Mentor Graphics OPAMP Simulation Tutorial
--Xingguo Xiong

In this tutorial, we will use Mentor Graphics tools to design and simulate the performance of a two-stage
OPAMP. The two-stage OPAMP is shown below, which comes from section 5.1 of the book by Johns and

Martin.
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Figure 1. CMOS two-stage amplifier. All transistor lengths are 1.6um

The procedures for our OPAMP simulation are listed as follow.

1. Use Design Architecture (DA) for schematic design.

2. Use Design Viewpoint Editor (DVE) for creating design viewpoint for your circuit.
3. Use Accusim for OP, Transient, and AC simulation.

Section A. Mentor Graphics Design Architect (DA) for Circuit Design

We are going to use Mentor Graphics Design Architect (DA) tool to design the schematic of the two-stage
OPAMP.

1. First we need to decide the sizing (width W and length L) of each transistor in DA schematic design.
The sizing of the transistors are listed in unit of micron in Figure 1. However, in DA schematic design, we
use unit of lambda (A). Thus we need to change the sizing of the transistors into lambdas. The lambda
value is decided by the technology you use for the fabrication. Here we use AMI C5N technology. The
C5N process has a feature size of 0.60 micron, which corresponds to a lambda (A) value of 0.30um. Thus
we can change the unit of transistor size into lambda by dividing the sizing by 0.30pm. For example, as
shown in Figure 1, all the transistors have length of 1.6um. In this way,

L=1.6pum/0.3um=5.3A

Similarly, you can perform such transformation for all the sizing of the transistors. Also please note that if
the gates of two transistors are connected together, they will be drawn as shown in Figure 2. So if you see
such drawing in Schematic, please be aware that this indicates the gates of two transistors (Q1 and Q2) are
connected together. It does not mean that the bulk of transistor Q1 is connected to the gate of Q2.
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Figure 2. Common gate connection in schematic




Further, in a CMOS analog circuit, the bulk of all PMOS transistors should be connected to the highest
voltage level (Vcc), and the bulk of all NMOS transistors should be connected to the lowest voltage level
(Vss). Vce and Vss are the positive and negative power sources of the circuit (here we have Vee=2.5V,
Vss=-2.5V). Considering above information, the schematic of OPAMP in Design Architect is shown in

Figure 3.
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Figure 3. OPAMP design in Design Architect with transistor sizes in unit of lambda

2. Now log into a Unix machine. Open a terminal console window. Input the following command:

da

You will see the main interface of DA tool shows up. Resize the DA window so it will cover most of your
screen.

3. Open a new design sheet for your schematic by clicking
& Design Architect

menu “File—Open--Sheet”.
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In the popup window, click at the end of the text in the “Component Name” box and type: /opampl. This
will create a new design sheet with name of “opamp1”. You can use any name you like for your design.

Open Sheet
Component Name BHOME/mentor_workfoparmp1 Navigatnr...g
smr.-EsheeU Options... §
Siarfup fe Paffi
Open as :
A N '
Editable Read Only Show Hierarchy

Reset § Cancel §

Then click on “OK”. You should get a clean schematic sheet. Maximize the sheet window so that you feel
comfortable with it.

4. For our circuit schematic design, the procedures are described as follow:

(1). Place all the parts,

(2). Move or rotate/flip some devices if necessary.

(3). Make the wire connections among these parts.

(4). Name/label the nets or input/output ports.

(5). Set part properties (such as resistor and capacitor values, transistor width W and length L, voltage
source values of Vcc and Vss, etc.).

(6). Check our design.

All these procedures are described in detail in our previous Mentor Graphics tutorial. Thus we will not
cover the details for them. Please refer to our previous tutorial.

First we are going to place all the parts. In this circuit, we need the following parts: six “p-fet-4” (4-
terminal PMOS transistors), ten “n-fet-4” (4-terminal NMOS transistor), one resistor, one capacitor,
power Vcc and Vss, two input ports “portin”, and one output port “portout”. Click on menu “Libraries--
ADK Libraries”.
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Click on palette “SDL Parts”, you will see the available parts in “SDL library”, such as n-fet-4 (4-terminal
NMOS), p-fet-4 (4-terminal PMOS, gnd (ground), Vdd (power source), portin (input port), portout (output
port), etc.
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We can use n-fet-4 and p-fet-4 for the NMOS and PMOS transistors in our design, and use portin/portout
for input/output port(s). Although here we see the parts of “Capacitor” and “Resistor”, we may not use
them for our design. This is because if you use them, you will need to add the following two lines in your
SPICE parameter to define the capacitor and resistor models for them (if you use your own SPICE
parameter):

.MODEL NOTCHEDROW C
.MODEL HRR

However, if we use the resistor and capacitor from “MGC Analog Libraries—Generic Parts”, we needn’t
define the capacitor and resistor models in our own SPICE parameter file. We will further discuss this
later.

5. Please click on the palette “SDL Parts—FETS—p-fet-4”, and move your cursor to the design sheet
region, you will see a 4-terminal PMOS device shows up and move together with your cursor. Left click
your mouse on some point of the sheet to drop it in your design.

You will see that the PMOS transistor looks too large in your design. This doesn’t matter. Just click on
menu “View—Zoom out—3.0”, you will see the device becomes smaller and you have more space for
your design. You may also click on the “maximize” icon (the rectangle in top right corner) to maximize
your design view. At this time, you will see the transistor size is defined as “W=5" and “L=2" (the unit is
lambda). This doesn’t matter. We won’t worry about it now because we can adjust it later.

