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Chapter 1: Design Flow Overview

This chapter will give a brief overview of the bottom-up design flow we will use to design Digital
ICs. This tutorial will present the usage of Cadence Tools along with the design of a .5 mn
effective channel length CMOS inverter based on the AMI06 process Technology.

This technology can be accessed for classes, senior design projects, and individual research at
accredited universities free through MOSIS (www.mosis.org).

We have also developed instruction for getting a design ready for tapeout including such items as
proposals, padframes and GDSII conversion.




Specification:

The specification will explain in as much detail as possible the functionality of the circuit, the
conditions under which it will operate, and design constraints (for example: speed, area, target
yield, and power). The technology for this design is AMIS C5N. The completion date is not

specified in this example.

Table 1: Inverter Specification.

Attribute Specification

Functionality (logic) using static CMOS circuits | Y=not(A)-

Speed t o =t p =105 Driving a 500f F load

Area Cell Height is mandated to be 20 microns. Cell
Width is not constrained.

Yield Yield needs to be high so a minimum of 2
contacts per S/D is required.

Reliability Needs to be high so electromigration needs to
be minimized.

Noise Would like equal noise margins so V;,=Vpp/2.

Power Less than 20mW@ 1GHz driving 500f F load,
VDD=5V

Frequency 1GHz

Duty Cycle 50%

Test Vector (DC) DC SWEEP A 0 to VDD, Measure Y out put
voltage. Plot VOUT vs. VIN. V..

Test Vector (TRAN) VPULSE with a period of 1ns, trise=.1ns and
tfall=.1ns pulse width equal to .5ns.

* For more complex functionality, a truth table would be used, or the functionality might be described in an HDL (hardware

description language) such as VHDL or verilog.

t Propagation delays must always specify a load to be driven since propagation delay is directly proportional to the load

capacitance.




Initial Design (Chapter 2).

In the initial design phase, you decide which technology to use, the functionality of your circuit,
and the area and power budget. At this point, you would do any logic reduction possible using K-
Maps or any other logic technique. You would size the widths and lengths of the transistors using
analytical equations for width and length of your transistors. You also draw the circuit schematic
out on paper. You develop test vectors to prove that your design will work.

Schematic Capture (Chapter 3)

You enter in the schematic and symbol for your circuit, and create a test bench for simulation.
You simulate the circuit to make sure it functions properly, and it meets the time and power
specification. Since analytical equations are not as accurate as spice simulation you might need to
run change widths of the PMOS and NMOS transistors to get the time and power specifications
to simulate properly.

Layout (Chapter 3)

Once the schematic matches your specification in terms of power, timing, and functionality, you
draw out how the circuit would look under a microscope. These pictures are used to make the
photolithography masks that are used to define your circuit on silicon.

Design Rule Checking (Chapter 3)

Once the circuit is laid out, you have to complete a design rule check to make sure that the circuit
will not have yield problems when it is fabricated.

Circuit Extraction (Chapter 4)

Once you have laid out a circuit you need to extract its electrical properties to make sure that you
drew the correct functionality and to estimate the parasitic resistances and capacitances that
degrade circuit performance. The extracted view can be sent to the simulator.

Layout versus Schematic (Chapter 4)

Once you have an extracted view of your circuit, you need to run a layout versus schematic check.
This makes sure that the electrical properties of your schematic match those of your extracted
view. This is faster than running all your test vectors on the extracted view.




Post Extraction Simulation (Chapter 4)

Once you are sure that the circuits are equivalent, you run the simulation again using the extracted
view. This will take into account parasitic capacitors. You might have to change the widths of
your transistors slightly to match your specification. The problem at this point is that you have to
change the drawing now to change the transistor and then re-extract the circuit to finally meet
your spec. Then you have to go back and change your schematic as well. The better job you do
at predicting circuit performance at the initial design stage and schematic capture stage, the less re-
work you have to do at the layout stage.

Fabrication and Test

The circuit is sent out for fabrication and comes back. You test it using the test vectors you
developed earlier. 1If the circuit does not meet specification you have to start the process at the
beginning using the feedback, you received from the actual devices that were made to fabricate
your design.




Chapter 2: Initial Design

We will choose the technology minimize the logic, and come up with our estimation of the sizes
of the transistors in our inverter driver in this section.

Technology Choice:

This is not an easy decision to make. The smallest feature sized process may not be the most cost
effective for the design you are trying to create. We choose the AMI06 process because circuit
design with this technology in class can be fabricated free. We choose the static CMOS for its
low power, ease of design, and low noise characteristics.

Logic Minimization:

Since this circuit is an inverter, no logic simplification is necessary. More complex design
examples exist (or are in the process of being created).

Transistor Sizing:

In Table 2 and Table 3, we see the spice parameters for the AMI06 process. We will use a subset
of these to design the lengths and widths of our NMOS and PMOS transistors. These are the
nominal values and these values can vary by as much as 10% due to process variations. Standard
static CMOS is not as prone to fluctuations of these parameters as are analog circuits or Digital
circuits that use differential elements. Methodologies for layout to combat these variations will
not be covered in this tutorial.
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Table 2: Spice Parameters for the NMOS Transistors.

Parameter (unit) Value

Wn Minimum (cm) 1.5x10+4

Ln Minimum (cm) 0.6x10+4
TOX (cm) .014x104
CGDO (F/cm) 1.99x1012
CGSO (F/cm) 1.99x1012
CISW (F/cm) 3.825632x1012
CI(F/cm?) 4.233802x10%
VT (V) @ Ln=0.6x104 6

KNP A/V2 46.3x10%
Length of Source or Drain (cm) 1.5x10+4

Table 3: Spice Parameters for the PMOS Transistors.

Parameter (unit) Value

We Minimum (cm) 1.5x10+4

Le Minimum (cm) 0.6x10+4
TOX (cm) .014x104
CGDO (F/cm) 2.4x1012
CGSO (F/cm) 24x1022
CISW (F/cm) 3.114708x1012
Cl(F/cm2) 7.273568x108
VT (V) @ Lp=0.6x10* -.82

KNP A/V2 30x106
Length of Source or Drain (cm) 1.5x10+4

11




To size the NMOS and PMOS transistor lengths we will choose the minimum length due to that
fact that area and power are a concern. If reliability or process variation (V5 vs. Channel length
for instance) were a concern, we could increase the channel length to compensate.

We will use the following equations to size the widths of the NMOS and PMOS

(c,_ + CJSWN>4>LD)

transistors: wy:= (1)
ét u
= LA e
€ C
A::ml>{PH|_+b1 (2)
Wp = RatiowW (4)

Table 4 shows the values and explanation of the variable used in equations 1-4. Equations 1-4 are
accurate to with in 12% or less when compared to spectre spice simulation, and have been tested
with C, ranging from 50f F to 10pF and propagation delays from .1ns to .5ns

To find Wy and W,
1. Solve for A using equation 2. A=12300Win this example.
2. Solve for the Ratio using equation 3. Ratio=1.8 in this example.
3. Solve for Wy, using equation 1. W,=52.2mn.
4. Solve for W, using equation 4. W,=93.9rm.

Note 1. These values are our first estimate. To verify our design we still have to test the inverter
with a more accurate model in schematic capture.

Note 2: We need to estimate the power of this circuit to see if it will meet our power
specification before we begin working with the Cadence tools.

Note 3: The parameter A is for a gate length of .6mm. If you change the gate length, then V- will
change and as a result A and Ratio will not be as accurate.
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Table 4: Explanation of terms for CMOS design.

Parameter Description Value Units
Wh Width of the NMOS Design to Spec cm
We Width of the PMOS Design to Spec cm
Use Equation (4)
Ln Length of NMOS 6x104 cm
C. Load Capacitance 500f F
Ciswn NMOS sidewall | 3.825632x10-12 F/cm
Capacitance
CiN NMOS junction | 4.233802x10® F/cm2
Capacitance of Drain
bottom
Lp Length of the Drain 1.5x10+4 cm
tpuL Delay measured from | In this case .1n S
Vpp/2 of input to Vpp/2
of output during the high
to low transition of the
output
A Fitting parameter used to | Use equation (2) w
design Wy
Ratio Used to scale We to give | Use equation (3) unit less
symmetric  propagation
delays
ma Fitting parameter (slope) | -5x1012 W/s
to find A
m; Fitting parameter (slope) | -250x1% Hz
to find Ratio
b1 Fitting  parameter  (y | 12800 w
intercept) to find A
b, Fitting  parameter  (y | 1.825 unit less

intercept) to find Ratio

13




Power Estimation:

We will use the following equations to estimate the power used by our circuit:
CoTOTAL = CaswN2ENVNXL + Ratio) + 24 + CppWplpAL + Ratio) (5)
CrotaL=CL * CproTaL (6)

Power := a ’f’CTOTAL’VDDZ (7)

Table 5 gives the details of parameters used in equations 5-7.

Power = 17.67° 10°mAw in this example, so we are with in specification and may proceed with the
rest of the design.

14



Table 5: Explanation of terms for CMOS design.

