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Introduction

This tutorial will introduce the use of IC616 series tool (One generation of Cadence) for simulating circuits in our
course. Cadence is a suite of tools for IC design. It allows for schematic capture, simulation, layout and post-layout
verification of analog and digital designs. We will be using a portion of the analog design flow, which can handle up
to 200,000 devices. Composer is the first tool we will use to enter/capture the schematics of circuits that we will
design and the test benches with which we will simulate the circuits. Then we will use the Analog Design
Environment (ADE) to configure a simulator, in this case Spectre is used to simulate our circuit with device models
that represent the transistors in our circuit. Device models are decided by the adopted process which is provided by
the foundry, the manufacture that will fabricate our circuit. The process we will use is TSMC 180nm.

This tutorial will explain how to set Cadence up on the CMC Server. An overview of the work flow in Cadence is
shown in Fig. 1. Starting from near the top of the figure we will use the Command Interface Window (CIW) to start
the schematic composer. Then we will capture a schematic of an op-amp and create a symbol for it. After that we will
setup a test bench to test the op-amp to optimize our design parameters.

We will open ADE to configure and run our simulation in Spectre. Then we will plot our results. A circuit simulator
is a tool that you need to use to design your circuits efficiently. The simulator is good at solving thousands of operating
points. A good way to use the simulator is to first understand the circuit and then sweep the simulation over the entire
area where the solution lies. We can run DC simulation to get the DC operational point of our circuits and adjust the
design parameters like length and width of the MOSFET to take all the MOSFET into saturation region in our op-amp
design to get the maximum amplifying performance. After the DC simulation we will have a set of parameters. Then
we can run the AC simulation to observe the circuit’s frequency response to further optimize the parameter to get the
required bandwidth. Also Transient simulation is an important part to get the driven capability, output-swing and any
distortion of our circuit. There are also a lot of other simulations available in our ADE like noise simulation which
will present the noise performance of the designed circuit. Due to the time constraint those simulations won’t be
covered by this tutorial. If you are interested in other simulations, all of them can be found in Cadence User Guide.
The simulator is not your brain; it can't understand anything about the circuit. If you are just collecting data and not
thinking about it, then you are wasting time. The simulator isn't a pen and paper calculation. If you are running single
point calculations and aiming for exact agreement with hand calculations you will be frustrated. Instead of running
single point simulations and stabbing in the dark, you should think about sweeping some parameter to collect data
with trends that you can think about.

Now we will start our schematic design of a single stage single input common source op-amp circuit with source
degeneration which is shown in Fig. 2.
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Fig. 1 Cadence Design Flow
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Fig. 2 Common source stage with source degeneration circuit.
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Shorthand Conventions
The following are shorthand conventions used in this tutorial

1. When navigating a series of submenus, the tutorial will abbreviate the instruction “Start in the Command Interface
Window (CIW) and click on Tools, then click on Library Manager” to Click on CIW->Tools->Library Manager.

2. Cadence has many keyboard shortcuts. When the tutorial writes a letter of a command in parentheses it means that
letter is the short cut. Capitalization is significant. For example, i is the shortcut for (i)nstantiate.

3. All commands are in italic format.

Getting Help within Cadence

Click on Help within a Cadence window. This will try and start an instance of the Cadence document server cdsdoc.

The easiest way to use cdsdoc is to click on Search and enter specific terms that you are interested in. Feel free to
browse, in order to see the scope of Cadence.

Troubleshooting

This is a very brief section on trouble shooting. Keep in mind that this is an exercise to configure and run some simple
simulations in Cadence. The problems are computer or programming problems. Remember the adage, “Stop the bus.
Get out of the bus. Close the doors. Open the doors. Get in the bus. Start the bus.” So at any step if you think you have
worked Cadence into a weird state. Save your work. Copy it to a new cell, new saved state etc. Exit Cadence if you
think it is that hosed. (This is very possible). Go back to the last known good position and start again.

Sometimes, cadence is crashed due to improper operation. If it can’t be closed in GUI, you should kill it in command
line. To kill it you should find the process ID in you terminal by typing:

ps —C virtuoso

It will show you like following information:

PID TTY TIME CMD

2060 pts/6 00:00:02 virtuoso

The number from the column PID is your cadence process ID.
Then you can end it by typing:

kill 2060

Then you can restart it.
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Remote Access

First you have to connect remotely using https://remotelab.eecs.yorku.ca/#/

If you have not already setup your remotelab access you can check this link:
https://wiki.eecs.yorku.ca/dept/tdb/services:remotelab

LASSONDE | vuvceiie

SCHOOL OF ENGINEERING

EECS REMOTE LAB

Username

Password

In this window enter your eecs username and password. Once you entered the system, you can choose one of the “ele
or “ea” systems. Click on “+” sign as shown below.

t3]