6.Please place all the NMOS/PMOS transistors and portin/portout components from this SDL library. As
for power sources Vcc and Vss, resistor and capacitor, please click on menu “Libraries—MGC Analog
Libraries—Display Libraries Palette”, as shown below.
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Please use the parts of RESIST, CAP, VCC, VSS and GROUND for resistor, capacitor, Vcc, Vss and
Ground in our circuit design. If you use the resistor and capacitor parts here, you needn’t define the
models for them in your own SPICE parameter file. Since we will first perform a DC Operation Point (OP)
analysis, we short both input ports (Vin+ and Vin-) to Ground (not Vss). Please insert two “GROUND”
parts into your schematic and connect Vin+ and Vin- ports to them. Please note that “Vss” and “Ground”
are two different concepts. Vss is the negative power source of the circuit (-2.5V in this example), while
“Ground” is analog ground (0V).

7.After you placed all the parts into your schematic, please rotate or flip them as necessary, make the wire
connections, and name (label) the input and output ports. Then please set the part properties, such as the
sizes (width and length) of transistors, the value of resistors and capacitance, etc. When setting the part
properties, please first press “F2” key in your keyboard to unselect all. Then put your mouse pointing
exactly on the property value you want to change, and press “F1” key on your keyboard to select it. You
will see that the value you want to set changes its color to white, and marked with white double triangles.
It’s important that you point your mouse exactly on the value you want to change, otherwise you may
select the whole device instead of its specific value. Now please right click your mouse. In the popup
window, please click to select “Change Values”, as shown below. You would get the corresponding popup
window so that you change change the value for this property.
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For example, if you point your mouse exactly on the value of “10K” and press “F1” key, you would be
able to select it and its color changes into white. Then right click your mouse, in the popup window select
“Change Values”, you will see the following popup window in the bottom:

Hew Value | 14| Name (INSTPAR Type string Handle §T$ﬁﬂ - w CanceIE
In the “New Value” line, change the value of “10K” into “8K”, and click OK. You will see the resistor
value is changed from 10K to 8K. Similarly, you can also set the capacitor value to the desired value.
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8.Now let’s change the Vcc and Vss values to 2.5V and -2.5V separately. First press “F2” key in keyboard
to unselect all. Take Vcc as an example.

9.Please move your mouse to point exactly on the value “5” of Vcc and click “F1” key in your keyboard
to select the value (“5”). You will see white star symbol appearing to show that it is selected. Then right
click mouse, in the popup menu, please select “Change Values”, as shown below.
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In the new popup window, please type “2.5” as the new value in the “New Value” row, then click OK to
close the menu.
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You will see that the Vcc value has been changed from 5V to 2.5V. Repeat the similar procedure to
change the value of Vss to -2.5V.
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10.After you finish all the above procedures, your design should look like follow. All the above
procedures are introduced in our previous Mentor Graphics tutorial in detail. Please refer to our previous
tutorial regarding these procedures.

11.Now we finished our schematic design. Let’s run a check to see whether there is any error in it. Please
click menu “Check—Sheet”. You will get a check report as follow. Please check the report to see if there
is any error. If there is any error, please find out the reason and go back to revise your design to solve the
problem. The warning may be ignored. However, you must ensure there is zero error in it.

Checks#1 mynand3:Sheel

lchack sheet " opampl/schematic/sheetl”

Check SymbolPins 0 ercors 0 warnings (MGC-required)
Check Overlap ----- ercors 0 warnings

Check NotDots ----- ercors 0 warnings

Check Closedots - ercors 0 warnings

Check Dangle ------------ ercors 0 warnings

Check INIT Properties ercors 0 warnings

Check Owner ----- S ercors 0 warnings

Check Instance ercors 0 warnings (MGC-required)
Check Special ercors 0 warnings (MGC-required)
Check Net ------- ercors 0 warnings (MGC-required)
BrCOrs 0 warnings (MGC-required)

coocococooooo

theck Frame -------------

* opatp]/schenatic/sheetl" passed check 0 Errors, 0 Warnings

12. Now click on the top left icon of the report window and select “Close” to close the report window.
Click on menu “File—Save sheet” to save your schematic design, and then click on menu “MGC—EXxit”
to exit Design Architect.

Section B. Creating an ICGraph viewpoint

Now we will create the view point file for Accusim simulation.

13. After you exit “Design Architect”, now you come back to “terminal console” command prompt
window. First make sure you are in the same directory as your schematic design file. Your schematic
design files should be kept in the directory of “/home/your user name/mentor work”. You must be in the
same directory in order to use the “adk dve” command to create the ICGraph viewpoint. Please type:

pwd

in terminal console prompt window and enter it. This command will display your current directory. If it’s
already in your “/home/your user name/mentor work”, then you needn’t do anything and directly go to
next step to create the viewpoint. However, in this example, I found that my current directory is my home
directory ‘“/home/xxiong”.



india¥ pud

Shomesxxiong

india® I
In this way, I type the “Is” command to see the current files and subdirectories in this directory. Please
type “Is”, and I see the following file/subdirectory display:

india¥ l=

1.txt albuml, html g
AdobeFnt, 1=t fft,Svdm_svdb,attr  xFig,SAVE
adk_dve, log mentor_work, wwl

The “mentor work” directory is there. Then use “cd” command to enter that directory. I enter the
command of “cd mentor work” as shown below:

india® cd mentor_work

Now I enter command “pwd” again to check my current directory, and find that I am already in the

“/home/xxiong/mentor work” directory.

indiaf pwd

Shome i ongdment.or_wark,

india¥ 1

14. Now in the prompt window, input the following line:

adk dve opamp!l —technology ami05

You will see a lot of text scrolling on the screen. Your viewpoint file for your design will be created. The
format of “adk dve” command is:

adk dve your_design_name —technology technology name

This will create the viewpoint for your design with the technology you want. Here we are using “ami05”
technology, which means C5N process with a feature size of 0.6um. The lambda equals half of the feature

size, which is 0.3um.
Section C. ACCUSIM Simulation

Now we are going to use Accusim to simulate our OPAMP schematic. Before you start the Accusim
simulation, make sure you have previously created viewpoint file using adk_dve command as described in
section B. You need the viewpoint file in order to load the technology parameter (A) for the correct sizing
of the transistors in Accusim simulation. If you make some changes in your design in DA (Design
Architect), you need to rerun the adk_dve command to create a new viewpoint file. Otherwise, your
change in DA may not be reflected in your Accusim simulation. We will perform three analysis: OP
operation point analysis, transient analysis, and AC analysis (for Bode plot). The general simulation
procedure is: First define the model library, then setup analysis, define forces (input voltages on input
ports), and define the keeps (signals to be saved during simulation for observation). Then we click on
“Run” to run the analysis. Once the simulation is finished, we select the nodes or device terminals for
voltages or current signals we want to observe, and click on “Traces” to trace the voltage or current
signals. For DC OP analysis, we can select the node or device terminals we are interested in, and click
“Flag monitor” in palette to display the DC biasing voltages/currents.