Parameter

CorotaL

Description

Total NMOS and PMOS

Value

drain capacitance

Use equation

C. Load Capacitance 500f F

CroraL Total Capacitance the | Use equation F
inverter must drive

f Frequency 1G Hz

a Activity Factor (A clock | 1 unit less
has an activity factor of 1)

Vop Supply Voltage 5 \%

Wn Width of the NMOS 52.2x10°* cm

Wp Width of the PMOS 03.9x10™* cm

Ln Length of NMOS .6x104 cm

Ciswn NMOS sidewall | 3.825632x1012 F/cm
Capacitance

Cin NMOS junction | 4.233802x10-8 F/cm2
Capacitance of Drain
bottom

Lp Length of the Drain 1.5x10+4 cm

Summary:

We have introduced some equations for sizing the widths and lengths of the inverter example as
well as estimating power consumption. We have come up with an initial design and verified that
our circuit will meet the timing and power portions of our specification. Next, we will verify the
timing and power consumption of our circuit using the schematic capture, and spectre spice

simulation tools.
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Chapter 3: Getting started with
Schematic Capture and Spice
Simulation

Now that we have estimated W,,, W, and power of our inverter we need to verify the design using
a more sophisticated model.
This Chapter will go over:
1. Setting up your account
a. Design Entry through schematic capture (input W, and W,)
b. Create INV schematic capture
c. Create INV symbol

d. Create INV Test bench (use our test vectors indicated in the specification)

2. Simulation using CDS’s Spectre (Bsim3 model simulator, different underlying algorithms
than spice or hspice)

Setting up your account:

Your account should have the all paths set to run the software. You need only to log in and start
a terminal. There should be a terminal icon on your Common Desktop Environment. Just
double click on it and a command window will appear (Figure 2). You type commands in this
window just like an MSDOS command line except that the commands are different.

Remote access:

Instructions on remote access can be found at:
http://www.engr.sjsu.edu/~dparent/ ICGROUP/UNIX.pdf

16



Starting a terminal.

To start a terminal right click in the middle of the screen of the CDE. While holding the right
mouse button down move, the mouse down until tools is highlighted, and then move the mouse
over to tools and highlight terminal. (This should look like Figure 1) Let up the right mouse
button and a terminal should start.

Wworkspace Menu
Applications

Ecl SN A A dm Dol
sAadd 1Tem 10 Menu..  @epeate action

| s3Customize Mend.. 1% pesk tap Controls
& Lock Display A Hotkey Editor
& suspend System, ~ Power Manager
SPrint Manager
&Printer Administrator
##* Process Manager
BSmart Card

Wwateh Errors

Figure 1.: Starting a Terminal

=10 x|

> wterm

Sun Hicrosystems Inc,  Sun05 5,8 Generic February 2000
cadenceld

Figure 2: Terminal

After you have started the csh, you need to create a project directory. To do this, type the
command mkdir cell at the command line. This command makes a directory cell in your home
directory. You only have to create this directory once! Type the command Is. You should get

17



the result cell as in Figure 3. The command Is lists out the content of your present working
directory.

> wterm

=10l x|

Sun Microsystems Inc,  Sun05 5.8
cadencels mkdir cell
cadenceld 1=

cell local ,cshro,org
cadencel?

Generic February 2000

Figure 3: Making a directory and listing the contents of a directory.

In order to start CDS tools so that your project files are available you need to change into your
project directory before starting the tools. Type in the command cd cell at the command line.

This changes your present working directory to cell. If you type the command Is, you should see
no files (Figure 4).

> wterm 10| x|
cadencel d

cadenceld

cadencel

cadencel® cd cell
cadenceld 1=
cadencel? ]

Figure 4: Changing your present working directory.

To start CDS tools type in the command icfb &. You should see messages similar to Figure 5.

After some time, the CIW (Command Interface Window) will pop up (Figure 6). Once the CIW
come up you will not need to use the command line.

> wterm =101 x|
cadencel d

cadenceld

cadenceld icfb &

[11 723

iadencelﬁ sht Ausrdbindillfxlsfonts: not Found

Figure 5: Starting CDS tools (icfb-IC Front to Back)

\\ icfb - Log: /home,/eecad40,/CDS.log

o xi
File Tools Options Technology File Help 1
COPTRIGHT @ 1992-Z000 CADENWCE DESIGN SYSTEMS INC. ALL RIGHTS RESERVED. A

@ 1992-2000 UNIX SYSTEMS Laboratories ING., ~
Reproduced with permission.
This Cadence Design Systems program =nd online documentation ace P
Loading NCSU SKEILL routines. . .]
mouse Lo: H: E:
]
Figure 6: CIW
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Design entry through schematic capture:

This is the beginning of the design flow as far as using CDS tools is concerned. Prior to starting
the tools you need to have define your logic function, decided on an implementation, reduced the
number of gates, and done some initial sizing of the lengths and widths of your transistors.

Now that you have created your project directory, whenever you want to work on the design in
that directory you just have to:

1.
2.
3.

4.

Login
Start a terminal
Type in the command, cd cell (or the name you selected for your project)

Type in the command, icfb &.

We will be using the NCSU design kit, which automatically starts the library manager (Figure 7).
You should see three NCSU libraries and a library named basic and cdsDefTechLib. There is also
a sample directory called ANALOG and PADFRAME.

mLihrary Manager: Workarea: /home,/eecad40/cell - |EI|5|
File Edit View Design Manager Help
Show Categories Show Fles
Library Cell View
AMALOG

NCSU_Analog Parts
NCSU_Digital_Parts
NCSU_Sheets_8ths
PANFRAME

basic
cdsDefTechLib

Messages

Loading NCSU Library Manager customizations. .. done.

Figure 7: Library Manager
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Compiling a new project directory:

We need to create a project library and compile a technology library to it. The tech library
contains all the process specific information needed to design an IC using a particular fabrication
house’s process. We will be using AMI 0.6u C5N (3M, 2P, High Res) process.

To compile your new project library:

1. Goto the library manager popup and goto: file... New... library. A pop-up like Figure 8
should appear.

2. Fill out the pop up exactly according to Figure 8. Make sure to click on compile tech
library.

3. Click OK. You should see messages in the CIW similar to the ones in Figure 9.

4. Your library manager should now show your new project directory as in Figure 10. Make
sure that your library has all the components listed in column 2 for Figure 10.

»{ Create Library x|
OK | Cancel| Apply Help
Library

Mame: AMTOE

Path:

Technology Library

If this ibrary will not contain physical design (i.e., layout) data you do not need a tech library.
Otherwise, you must either attach to an existing tech library or compile ohe.
Choose option:

Mo tech library needed
Attach to existing tech library

- AMI 0.60u C5H (3M, 2P, high-res)
# Compile tech library

Misc.

11O Padl Type: # Perimeter . - Area v

Figure 8: Creating a Library

Make sure you set the tech library to AMI0.6u and not
AMI16u. You will have to redo your tutorial if you do this
incorrectly!

20



¥ icfb - Log: /home/eecad40,/CDS.log -0l x|

File Tools Options Technology Fle Help | 1
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Figure 9: CIW messages while creating a library
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Figure 10: Updated library manager showing AMI16 project directory.

Creating a schematic view:

After creating the library AMI06, we can now start adding our circuit views. Each circuit will have
different views. For example, our inverter will have a schematic, symbol, layout, and extracted
views. There are more views than these, but these are the only ones we will use in this course.

1. Schematic view: The circuit is described by electronic symbols connected by wires. A
spice run deck can be compiled directly from this view. For example, an inverter would
have two transistors, a power supply, ground, and import and output ports.

2. Symbol view: The circuit is described by one symbol. For example, an inverter would
look like the Boolean logic symbol for an inverter.

3. Layout: The circuit is drawn, as it would appear if you looked at in under a microscope.
Each layer corresponds to a process step.

4. Extracted: CDS tools can extract a schematic from the drawn layers. This is helpful to
make sure you drew the circuit so that it will perform like the schematic. The extracted
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view will include parasitic capacitances and resistances from the drawn layers that the
schematic view cannot generate.

To create a schematic view:

1. Goto the library manager popup and goto: file... New... cell view. A pop-up like Figure
10 should appear.

2. Fill out the pop up exactly according to Figure 11.

3. Click OK. The schematic entry tool should appear (Figure 12).

¥{ Create New File |

oK Cancel | Defaults Help

Library Mame AMIDG

INv

Cell Hame

View Mame schematic

Tool Composer- Schematic

Library path file
Jhome feecaddl fcell fods. li]:_g_

Figure 11: Creating a new cell view
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% virtuoso® Schematic Editing: AMIOE INV schematic =154
Cmd: Sel: 0 2

Tools Design Window Edit Add Check Sheet Options HCSU

Figure 12: The schematic capture tool.
The schematic capture tool will be used to draw the schematic representation of your inverter.

To draw the inverter you need to add a pmos4 transistor, nmos4 transistor, ground connection,
power supply connection, input pin, output pin, and wire it together. Use the lengths and widths
calculated in Chapter 2.

To add items to your schematic goto add... instance in the composer tool, or press the letter i.
The add instance pop-up appears like in Figure 13.

Click on browse to graphically get components. A pop-up like Figure 14 should appear.

23



»¢ Add Instance x|

Hide | Cancel | Defaultsl Helpl
Library I Brovwrse |
cell L

furay Rowrs Il Columns Il
Rotate | Sideways | Upside Duwnl

Figure 13: Adding an instance

»{ Component Browser -0l x|

Commands Help ‘ 3

Library AMIOB |

FAatten _|

Uncategorized
Layout_macros
sym_contacts

sym_pins

|- | -

Figure 14: Browsing for components

To get the parts we need change the library according to Figure 14.
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»{ Component Browser =10l x|

Commands Help ‘ 3

Library NCSU_analog_Parts _ |

FAatten _|

Filter *

Uncategorized
CONTENTS
Current_Sources
Diodes

H Spice_Only
Microwawve Parts
Misc_Parts
N_Transistors
P_Transistors
Parasitic_Dewices
ELC /

[ I

|- I~

Figure 15: Getting parts

Click on supply nets and the pop-up should look like Figure 16. The items in supply nets are
actually global signals. Global signal are automatically given pins. This makes our symbols

cleaner because we only show logic ports.

_}{'Eumpunent Bruwserié i ] [
Commands Help ‘ 3
Library NCSU_analog_Parts i |
FAatten _|
powerSupply &
Voo
VCCa
wood
wdd
wida
widd
vee
veea
weed
CEE] ;
Supply Nets
|- |-

Figure 16: Getting vdd and gnd.