Remote Desktop (EDU) (ea)
Remote Desktop (EDU) (ele)

You will see a list of computers for access. You may want to select one with less users to access as illustrated below.

eoe < a] % 0 & remotelabeecs yorku.ca 0 o A

(s] L. Course: LE/EECS3611 Z - Analog Electronics (Winter... @ Home (©) Launch Meeting - Zoom “ EECS Remote Lab
RECENT CONNECTIONS & peterlian ~

ALL CONNECTIONS

© Remote Desktop (EDU) (ea)

O eao1 Currently in use by 1 user.
O ea2

O ea03 Currently in use by 1 user.
O ead4

O ea0s

O ea0s Currently in use by 1user.
O ea07

O ea8

O ea09

O ea10 Currently in use by 1 user.
O ealt

O ea12 J

Once you click on one of the machine, e.g. “ea02”, it will lead to the following window.
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e0e < >| M % © @ remotelab.eecs.yorku.ca ¢ o 0 =)

Tue 10:02

The ea systems are on linux and the ele systems may be on windows. So, to switch to linux just click on the switch to
linux icon from shortcut folder.

There are other ways to connect to cadence using your windows machine directly (Like using MobaXterm or VNC)
but you may lose connection repeatedly and the remotelab system will give you a better experience.

Environment Setup

Setup Cadence on CMC server

1) Login to a Linux machine by Right-click mouse to open a terminal like Fig. 3:

3) execute the command: touch .3611

4) close terminal window and reopen a new terminal.

000 < > O ] 0 @ remotelab.eecs.yorku.ca ¢ o [ii] g |

Tue 10:10

New Folder Shift+Ctrl+N

Paste Ctrl+V

Select All Ctrl+A
(4 Keep aligned

Organize Desktop by Name

Change Background

Open Terminal
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000 < M ) 0 & remotelab.eecs.yorku.ca ¢ (4] t [wl

's | 1LY, Course: LE/EECS3611Z - An... @ Home ©) Launch Meeting - Zoom < eald2 aF
#% Activities [ Terminal Tue 10:12

ea02:/eecs/home/peterlian

File Edit View Search Terminal Help
ea02 23 % ||

Fig.3 Open a terminal in Linux

5) Create your design directory (It’s very important to create a separate design folder for Cadence running as in this
way, otherwise you will messed everything up if you run Cadence in your home directory):

mkdir eecs3611

Note you can use command pwd to show your current directory, and use Is to view the files in the current
directory.

6) Navigate into this directory: (After the first time you do not need to repeat the previous steps.)
cd eecs3611

You can create the directory or navigate to it using the Linux interface by creating a new folder in your home directory
and entering that folder and open the terminal inside that folder.

7) Complete the setup by running the following command.
tsmc180nm.setup

in your terminal firstly.

8) To Run Cadence, then type:

virtuoso &

Then the CIW windows pop-up as shown in Fig. 4 (It may take some time so be patient)
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m Virtuoso? 6.1.6 - Log: feecs/home/zxshang/CDS.log.1@plyork5

York University

o |

Eile Tools Options Help cadence
>
hiClozeMindow{window{2}}
t e
! Y
< 11 -
lmouse L: It: R:
1 l > !I

Fig. 4 Cadence CIW window
Open Library Manager

First, we need to open the library manager for our design as shown in Fig. 5.

CIW->Tools->Library Manager

File Edit View Design Manager Help cadence
_ Show Categories _ Show Files
Library Cell View
tsmc18 nmoszy symbol|
analogLib mos_vwar_b View | Lock | Size |
hasic mos_var_b3 ams 18k
cdsDefTechLib nch_ana33 auCdl 19k
sample nch_ana33_mac aulvs 19k
shalib ndio_3m eldoD 19k
thD1893d3 ndio_m hspiceD 19k
i |[tpa018nv_MT nmoszy ivpcell 23k
I ||tpa018ny_MT_2 nmoszyv_mac layout 32k
tpb018v_CUP nmoszwvdnw tre 19k
tpb018v_FC nmoszvdnw_mac Spec
il | tpooravwa nMos3y | symbol | | 16K|
M ||tpz018nw_MT_2 nmos3v_mac
1 nmos3vdnw
[l nmos3vdnw_mac
[l nmosmvt2y
| nmosmvtZy_mac
| nmosmvt3v
[l nmosmvt3v_mac
| nmosnwtzy
[l nmosnvtZy_mac
| nmosnwvt3v
| nmosnvt3v_mac
| npn
| npnz
| npnz mis
Messages
Loading NCSU Library hManager customizations...done.
Log file is "/feecsihomeizxshangfeecs3611/libhanager.log”. =
U
| |
| L {1} __
Lib: tsmc18 |Free: 3.36T

Fig. 5 Library manager
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From this library manager we can find it’s organized as library, cell and view three columns. In the library column,
several created library are provide to us. In our case, we will use the analogLib which is used in creating the test bench
and our process lib which is tsmc18. In the cell column, you can type nmos2v (N-type MOSFET) and rwell (N-type
well resistor) to find the necessary devices in our circuit. In creation, we will call the symbol view of these two devices.