Part 1. OP Operation Point Analysis
OP Operation Point analysis can give use the DC biasing voltage and current for all the nodes and devices.

The circuit connection we use for DC OP analysis is shown below. Both input ports (Vin+ and Vin-) are
connected to Ground (not Vss).
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1. In terminal console prompt window, input following command:

accusim opamp1/accusim

The general command syntax is:
accusim your_schematic_design_name/accusim

Please make sure you are not omitting “/accusim” part after your design name. If you omit the “/accusim”
part and type the accusim command as follow:

accusim your_schematic_design_name

the viewpoint file created by adk dve command will not be loaded in Accusim. In this way, you will not
get correct sizing of the transistors in your netlist, and your simulation result will be wrong.

You should see your schematic design is loaded in a window inside the simulator workspace. You are now
placed in the DC mode simulation.

Analysis: DCOP
TEMP: 27 THOM: 27
Simulator usage MODE: Schematic design

2. In order for DC OP operation point analysis, we connect both input ports (Vin- and Vin+) to ground
(not Vss). We already did this in Design Architect, as shown below.



3. Now we need to load a model library to tell Accusim what model should be used for devices such as
PMOS/NMOS transistors. We will load our own SPICE parameters for Accusim simulation. Please open a
text editor and input following parameters into the file.

*hhXxAhh*k * * *hhXxhhkk * * * X * * * * *hIXxhdkk * * * X

* SPICE MOSFET Models used in Analog Integrated Circuit Design, by Johns &
* Martin

AAAAA A A A AAAA A A A AAAA A AKX AAA AR AKX AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAX ALK AKX

-MODEL n NMOS LEVEL=3, TOX=1.8E-8, LD=0.08U,

+ uo=500, VMAX=2_.0E5, PHI=0.6,

+ GAMMA=0.5, NSUB=2.5E16, VT0=0.7,

+ NFS=8.2E11, CGS0=2.5E-10, CGBO=2.5E-10,
+ CJSw=2.5E-10, CGDO=2.5E-10, MJ=0.5,

+ CJ=2.5E-4, PB=0.9, 1S=1.0E-16,

+ JS=1.0E-4 KF=600E-27 AF=0.8

+ NLEV=2 RS=600 RD=600

+ ETA=0.05 KAPPA=0.007 THETA=0.06

+ XJ=2.7E-7 DELTA=0.7
-MODEL p PMOS LEVEL=3, TOX=1.8E-8, LD=0.08U,

+ Uo=165, VMAX=2_.7E5, PHI=0.80,

+ GAMMA=0.75, NSUB=5.5E16, VT0=-0.7,

+ NFS=7_.6E11, CGS0=2.5E-10, CGBO=2.75E-10,
+ CISW=3.4E-10, CGDO=2.5E-10, MJ=0.5,

+ CJ=3.7E-4, PB=0.8, 1S=1.0E-16,

+ JS=1.0E-4 KF=400E-27 AF=1.0

+ NLEV=2 RS=1200 RD=1200

+ ETA=0.12 KAPPA=1.5 THETA=0.135
+ XJ=2.3E-7 DELTA=0.3

Please save it as “JohnAccusimModell.mod” to your “$home\mentor work™ directory (You may also use
any other name for the model file as you wish). Or you can directly save the “JohnAccusimModell.mod”
file I send to you in your “$home\mentor work” directory.

4. Now we will load the model file we have created. Click on menu “Files—Auxiliary Files—Load Model
Library”, in the dialog box, click ‘“Navigator” to find the “JohnAccusimModell.mod” in the
“$SHOME/mentor work” directory. Click to select it, and then hit “OK”, your “JohnAccusimModell.mod”
will be loaded for use. If you use other name for the model file, please load the corresponding model file
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from

your directory.
Load Model Library
File Hame | Navigatnr...i
fuld to ; Top - Bottom g of search list
votype|
..... OK ...... Reset Cancel Help

5. Now please check on your SPICE netlist file. Click menu “Report—Netlist—View Netlist”, you can

view the netlist file for the OPAMP circuit. If you want to export your SPICE netlist as a file, please click
on menu “Report—Netlist—Write Netlist”.

Regurt§ Remote Runs  View Help Hew Features

pnalysis Setp L
Forces on Schematic

Keeps r~

disliEst e Viewr Netlist H
Al Write Hetiist...
SRR ™ \rite Batch Netist... |
Monte Cado -

In the popup window, please check “Netlist” and uncheck “Keeps Control”, “Translation Table”, and

“Run Control”. In File Name row, please input “SHOME/mentor work/opampl.cir”. You can use any
other name you like for it. Then click OK.

Report Metlist f Write Metlist to Named File
il Netlist __{Keeps Control

__iTranslation Table| | Run Control

Leave file name blank o use temporary file.

