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EXPERIMENT NO : Lab 01 (Duration : 2 hours)
EXPERIMENT TITLE : To study the Iy vs Vgs of an NMOS transistor
OBJECTIVE : 1. Familiarization with Sun Desktop User
Environment and Analog Environment - Spectre
simulator

2. Study the characteristic of an NMOS transistor
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Design Verification

The objective of design verification is to ensure that the design meets the required
specifications and fabrication design rules before the masks are submitted to the factory for
mass production.

Simulator (Spectre)

The simulator helps ensure that the circuits designed (Figure Lab1-1a) perform the intended
functions. It also checks that the circuit meets the timing/speed or frequency response
requirements.
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Figure Lab1l-1b
Figure Lab1-1a Simulation / Verification
Transistor Level Schematic (Analog Environment)

Mask Layout

(i) Stick Diagram
Stick diagram is used as the intermediate step when translating schematic circuit to

geometrical data so that orientation of the layout (e.g. input/output pins, power line,
transistors, etc) can be organized before actual layout design in carried out in the
CAD environment.
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Stick Diagram B
(preferred style)
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(i)

(iif)

(iv)

(v)

Layout (Virtuoso)

The stick diagram of each design is converted to mask design (MOS layers) in a CAD
environment (eg Virtuoso) and interconnect to mask layout of other cells to form the
functional block. There are 3 main layers used in mask layout design, namely the
diffusion layer (green), the polysilicon layer (red) and the metal layer (blue). Each of
these layers is isolated from one another by either thick or thin silicon oxide.

Figure Lab1-1d
Mask Layout

Design Rule Checker (DRC)
This tool verifies that the mask layout designed (Figure Lab1-1d) meets the design
rules specified by the target process technology.

Layout Versus Schematic Check (LVS)

The LVS verify that the mask layout design (Figure Lab1-1d) is the same as the
intended schematic (Figure Lab1-1a) in terms of devices (transistors type, resistor,
etc), size of the transistors, value of the resistors, etc as well as the interconnects. It
also helps locate unconnected, partly connected or extra devices.

Part of LVS check also includes the function of Electrical Rules Check (ERC). ERC
verify power connections and check for minimum conductor width for current
specifications. It also locates floating nodes (gate of transistors), short circuits and as
well as disabled transistors.

Layout Parasitic Extractor (LPE)

LPE extracts the parasitic resistance and capacitance value based on the completed
mask layout design. This is done through calculating the resistance and capacitance
values based on the geometry drawn.

Post-Layout Simulation

Post-layout simulation gives a more accurate performance index because the extracted
parasitic resistances and capacitances values are feedback into the simulator environment
(values are added to the respective nodes in the circuit) and timing check is done to ensure
that it still meets the specifications.
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Familiarisation with Sun Java Desktop Environment
Logging into the System

(a) Key in User Name:

RED HAT

ENTERPRISE LINUX 5

Username:

Please enter your username

= Language g4 Session :.-:'!:: Restart % Shut Down

Figure Lab1-1: Solaris Login Screen

(b) Login : gXX_X (to be assigned)
Password:  gXX_X

Note: All Unix commands are case sensitive.

(c) Upon login to a typical Sun Java Desktop Panel, open a terminal window
Right Click = Open Terminal
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@) Applications Places System %@@@@

Right-Click >
Open Terminal

Cornpuizr Create Eolder

Create Launcher...

Create Document L4
=] Open Terminal
@ Clean Up by Name
Keep Aligned

Trash

Change Desktop Background

Figure Lab1-2 : Solaris Java Desktop Environment

(d) The computer interacts with the user via this terminal.

kermit® jocalhost: =

Ede Edi View Teminal Tabs Help
[kermit®localhost ~]$ |}

Figure Lab1-3 : Solaris Command Terminal

(e) To exit the Desktop environment,
System = Logout gXX_XX
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1 Familiarization with Cadence Design Software

[

kermit® localhost -
(a) cd term1l Ede Edt View Teminal Tabs Help
seoul09 : cd term1
(b) source cshrc seoul09 : source cshrc

seoul09 : virtuoso &

(c) virtuoso &

Figure Lab1-3a: Solaris Command Terminal

(d)  The Command Interface Window (CIW) of the Cadence Design software displays the
process and command executed by the software. It also displays the errors
encountered during execution.