The add instance pop-up should look like Figure 17.

Stamp it down in your schematic like in Figure 18.
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»¢ Add Instance x|

Hide Cancel | Defaulls Help
Library |HCSU_Analag Parts | Browse
Cell vid

Views symbol]

Hames
Array Rows i Columns | %
Rotate Sideways Upside Down

Tonis Desigs Wedow Ea Add Cheds Sheel Oplless  BOSU

1

mouse L H: E:
Peint af lscxtion for ke nstance.

Figure 18: Stamping down vdd.
Get the gnd symbol and stamp it down in the same manner as you did for vdd.

To add the transistors click on N_Transistors for the nmos4 and P_Transistors for the pmos4.
Add an nmos4 and a pmos4 transistor in a similar manner. The pop-up for the nmos4 should
look like Figure 19, and the pmos4 pop-up should look like Figure 20. NOTE: If your
transistor does not have the widths and lengths like in Figure 20 you did not compile the
tech library correctly. You need to start over!

Use the W and W, values from chapter 2!

Stamp them down like Figure 21. It does not have to be exact but neatness will help further.

If you make a mistake and need to get out of add instance mode, press the esc key.

Click on the object you want to delete and press the del key.
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If you cannot enter in the width exactly as shown or it does not say amiO6N under model
name, you have not complied the directory correctly. You will have to delete this
directory and start over!

>¢ Add Instance x|
Hidle | Cancel | Defaultsl Help
] 0y
Library II-IDSU_Emalnq_Partsj_ Browse |
Cell | ronosd,

View I symhol]

Hames I

furay Rowrs IL Columns Il
Rotate | Sideways | Upside Duwnl

T IamiEIEN i
Model Type # system - user

Multiplier |1

Fingers I:L

Width (grid units) |343j_

Width |52. 2u i

Pt Oyl |1. Su M

Length {grid units) |4

Length IEEIEIn ]

Lonygth drnfdmemn IEIIIIIIn M

Figure 19: Getting an nmos4 device Wn=52.2nm.
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Add Instance EI

Hide | Cancel | Defaultsl Help
] [
Library INDSU_Emang_Partsj_ Browse |
cell | pmosd

View | symhol

MHames I

Array Rows I i Columns I 1

Rotate | Sideways | Upside Duwnl

Brpelnd raimn IamiIZIEP

Model Type # system . user
Multiplier !

Fingers Il

Width (grid units) |52@_

Width |93. Du

Whith (R |1. Su M

Length {grid units) |4

Length IEEIEIn ']

Figure 20: Getting a pmos4 device Wr=93.92rm.
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3¢ ¥irtuoso® Schematic Editing: AMIDG INY schematic =154
Cmd: Move Sel: 0 7
Tools Design Window Edit Add Check Sheet Options HCSU
| A
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e |
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_____ mouse L: M: E:
b
Point at object to move

Figure 21: Major symbols of the CMOS inverter

All that remains to be completed is to wire the connections together and add inport and output
pins.

To add a wire, press w. The wire will snap to place at the proper ports of each device.

Wire it up like Figure 22.
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3¢ ¥irtuoso® Schematic Editing: AMIDG INY schematic =154
Cmd: Wire Sel: 0 7

Tools Design Window Edit Add Check Sheet Options HCSU

g

e

il

|

A

1 | -

mouse Lo M: E:

Point at starting point for the router or snap to diamond using the "s'

Figure 22: Wiring a CMOS inverter.

To add the input and output pins, goto add... pins and a pop up like Figure 22 should appear. Fill
it out exactly like Figure 22. The pins names must match the pins names of the symbol view we
are going to create later. If they do not match (direction or name), the design, check & save
routine will fail.
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>¢ dd Pin x|
Hidle | Cancel | Defaultsl Help

Fin Names If'1 il
Direction input | Bus Expansion 4 off - on

Usage schematic | Flacement # single - multiple

Rotate | Sideways | Upside Duwnl

Figure 23: Add pin pop-up.

Stamp down the input pin like in Figure 25.
Change the direction of the Y pin in the add pin pop-up to output as in Figure 24.

Stamp it down like in Figure 25.

>¢ dd Pin x|
Hidle | Cancel | Defaultsl Help
Fin Hames ﬁ
Direction output | Bus Expansion 4 off - on
Usage schematic | Flacement # single - multiple
Rotate | Sideways | Upside Duwnl

Figure 24: Changing direction on the Y pin.
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3¢ ¥irtuoso® Schematic Editing: AMIOG INV schematic =12
Cmd: Wire sel: 0 2

Tools Design Window Edit Add Check Sheet Options HMCSU

!

(0 .-

mouse L M: E:

Point at starting point for the router or shap to diamond using the "s'

Figure 25: Completed schematic.

To connect the substrate of the pmos transistor to vdd, press the esc key to get out of the add pin
mode and then press w to enter the wire mode. While in wire mode connect the nmos substrate
to ground as well.

To save and check your schematic for errors, goto... design... check &save. Any errors will
be highlighted in the schematic window. Usually something is not connected, or a port name is
wrong. You can exit the schematic capture tool at this time (goto Window .... Close).

Creating a symbol view.

We have entered our initial design into a schematic view of the inverter. To use a test bench we
must have a symbol view of the inverter. Do not use this inverter’s schematic view as a
testbench other wise it will not pass LVS!

To create a symbol view:

1. Goto the library manager popup and goto: file... New... cell view. A pop-up like Figure
26 should appear.

32



2. Fill out the pop up exactly according to Figure 25. Click OK. The symbol editor tool

should appear (Figure 27).
»¢{ Create New File x|
Ok | Cancel | Defaultsl Helpl
Library Hame AMIOG -~ |
Cell Name [TV

View Name I symbol

Composer-Symbol

Tool
Library path file
I Jhome fdparentfocell fods. 1ik

Figure 26: Creating a symbol

3¢ ¥irtuoso® Symbol Editing: AMID6 INV symbol =124
Cmad: Sel: 0 4
Tools Design Window Edit Add Check Options Help
| 1A
!
g
ey |
=

=1

- [
mouse L:mousesSubSele M: R:

%\-. |fiiiiiiiii. |d.-iiiiiii. |

B

)

Figure 27: Symbol editor.

The symbol editor allows you to draw any kind of shape to represent you logic gate. The
important part is to have the input and output pins match whatever it is you are representing. In
this case, we need to match the input pin A and output pin Y of the inverter. Rather than
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drawing an inverter symbol from scratch, it is much easier to copy one that has already been
drawn.

To import a symbol:

1.

Goto add... import symbol. A pop-up like Figure 28 should appear. Click on browse and
select the inverter in the digital library of the NCSU kit. The pop-up should look exactly like
Figure 28.

Stamp it down in the symbol editor like in Figure 29.

Press the esc key to get out of add symbol mode.

Press the f key to fit the symbol in your window.

Goto design... check & save. You should have no errors. If there are errors, the pins must
be wrong in your schematic. Go back to your schematic and fix the pin assignments. Check
for direction and name. If there is one pin misnamed there will be two errors:

A pin in the schematic view was not found in the symbol view.

A pin in the symbolic view was not found in the schematic view.

>¢ Import Symbol

Hide Cancel

Library Mame
Cell Hame

View Name

Rotate

Defaults

NCSU Digital Parts

1nw

Help

Browse

symbol

Sideways

Upside Down

Figure 28: Importing a symbol.
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3¢ ¥irtuoso® Symbeol Editing: AMIDG INY symbol E I
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e |
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% mouse Lo H: R:
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Figure 29: The inverter’s symbol.

To close the symbol editor, goto window... close.

Creating a test bench:

Now that you have created a schematic and symbolic view of your inverter, it is time to create a
test bench. This will be a virtual test bench, but it will have to have a power supply, input vectors,
and a ground (plus the inverter) to test its transient response and DC response.

To create the inverter test bench:

In the library manager, goto file... new... cell view. A pop-up like Figure 29 should appear. Fill
it out exactly like Figure 30 and click on ok. The schematic editor will appear.
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¥{ Create New File |

Ok | Cancel | Defaultsl Help
Library Name AMIOB — |
Cell Name | T _TE
View Hame Ischematiu:_*:_

Tool Composer- Schematic
Library path file

fhome fdparent/ocell fods. li]:_g_

Figure 30: Creating the inverter test bench.

In the schematic editor press i or goto add... instance. Click on browse, select library AMI06, click
on flatten and select your inverter as in Figure 31. Stamp it down in your schematic.

While still in add instance mode add the gnd and vdd global symbols just like you did when
creating the schematic for your inverter.

Add the power supply (vdc from voltage sources in NCSU_Analogparts) according to Figure 32.
Make sure set the DC voltage to 5 volts.

»¢ Add Instance x|

Hide | Cancel | Defaultsl Helpl
Library IMIIEIE Browse |
Cell INV,

furay Rowrs Il Columns Il
Rotate | Sideways | Upside Duwnl

Figure 31: Adding the inverter symbol to the test bench.
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>¢ Add Instance x|

Hidle | Cancel | Defaultsl Help
] Y
Library II-IDSU_Emalnq_Partsj_ Browse |
cell | vds

View I symhol]

Mames I

furay Rowrs IL Columns Il
Rotate | Sideways | Upside Duwnl

AC magnitude [
AC phase I
DC voltage |5 ¢ _
Moise file name E

Mumber of noiseffreq pairs I':i
1

Figure 32: Adding the power supply (Voo from specification).

Add the load capacitor according to Figure 33. Make sure it is 500f F not 500 F! This
simulation will not work if the capacitance is too big!

Add the test vector (vpulse) according to Figure 34.
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Add Instance

[x

Hide | Cancel | Defaultsl Help
Y

Library IND SU_Analog Parts Browse |

Cell B

View ISWJJDZE

Hames |

Array Rows |L— Columns Il—

Rotate | Sideways |

Upside Down |

Capacitance I SO0 E
Initial condition |
Model name L
Width i
Length

Figure 33: Adding a load capacitor (500f F from specification).