Create Library
CIW->File->New ->Library

A window pops up shown in Fig. 6. Type a name in the name box and press Ok button at the left bottom of this
window. Then select “attached to an existing technology file”.

Press ok button then select tsmc18 as shown in Fig. 7.

# New Library@plyork5 P u
conmen: ————
Library Technology File
MName eecs3611| « Compile an A5CIl technology file

Directory (non-library directories)  Reference existing technology libraries

& Attach to an existing technology library

+ e

« Do not need process information

Design Manager

MNo design manager setup found I

Jeecs/homnes/zxshang /eecs3611

— Compression enabled

@I concel | Defaults [ Apply (_ Help

Fig. 6. Create new library.

r <
™ Attach Library to Technology Library@plyork5 u

MNew Lihrary eecs3611

! Technology Library

tpaldleny_MT_2
tph018v_CUP
tph018v_FC

tph018v_KB e
tpz018ny_MT_2

. Cancel . Apply | Help ||

Fig. 7 Tech selection

10
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Create Schematic and Symbol

Create Schematic
In the library manager library column, select the library eecs3611 we created previously. Then

File->new->cell view

™ New File@plyork5 ﬂ

.~ File

Library eecsdbll B
Cell czanp|

WView achemat. ic

Type schematic [~ |

~ Application

Open with Schematics L

_ Always use this application for this type of file

Library path file

Jeecs/hone/zxshang /eecs3611/cds, lib

Cancel Help

Fig.8 Create new schematic

Type your circuit name in the cell box. In my case, I use csamp as the name as shown in Fig. 8.

Then the composer will pop up automatically as shown in Fig. 9, also you can double click the cell name in the
library manager to open it.

11
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B Virtuoso? Schematic Editor L Editing: eecs3611 csamp schematic@plyorkS [ESHR=E™ >
Launch File Edit View Create Check Options Window Calibre Help cadence
§ p ~ A v x| =
= 4 % 0 @ X @ T, &2 B-7 v QA QAH T LLEBE
- - =8 =y

Navigator 78 X
Default .
Q B-
Name |

csamp

Property Editor 78 X

mouse L: schSingleSelectPt() M: ddsHiCreateLibrary() R: schHiMousePopUp()
1(3) | New Cmd: Sel: 0 JJ

Fig. 9 Schematic composer

Before we start, here are some useful commands that we will use later. (i)nstantiate creates a new object in the
schematic. (p) creates pins to allow signals to leave the schematic. (c)opy allows you to copy objects. (m)ove with a
lower case m moves objects and drags their wiring with them. (M)ove with an uppercase m moves objects after
disconnecting their wires. (1) allows you to create labels for wires so that they don't get stuck with the default names,
like net994875. (q)uery opens a dialog box that shows an object properties. (w)ire allows you to create wires. After
you type w, left click to start a wire, left click to make a corner and double left click to end the wire. Some commands
like copy, move and wire have dialog boxes with more options that can be hidden. (F3) displays these dialog boxes.

1. Instantiate the resistor:

Press i the add instance window will show up, you can press the browse button aside the library box and select
library tsmc18, find rnwell cell and select its symbol view as shown in Fig. 10.

12
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-
¥ Add Instance@plyork5 & # Library Browser - Add Instance@plyork5 E@lﬂ
Library  tsmcl8 Browse _ Show Categories
Cell rhuwell Library Cell View
View tsmc18 rnwell
Nomes analogLib pnp10_mis View ~| Lock | Size |
hasic poly1_T ams 20k
 Add Wire Stubs at cdsDefTechLib presistor auCdl 2ok
< all terminals @ registered terminals only [ 9903?6” rm; aulLvs 20k
sample m eldoD 20k
Array Rows 1 Columns 1 shal.ib rm3 hspiceD 20k
tch018g3d3 rm4 spectre 20k
42 Rotate Ab Sideways | |2 Upside Down tpal18nu_MT rms symbol 20k
tpali18nv_MT_2 rmt
Model name rowst i Eggglgx—ggp :2252:; dis
description dell resistor under STI tpr'IS\J:WB rnlplus_
) tpz018nv_MT_2 rniplus_2t
Total resistance(ohms) 4,01152K Ohms | rnipoly
Total width(M) 2.1u M rnipoly_dis
rnplus
Segment width(M) 2.1u M rnglus_zt =
Total length(h) 8.3u M | g
N rnwo
Segment length(M) 2.3u M I rnwod_2t
Multiplier 1 :g:;;'@m
Rs(ohms/square) 927 ' rphpoly_dis
I rphripol v
Cont columns 1 ' e Dw\i [
Hard_constrain v |
Lib: tsmc18 |[Free: 3.36T
Res_update_method Res_&_w | |
I_&_w 7 :
v Close Filters... Display... Hel
Hide BES_8_W Defaults Help ! -t/ e Uispiay. \J1€P

Fig. 10 Instantiate the nwell resistor

Change the checkbox “Res update method” to “Res & W” you can set the resistance by typing a value in the

resistance box otherwise you can only change it by setting the width and length.