b4 Virtuoso®6.1.3 - Log: /DIPLOMA,Year3/EG 3245/g37_25/CDS.log

File Tools Options Conversion Help

cadence
LUQRLIIY aULULE, LAL e
Loading vhdl. cxt Exit
Loading seismic. cxt %
Loading ei. ext LibMan
Loading ams.cxt ShowL5W
Virtuoso Framework License (111) was checked out successfully. Total checkout time was 0.11s >
PR AR A R AR b IS A AN AR AN RAA RS A A AR A R EditCOF
Done with initialization LogAll
Velcome g37_85 LogTyp
Use ciw:Conversion->cdb2oa to do conversion with post skill processing :)
Object info enabled TechMan
hiResizeWindow (window(l) list(265:55 1015.505)) refreshData
L =
Loading awv.cxt - R
> .. CloseDala
E m
This window displays the process and command executed by
the software as well as errors encountered during execution.

I mouse L: M:

ﬂ>

L=

Figure Lab1-4 : Cadence Command Interface Window
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(e)

Tools -> Library Manager

i
Filf BlE)options  C
~—

class library)

onversion  Help

U4 Virtuoso® 6.1.3 - Log: [DIPLOMA,Year3/EG3245/g37_25/CD5.log

(shows reference libraries database and

Characterization and Modeling

out successfully. Total che
FE++

frith post skill processing

bl)

2

ckout time was 0.11s

" Library Path Editor...
Loadi)
Loady PO
Loadil o )
Vit Yerilog Integration
FhEEy YHOL Tool Box...
Dﬂfie rixed Signal Environment
Weloo
Use o ADEL
Ohjed ADE AL
hiFes
t
Loady] A3
_> - Technology File Manager...
Display Resource Manager...

Figure Lab1-5

: Steps to invoke Library Manager

() class library is where your design is created. Others are reference libraries holding
standard components used for design.
File Edit Miew Design Manager Help cadence
_ Show Categories _ Show Files
~ Library ~Cell ~\iews
class
Us_aths
analoglib
hasic
echLib
al
gpdk030
sample
[—Messages ]
Figure Lab1-6 : Library Manager Window
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2 Capture schematic of a NMOS Biasing Circuit

(a) To create a new schematic design
File 2 New 2 Cellview

b d Library Manager: WorlkArea: [DIPLOMAYear3/EG 3245/g37_25

Edit Miew Design Manager Help cadence
wh Likrary..
= Open... Cirl+
Category... ~View
Cpen (Read-Only)... Cirl+R |
s Open With...

Load Defaults...
Sawve Defaulis...

Open Shell Window...  Chrl+F

Exit Cirle
1] a1
~Messaies
4 -
-~ File

| | Likrary class n Library class
Cell labl Cell labl
P

Filename Wiew @ ‘3 View schematic
Type |schematic n Select Tgol

| ~Application (Automatic Update)

Dpen with Schematics L n

_ Abways uze this application for this type of file

Library path file

Figure Lab1-7 : Create New Cellview - Schematic

(b) Create a new schematic as shown in Figure Lab1-8.

Figure Lab1-8 : NMOS Biasing Circuit
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Create = Instance

(c)

“ Add Instance

Library  analogLib @
Cell wdc
Wigw Symbol b Library Browser - Add Instance
Marres _ Show Categories
Library cell View
Array Rows 1 Col analogLin vic symbol
U5 _dths [ aucdl i
|42 Rotate ) | db Sideways | || 1 vecap aulvs lerary
basic veed hspiceD Ce”
cosDefechLil YLCE spectre .
k class WCOSp V|eW
Moise fil functional VCres
nise file name gpdk0a0 vovs
; ; sample YLV
Mumhber of noisedrey pairs a0 ! 3
[~ L) B
DC voltage HED &
AC magnitude Qlise) Filters.. Display... Help
|

AC phase

HF magnitude

FAC magnitude
F&C phase

Temperature coefiicient 1

m\ Cancel J[ Defaults )| Help )

Figure Lab1-9 : Add Supply Source
(d)

Click on the schematic window to place component, then press ESC to cancel
command.