Add Instance x|
Hide | cancel | Defaultsl Help
[
Library INCSU_Pmalo g Partg Browse |
cell [vpulss,
View | symbol
Hames I
Array Rows [ cowmns [T
Rotate | Sideways I Upside Duwnl
AC magnitude L
AC phase I
Voltage 1 B i
Voltage 2 5%
Delay time ID &
Rise time IlUU- Op %
Fall time [100.0p 5
Pulse width [500p =
Period In 5

Figure 34: Adding a test vector (From specification).
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Figure 35: The completed test bench

Press the esc key to get out of add instance mode. Move the symbols around by pressing the m
key for move.

Press the esc key to get out of move mode and wire up the schematic according to Figure 35.
Goto Design... Check & Save to check for errors.
You are now ready to simulate your inverter!

If you receive warnings and errors about pins being in one view and not the other, you have either
name differences in the schematic vs. symbol or pin direction differences in schematic vs. symbol.

The symbol should be perfect so check the schematic you did to make sure the pins are labeled
correctly and the directions are correct.
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Simulation in Spectre Spice using the Affirma
environment:

Now that you have created a schematic and symbolic view of your inverter and created a test
bench to test your inverter, it is ready to run the Affirma Analog environment tool. Do not be
confused because we are in a digital design class! We are simulating a digital circuit in a physics
based environment that solves for voltages and currents over time. This is different that an HDL,
which is just doing a high, low, Z or X analysis.

To verify your circuit:

Goto tools... analog environment. A pop-up like Figure 35 should appear. You will need to
customize your environment the first time you run Affirma.

»¢{ affirma Analog Circuit Design Environment (1} 1 o ] 4|
Status: Ready T=27 C Simulator: spectreS 7
Session Setup Analyses Variables Outputs Simulation Results Tools Help
Design Analyses _%
" #  Type Arquments. ... Enable | g
Library AMIOE o ThaH
anc
Cell  INV TE
- 111
View  schematic iy
Design Variables Outputs [Ej
#  Name Walue #  Name/Signal /Expr Value Plot Sawe March

PRl 1R S

Figure 36: Affrima Analog Environemt.

You will be using the Spectre Spice simulator, which is a spice like simulator, using BSIM3 model
decks, but the underlying algorithms are different. These algorithms are transparent to the user.

Goto Setup... Simulator/Directory/Host. A pop-up like Figure 36 should appear. Make sure the
Simulator is set to spectreS. Click ok when done.
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\{'Ehuusing Simulator /Directory /Hoskt —- Affirma Analog Circuik

Ok | Cancel | Defaultsl

Help

Simulator

Project Directory

Host Mode

PHrE

spectres |

—
«foadence fsimulaticr]

# local . remote . distributed

Hernnde Dieaiory I

Figure 37: Setting up the simulator to use.

Now you need to make sure that Affirma can find the model decks for our process.

Goto Setup... Model path and a pop-up like Figure 37 should appear. Make sure it matches

exactly the model path in the pop-up.

\{'SEI:ting Model Path -- Affirma Analog Circuit Design Environmen

oK | Can-::ell Defaultsl ﬂpplyl Apply & Run Simulatiunl

Directories shome feecaddl /cadence models fspectre

Fapps/ocadence flocal /models fspectre/nom

Hew Directory I

Add .Hhuvel Add Beluwl Changel Deletel

Comer session-default — |

Hew Cnmerl Copy Cnmerl Delete Cumerl

Figure 38: Setting up the model path.

Transient Analysis:

The transient analysis will allow us to measure propagation delay times. Our specification calls for
100ps for both propagation delays. To set up a the transient analysis: Goto Analyses... Choose
In order to measure V,, (Where Vg ,:=V,\) We
need to do a DC analysis as well. V,,, is a measure of the noise performance and the closer V,,

and fill out the pop-up according to Figure 38.

is to V5p/2 the better the noise performance of the inverter.

41
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noise

Help
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Options...

Figure 39: Setting up the analysis

DC Analysis:

In order to measure V., (Where Vo ,=V,,) We need to do a DC analysis as well. V,,, is a
measure of the noise performance and the closer V., is to Vyp/2 the better the noise

performance of the inverter.

Goto Analyses... Choose and fill out the pop-up according to Figure 40.

Click on Select Component and then in the schematic click on the vpulse.

Select VDC when the pop-up like Figure 41 appears.

Select the start and stop voltages to be 0 and 5. Your pop-up should look like Figure 42 Note:
When simulating a Schmitt trigger you will have to do this analysis twice 0 to V,, and

Vpp to 0 to get the hysterisis curve.

42




¢ Choosing Analyses -- Affirma Analog Circuit Design'Ens

OK

Cancell Defaultsl Apply

Xl
|

Amalysis yan . ac v Sp - pdisto - spss
“# dc W ¥F PSS -~ hoise
DC Analysis

Save DC Operating Point |

Sweep Variahle

W Component Parameter Select Component

_| Temperature

| Model Parameter Parameter Hame I

Sweep Range

# Start-Stp  gyay L stop |
-~ Center- Span
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Automatic |

Add Specific Points  _|

Enabled _| Options... |

Figure 40: Setting up a DC analysis.

‘Select Component Parameter |

"B magnitude"
acp "&G phase"
wl "Yoltage 1"
vl "Yoltage 2"
per "Period”
td "Delay time"
tr "Rise time"
tf "Fall time"
pw "Pulse width"
tcl "Temperature coefficient
tel "Temperature coefficient
truom "Mominal temperature”
|-d | -

Figure 41: Choosing to sweep DC voltage.
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Figure 42: Completed DC Analysis Setup.

Adding Wire Names:

To easily see which signal is the input and which is the output it is advisable to add wire hames to
the wires connecting A and Y of the inverter. To add:

Goto Add ... Wire names and fill out the pop-up according to Figure 43.

Stamp down each name as in Figure 44.

»¢ Add Wire Name Xl
Hide | Cancel | Defaultsl Helpl
MNames IPl T |
Font Height IW Bus Expansion 4 off - on
Font Style stick | Placement 4 single - multiple
Justification  lowerCenter | Purpose # label .- alias
Entry Style  fixed offset _ | Show Offset Defaults
Rotate |

Figure 43: Adding Wire Names.
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Figure 44: Schematic with Net Names.

Choosing which nets to plot.

Now you need to choose which vectors you want to plot. Goto Outputs... To be plotted...
Select... on schematic. Go back to your inverter test bench schematic and click on the wire going
into your inverter and the wire between the output of your inverter and the load capacitor. The
lines should change color as you select them. If you click on a pin it will probe the current and
the terminal of the device you clicked will have circles drown around them. When you are done it
should look like Figure 45.

Press the esc key to get out of selection mode. Your Affirma pop-up should look like Figure 46.
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Figure 45: Schematic with Nets selected for Plotting.

Status: Selecting outputs to be plotted...

\{'Afﬁrma Analog Circuit Design Environment (1)

=10l x|

T=27 C Simulator: spectres 7

session Setup Analyses Variables Outputs Simulation Results Tools Help
Design Analyses _if
Library AMIOE Type Broguments. ... ... L. Enable :?Epm
cell INV_TE tran 1] Zn yes . E_IE -
View  schematic % ’ § - i 'i I
Design Yariables Outputs
#  Name Walue Name /Signal/Expr Value Plot Save March
S ves allvy no
ki ves allv no

» 3elect on Schematic Outputs to Be Plotted

Figure 46: Selecting which vectors to plot.
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In Affirma, Goto Simulation... Run. The CIW and the Affirma pop-up will show you the process
it goes through to simulate your circuit. 1f all went well, a plot like Figure 47 should appear.

If the simulations worked, go back to the CIW and goto Options... Save defaults and click OK on
the pop-up. This will save your simulator environment, but not your plot settings.

_'_\""w-ﬂe[-:-rul window — Alfirma Analsy Cirowit Design Enwironement (1) -Z-E: = _I
Aclive 8
Window  foom fees Qurves Morkers  fonobation Edd Tools Help
MIBE MV_TE schematic : Jul 23 15:43:23 2087
— i
Ui

- A

mouze L H: [

»

Figure 47: Plots of Transient and DC Analyses.

Simulation Problems:

Oh no, the simulation did not work!
If you get error messages like “model XXX not found” you did not set the path correctly.

If you get a spice error message, you probably did not set your vpulse, or vdd correctly.
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If it takes a long time to run, and or simulator times out, the capacitor could be too big, or the
width or length of a MOSFET could have the wrong units (for example, instead of 4 microns it is
4 meters).

If the simulation run but the output does not look like Figure 47, the capacitor could be too big or
the DC voltage is not set correctly.

To fix or change properties of the inverter goto Design... Hierarchy... descend edit and click on
your inverter. Change the pop-up to schematic and click ok. To edit a mosfet or anything else
press g and click on what you want to edit. To return to the top, goto design... hierarchy... return
to the top.

Measuring Propagation Delays and V.

It is very hard to read off propagation delays from the plot. To easily read propagation delays:

Make sure the Transient Plot is selected by clicking on the number 1 in the waveform window. In
the Waveform Window Goto Markers... Horizontal Markers and fill out the pop-up according to
Figure 48. Click on Apply and then Display Intercept Data

¥¢ Horizontal Markers (window:9) x|

OK | Cancel Apply | Display Intercept Data Help

Marker locations | 2. 9

Add Graphically Delete All

Figure 48: Adding a Horizontal Marker.

You should see results like in Figure 49.

To find t,,, subtract Curve 1’s time form Curve 2's at the first intersection of V /2 (149.23p -
50p). We get t,,,, to be very close to 100ps.