Repiace Fie or Append fo Rile?
e g
Replace Append

Ate Mame | FHOME/mentor_work/opamp1.cir Navigator...§

0K § Reset Cancel Help

This will génerate the SPICE netlist file as “opamp1.cir” in directory “SHOME/mentor work/opamp1.cir”.
You can go to File Manager to open it. It should look like follow.
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Note[gau i mume.’xxiong.’menwr work!ugamm .cir (R

design: shomesxxiong/mentor_work/opampl.accusim

# LIBRARY FILES.

.lib /home/xxiong-mentor_worksJohnAccusimModell . mod
# end of LIBRARY FILES listing.

#

# ADOLIEB DIRECTORIES.
.addlib 1 Ausr/local/Mentor/shared/user/models
# end of ADDLIE DIRECTORIES listing.

*

# GLOBAL WARIABLES.

.param ic_lambda=0.3

.param lambda=3e-07

.options  trhnom=27

temp 27

Y_Dcinit___WSS W35 0 DC -2.5

W_Dcinit___WCC WCC O DC 2.5

R_I%9 NE32Z V55 hr 8k

C_1$8 MN$46 N355 notchedrow Fe-12

M_I$633 N$ST N$2Z VCC VOC p 1=1.59e-06 w=0.0003
M_I$4 NEE3 0 N$EL2 VCC p 1=1.5%9e-06 w=0.0003
M_I$S NE42 0 NEEL12 VCC p 1=1.5%e-08 w=0.0003
M_I%214 NE612 NFZ YCC WCC p 1=1.59e-06 w=0.0003
M_I$213 N$47 NE2 WCC VYCC p 1=1.5%9e-06 w=2.499=-03
M_I$1 N32Z N$2 VCC YLC p 1=1.59e-06 w=2.493e-05
M_I$219 VCC N$5S Yout ¥SS n 1=1.59e-06 w=0.00050001
M_I$218 N¥SS NE4Z WSS WSS n 1=1.59e-05 w=0.0003
M_I$7 NE46 MNE47 NE42 VWSS n 1=1.59e-06 w=9.93%9=-05
M_IF10 NE42 NEE3 WSS VWES n 1=1.59e-06 w=0.00015
M_I%6 MEE3 NF63 VS5 WSS n 1=1.59=-06 w=0.00015
M_I$247 NF3L NE3L VST WSS n 1=1.59e-06 w=2.499e-05
T Y o S T e L= [T =W L W = = P e W )

This SPICE netlist contains all the components and connection information about your circuit. It is helpful
for you to debug your design. Please note that since we define the transistor length as L=5.3A, and we use
AMIOS technology with A=0.3um, we see the transistor length in SPICE netlist as
L=5.3%0.3x10"m=1.59E-6m

This is very close to our design of L=1.6um. This slight difference may incur some simulation error, but
it’s very small. Now please close the netlist file by click on the top left corner of the netlist file and select
menu “Close”.

6. Click on the palette “DC Mode”, and click on palette “Setup Analysis”.

DC Mode
= o
[k | [SRRIREE
[ a8k |
[_un_] [winwou]

e OB ;.
JEI |D. B
SETUP SIM
jnHALYSISH |OPTIONS)
ADD aDD
FORGE KEEPS

You will see following popup window. Click to select “DCOP” (for DC Operation Point analysis), and
click OK to close the window.
Setup Analysis

Analysis E DCOP . DC Sweep AC Transient
Mj DCOP Sensitivity % Wé DCOP Transfer Function 39tup...§

Mwé Save All DCOP Voltages Mé Save Small Signal Results
Use DCOP startup file... Sat Run Syrmymg :
Sinumation Tmmam%ﬁ Nomina! Tmmam%m

Reset Cancel
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7. Now we will add forces on input ports. Since we are going to perform DCOP (Operation Point) analysis,
both input ports (Vin+ and Vin-) are already connected to GROUND in Design Architecture. In this way,
we needn’t add any forces. Thus we just skip this step.

8. Now we will add keeps to tell Accusim to save the data for the signals we are interested in, so that we
can observe their waveforms later. For very large circuit, it may take you tremendous hard drive space to
store the data for all the signals. Thus you may only wish to add keeps for some certain signals you are
interested in. However, we have a very small circuit in this example. Thus we can choose to add keeps for
all the signals. Please click on right palette “Add keeps”. You will see following popup window. Please
click to select “All”, and click OK to close the window. In this way, Accusim will save the data for all the

signals (voltages and currents on all nodes), so that we can analyze them later.
Add Keeps

W Schematic items Instance intemal items

This selection will generate a KEEP request for the following items:

(1) all Schematic node voltages and pin currents.

(2) the Intemal node voltages and pin currents of all subcircuit instances.

{3) the States of all HDL-A instances whose user-defined behavior models
were compiled in debug mode.

L 0K Reset cancel Help

9. Now we are ready for DCOP simulation. Please click on right palette “Run”. You will see the mouse
cursor changes its shape to indicate that the program is running the simulation. When the simulation is
finished, your mouse cursor will recover its normal shape. If there is any error in the simulation, you can

click on menu “Report—View Outfile” to see the output file.
Report | Remote Runs  Wiew

Analysis Setup

Forces on Schematic

Keeps I~
Hetlist I~
T

Simulator Options I~
Monte Carlo I~
Others I~

You will see the output file as follow. It contains all the information about circuit netlist, possible errors,
and simulation results. You can check to see whether it contains any error information. If yes, the error
information in it can be very helpful for you to debug the error.
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Motepad - ftmpfaccusim.out.xxiong (R)
Analog Simulation OUTPUT FILE; /tmpdaccusim,out,.xxiong

1xexxxxx]F—Apr—06 =xxxxxx ELDO 95,1 1,2 (Production version) (v5,1_1,2) =xx=exx00id];52xxmexs
Odesign: shomelxxiongdmentor_work opampl,accusin

Qwswnsn IMPUT LISTING

0
* LIBRARY FILES,

LLIB shone/sxiong/mentor_works JohnAccusinModel 1, mod
* gnd of LIBRARY FILES listing,

*

« ADDLIB DIRECTORIES.