Create = Instance

(e)

N N S R

Library  gpdk0so - Library gpdk090
Cell 1

i Cell nmoslv
View 1 .

i View symbol

Marmes

Array Ruowis 1 Columns 1

|42 Rotate | \dbSideways ) \.i.' Upside Dowr)

Model Name gpdk090_rmoslv =
ultiplier 1
Ienet Ton Length 100n M
Total Width 120n 1 Finger Width 120n M
Finger Width 120n M
Fingers 1
Threshold 120n M
Apply Threshold e
Gate Connection [RET - |

Figure Lab1-10: Add NMOS Transistor

(f) Repeat step (c) to instantiate gnd from analoglLib library.

analogLib
vdc
symbol
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(g)

(h)

(i)

)

(k)

Create = Pin

Pin Mameas gate

input n Bus Expansion e off _ on
Usage schematic B Flacement

Direction

® single _ multiple

Attach Met Expression: @ Mo o Yes

Property Name

Figure Lab1-11: Add Pin

To make connections
Create = Wire (narrow)

Default Met Mame k

Font Height 0. 0625 Faont Style stick

|42 Rotate ) |4k Sideways | \d Upside Down) | Show Sensitivity = |
L m Cancel J| Defaults J[ Help |

Pin Names gate

Direction input

Attach Net Expression No

To add names to interconnections for ease of referencing/probing

Create = wire name

To check the properties associated of gate/instance or wire, pins, etc
Use left mouse button to select an instance and type q

File = Check and Save
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(a)
(b)

(c)

Familiarisation with Spectre simulator - Analog Design Environment

non-linear analogue circuit simulator

allows verifying functionality of analogue electronic design captured by schematic
editor composer

supports various modeling models such as hspice, BSIM3, spectre

Analog Analysis supported by simulator

Transient analyses
Provides the transient (momentary) output response of the circuit with
respect to time.

AC analyses
Simulates the ac performance of the circuit as a function of frequency, and is
based on small-signal frequency response model.

DC analyses

Determines the dc operating point of the circuit based on the parameters
present on the schematic, assuming all capacitors opened and all inductors
shorted.

Sweep analyses
Generates dc transfer characteristics for the circuit by varying a user specified
independent source over a range of values.
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(a)

Launch 2 ADE L

(b)

Setup > Stimuli
set gate to DC 1.2 (Volts)

Launch Analog Design Environment for simulation

Setup the stimulus and type of analysis

To Obtain the I45 vs V45 Characteristic Curve of an NMOS transistor

imulation Files )
MATLABSSiImulin

Stimulus Type

® Inputs . Global Sources

v 050 og Desig 0 h -|0X
Sessidn BEEOEN Anplyses  Wariables Outputs  Simulation Results Tools  Help Cid@l’l ce
Il Status: Design ..
T Simulatar/Directary/Haost
Design Val  Tyrpo/Parasitic Reduction .. [¥ses L%
Hame|  hodel Libraries ... pe  |Enakle | Arguments |
S ESEIIIP Analog Stimuli -

Environment ..

L
A

e
IS Stimuli ..

(c) Analysis 2>

1: Select the desired signal

2 : Enable /
Turn On Settings

3 : Select

Function

Enahl

DC voltage

-

Function

Yoltage n

Type

e

2

4. Update Settings

AC magnitude

Figure Lab1-12 : Setup Stimulus

Choose

Al Virtuoso®

Session  Setu@

Design Variables

Il Status: Ready

Jariables

nalog Design Environment (1) - class lab1 schematic

ko spectre

Delete
Enable

Mame |

Disahle

)

Qutputs  Simulation  Besults Tools  Help
Analyses
Type |Enable | Arguments |
4 I vl
Outputs

| MamesSignal/Expr

[¥alue |Plot |[Save |

Sawe Options | __

Figure Lab1-13 : Choose Analysis
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(i Choosing Analyses — Virtuoso® Analog Design Environment (1) [

Analysis s fran i ac ‘W hoise
o w sehs o domatch oo sth
Pz i sp w envlp i pss
s pac w psth o ophoise o pef
w psp o Opss o gpac ‘w gpnoise
e fpEf wogpsp & hb ' hhac
‘w hbnoise