To find t,,, subtract Curve 1's time form Curve 2’s at the second intersection of V/2 (748.99p
—650p). We get t,,,,, to be very close to 100ps.

We met timing specification!
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¢ Results Display Window O] x|
File Help | 11
Curwe name map: e
Curvel - i
Curvel - /b
Curve table:
T walue Curvel Curvel
HE 2.5 149 Z3641223p E0p
748, 99182044 BE0p
1. 148876499 1.0En
1. 748354198n 1.65n
!
|- |~

Figure 49: Results from a Horizontal Marker.

To check for V yy click on plot 2 DC analysis and press A for a cross hair marker. Place it on
the intersection of the two lines and read the value off the bottom as in Figure 50. We get V \vrn
to be 2.4 Volts, which is good enough to met specification.
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Figure 50; Final Results.

Measuring Powver:

We have met our timing specification, but are we within our power budget? We can add a power
meter to the schematic (Kang and Leblebici page 245). Too add a power meter to the schematic:

1. Press i to bring up the add component pop-up and click on browse. Set the library to
NCSU_Analog_Parts and then click on Uncategorized. You should see a pop-up like
Figure 51. Figure 52.

2. Stamp it down in your schematic and wire it up like Figure 52.
3. Add a capacitor and ground to the circuit, and wire it up like in Figure 52.

4. Edit the capacitor’s value to be T/Vp (1e-9/5, do not use units!). This is important so
that the power is scaled properly. If you change Vp, or the period of the clock, you have
to edit the capacitor value. (See Figure 53.)

5. Add the wire Name P to the net connecting the capacitor and the power meter as in
Figure 52.
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6. Add the net P to the plot list and run the simulation.
7. In the waveform window, goto Axes... Strip and you should see results like in Figure 54.

8. Add a cross hair marker A and B like in Figure 54. The delta will give the power for 1
clock cycle. Each clock cycle the power that is used will be added to the power already
used. (Note even the axis is label in volts, read off the values in Watts.)

We used 19.78mW of power, which means we met specification! (Just barely, due to
statistical variation it might be possible for some manufactured circuits to use more
power.)

»¢ Component Brow B ] 5
Commands Help | 12

Library NCSU_Analog_Parts

Ratten

oo (Go up 1 lewel)
circulit

h

inwvertaor

nclk

rmoscap. old
sheetlésheat00l
sun

Uncategorized

Figure 51: Adding a Power Meter.
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Edit Dbject Properties x|

0K | Cancell Apply | Defaultsl Previuusl Nextl
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Show _| system | user |l CDF

Browse I Reset Instance Labels Display I
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[ orr ||
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off _l|

View Hame ISYT“JJDJ.E.
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Figure 53: Editing the Capacitor's Value.
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Figure 54: Waveform with Power (19.78mW).

Saving your State:

To make sure you do not have to enter all the information into Affirma every time you want to
run a simulation, save the state. To save the state goto Session... Save the state in the Affirma
Window and fill it out according to Figure 55.

}{'SEving State -- Affirma Analog Circuit Design Envira il
0K Cancel | Defaults, Apply Help
Save As | INv_TH |
What to Save B Analyses B Variables
B Outputs B Model Path

B Environment Options B Simulator Options
B Converigence Setup B Waveform Setup

B Graphical Stimuli B Conditions Setup

B Results Display Setup

Figure 55 Saving the State.
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Summary:

We have simulated our model with a more accurate tool and have met the logic, timing, noise and
power specifications. We have set up a test bench to verify our inverter that will be used again.
We are not at the point where we can have our inverter fabricated. We need to create a layout
view of our inverter, which is essential, a picture that shows the shape of a CMOS inverter, as it
would look like under the microscope. The layout tools is used to create a representation of the
circuit that can be used by the fabrication house’s mask maker to make the phototypographic
plates that will be used in production. In chapter, three we will learn how to use the layout tool by
following the Cell Design tutorial developed by Cadence, and then we will create the layout view
of our inverter.
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Chapter 4: Layout

We will take a break from our inverter and complete the Cell Design Tutorial developed by
Cadence so learn how to use the layout tool, perform Design Rule Checking (DRC) and Layout
vs. Schematic (LVS). After completing chapter’s 1-4 of the Cell design Tutorial we will then
layout our inverter.

Cell Design Tutorial

CDS has developed a cell design tutorial, which takes the user through the layout, DRC, and LVS
parts of the design flow. It does not use a library that can be fabricated through MOSIS, but it is
very well done. If you complete the cell design tutorial of CDS it will be much easier to
complete this tutorial., but you do not have to. Also, the LVS check will not work for this
tutorial. It is probably fine just to read the tutorial. The CDS tutorial is started in the
following manner:

1. Make sure you are using a c-shell (Type csh at terminal)

2. Type in the command cdsdoc & at the % prompt.

3. A pop-up will appear like Figure 56.

4. Click in the upper right of the pop-up and set to docs by family.

5. Go down in the window, select Virtuoso, and select cell design tutorial
(Figure 57.)

6. You might have to click several times for it to work. A netscape browser will
appear like in Figure 58. All you have to do is follow the instructions.
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Active Document Hierarchy:

| IC4.4.6 Fapps/cadence/icddE vl

Docs by Family ¥ |

=

@ [ Affirma
@ [ Assura

® 9 Cadence
@ [ Envisia

@ O Virtuoso

‘ Search all | | Open | | Exit | | Help ‘

Figure 56: Documentation Browser

ey
= Cadence Documentation " |
Active Document Hierarchy:
| 1C4.4.6 sapps/cadence/ic446 v|

Docs by Family vl

] =EUETE OB TITLET TaCE S RILL P IO RETETET
[} Cadence User Interface SKILL Known Problems ||
D Cadence to Synopsys Interface User Guide

D Cell DesigiTutoria\

D Communications Manager Reference

[ compatibility Guide

D Composer to Spectre Simulation Solution User
[ cenciCe Help

D Custom Layout SKILL Functions Reference

D Design Data Translator's Known Problems and
D Design Data Translator's Product Notes

D Design Data Translator's Reference

D Design Framewark |1 Help

D Design Framework |1 Known Problems and Sol
D Design Framework || Product Notes

D Design Framework I SKILL Functions Reference_ |

‘ Search all | | Open | | Exit | | Help

l |Starting viewer ...

Figure 57: Cell design tutorial
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Netscppe: Cell Design Tutorial — Table Of Contents : _I

I File Edit View Go Communicator Help
4 2 3 D 2 £ S &
i Back Forward Reload Home Search  Guide Print  Security Stop

Iv| W" Bookmarks J‘ Location: lj'uttp:Heecale]:9l]l]l]f!apps!cadenceﬁc448!docfcelltut.|’celltutTOC.html {“

4 Members ¢ WebMail ¢ Connections ¢ BizJoumal 4 SmartUpdate 4 Mkiplace

Library < Previous MNext > View|Print PDF  Search Feedback Help Exit

Cell Design Tutorial, Product Version 4.4.6
Contents

Preface

Related Documents

Figure 58: Netscape Browser with Tutorial

Complete chapters 1-4 of the cell design tutorial.

Preliminary Steps to Layout of the Inverter:

Now that you know how to use the layout tool, run a DRC Check, extract the spice model from
your layout and run an LVS check, it is time for you to do it on the inverter design. We have
good values for Wy, L, and how to connect the transistors, we just do not have a layout view so
it can be ultimately fabricated.

We have sized the lengths and the widths of the PMOS and NMOS transistors and we relatively
certain that we will meet specification. Now we will create the layout view of the inverter

We need to do some planning before we start the layout. We need to come up with a rough
floor plan, make sure our metall power line widths are not prone to electromigration failure and
make sure that our transistors fit within the cell height.

Floor Planning:
First, we need to make some assumptions about where everything will go. Our specification

requires that the cell height needs to be 40rmm, but our transistor widths (W, and W) total to over
140mm! The solution to this is to have smaller transistors in parallel, but how many parallel

transistors should we use? We cannot use the whole 40mm because we need room for routing the
power lines, input lines and minimum separation requirements. We need to make sure the power
lines are wide enough to ensure that there will be no electromigration failures. The general floor
plan of our inverter will be standard. The top of the circuit will be the V, power line. The
PMOS transistors will be below the V, lines. The poly input lines will be in between the PMOS
and NMOS transistors, as well as the metall output lines. The ground line will be beneath the
NMOS transistors. The ntaps(body connection for the PMOS transistors) and the ptaps (body
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connection for the NMOS transistors) will be to the left of the transistors. The input will be to
the left, while the output will be to the right. For ease of routing, only metall and poly will be
used in this inverter. To start putting things down we need to know how wide the metall V,
and ground lines should be. Then we can design the number of fingers (parallel transistors) we
should use.

Sizing the VDD and Ground Lines for Electromigration Failure Prevention:

The way to keep lines from having electromigration failures is too keep the average current
density below a critical value. The design equation for the minimum width of the metall due to
electromigration effects is:

1 Kntferk
| =%

27 Vpp {vop - V)" (9)

and
Jo =640 %A (10).
mn

Ky can be found by first extracting K, from:

1 1€ 2y é (Vpp-Vrn) W
Knpi= %= ¢ + Ing> - 0(11)
NP (Vop- Vn) A é(VDD' V) € VbD ck

Then solve for Ky

WN
N

In this case, the minimum width of the metal 1 power lines (W,,,) are .456mm. This is almost half
of the minimum allowable metall width of .9nm! We are well within our specification but we will

use 1.8mm because other circuits will share these power lines. The parameters are listed in Table
6.