Press Hide, place the device in the schematic composer workspace.

You can insert the NMOS using the same way by finding the nmos2v cell in tsmc18. In the property window of the
NMOS, you can find the “1”, “w”, “total width”, “number of fingers” and “multiplier”. The total MOS numbers is the
product of “number of fingers” and “multiplier”, so the total width (not the “total width” in the window) should be

the product of the “w” and the total MOS numbers. For the convenience of our design, first we can set the width of

99 CC

all fingers as variable “w”,

number of fingers” and “Multiplier” as 1and keep the default length as shown in Fig. 11.

13
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™ Edit Object Properties@plyork5 =

r.ﬁ

Apply To \only current iinstance
Show _ system o user ¥ CDF
' . Browse | ResetInstance Labels Display
Property Value Display

Library Name tsmcl8 uf

Cell Name nmos2y M

Yiew Name synbol uf

Instance Name MO uf

. Add | Delete | Modify \
CDF Parameter Value Display ‘
Model name nch \off n
description 1.8V nominal ¥T NMOS tr;nsistor (off n
| (M) 180,0n M ‘ \off '
w (M) w M ‘ L - |
total_width(M) wel M ‘ of K@
Number of Fingers 1 ‘ CL - |
Multiplier 1 ‘ L - |
tatal_m 1 ‘ (off B
Hard_constrain v of
S D swap = \off n
Calc Diff Params v o
Calc 54 5B 5D v off '
Source_area ({1-int (1/2)%2)% (4 ,8e-07+{(1-1)=5, 0ff
Drain_area ((1-int(1/2)*2)*(4.88-07;((1-1)*5. off
Source_petiphery_{h) (1-1nt(1/2)*2)*((4.88'07;((1‘1)*5.\Oﬁ '
Drain_periphery_(M) (1-int(1/2)*2)*((4.88-07;((1-1)*5.\Oﬁ [~ ]
NRS (1-int(1/2)*2)*(2.7&—07*é.7e-07/(2 \off B
NRD (1-int(1/2)*2)*(2.73-07*é.7e-07/(2 off n
SA(LOD_effect)_(M) 480,0n M ‘ L - |
SB{LOD_effect)_(M) 430,0n M ‘ L - |
Cancel | &pply | Defaults || Previous /| Next )| H

Help

Fig. 11 Property window of the NMOS transistor

After the devices placement, you can press w to connect them by wires.

The last step is the creation of pins for your circuit by pressing p then the window in Fig. 12 shows up:

14
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i
# Add Pin@plyorkS r"

Pin Names AYDD AGND|

Direction inputOutput B Bus Expansion @ off _ on
Usage M Placement ® single o multiple
Signal Type M

Attach Net Expression: & No o Yes

Property Name

Default Net Name

Font Height 0,0625 Font Style stick |

4> Rotate | Ab Sideways | = Upside Down Show Sensitivity >>

m Cancel Defaults Help

Fig. 12 Create pins

You can sequentially insert multi pins with same directions; like in the up figure you can separate different pins in
the pin names box by space. For the power and ground terminal, the direction should be inputOutput. Input terminal
should be input and output terminal should be output.

To soft connect on wire with another wire or pin, you can press “L” to label it with same name with the target wire
or pin, like Fig. 13:

" ¥ Add Wire Name@plyork5 L._‘ | ]

Wire Name MNet Expression
Names AGND|
Font Height 0,0625 Bus Expansion @ off _ on

Font Style stick ' Placement & single o multiple
Justiication  (owerCenter B Purpose & label o alias

|| Entry Style fixed ofiset [§  Bundle Display e horizontal _ vertical
Show Offset Defaults

42 Rotate

| @ . Cancel ). Defaults | Help |

15
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Fig. 13 Create label

Finally, your circuit should be like Fig. 14 (remember to save your circuit schematic by pressing check and save as

circled by red):

ﬁ Virtuoso? Schematic Editor L Editing: eecs3611 csamp schematic *@plyork5 mﬂi—hj
Launch File Edit ¥iew Create Check Options Window Calibre Help cadence
;.‘@a 0 @M X Q0O TDE s ¢ R-T v [|RQAEH 1L B

v v Basic BE &G !{%D!‘% 1%-{@']&‘}[_‘:{% Q- nv
Navigator 2.8 x|
" Default B -
Q B-
Name A
N qsamp