JADOLIE 1 Ausr/local/Mentor/shared/user/models
#* end of ADDLIE DIRECTORIES listing.

*

10 = GLOBAL VARIRBLES,

11 ,PARAM IC_LAMEDA=0,3

12 .PARAM LAMBDA=ZE-07

13 .OPTIONS GRAMP=9

14 OPTIONS THOM=27

15 (TEMP 27

16 W_DOCIMIT___¥SS WSS 0 OC -2.,5

17 W_DCINIT___VCC WCC O DC 2.5

18 VFORCE_O WIN_ O DC O AC 10

19 R_I$9 N#32 Y55 HR 3K

20 C_I#8 N#df N#55 MOTCHEDROW 5E-13

21 M_Is633 MN#E5 M2 WOC VCC P L=1,59E-06 W=0,0003
22 M_Isd N353 0 Ms6l2 WCC P L=1.59E-06 W=0.0003

23 M_I#5 N$d2 VIN_ H#612 YCC P L=1,59E-06 W=0,0003
24 M_I#21d M$612 N2 VLT YCC P L=1,59E-06 W=0,0003
25 M_Is213 M#47 M2 WOC VCC P L=1,89E-06 HW=2,49%E-05
26 M_Is1 N$2 M$2 VCC WCC P L=1.59E-06 W=2.499E-05
27 M_I#219 YCC M55 YOUT ¥55 M L=1,59E-06 W=0,00050001

10. Click the top left corner and select menu “Close” to exit the output file window. Now we are ready to
observe the DC operation voltages and currents for each node. First we will observe DC voltage biasing
for all the nodes. Please left click your mouse on each node to select them, as shown below.

11.Please click on right palette “FLAG MONITOR”, as shown below.

DC Mode
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The DC voltage biasing for each node will be listed in white squares, as shown below. Please print out this
screen shot. Please note that the DC voltage of output node (Vout) is -201.49mV. If you use your own
transistor sizing, or other SPICE parameters, you may get a different value from this result. With the DC
biasing voltage on each node, please list a table to calculate the Vgs (for NMOS) or Vsg(for PMOS). With
the threshold voltage information from SPICE parameter, please decide the operation mode (triode, active
or cutoff) of each transistor. Please make a table to list the operation modes for all the transistors. Except
transistor Q16, all other transistors should work in active mode.

12. Now we will delete all the flag monitors and observe the currents through each device. Right click
your mouse on anywhere of the circuit, in the popup menu, please select “Flag Monitors—Delete—AlIl” to

delete all the flag monitors.

AccuSim
Schematic Annotations
Add - 3
Delete ~ 8
Report
Run.

Edit (=
Select ~

Unselect r~
Set Window Panels
Window Update rate:

Window Preferences

View

i:.-’w'!'.'

Flag Monitors

M Spleaiad

Specified. ..

All
. . . 435_(:‘]"““19“'. Fi s
13. We wish to observe the drain or source current through each transistor, and the current through the

resistor and capacitor. Please click on the drain or source point of each transistor to select its drain or
source terminal (please click exactly on the drain or source point, otherwise you will select the whole node
or device instead of its terminal). The selected drain or source terminals of transistors will be marked with
double white triangles. Also please click on one end of the resistor and capacitor (you also need to exactly
click on the one end of the resistor and capacitor). Your design should look like below with selected
device terminals marked with white double triangles.
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14.Please click on right palette “FLAG MONITOR?”, as shown below.
DC Mode

MODE | |CHANGE

TIME
MODE

z

FLAG
CHART ONITOR

[ TRace | [ wust |

| pELETE | | EDIT ) |

UNSELECT SELECT
ALL COUNTS

| nun | [winpow|

You will see the currents through each selected device terminal is displayed in a white rectangle, as shown
below.
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15. Please print out the screen shot. After that, right click your mouse on anywhere of the circuit, in the
popup menu, please select “Flag Monitors—Delete—All” to delete all the flag monitors.

16. Now we have finished the OP Operation Point analysis. In the next part, we are going to perform the
Transient analysis. In transient analysis, we need to break the connection between Vin+ and Ground, and
apply Sine wave voltage to input port Vin+. Please note that if you want to make some change to the
original circuit, you must do it in Design Architecture. You cannot make change to the circuit schematic in
Accusim. Thus we will first exit Accusim, and make changes on the circuit schematic in Design Architect,
then come back to Accusim for simulation. Please click on menu “MGC—Exit”, you will see following
popup window.

Exit SimView

After saving Without saving

‘WEWKVj Reset Cancel
Please click “Without saving”, and click OK to exit Accusim.

Note: Sometimes you get some good simulation result in Accusim and exit the program. Later on you
rerun Accusim and simulate the same circuit design again with everything unchanged. However, you may
find that are not able to get the result as before. If this is the way, please click Accusim menu “Report—
Netlist—View Netlist” to view the netlist file. In the netlist file, please double check whether the transistor
sizing is extracted correctly. For example, when you input transistor length as 5.3, you expect to see the
transistor length in Accusim netlist as L=1.59¢-6. However, if you see L=5.3e-6 in Accusim netlist, this
means your netlist is not correctly extracted. This may be the reason that you cannot get the correct
waveform for the same design. If this is the case, please exit Accusim. Then in terminal console prompt
window, rerun the command:

adk_dve your_design_name -technology ami05

Then rerun accusim, double check the netlist file to see whether the transistor sizing is extracted correctly.
If it is correctly extracted, then you should be able to get the correct waveform result. Please note that
netlist file can always be a very helpful way to debug your design.

Part 2. Accusim for Transient Analysis

In transient analysis, we are going to find the transient response of the circuit to a small sine wave input
voltage on Vin+ port. The magnitude of the sine wave is 101V, the frequency of the sine wave is 100Hz.