Determining the Number of Parallel Transistors to use:
Now that we have our metal line widths specified that means there is approximately 4nm of

height that we cannot use. There is an additional 4nmm of height that is unavailable, due to other
spacing requirements. The width of the NMOS transistors is given by:
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HeeLL- Spacing

Wy = 13
NF 1+ Ratio ( )

The number of fingers is given by:

W
Npi=— (14)
WNF

In our example, this turns out to be 4.576. We need to use an integer number of fingers so we
pick N; to be 5 and then solve for the width of the NMOS parallel transistors to be 10.46rmm.
Using the ratio of 1.8, we find the width of the PMOS parallel transistors to be 18.83rmm. The
parameters are listed in Table 6.

Summary:
We have designed our metall power line widths to be 1.8mm, and the number of parallel

transistors to be 5. The width of the NMOS transistors will be 10.46mm while the PMOS
transistors will be 18.83mm. Next, we will layout our inverter.

59



Table 6: Parameters Used in Floor planning.

Parameter Description Value Units

Wn Width of the NMOS 523 nm

We Width of the PMOS 939 nm

Whie Width of the parallel NMOS | Use equation 13. m
transistors.

Wee Width of the parallel NMOS | Multiply Wnr times Ratio mm
transistors.

Heer Maximum cell height 40 m

Spacing Height not available for transistor | 8in this example. nm
widths.

NF Number of parallel transistors See example. integer

Wt Minimum width of a metall line due | Use equation 8 m
to electromigration considerations

lae Average current used in CMOS | Use equation 9 A
inverter

Jc Maximum current density allowed | .6 mA/m
before electromigration becomes a
problem.

Kn Transconductance of NMOS scaled | Use equation 12 A/\2
by W/L

Kne Transconductance of NMOS  scaled | Use equation 11 A/V?
by W/L

t Rise Time and Fall Times 100p S

fouk Clock Frequency 1G Hz

Voo Supply Voltage 5 Y

VN NMOS threshold Voltage 6 \%

A Fitting parameter used to design WN | Use equation (2) W

Ratio Used to scale WP to give symmetric | Use equation (3) unit less
propagation delays
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Layout of the Inverter:
Now that we have a preliminary floor plan we are ready to layout the inverter.

Start the tools in your cell directory by typing icfb & at the command line if you are not running
the tool already.

First we need to create a layout view of our inverter. Goto the library manager and create a new
cell view according to Figure 59.

¥ Create New File x|
oK | Cancel | Defaultsl Help

Library Hame AMIOG -~ |

Cell Hame m

F_la?u:uut

View Hame

Tool Virtuoso -

Library path file
Jhome feecaddl fcell fods. li]:_g_

Figure 59: Creating a layout view of the inverter
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Figure 60: Layout Editor

Figure 60 shows the layout editor that you used in the cell design tutorial.
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Figure 61: LSW

Notice that the layers that are available in the LSW (Figure 61). This is the AMI06 process.

To set the display so that all the layers will appear, goto Options... Display in the layout editor. Set
the pop-up according to Figure 62 and click ok. Make sure the minor, major, x snap spacing and
y snap spacing are correct as in Figure 62.
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> Display Options

oK | Cancel | Defaultsl Apply |

X

Help |

Display Controls

Grid Controls

| Hets

| Access Edges
! Instance Pins
| Array Icons

W Label Origins

M Dynamic Hilight
W Het Expressions
W Stretch Handles

feray Display
# Ful

-~ Border

|~ Source

W Axes

W Path Boriders

| Instance Orgins
W EIP Surround

| Pin Hames

W Dot Pins

W Use True BBox

Show Hame Of . instance 4 master

Display Levels

From | @

To |zu

Type ., none 4 dots - lines

Minor Spacing
Major Spacing 0. &

¥ Snap Spacing 0.1%
Y Snap Spacing 0.1%

hiii

Filter
Size |3 Style outlined |
Snap Modes
Create orthogonal |
Edit orthogonal _ |

4 Cellview -, Library - Tech Library - File |~,f. cdsenyv

Save To |

Load From | Delete From |

Figure 62: Setting Display Options.

To save these setting, in the CIW, goto options... save defaults. Click OK. It will take a few

minutes to save the defaults, but it will save time later.

To make sure we fit in our cell height we will draw the VDD and ground lines first.

To draw the Ground line:

1. Select metall in the LSW.

2. Click on the layout window and press p to start a path. A pop-up like Figure 63 should

appear. Change the width to 1.8 as in Figure 63 .

3. Start the path by click the left mouse button at the coordinate x=0, y=.9 (Figure 64).

4. End the path by double click at coordinate x=28.05, y=.9 (Figure 64).

5. Press the esc key to get out of path mode.
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Create Path

X
Hide | Cancel | Defaultsl Helpl
Mode - Guided 4 Manual Change To Layer

- NEmE

Fized Width  _|

Offset IU— Ju?t;!lg::inn
Justification  center - | P [ |
End Type flush | 1w
g Extonsion [0 A4
et @gnsion [0 | Snap Mode orthogonal |
Het Hame l—

_| As ROD Object

FEOREY Ramm Ipathﬂ
Rotate | Sideways | Upside Duwnl

Figure 63 Starting a Path
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Figure 64: Drawing the Ground Line.
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To draw the VDD line:
1. Press c to enter into copy mode.

2. Click on the ground line in the upper left corner and copy it to coordinate x=0, y=39.9 as
in Figure 65.

3. Make sure the cell height is correct by measuring from the top left corner of the VDD
line to the bottom left corner of the Ground line. You should get a cell height of 39.9

mm.

e Wit L Lasout belibmeg: S-SL0E TR Revont = ]
o -E3 oA [F) Sl e -E LHE ] IS AT3 Dl Mok [
Teels Dwsign ‘Wirlaw  Dreefe Cdf Vendy Conesclrety  OpfSsss Mesie HOSU Healp:

e VJ
Pc«ocx{:«««u«««««««x{:««««««u«««l

wouss Lo Entsc Balak K Fop-ug Mo L. Tagyls L30T
Mot il B (sl peinl ol Us ralers

Figure 65: Inverter with VDD and Ground Lines.

Next, we will add the ntaps and ptaps:
1. Press the esc to get out of copy mode

2. Pressito bring up the Create Instance pop-up (Figure 66).
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¥ Create Instance x|

Hide | Cancel | Defaultsl Helpl
Library IMIIEIE | Browse |
cell [

View Ila‘?ﬂuﬁ.
Hames I

Mosaic Rows Il Columns Il
Dapibta ¥ I 0 fapita ¥ I 0
Magnification I i

Rotate | Sideways | Upside Duwnl

Figure 66: Create Instance Pop-Up.

3. Click on Browse and a pop-up like Figure 67 should appear.
4. Select ntap like in Figure 67.

5. Fill out the pop-up like Figure 68 making sure to select 7 rows of contact. This is done to
make sure the NWELL is well contacted. Since it is impossible to route metall over this
cell it does not matter if we use extra ntaps.

6. Stamp down the ntap so that the upper left corner is aligned with the lower left corner of
the VDD line as in Figure 69.

[ ibrary Brsser - Creste stamce =101 3
| Bhow Categanias
Lilarary [ Vi
EHINE ptap [Layout:
RHI0G wl_mlec O 1wpout.
AREL OO Hl_n
HCET_fmalag Farts ulp
HLST Digital Parce nl_joly
HC=T_Shewta_Etha = ul
PROE AHHE w3k
TET »xtall
LELSR Sextall
cd=lefTechLil w=ialld
T v
Tz
ntap
o | Filfars . Hedg

Figure 67: Browsing for the ntap.
7. Go back to the Create Instance pop-up and fill it our according to Figure 70.

8. Stamp it down like in Figure 71.
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Create Instance ﬂ

Hide | Cancel | Defaultsl Helpl
Library |;mzuq | Browse |
cell |ntag

View I layout]

Names I 13

Mosaic Rows Il Columns Il
Dulta ¥ I 1z Btta K I 3.6
Magnification I i

Rotate | Sideways | Upside Duwnl

Rows of contacts I %

Columns of contacts I l

Figure 68: ntap with 7 Rows of Contacts.
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Figure 69: Placement of the ntap.
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Create Instance

Hide | Cancel | Defaultsl Helpl
Library |;mzuq | Browse |
cell [ptag

View I layout]

Names I 4

Mosaic Rows Il Columns Il
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Magnification I i
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Figure 70: Ptap Pop-up.
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Figure 71: Placement of the ptap.
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Viewing cells as an outline only.

Sometimes when doing a lyout you only want to work on certain levels of the design and seeing
all the levels at any given time will make the screen refresh too slow. To tunr off the complete
drawing of cells:

Go to Options... Display and a pop-up like Figure 72 should appear Set the display levels from 0
to O like in Figure 72 and click apply. You layout should look like Figure 73. Go back to the
display and change the display levels back to 0 to 20 to finish the rest of the tutorial.

B pisplay Options - x|
ok | cancal | Dofasts| pply | H-pl
spiay Contmils G Controls
| Hats L Tyme oo & Bt . Wnes
- Access Edges M Pailh Borders
o Himor Jpading 0.&
_ Instance Fins | Inslance Origing
lAmvay lcons @ EIR Suwound Mgjor Fpacing i
W Lahed Ongns: | Fan Bames ® snap spacny |0 19
W prynamic: Hight. 0 Dot Pns  Snap Spacng 0.19
W Hat Exprassions W Use Trua BHox
Fitar

W Strwich Handles

Show Hame OF . instance 4 master | spp |4 Style autlined s

savay Display .
il Levels
#* Full splay Snap bModes
Fromi 'j
s BoFder E Create orthogunal _ |
e GDUFSE o Exit orthogonal |_

& Covigwr - Libery - Toch Libeary - File |-.f.cﬂ;a-anw

Save To | Loatl From | Dalalarmml

Figure 72: Setting the Display Levels.
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Figure 73: Viewing cells in Outline Only.
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To add the PMOS and NMOS Transistors:

1. For the PMOS transistor, in the Create Instance pop-up, fill it out like Figure 74. Note
the width is rounded to 18.9u by the software. Make sure you set the multiple to 5.