1

L

L IN

1. vouT {

® AGND:P__1

® AVDD:P_0

® INP__2 =
Property Editor 7.8 X
M S S—

mouse L: schSingleSelectPt()

1(3) | Open

R: schHitMousePopUp()

M: schZoomFit{1.0 0.9)
| cmd: sel: 0 |

Create Symbol

Fig. 14 Complete schematic

From the Virtuoso Schematic Editor window, by the step:

Create->Cellview->FromCellview

16
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;
O o e _[—J‘

Library Name

Cell N:

i)

1]

©

From Yiew Name
To View Name

Tool / Data Type

cecs3611

schematir

symbo

schematit

caymbol

Browse

-

Display Cellview

Edit Options

<

_Defaults | Apply

) Help )

Fig. 15 Create Cellview

Make sure the box “To View Name” is symbol. Then press OK for twice and the automatically created symbol will
be as shown in Fig. 16:

EVirtuo:o?SymboI EditorLEditing:eec53611csampsymbol@ply:rkS . ;u:’ e 2
Launch File Edit ¥iew Create Check Options Window Help cadence
© it 1 A v $ = 5
o = « P 0@ X O Ty 3 R-¢ T 7 |KR K QA K
| a3 Basic PG IH >« 2@ @ & [ B
| mavigator z8x|
Default n .
Q B-
‘ Name Al
= csamp
1. AGND
1. AvDD

-® VOUTP_1

Property Editor

78 X

I
T N —

( mouse L: mouseSingleSel
24| =

ectPt()

M: schHiViewToView()

R: schHitMousePopUp()

| Cmd: Sel: 0 JJI

17
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Fig. 16 Automatically created symbol

To create a typical amp symbol, we can delete the rectangular green and red box then create a triangle green box by
Creat->Shape->Line. Then we can move the pins by select and press m. During the movement, by pressing r we can
rotate the pins’ directions. Then we should add the selection box by Creat->Selection box->automatic. Here is a sample

symbol:

—— ; - — ~ . C=ANCN X"
[# Virtuoso? Symbol Editor L Editing: eecs3611 csamp symbol @p.l)frkS a - 2 C

Launch FEile Edit ¥iew Create Check Options Window Help cadence

-~ v

U @dld 0 mX0TLEs Lo r T IR K AR
v v Basic = [’Zilo E&S e O % @ / ® LB
Navigator 28|
Default n C
Q Q-

Name |

\ csamp

1. AGND

1 AVDD
TN

1. vouTt

® AGND:P__3
® AVDD:P__2
® |[N:P__0

® VOUTP__1

Property Editor 78 X

. aa

mouse L: mouseSingleSelectPt() M: schHiCreatelnstBox() R: schHitousePopUp()
24) | Top | Cmd: Sel: 0 J

Fig. 17 Complete symbol

Then press the check and save and close this window.

After the upper two procedures, you will find there are two view names appears in the view column of the cell csamp
from the library manager which indicates we have finished the creation of schematic and symbol for our circuit.

ADE Simulation

Create Test Bench
Create a new cell in our library eecs3611:

Select this library, then File->new->cellview
Fill the cellview name as sim_csamp.

18
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Insert the csamp from our library and a DC power source vdc, a sinusoidal input voltage source vsin, an output load
IpF capacitor cap and the ground gnd from analogLib. Connect them by wires, and then our test bench will be like
Fig. 18:

@Virtuoso?Analog Design Environment L Editing: eecs3611 sim_csamp schematic@plyork5 [f= H (=] ‘@
Launch File Edit ¥iew Create Check Options Window Calibre Help cadence
=N $ 0 W@ X QO T, ¢ L7 v [RQQAE |7 1L 1L »E

ADE L BE G My s Iy A T By B-

L @E0O

B {E |H-Z-~ i~ 0z [=] Sim Time

/g

[ Mavigator 7.8 x|
Default n -
Q -
Name - |
= sim_csamp

I 10 {csamp)
@) Co(ca

Property Editor 78 X

mouse L: schSingleSelectPt() M: sevEdithModels('sevSession1) R: schHiMousePopUp()
1(3)| Decrease Text Size | Cmd: Sel: 0 Status: Ready | T=27 C | Simulator: spectre | State: statel J|

Fig. 18 Complete testbench

You can set the dc voltage of vdc as a variable “vdd” that we can change it later to change the power supply. For the
input sinusoidal setting we have a property window shown in Fig. 1. We should notice that different simulation apply
the different parameters. The DC voltage box is only used in dc sweep, so we can fill it as a variable “vdc”. AC
magnitude and AC phase are only used in AC simulation for frequency sweep which means for all frequency the input
keeps the same amplitude. Delay time, Offset voltage, Amplitude, Initial phase and Frequency are used for transient
simulation. Default value of Delay time is 0. Set the offset voltage as “vdc”, amplitude as 1V and frequency as 100Hz.