17



As seen in our following AC analysis, the -3dB frequency of this OPAMP is around several kHz. By
selecting the frequency of input sine wave as 100Hz, it is ensured that it will fall into midband region.
After transient analysis, by comparing the input/output voltage amplitudes, we can derive the gain of the
circuit. By inserting another load resistance between output node (Vout) and Ground and find out the
corresponding gain, we can calculate the output resistance Ry of the OPAMP. The circuit connection for
transient analysis (without load resistor) is shown below.

Ve
25V

| Q10 Qi W=1000% \ W=10007 |
1=5.3) L=53)

W=833) W=B33) Q5 ’W{

L=5.3) 1=5.3). e

‘J'__\ L=5.3A }El
[eC
Lot oz
I’J |
IR e A = pa | Er T varr
1 | =5.3) W=1000% A
| | L=5.3)
W=83.3 )__J]I I[; 1=53% }?dd force of\iftS]II; Vout
1=53% W=53.3% 4 sine wave voltage
1=53 =
W=333.3)
Q16/L=5.35.
—_ Ce=5pF

w=smm o |, T ‘CI )

1530 4 i)

—

—

=
W=5000 " W=1000% W=1666.7),
=535 [gps | 94 1=53 ] 1=53)

A ) Ep

Q7!

lZ 5V

Ves

1. In terminal console prompt window, type “da” and press “enter” key to open the interface of Design
Architect. In DA main interface, click menu “File—Open--sheet”. In the popup window, click
“Navigator”, locate the “SHOME/mentor work/opamp1” folder (a folder has a letter “c” in its left side),
double click it. Again, double click on the “schematic” folder, then double click on “sheetl” file. Click
OK to open the schematic design of the OPAMP.

Open Sheet

Component Name | $HOME/mentor_work

Navigal

Sfmr.-§sheet1 OpHoNS...
Siardep Fie Palfr:
Open as :
4+ N N
Editable Read Only Show Hierarchy

B.'Sé Resel Cancel

Component, Schematic, or Sheet

Filter... %

..../mentor_workfopamp1//schematic/

2 sheetl

~,

OK! Reset] Cancel!

2. In the schematic design, please click to select the GROUND and the corresponding wire connection
between Ground and “Vin+” port. Press “Delete” key in keyboard to delete them. Now your schematic

should look like below.
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3.Please click menu “File—Save sheet” to save the schematic change.

4.Click menu “MGC—EXxit” to exit Design Architect.

5.In the Terminal Console prompt window, type “Accusim opampl/accusim” to enter the main interface
of Accusim. You should see your OPAMP schematic design is already loaded in a window inside the
simulator workspace.

6.We are going to load the library model file for Accusim. Click on menu “Files—Auxiliary Files—Load
Model Library”, in the dialog box, click “Navigator” to find the “JohnAccusimModell.mod” in the
“$SHOME/mentor_work” directory. Click to select it, and then hit “OK”,

7.Now we will add the force (a sine wave input voltage) to Vint+ input port. Please click the wire
connected to the input port Vin+ to select the node. The selected node will change into white dotted line,
as shown below.

Please click on right palette “Add Force”, as shown below.
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RESULT

DESIGH
CHANGE

TRACE LIST

DELETE EDIT b

SELECT
HTS

%] =

= -
:b
o
E=)

5]
2= F
e
S m®
%1
=z [
Z o

ADD ADD
FORCE KEEPS

You will see a popup window as below.
Force

Forcing % Voltage " current §
Signal §Nin+ Reference %ngound ]

Mode

L=

C Frequency Time

i view Force

Force Type  DC £ PULSE {{"SIH  EXP SFFM PWL
Offset* u] Magnitude* WWW

Frequency™ W Time Delay™ % W
Damping Factor* W

?

m Reset Cancel Help
Please note that “voltage” is selected, and the signal is already “/Vint+”, and the reference is “//ground”

(this is exactly the reference voltage we use for input voltage on Vin+). Click “Time” in “Mode” line, and
click “SIN” in “Force Type” line for sine wave. Type the following input:

Offset: 0
Magnitude: 0.00001
Frequency: 100
Time Delay: 0
Damping Factor: 0

This set the offset voltage as 0V, the magnitude as 0.00001V (10uV), and frequency as 100Hz for the
input sine wave voltage on port Vin+. Click OK to close the window. You will see a while circle is added
to the node connected to Vin+ port to indicate a force (input stimulus voltage) is applied it, as shown
below.
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8. Now we are going to add keeps to define the data of the signals which will be saved by Accusim in
simulation. Please click palette “Add Keeps”. In the popup window, please click “All”, and click OK to

close the window.
Add Keeps

Al Schematic items Instance intemal items

This selection will generaie a KEEFP request for the following items:

(1) all Schematic node voltages and pin currents.

(2) the Intemal node voltages and pin currents of all subcircuit instances.

(3) the States of all HDL-A instances whose user-defined behavior models
were compiled in debug mode,

| 0K Reset Cancel Help

9. Now we are going to setup the analysis type. Please click right palette “Setup Analysis”. You will see
the popup window as below. Please click “Transient”, and input the following settings:

Time Step: 0.0001
Stop Time: 0.04

This sets the time step for simulation as 0.0001sec, and total simulation time (stop time) as 0.04sec. We
make this setting according to the period of the input signal. Because we already set the frequency of the
input Sine voltage in Vin+ port as 100Hz, its period is 0.01sec. By setting the “Stop Time” as 0.04sec, we
will get 4 periods of waveforms. For each period of 0.01sec, because the time step is 0.0001sec, we will
have 100 data points in each period.
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Setup Analysis

Analysis DCOP DC Sweep AC W
Time Step* §U‘UUUW Stop Time* §U‘U4

Time Step only used for optioh LVLTIM=3.
Begui?Sawe?ime‘E ‘Maxﬂmﬂ?f:m&‘ispf
wé Use Initial Conditions Setup...§

Wj Save All DCOP Voltages Mj Save Small Signal Resuits
Use DCOP startup file... sermon Synomym|
Setup...  Checkpoint files Freezepoint file Use Restart file
Mé Safe Operating Area Check  Setup... Add Checks...
Wj Transient Hoise Analysis Sewp"_§
Mj Fourier Analysis Setup... §
Sirmation Femg e i 3 e

Now please click OK to close the window.