2. Stamp it down like in Figure 76. (The top left corner of the transistor is at x=3.6 and

y=38.10.

3. For the NMOS transistor, in the Create Instance pop-up, fill it out like Figure 75.

4. Stamp it down like in Figure 76. (The top left corner of the transistor is at x=4.86 and

y=13.8.

5. Run DRC and fix any errors.

»¢ Create Instance

Hide | Cancel | Defaultsl

|x

He

Library |P.MID&§

cell |pmﬂsf.

Browse |

L=

Mosaic Rows Il Columns Il
famiba ¥ |4- B Drmila ¥ |13- B

Magnification I i

Rotate | Sideways | Upside annl

Bl nane I amilEP

Model Type “# system .- user
Bulk node connection I"'iCl I

Multiplier |5

Fhngars I 1

Width (grid units) | 126

Width |18.9u

W Omdiimany Il. Su M

Length {arid units) |4

Figure 74: PMOS Transistor with a Multiple of 5.
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Hide | Cancel | Defaultsl Help
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View I Layout,

Mames |I§

Mosaic Rows Il Columns Il
fmitay 2.4 Prnibey 3 IE.E
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Figure 75: NMOS Transistor with a Multiple of 5.
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Figure 76: Placement of the NMOS and PMOS Transistors.

Adding the Input Layer:

In this case, the input will come from a metall line. We need to form a metall to poly contact to
define were this input will be.

1. For the metall poly contact, in the Create Instance pop-up, fill it out like Figure 77.
Note the width is rounded to 18.9u by the software. Make sure you set the rows and
columns to 2. This will ensure that even if there is a bad contact the input will still be
connected. In addition, the resistance of the contact will be lower than the minimum
sized device.

2. Stamp it down like in Figure 78. The top left coordinate is: x=.45, y=16.65.

3. Run DRC and fix any errors.
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Create Instance

Hide | Cancel | Defaultsl Helpl
Library |;mzuq | Browse |
cell [mi_poly

View I layout]

Names I b=

Mosaic Rows Il Columns Il
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Figure 77: Metall to Poly Contact.
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Figure 78: Placement of the Metal1 Poly Contact.

74



Wiring up the Transistors with Metall:
1. Zoom in on the top of the layout

2. Create paths of 1.2mm wide connecting the ntap and every other S/D of the PMOS
transistor as in Figure 79. Note: For all layers except metall have been turned off.

3. Repeat the same process the Sources of the NMOS transistors (Figure 80).

4. Repeat the same process to connect the Drains for the out put (Figure 81).

5. Run DRC and fix any errors.

r macr Laryot £ dibing: bk al I layeut I |
e omAs W 4.2 CF) Belect=0 LESEsEE Y @ -T00 Do d; 9F520 Doy 4
Tous Desga Wedow  Oreste Edd Verlly Coseeclivily Oplioss  Foule  BCSU Helg

,.r"_," wause L
=

Figure 79: Connect Sources of the PMOS Transistor and the ptap.Figure 79.
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Figure 80: Connect Sources of the NMOS Transistors and ptap.
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Figure 81: Connecting Drains to form the Output.

Connecting the input to all the gates:

Now we need to wire up the gates with poly so they are all connected.
1. Set the display in the LSW to show only poly.

2. Connect the gates of the NMOS and PMOS Transistors to each other and the input with
one large rectangle as in Figure 82.

3. Run DRC and fix any errors.
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Figure 82: Connecting up the Gates of the Transistors to the Input.

The finished layout (with out any pin information) should look like Figure 83. Note: Stretch the
right ends of the metall power lines to line up with the right side of the NWELL in Figure 83.

Run DRC one final time to make sure you have found all the errors. You might not see all the
errors in the layout if they are small. Read the report in the CIW to make sure no errors were
generated (Figure 84).
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Figure 83: Layout of CMOS Inverter.

¥ icfb - Log: /home/eecad40,/CDS.log -0l x|

File Tools Options Technology Fle Help | 1
CPU TIME = 00:00:00 TOTAL TIME = 00:00:00 A

#krdkredrdt Supmary of rule wiolation for cell "INV layoub" — #dedesxes »
Total errors found: O I

~] | -

mouse L: Enkter Point M: Pop-up Menu R:

Select the figure to bhe streiched:

Figure 84: DRC with no Errors.

Adding Pins:
In order to simulate our extracted view of your laid out inverter, you need to add four pins, vdd!,
gnd! Aand Y. The symbol “I” means that the variable name is global.

Goto Greate... Pin and fill out the pop-up according to Figure 85. You must enter the pin names
exactly as in the pop-up or they will not match the schematic and symbolic views of the inverter.

Make sure the layer is set to metall!
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Figure 85: Pin Creation

Stamp down the vdd! pin in the metal power bar on the pmos side of your circuit.

Stamp down the gnd! pin in the metal power bar on the nmos side of your circuit.

In the Create Symbolic Pin pop-up change the 1/0 type to input like in Figure 86, and stamp it

down in the metall poly via.

¢ Creabs Symbuobe Fin

=]
Hide | Cancel Felg
]

Terminal Hames I?lT

Keep First Rame =%k |0 ST
L] # Sym pin . ausn pis .- Shape pin

Disgpibary Fin M Dispiay Fin M Option .
VO Type # fnput il gt

wiich pErmpEr
Firs Type e lall
Anwde 0.9 13 Lk ]
Access lireclion W Top W Boibees W Lefl W Faghd
W fury | Neme

Figure 86: A input pin.

Make sure you set
the pin layer to
metall!

In the Create Symbolic Pin pop-up change the 170 type to output like in Figure 87 and stamp it

down in the metal region connecting the two transistor drains.

The completed layout with pins can be seen in Figure 88.

We are now ready for the final DRC and then we can extract the circuit for LVS and post

extraction simulation.
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Figure 87: 'Y Out put pin.

The completed layout should look like Figure 88. Now you are ready for the final design rule
checking.
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Figure 88: Completed INV Layout.
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Design Rule Checking (DRC)

Goto Verify... DRC and a pop-up like Figure 89 should appear. You just have to click ok and it
should run with no errors like in Figure 90.

X
oK | Cancel | Defaultsl Apply | ﬂl

Checking Method 4 flat .- hierarchical - - hier wio optimization

Checking Limit 4 full . incremental - by area
Copriinals | Sel by Cursorl
Switch Names | | set Switches |

Run- Specific Command File _| I

Inclusion Limit I 10003

Join Hets With Same Name  _|

Echo Commands |
Rules File IdiVE\DRC- ol
Rules Library W | zMI0E

Machine # local . remote Machine I

Figure 89: Running DRC
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Total ercars Cord: D

Figure 90: No DRC Errors.

If you have errors, fix them according to the AMI06 design rules with the method you learned in
the cell design tutorial.

Once the circuit has no DRC errors save your work.

Summary:

We have drawn a layout view of our inverter and made sure that there were no drawing errors.
We still need to know if the as drawn circuit will behave like an inverter according to our timing
and power specifications. To do this we will extract the circuit and run an LVS check.
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Circuit Extraction:

Now that your circuit is laid out with no DRC errors, it is time to check if it is an electrical
equivalent of your inverter schematic. Also, we need to extract any parasitic capacitors from the
layout that might affect our circuit’s performance.

Goto Verify... Extract and a pop-up like Figure 91 should appear.

x|

ok | cancel | Dvr-nl'sl sy | ﬂ
Extract Mulhod # Wal . macrs cell . Tull hier . moresental her
Aloin Hiefs WSh Same Fame Echin Crmmsainds. -
Surinch dtes | | Smt Switches |
Freti- Spacific Commasd il |
Ireciursioms Lissd 1000
myr Harmes Exfracted | sntracted Excel | sEisl]
Rslies Fik | B3 rul
Fales Lisrary IS
[EEETET # il o sannnle Maching li

Figure 91: Running the extractor.

Click on the set switches button in the extractor pop-up and a list of choices should appear like in
Figure 92.

_}{'Set Switches{Ctrl+mouse for multiple}

x|
Help |

EKeep_labels_in extracted_view

Layer_convert [nplactive_to_active
Layer_convert active_to_[np]active
Layer_create_nselect_around_nactive
Layer_create_pselect_around_pactive
Layer_create_select around field poly
Use_old_moscap_extraction

Figure 92: Selecting Extract parasitic capacitances.
Click on Extract_parasitic_caps and press ok.

Your extractor pop-up should look like Figure 93.
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»¢ Extractor x|

oK | Cancel | Defaultsl Apply | Help
Extract Method 4% flat .- macro cell - full hier .- incremental hier
Join Nets With Same Name  _| Echo Commands |
Switch Hames | Extract_parasitic_cap] | set Switches

Run- Specific Command Fle  _| I

Inclusion Limit |1DDEF:.

View Hames Extracted Iextractetf__ Excell Iexcellf_
Rules File IdiVBEXT- rul

Rules Library | aMTO0E

Machine 4 local . remote Machine [

Figure 93: Extractor all set to go.