DC analysis

Save DC Operating Point @

Hysteresis Sweep

Sweep Variahle

Component Mame /%0 /
_ Temperature h
__ Design Variahle Select Component

mpanent Parameter FParameter Mame dc

"AC ma ude"”
_ Model Parameter o

phase acp "AC phase"
xfmag =fm "¥F magnitude
Sweep Range pARCIAD paCI "PAC magnitude”

e Start: 0 pacphase pacp "PAC phase"

-lop Stat 0 Stop 1.5 Stop : 1.5 type srcType "Source type”
 Center-Span tcl tcl "Temperature coefficient
Sweep Type . Sweep Type : tol tol "TemPerature coefficient

- & Step Size ‘w1 | Linear tnom tnom "Nominal temperature”
o Mumber of Steps
Step Size : 0.1
Add Specific Points
Enabled w Options...
I. m\ Cancel J[ Defaults J[ Apply J( Help "J

Figure Lab1-14 : Setup DC Sweep Parameter

(d) Output > To Be Plotted - Select on Schematic
(click on the drain terminal of the transistor to monitor I4s current and press ESC)

*Note: if click on the terminal (of component) it will probe and plot current level
*Note: if click on the wire (net) it will probe and plot voltage level

b4 Virtuoso® Analog Design Environment (1) - class labl schematic E
Session Setup Analyses  Variables Bl cadence
Il Status: Ready T=27 C  Simulatar: sp) Setup ..
Lielete i
Design Yariahles To Be Saved »
Marme | Walue | [? 5
Save all .. . AC
Ot
Bemove From ~ _ Trans
N
: >
4 I FRN
Outputs \ i,a..
| Mame/Signal/Expr __ |¥alue | Plot |Sawve | Save Options | "

Figure Lab1-15 : Setup Desired Node To Be Plotted
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(e) Run Simulation
Simulation 2 Netlist and Run

bl Virtuoso® Analog Design Environment (1) - class labl schematic

Session Setup Analyses Warables Outputs waesults qulsI Help cadence
Il Status: Selecting outputs to be plotted... T=27 CI EmE o
Diesign Yariables Analyses g:onp ?
Mame | Walue |P_1 _ Type Device Checking .. guments |
i cc Options p pAF Step Size Start-Stop 270 - AC
Metlist » ~ OC
Cutput Log ... ~ T
- Convergence Aids  » 5= @
_ Outkputs : i L
- _ MName/SignalfE=pr |¥alug |Plot |Save | Save Options | |l"a"
1 MHMO/D ¥ | all % X
>
= LB il I @
W

.
A
- B - .
e il " Plat after Simulatior(|Auto B) Plotting mo@: Append 2 n

= Select on Schematic Outputs to Be Plotted

IS Metlist and Run

[-S

L E

Figure Lab1-16 : Run Simulation

(f) Repeat step (b) and set gate to 1.0 : DC

(g) Repeat step (e) to run simulation
Note : The graph for gate=1.0 will be appended to the waveform window of the first
simulation.

(h) Repeat step (b) and (e) for gate = 0.8, 0.6, 0.4 and 0.2.

()] For the Ig4s vs Vgs characteristic curve obtained, (refer Figure Lab1-17)
- Edit Chart Title

Double-Click the title (1) = Edit it to Ids vs Vds characteristic Curve

- Label all curves
Double-Click the legend (2) = Edit it to NM0/D (1.2)
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Sr#El FEEW ¥ ME o — |Lakel

Mar 10, 2010 |ds ws Wols Characteristic Curve
———————

"
2 |mmMmofD 6Lz )EmMM0/D L0y EENMO/D (0.8) EE/MMO/D (0.5) EENMO/D (0.4) EE/MMO/D (0.2

)
\_I

-

| {LLAy

0.0 25 s 75 10 125 15
749.803mv | 52.8308uA dc i)

Figure Lab1-17 : Waveform Window

Submission

Print the chart and

(i) draw the line that separates the linear and saturation region.
(ii) label the 3 regions of operation.

(iii) state the voltage equations for each of the region.
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