10. Now we are ready to simulate the transient analysis of the circuit. Please click “Run” on the right
palette. You will see the simulation is running. When the simulation is complete, you can also view the
output file to see whether there is any error. If there is error, use the error information from the output file
to help debug it.

11. We will then trace the signals we are interested in. First press “F2” key in keyboard to unselect
everything. Then click to select the nodes of Vin+ and Vout, as shown below.

Then click on palette “Trace”,

DC Moide

You will see the waveforms for Vin+ and Vout are shown as below.
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Analog Trace

Sometimes the waveforms are hidden behind your schematic, thus you may need to minimize the
schematic window to see the waveforms. If you want to add waveforms of other signals, just repeat the
above procedure, you would be able to see more signal waveforms.

12. In order to measure the gain of the OPAMP, we need to measure the amplitude of the input and output
voltages. The cursor can be very helpful in the measurement. Please right click your mouse on the
waveform, in the popup menu, select “Chart—Add Cursor”, as shown below.

AccuSim / |

fudd
Delete
Report

Run

Edit

Select

Unselect

Set Window Panels
Window Update rate:
Window Preferences

View
Chart

Delete Axes...
Add Cursor:

You will see a popup window shown in the bottom, as shown below.

ADD CUI Cursor Name Location chofces: .E:wﬁc.‘tiﬂ cick 3 oxg Camﬂg

Please click on “Click”, and move your mouse on the waveform. You will see a cursor is added to the
waveform, and the coordinates of the crosspoint between the cursor and the waveform is continuously
displayed in the rectangles. After you put your cursor on the location you are interested in, left click your
mouse on that location and the cursor will be fixed at that point. Again, repeat the above procedure to
place another cursor on the minimum point of the curves. You needn’t worry whether the cursor is located
at exactly the minimum point, because you can easily adjust it later. Now your waveform window should
look like below.
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Analog Trace

13. We want to measure the peak-to-peak values of the V(Vin+) and V(Vout). However, your cursor may
not be placed exactly on the peak values. It doesn’t matter. You can move the cursors easily. Please click
on the vertical line of the left cursor, you will see that three small green rectangles appearing in both ends
and the middle of the cursor line. Move your mouse to point to exactly the small green rectangle, you will
see your mouse change the shape. Now please click on it and drag the cursor line to left or right. The cross
point between the cursor line and the waveforms will be dynamically displayed in dotted rectangles. You
can observe the change of the crosspoints values to move the cursor to the maximum value of both
waveforms, and release the mouse to put the cursor line there. Similarly, you can also move the right
cursor line to the minimum points of the curves. Now your curve should look like below. From this
measurement, we can easily calculate the gain of the OPAMP:

A = Vout max = Vour min) _ [(—181.45mV) — (=221.23mV )]
(Vin_max _Vin_min) [998#\/ - (—986,uV )]
=2005.04V /V =201g(2005.04)dB = 66.04dB
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Analog Trace

A =G,R,
Where Gy, is the transconductance of the OPAMP, and Ry is the output resistance of the OPAMP.
If we connect a known load resistor Ry to the output node, the voltage gain A, will become:

A =G, (R, IR)

Thus we have the equation:
A _(RR)

AR

Using the above procedures to measure the voltage gain with and without load resistance Ry. Put A , A ,

and Ry values into the above equation, you can solve it for the output resistance value Ry. Please note that
the gain A, and A,’ should be in unit of V/V instead of dB. If you use dB as the unit for gains, you will get
the wrong result for Ry. The circuit structure for transient analysis with load resistor Ry, is shown below.
As shown in the figure, a load resistor Ry is connected between output port V,, and Ground (not Vss).
Please note that if you get a distorted output waveform after you add load resistor Ry to Vg, you can
reduce the amplitude of Vg applied to Vin+ (for example, set the magnitude as 6V instead of 200uV).
By reducing the input voltage amplitude, you may be able to get undistorted output waveform and find out

the gain A, .
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Part 3. AC Frequency Analysis

Up to now we have finished transient analysis. Now let’s move on to AC analysis. The circuit structure for
AC analysis is shown below.

Jewen; W=1000
- = L=53n*
W8T 3] EW=E3.30. Q5!
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1.For AC analysis, we only need to replace the force of sine wave input in Vin+ with a AC voltage source.
Force definition can be performed in Accusim directly, so we needn’t go back to the Design Architect.
Since model file is already loaded in previous transient analysis, we needn’t input it again. Thus we will

skip the step for loading library.
2.Remove all the forced previously defined for transient simulation. Please right click mouse on the design

sheet and click to seect menu “Delete—Forces”.

AccuSim ] i
Schematic Annotations: I
Add “
Delete mr:«g Sotenisg
Report... Curves...
Ru_g Lists...
Edit 0 D it
Select - Forces...
thselont 2 Keeps...
Set Window Panels Property...

TR o



In the popup window, click to select “All signals”, then click OK to close the window. This will delete all
the previously defined forces.

Delete Forces

On Selected signals | Named signals g All signals

0K § Reset Cancel Help

3. Now we need to setup the analysis. Please click on palette “Setup Analysis”, you will see following
popup window. Please click to select “AC” for “Analysis” row, and input following:

Start Freq™: 1,

Stop Freq*: 100MEG,

Number of Points: 40.