19
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Add Instance

Library analogLib

Browse

Cell vsin

Wiew symbol

Names

~ Add Wire Stubs at:
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vde ¥V
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m Cancel Defaults

Help |

Fig. 19 Property setting of input signal.

York University
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ADE Simulation

From the test bench schematic window, Launch->ADE L then ADE window will show up.

You may get this message first. This is fine. Just click session and continue.

Next License X

{ € ) Failed to check out license Analog_Design_Environment_L
¢ Would you like to check out the next license Analog_Design_Environment_XL instead?

Skip Always Never

When you run a simulation in cadence a lot of log files will be generated, and you may get some error as you do not
have enough space in your home directory. Therefore, you need to point to a temporary directory to save these files.
To do that click on

Setup->Simulator/Directory/Host

Choosing Simulator/Directory/Host -- ADE L (2) X
Simulator Spectre n
Project Directory /tmlta ebeh) ]
Host Mode & local _ remote . distributed
Hos
Remote Dir )

@ Cancel Defaults Apply Help

In this window you need to change the project directory. You should make a directory in /tmp in your name and then
point to that directory in this step. Make sure to delete the directory from /tmp when you got your results. You need
to delete the data from /tmp to avoid using up this space as this is a shared space.

In the ADE window, first we should copy the variables from the test bench schematic by Variables->Copy from
cellview.

Set vdd, vdc and w as 2, 1 and 1.2u separately.

The device model can be checked through Setup->Model
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# spectrel: Model Library Setup@plyorkS @
odel File | Section |
biodel Files
CMC/kits/cmosp18.6.13a_icB/Asmc18/ /models/spectre/cmn016_assp_v1d3d.scs tt_dio_m é}
CMC/kits/cmosp18.6.13a_icB/Asmc18/ /models/spectre/cmn016_assp_v1d3.scs ft_dio_3m
CMC/kits/cmosp18.6.13a_icB/Asmc18/ /models/spectre/cmn016_assp_v1d3.scs tt_rtmom
CMC/kits/cmosp18.6.13a_icB/Asmc18/ /models/spectre/cmn016_assp_v1d3.scs tt_bbmvar \Z
CMC/kits/cmosp18.6.13a_icB/Asmc18/ /models/spectre/cmn016_assp_v1d3d.scs disres
CMC/kits/cmosp18.6.13a_icB/Asmc18/ /models/spectre/cmn016_assp_v1d3.scs % D:(
CMC/kits/cmosp18.6.13a_icB/Asmc1 8/ /models/spectre/cmn016_assp_v1d3.scs — \&*_)
CMC/kits/cmosp18.6.13a_icB/Asmc18/ /models/spectre/cmn016_assp_v1d3.scs ft_dio_dnw
CMC/kits/cmosp18.6.13a_icB/Asmc18/ /models/spectre/cmn016_assp_v1d3d.scs ft_m %
CMC/kits/cmosp18.6.13a_icB/Asmc18/ /models/spectre/cmn016_assp_v1d3.scs ft_3m -/
CMC/kits/cmosp18.6.13a_icB/Asmc18/ /models/spectre/cmn016_assp_v1d3d.scs tt_ana33
CMC/kits/cmosp18.6.13a_icB/Asmc18/ /models/spectre/cmn016_assp_v1d3.scs tt_res e

Cancel Apply Help

Fig. 20 Model library setup
As circled, the model for the MOSFETs is set to tt corner, you can double click it to change the setting.

Different Corners are shown in the following table:

Corner NMOS PMOS
tt typical typical
ff fast fast
Ss slow slow
sf slow fast
fs fast slow

Since our circuits just employed the NMOS so, FF and FS or SS and SF should give the same simulation results.

Add simulations by Analyses->Choose->tran, since our input sinusoidal transient signal frequency is 100Hz, we can

set the stop time as 20ms to observe two entire cycle.
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i Choosing Analyses -- Virtuoso® Analog Design x

Analysis & tran w dc / ac ~ hoise
o Af « sens o dcmatch o sth
- Pz « Sp « envip o pss
— pac « psth O pnoise O pxf
o~ psp o~ Opss o gpac ~ gpnoise
o gpxf ~ gpsp o hb ~ hbac
- hhnoise

Transient Analysis

Stop Time 20m|

aAccuracy Defaults (errpreset)

¥~ conservative __ moderate __ libheral
__ Transient Noise

— Dynamic Parameter

Cancel Defaults Apply

Enabled Options...
e —

Help

Fig. 21 Transient simulation setup

York University
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For the dc simulation, use the setting as shown below.