Click ok to run the extractor. The CIW should give no errors like in Figure 94.

fb - Log: /home,/eecad40,CDs.log - IElliI
File Tools Options Technology File Help 1

-

0 poapacitor ivpcell NOSU Analog Parts parasitics created.
0 poapacitor ivpcell NOSU Analog Parts parasitics created.
FWARNING* Cannot attach default technology library to the design library NCSU_&nalog Parcts.
Please attach an existing technology library to the design libracry NCSU_Analog Parts
*YARNING* techPcellEvalTrigger: Internal error since tfCnt is equal to 0
2 pcapacitor ivpeell MCSU_&nalog Parts parasitics created.
0 pcapacitor ivpoell NCSU_&nalog Parts parasitics created.
0 pocapacitor ivpcell HCSU_Analog Parts parasitics created.
1 peapacitor ivpcell NOSU_Analog Parts parasitics created.
*WARNING* techPcellEvalTrigger: Internal error since tfCnt is equal to O
*WARNING* techPcellEvalTrigger: Internal error since tfCnt is equal to 0O
saving rep AMIOE/INV/extracted
Extraction started... .... Fri Jul 26 14:33:20 2002
completed ... Fri Jul 26 14:35:21 2002
CPU TIME = 00:00:00 TOTaAL TIME = 00:00:01
Fkrdredddt  gupmary of rule wiolation for cell "INV layoub" — #dededses
Total errors found: O

~

= T |

I

Figure 94: Extracted inverter with no errors.

To see the extracted circuit with parasitic capacitors open up the extracted view from the library
manager (Figure 95).
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Figure 95: Extracted View of CMOS inverter.
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Layout versus Schematic (LVS)

An LVS check makes sure that the circuit you laid out is equivalent to the one you entered into
your schematic.

To runan LVS check, Goto Verify... LVS and a pop-up should appear like Figure 96.

Use the Browse button to select which schematic and which extracted view you are going to
check for equivalence. You pop-up should be filled out just like Figure 96. Click run to start.
This will take several minutes. When the LVS check is successful, a pop-up like Figure 97should
appear.

If you have a large circuit to check set the priority to a higher number, so it does not suck up
system resources too much. You can leave it O (highest priority) for now.

NOTE 1. If you think that having your job running at the highest priority will get your
job finished quickly, think again. You could crash the system if too many users use too
high a priority on an LVS job!

NOTE 2: Cause for the job to fail are incorrectly entering the data into the LVS pop-up.
Sometimes you have to open up your schematic and resave it to get the LVS check to
succeed.

NOTE 3. Just because the LVS job succeeded, does not mean your circuit passed an
LVS check!

To make sure your circuit passed the LVS check click on output in the LVS pop-up. Looking at
Figure 98, we see that all the nets match and that all the devices match.

If you have errors, it can be hard to figure out what they are from the report to see where the
errors are:

1. Open up the extracted view of the inverter.
2. Click on Error Display in LVS.

3. A pop-up like Figure 99 should appear. Use it to locate your errors.
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Commands Help ‘ 9
Run Directory ILVST_ Browse |
Create Metlist |l schematic W extracted

Library |m¢m§_ |m¢m§_

Cell NV |1m§_

View schematid I extracted

Browrse | Sel by Cursurl Browrse | Sel by Cursnrl

Rules Fle I dival¥s. rul; Browse |

Rules Library W |m¢ms§_

LV Options W Rewiring _| Device Fixing
_I Create Cross Reference W Tenminals
Correspondence File _| Ilvs_cc-rr_file Create
Priority |E_E_ Run ocal _ ||
Run | Output | Error Display | Monitor | Info |

Backannotate | Parasitic Probe | Build Analog |  Build Mixed |

=10l %]

Figure 96: Running an LVS Check

»¢ Analysis Job Succeeded

g Joh ¢ /homefeecaddlfcell/L¥WS’ that was started at “Jul 26 14:54:09 2002 has succeeded

_ox | Cancel|

Help |

Figure 97: Successful completion of an LVS check.
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Figure 98: Output of LVS Check.
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>{ L¥S Error Display x|

0].4 | Cant:ell Explain | Clear Display | Probe Form | Helpl

Display First. | Hext | Prewv | Last | Al |I

Error Color [ Tuilice [a1] | Cycle Colors _|  Auto-Zoom _|
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Figure 99: LVS Error Display.

Summary:

We have drawn a layout view of the circuit, and made sure that it is electrically equivalent to the
schematic we simulated in chapter 3. All that remains is to re-run the simulation with he extracted
view of the circuit to make sure we still meet specification.
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Post Extraction Simulation

In post extraction simulation, you verify that your circuit still meets your specification with the
additions of parasitic capacitances. For example, in a schematic two wires that are not connected
there is no transfer of AC voltage or current. In a layout where two metal lines are close, but not
connected there is a capacitance between the two that will cause cross talk. Post extraction
simulation will show these errors.

To perform a post extraction simulation on your inverter:

1. Open up your INV_TB schematic Start the Affirma Analog environment.

2. Set up the simulation as before (Figure 100).

}{'Afﬁrma Analog Circuit Design En¥ironment (2) - |I:I|5|
Status: Ready T=27 C Simulator: spectreS 13
Session Setup Analyses Vadables Outputs Simulation Results Tools

=
o
=

Design Analyses _%
: #  Type Broguments. ... ... L. Enable | g
Library &MIOE = TRAN
Cell INV TE 1 tran 1] Zn Ves -0c
- 2 de 0 L ves L -i-
View  schematic l T2
Design Variables Outputs [Ej
#  Name Walue #  Mame/Signal/Expr Value Plot Save March
1 & ves allvy no
27 ves allv no

[ & e |

» Results in fhomefeecaddd/cadencefsimulation/INY_TBfspectre Sfschematic

Figure 100: Setting for post extraction simulation.
Goto Setup... Environment. A pop-up like Figure 102should appear.

In the Switch View List insert the view extracted before the spectreS view like in Figure 101.
Click ok.

Now run the simulation. Your results should match Figure 102.
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Note: If you want to use the schematic view for simulation you have to delete the extracted view
from the switch list.

}.{'Environment Options x|
Ok Cancel | Defaults| Apply Help
Init File
Update File

Parameter Range Checking File

Recover from Checkpoint File

Hetlist Type flat -4 hierarchical incremental
Switch Viewr List extracted spectreS spice cmos_sch cmos. sch schematic -
Stop View List spectres spice

Instance - Based View Switching

Instance View List Tahle

Instance Stop List Table

Print Comments

Include/Stimulus File Syntax # cdsSpice spectre
Include File

Stimulus Fle

Figure 101: Inserting the extracted view.

We can see that the Vg, values has shifted slightly lower to 2.37 Volts, but it is still within
specification.

From Figure 103, we can see that we are within 1% of our timing requirements. This is more
than sufficient considering that process parameters can vary as much as 10%.

Re-Run the simulation with the net P selected to check power. We can see in Figure 104 that the
power used by this circuit is less than 20mW.
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Figure 102: The extracted simulation.
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Figure 103: Propagation Delay from Extracted Circuit.
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Figure 104: Power used by Extracted Circuit.

Summary:

The designed circuit met every specification! If the layout view did not meet
specification we would have to resize the transistors in the layout view, run DRC, Run
extraction, run LVS and this simulation all over again until we got it right.

The design flow we used is the most efficient way to meet our specification.

If we did not use hand calculations, we would have been totally guessing about
the lengths and widths of our transistors.

If we did not use schematic capture and tried to draw the layout view we would
have to redraw the circuit every time we wanted to change the size of a transistor.

With out DRC we would have to see if we did not violate any design rules by eye!

With out Extraction we would not know what our parasitic capacitances were.
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Appendix A: Further Work and
AC Analysis

Further Work:

Use the inverter test bench already created:

1. Change the load capacitor to 1000f F, and re-run the simulation, the
propagation time should increase. (Press q in the schematic window and
click on the capacitor)

2. Change the vpulse to a vsin with an Amplitude of 2.5 V, Frequency of
1GHz, DC offset voltage of 2.5 V, and a delay time of zero seconds. You
should get a similar result as in Figure 105 . Questions: (Delete the DC
Analysis or you will get a warning.)

a.  How can we simulate a sine wave with a digital circuit?
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Figure 105: Output of Sine Wave Input
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AC Analysis:

This portion does not have anything to do with meeting our specification, but it is useful to help
you set up an AC analysis for other circuits. It also demonstrates that the spectre spice
environment is an analog simulation environment that can be used for digital circuits.

Start the software and open up the testbench of the inverter created in the previous sections.
Delete the vlpulse and add a vsin. Press g, click on the vsin and fill out the pop-up like Figure 106.
Setting the AC magnitude to 1 will make it easier to read the gain off of the plot window.

% Elit Obsject Properties } X
OF. | Cancel| Apply  Defoulls | Prevdous | bl Hzlp
fply To by current iz lance
At siyitomy W psee [l CIF
Brirurse Regel nstance Labils Display
Froparty wale Display
Libsrary Blamae WCEU_fralog Bart odt
Coll Pl wain Ly
Wiew Hame Fabeol ol f
nstancs Hame | Y ol
L] Dedgip iy
Wser Property Blaster Yalie Local Walis Diia sy
Pesignors TRUE 041
CIF Pararetar wale Dz plkay
Al msgnitse 1% ndi
Al phase o
Qifsal vollage 2 5% i
Famp i buda 259 i
Frequency 10 Hf oif{
[nekayy Time 0= ol

Figure 106: Setting up vsin for an AC Analysis.

To set up an AC Analysis, in the Affirma window go to Analysis... Choose, and click on ac and fill
the pop-up like in Figure 107.

Run the simulation and the results window would look like Figure 108.

Question 1: Why don’t the voltage gains from the transient and AC analysis match? You can
read off the peak voltages with a crosshair marker in the transient response and you can add a
vertical marker at 1 GHz and display the intercepted data to get the AC voltage gain.

Question 2: Re-Run the simulation with the amplitude set to 1 V instead of 25 V. The
simulation results are closer, but why is there still some error?
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_}{'Ehoosing Analyses -- Affirma Analog Circuit D

0K | Cancel| Defaults| Apply

Analysis
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Stop | 5=9
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Figure 107: Setting up an AC Analysis from 1Hz to 5GHz.
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Figure 108: Results of a Transient an AC Analysis.

1I.?|n

A Responss

=

@K W GEM dae

fres] | Hz }

" '2 'an | |I|33

97