This will set the start frequency as 1Hz, and stop frequency as 100MHz, and 40 points will be simulated in

this range. After you finish all the settings, click OK to close the window.
Setup Analysis

Analysis DCOP DC 3weep i AC . Transient E
Start Freq* § Stop Freq* § DOMESS Nmmrofmwrs%élﬂ '
Sweep Type § Decade Octave Linear

‘Mumber of Points” = Points per Decade
wwé Noise Analysis Setup... g W} Pole-Zero Analysis Setup...%
mé Extract Parameter Setup...% Wé Use Initial Conditions Setup...§

mé Save All DCOP Voltages WE Save Small Signal Results

Use DCOP startup file... Set Rwr Symwmg :

Simuation Yemperaiire W Nominal Temperatire § ev

OK| Reset! cancel |

4. Now we are going to define the AC input on Vin+ input port as force. please click to select the Vin+
input port.
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Click palette “Add Force”. You will see following popup window. You can see that the signal is already
defined as Vin+, which is the signal you just selected. The reference is “//ground”, this is exactly what we
want. Please input the settings as below:

Force type: AC
Magnitude: 1
Phase: 0

DC Offset: 0

This will apply an AC voltage with magnitude of 1V. In this way, the value of the output voltage can
directly stand for the gain (because Ay=Vou/Vin=Vou/1 V=V,ou). The frequency of AC voltage is not fixed
and it can change in predefined range. Now please click OK to close the window.

Force
Forcing E Viltage . M
Signalmww Reference : /ground
Mode DC sm Time 5
Force Type W DC §
Magnitude* {1
Phase (deq) W

DC Offset* g 0

o] g Reset Cancel Help

-

5. Now we are ready for the simulation. Please click on the palette “Run”.
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6. You will see your simulation is running. If there is error, try to view the output file to debug the error. If
there is no error, you can go ahead to observe the waveforms. First press “F2” to unselect all. Now click to
select node connected to port Vout, and then select node connected to port Vin+. Please note that the
sequence for selecting the signals does matter. This will define V(Vout) as signal A, and V(Vint) as
signal B, so that we can plot the curve for (A/B) in our next step.
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7. Please click to select menu “Results—Chart—Chart Result”.
Results : Report Remote Runs View  Help Hew Features UE

Chart...
| DCOP Results

-
- Chart Result...
ChartfTrace Defined Wavefonns

In the popup window, please click “A/B”. You will see signal A is already defined as the fist selected
signal (Vout:v), and signal B is defined as the second selected signal (Vin+: v). Please click on “Bode” in
“For AC analysis” line. Click OK to close the window.

Chart Result
A -A A+B A-B A"B % AB AvsB %
sw,q%.-’\fout:u mmﬂmae§ i
Signal 811V IN+y

For AC analysis, plot ; Bode May | Phase ;
{li Magnitude in dB Phase in Degrees%

It &wsE plot, only kag vs Mag i3 available.

Chart Window HNew Selected %

Chart Titie

mrim§

Reset Cancel Help

8. Now you would be able to see the Bode plots for the magnitude and phase angle, as shown below.
Sometimes the Bode plot is hidden behind your schematic design. If this is the case, please minimize your
Schematic design to see the Bode plot. You can see that the magnitude and phase are plot in the same
figure. The X axis is frequency from 1Hz to 100MHz, there are two Y axes: Y1 axis for magnitude in unit
of dB, and Y2 axis for phase in unit of degree. The yellow curve is for magnitude, and the green line is for
phase.
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9. From this Bode plot, we can extract valuable information about the circuit, such as midband gain, -3dB
frequency, bandwidth BW, unity gain frequency, and phase/gain margin. For example, the flat portion of
the Magnitude of the gain indicates midband gain. First please right click your mouse in the waveform
window, in the popup menu, select “Chart—Add Cursor”. A popup window will be shown in the bottom,
as shown below.

Mncu]c«mwn-:am§ Location choices. Expiicit |0 cick § OKE Cme.z

Please click on “Click”, and move your mouse on the waveform, and place it anywhere in the flat portion
of the magnitude plot. From the cursor, you can read that the midband gain is about 66.1dB. With this
information, you can know that the -3dB frequency should correspond to a gain of:

Midband gain-3dB=66.1dB-3dB=63.1dB.

Use the similar procedure to insert a second cursor and place it around -3dB frequency (which
corresponds to a gain of about 63.1dB). You may not be able to precisely locate the position at this time.
But please don’t worry, just insert it in approximate location, and we can adjust it later.

Similarly, insert the third cursor which corresponds to the 0dB gain (unity gain), the corresponding

frequency is unity gain frequency (please note 201g(1V/V)=0dB). You also only need to insert it to the
approximate location, and we can further adjust it later. Now your plot may look like below.
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10. Now we try to move the cursor to precisely locate them to the desired locations. Please click on -3dB
cursor line, and you will see three small rectangles. Place your cursor on one of these cursors, click your
mouse and drag it. You will see the crosspoint values are also updated dynamically in the dotted
rectangles. Drag it to the location where the magnitude of gain is about 63.1dB, and release the button to
place it there. Similarly, move the unity-gain cursor line to the location where the magnitude of gain is
about 0dB. Now your plot may look like below.
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With Bode plot, we can also find the gain margin and phase margin of the OPAMP. The gain margin is
the difference between the open-loop gain and 0dB (unity gain) when phase of the OPAMP is £180°. The
phase margin is the difference between the phase of OPAMP at unity gain frequency and -180°.

11.From the above plot, you can read the following information:
Midband gain: Ay=66.078dB.

-3dB frequency: f345=3.26kHz.

-3dB bandwidth BW=3.26kHz.

Unity gain frequency (or GBP): f=9.04MHz.

Unity-gain bandwidth: 9.04MHz.

Phase Margin: PM=-76.678°—(-180°)=103.3°

Congratulations, you have successfully finished Mentor Graphics OPAMP simulation tutorial.

32