@ Choosing Analyses -- Virtuoso® Analog Design x

Analysis  fran &dc O ac
o Xf « sens o dcmatch
w Pz “/ Sp « envip
« pac « psth O pnoise

« psp < Qpss o gpac
o qpxf < gpsp o hb
~ hbnoise

s

~

~

~

noise
sth
pss
pxf

gpnoise

hbhac

DC Analysis

Save DC Operating Point v
Hysteresis Sweep -

Sweep Variable

Temperature

¥ Design Variahle

— Component Parameter

Variahle Name wdc

select Design Yariable

htModel Parameter

Sweep Range

& Start-Stop

~ Center-Span

Sweep Type

Automatic '

&dd Specific Points

Enabled

Cancel || Defaults

Start 0 Stop

2

Onptions...
—————

Apply

Help

Fig. 22 DC simulation setup

York University
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AC simulation settings are shown here. Notice the stop frequency is 10M not 10m.

i Choosing Analyses -- Virtuoso® Analog Design

Analysis - tran ~ dc @& ac « hoise
o Af « sens o dcmatch o sth
“/ Pz - Sp « envip w pss

~ pac o« psth O pnoise O pxf

- pPsp o pss o gpac ~ gpnoise
o Opxf < gpsp o hb  hbac
~ hbnoise

AC Analysis

Sweep Variable

& Frequency

« Design Variable

« Temperature
 Component Parameter

- Model Parameter

Sweep Range

& Start-Stop

— Center-Span

start 10 Stop [T

Sweep Type

Automatic n

Add Specific Points

Specialized Analyses
MNone n

Enabled Options...
— —

Cancel Defaults Apply Help

Fig. 23 AC simulation setup

York University
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Setting the output plot after the simulation through outputs->To Be Plotted->Select on Schematic. After the signal
selection you can press ESC to abandon the command. It should be noticed that all the command in cadence is
continuous available until you cancel it by press ESC or switch to other command.

Finally, our ADE setting will be similar with the Fig. 24. By pressing the green “netlist and run” arrow in the on the
side menu, simulator will run the transient, DC and AC simulation separately and present all the results in visualization
window.

W ADEL (1) - eecs3611 sim_csamp schematic@plyork5 [E]@]

Launch Session Setup Analyses Variables Outputs Simulation Results Tools Calibre Help cadence

At é 7 e =6 d o

A . Analyses @EX] =
Design Yariahles AC
Type | Enable| Arguments o
Name | Yalue 1 dc v 0 2 Automatic Start-Stop
1vde ! b ac v | 1010M Automatic Start-Stap (i)
2 v ¢ 3 tran v 020m conservative h‘::"
3 W 1.2u = %
b4
[ i > W a
Outputs 7.8 x|
Name/Signal/Expr | Walue | Plot| Save| Save Options L
1 hetd v o ally |°._:
> Results in /local/data0/simulation_zxsha| Plot after simulation: M Flotting mOUQIM B
I :
2(4) | Model Libraries ... | Status: Ready | T=27 C | Simulator: spectre | State: statet !]J

Fig. 24 Complete ADE
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The following steps should be taken ONLY IF there is an error reported during the simulation:

st s st sk ke o st sk ke ok st sk ke s st sk ke s st sk s sk st s s sk st s s ke ot s sk sk st s sk ke st st sk ke s st sk s s st sk sk sk st s ke sk st sk s sk st s sk sk st s sk sk st st sk ke st st sk sk sk st sk sk sk st sk sk sk st sk sk sk sfeskosk sk ok
Copy the scripts from CMC server to your project directory

cp /CMC/scripts/ kit.tsmc180nm.6.13a_ic6.csh ~/eecs3611

In the eecs3611 directory, open the copied file

gedit kit.tsmc180nm.6.13a_ic6.csh

The following figure pops up and you will need to change the circled part as shown in Fig. 25, which will call a newer
version of the simulator in cadence and that should work properly.
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'W!/usr/bin/tcsh

.1f( $7CMC_HOME == 0) then
setenv CMC HOME /CMC
:endlf

set VEND=TSMC

'set KIT=cmospl8

'set KIT_LIB=tsmc_180nm_libs

set VER=6.13a

'set VERCDS=ic6

Esetenv CMCcdsTech cmospl8.6.13a_icb6

,setenv CMCcdsTechBase cmospl8

Esetenv CMCcdsTechVersion 13a

:set cDir="pwd | tr -d "\n"’

.1f( $cDir == $HOME ) then

. echo "*

: echo "HEY!"

