xl [ maestra & testbench Annotations
Schematic o i
testbench v Waveforms
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3ok 3, Real Time Tuning Feature

e e - The Real Time Tuning feature (RTT feature) is an interactive spectre job that keeps on
T running and waiting for changes to design variables and parameters.
S"ée(frfé :j‘s”d » This feature avoids generating a netlist each time the variables or parameters are
T changed; thus, simulation begins immediately and requires a much shorter time.
SSetting Upd » To explore this feature, uncheck the Corners checkbox and remove the Sweep.
weeps an
Corners setup 5]
¢ Name | Value |
Running Y arrlplifl'ergmmon_source_testbench_‘ln
Simulations LS e specre
and Analyzing @ec 1200 Ausomatic Sarsszp
Results :;ac ¢
' R g
Waveform - ET—
Balloons e
28 o
Real Time o O 'T“&'szpl .
Tuning o Chesers
ol =
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Adding Specs  To view the input and output waveforms, check the “Plot” checkbox for the output and

to the fes'gn Input expressions.

Sweeps and « To improve your design, you can vary your 3 design variables.
Corners

T « To do so, first click on the Real Time Tuning icon in your toolbar, the Real Time Tuning
Setting up assistant will be added to your schematic.

Sweeps and Virtuoso® ADE Explorer Editing: amplifier_common_source testbench maestro - o x
Corners Launch  Session  Setup  Analyses Variables Outputs Simulation Results Tools EAD  Parasitics/LDE  Window Help caden ce
. Fe 57 | b o v, i REN =
y === =R = Y T - O - =77 - 1= R
Runnlng Setup 78 x| [# maestro <& testbench —
S| mu I at|0ns Name | Value | Outputs Setup Results 5
and Analyzing : [~ [~ Name | Type | Details | Plot | Save | Spec
4 amplifier_commaon_source_testbench_1 signal finput kel e !‘} -
RESUHS @, Simulator spectre signal Jfoutput o |2 )
¢ 1@y Anatyses 030 | Gain expr | Ymax(dB20(VF(foutput’) / VF("L... | o > 7.5 X
I tran n conservative
ia{ 1 20G Automatic Start-Stop Bandwidth expr bandwidth{(VF™/autput”) / VF(/i.. | w = 4G >
Waveform W de t Current Consumption expr mag(IDC™VOPLUS" ) W < 2.5m -
Bauoons Power Consurmption expr mag({IDC(VOPLUST) * VDC(™/N... | v < 2.75m
1 Design Variables |i
i[5 rload 100k
: b B vad 0.95:0.05:1.1
Real Tlme , . vsin E50m
Tunin
g [ v & Parameters
[ ‘—"ﬂ, Corners
B | Reliability Analyses
B @ Monte Carlo Sampling
[ | ChecksfAsserts - -
jimouse L: M: R — %
1(2) | Met'netl’ | Results: ExplorerRun.0 |amp|iﬂer_common_suurce testbench schematic | Simulator: spectre aps  Batch D c a d e n c e
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3. Real Time Tuning Feature (continued)

 To run your simulation, click on the green Run Simulation icon in the RTT assistant.
« The simulation is running with the default values of the design variables and parameters

(notice the time taken to run the simulation).

* In the Real Time Tuning assistant, click and drag the slider of each design variable to

modify it accordingly.

| Real Time Tuning

7E X | Real Time Tuning 78X

+« Design Variables
rload
wdd

wsin

+ Design Variables
100K rload 100K
11 vdd 1.1

vin &50m

| n Ep EL

-
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X)) Siewer | 3. Real Time Tuning Feature (continued)

Adding Specs * Note that in
to the Design o ] ) — o
¢ ° After modlfylng eaCh deSIQn . _— . VlrtuosO(R]Vlsuallzatmn&Analys&sXL. am;lnllfler_mmmon_sour(etestbench maestro = -: X gll:]deecrkt?he
Swee S and Varlable’ nOtlce that the Elleh Edit  View .Qraph Axis Irice arker Measurements Tools Window EBrowser Help — — l ::1 E'I'I;
COFII:’)]eI’S . . ﬁg'%'l G(—_:-) \'__"j E’” P !_ah ] ?@:_ o W e £ iq ‘;‘n; ”.|I'amlly ﬂﬁ,g%_» i) Waveforms,
simulations are much faster lle#” 27 B 00 figs suowincow 1 K| 10 L - o I8 o RS @ th lot
¢ because they rely Only on ] amplifier_common_source_testben... : - - : etpo h |d
Sweeps and value changes (the simulation L B | ofcobied i
time is barely one second).
COTerS y ) the maestro
RunNing * You can check the waveforms — ViEw.
Simulations in the “Visualization & Analysis | ———— R I IS
and Analyzing XL” WlndOW Whlle Changlng 0.9 L0 . 0.0 100 200 300
Resiults the design variables.
Waveform « After comparing the I | )
Balloons waveforms, you now have BS
_ more sense to tune your e edena o foputvid=0.928) | y
Real Time circuit so it can satisfy a given B .
Tunlng f - Jm]” 0.9 0.95 0 05
specification.

Design_Point

mouse L: Il R:

4{20) | Trace: foutput; Context: f/dev/shm/rttsim_gh3418/amplifier_common_source/testbench/schematic/spectre/psf; Dataset: tran-tran D
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3. Real Time Tuning Feature (continued)

* To check the status of a given specification, click on the “maestro” tab, and keep on modifying your design
variables to get to a combination that satisfies these specs.

 When vdd is equal to 950 mV, the gain is 14.37 dB, which is greater than the given spec (15 dB).

| Real Time Tuning ZlE ’fl [# maestro & testbench
4 Design Variables Name | Type | Details | vawe | Piot| Save | Spec |
rioad 100K signal finput = v
. m signal foutput = !
wsin 650m : ;
Gain expr ymax(dB20(VF"foutput”) S VF("/input")))) 14.3711 s =75
Bandwidth expr bandwidth{(VF"foutput™) / VF("/input™)) 3 "low") 6.38407G w = 4G
Current Consumption expr mag(IDC™AWVIVPLUS™) 1.363%91m " 2.5m
[ ] n Eé @ - Power Consumption expr mag({IDCNVOFPLUS™) * VDC(™/net1 ") 1.29571m " = 2.75m
 When vdd is varied, we can find a value that makes the gain pass the given Spec.
Real Time Tuning BE8 I:I_l‘-, maestro & testbench
+ Design Variables Name Type Details | value | Plot | Save | Spec
rload 100K signal finput = ~ -
N signal | Foutput o 2 o
550m = 1851 Gain expr | ymax(dB2O(VF("foutput”) / VF{'/input}) 163846 v > 7.5
wsin 630m Bandwidth expr bandwidth{{VF{"/output”) / VF(™/input”)) 3 "low"} B.0481G > 4G
Current Consumption expr mag(IDC™AVOPLUS™) 1.75469m ! < 2.5m
Power Consumption expr mag((IDC"VO/PLUS™) * VDC(™/net1")) 1.89155m |« < 275m
[ ] n Ep El ~

 If you are done and want to transfer your new variable combination to ADE Explorer,

ADE Explorer icon.

click on the Save back to
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