; echo "DONT EVEN THINK ABOUT RUNNING THIS IN YOUR HOME DIR."
! echo "Go create some sub-dir"

I echo " - A friendly reminder from your local sys-admin®
: echo ""

: exit

:endif

$etenv CDS_AUTO 64BIT NONE
'echo Settlng up env1ronment for $VEND $KIT $VER ... "

'source $CMC HOME/scrlpts/cadence 1nc151vel4 20.023.csh
source $CMC_HOME/scripts/mentor.calibre.2017.4_19.14.csh

:#set CMC_TECH=${CMC_HOME}/kits/${KIT}.${VER}

'set cMC TECH ${CMC_HOME}/kits/${KIT}.${VER}_${VERCDS}

set CMC TECH LIB=${CMC HOME}/kits/${KIT LIB}

.#set cMC TECH LIB=${CMC_HOME}/kits/${KIT_LIB}

v#set CcMC TECH /fab/fabwork/pl8kit2018/IC6/testl/cmospl8.6.13a_ic6

Fig. 25 Change of the script

After the change of the script, close cadence and do the following command in the terminal within the eecs3611
directory

source kit.tsmcl80nm.6.13a_ic6.csh
This will source the changed script rather than the original one provided by CMC and you can start cadence again.

sk sk ook sk ok ook sk ok ok ok sk ok ook sk sk ook sk sk ook sk sk ok ok sk sk ook sk sk ook sk sk ook sk sk ok sk sk ook sk sk okok sk ook ok sk ook sk sk okok sk ko k sk ook sk ook sk ook sk Rk sk Rk ok R ok

The results at typical/typical corner are shown in Fig. 26. From the DC response result, we can see the maximum slope
is almost at vdc=1V which means the largest small signal gain appears at this point, that is the reason why I set the
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vdc=1 in the ADE variable value. Generally the common mode of input signal is set as half of the power source. From
the AC response we can find the gain is 0.524 which is the expected results of a common source stage amp, the gain
of which should be less than 1. However the transient response tells us the output swing is saturated due to the too
high common mode of output (DC component of your output). This issue is caused by the improper value of load
resistor and the regulating resistor. We can decrease the load resistor R1 and regulating resistor R2 to increase the
output swing.

A Virtuoso (R) Visualization & Analysis XL@plyorks ‘iuﬂ‘@
Eile Edit ¥iew Graph Axis Trace Marker Measurements Tools Window Browser Help cadence
, : L o - ~ ~ o Y - . K= [
F-B-odemis « w 0 0 X QA QWA e O ey BSOS EY
52 B [0 suvindows 3 [ 0B Data Paint____ F'y Classic = G

K1 eecs3611 sim_csamp schem... £

Transient Response Fri Jan 17 022 Fri Jan 17

s1n.n
5075
S RRaRRI s e e s
15.0
time {ms)

mouse L: M: R:

Fig. 26 Simulation results at first try

Actually, the common mode is decided by the following equation:

1 w 5
[= E.uncox _(VGS - Vth)

Ves = Vpc — IR,
VOUT,CM =Vpp — IR,

In the tsmc180nm model file (/CMC/kits/cmosp18.6.13a_ic6/models/spectre/cmn018_assp v1d3.scs), you can find
the effective gate oxide thickness Toxis 3.98nm. So we can calculate the Cox by

€ox 119 X 8.85 x 10712
T,,  3.98x107°

Cox =
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And the mobility for NMOS in tt corner is found as
U, = 305cm?/(V - s)

Also from the PDK specification we can find, the recommended Vdd of our device is 1.8V. So we should modify
the variable value vdd and vdc accordingly to 1.8 and 0.9.

During this simulation, NMOS should be operating in saturation region. We can judge it by:
ADE->Results->Print->DC operating point->press e->select amp->select NMOS in our circuit.

We can get the DC operating point like:

vols 1.,49255
volsat 204 ,683m
volss 204 ,683m
vearly 7,48301
veh 1.1

vgd -546.,272n
VS 946 ,273m
vgt 371.29%m
veat_narg 1.,28786
vzh 153.727m
vth 574.,977m

Fig. 27 Operating points for NMOS
As the equation V¢ = Vy¢ — Vi, valid, NMOS is in saturation region.

Finally when we can set vdd=1.8V, vdc=1.1V, sinusoidal amplituide=0.5V, R1=1K and R2=1K, the results are
shown in Fig. 28. In order to get the same results at a lower vdc value, you should increase the width of NMOS
which will also increase the gain.

To change the y-axis from voltage to dB, select AC response curve, through Tools->Calculator->select wave->select
dB20 from the Function panel->evaluate the buffer, you will get the Bode plot of the output signal. Calculator panel
is shown in Fig. 29.
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il Virtuoso (R) Visualization & Analysis XL@plyorks =8 Ch )
File Edit View Graph Axis Trace Marker Measurements Tools Window Browser Help cadence
L — L ~ ~ ~ 3+ 5 ;
F-BE-odeomMis « w L0 X Q QA e O fleny B BR AR Gy -

2/ % DD Subwindows:; 2 n ) Data Point
[X]

Mon Jan 2l

fnets

DC Response

fnets

mouse L M: R

Fig. 28. Final simulation results at tt corner.
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Fig. 29. Calculator panel.
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