EE-523 ADVANCED ANALOG INTEGRATED CIRCUIT DESIGN TP-2025 E P F I
PRACTICAL EXERCISE SESSION No. 1

Note: For students connecting virtually, the details of the Zoom Meeting for this TP session are
given below

Topic: Advanced Analog IC Design Zoom Meeting
Time: Feb 28, 2025 02:00 PM Amsterdam, Berlin, Rome, Stockholm, Vienna
Join Zoom Meeting:

https://epfl.zoom.us/j/66887254608?pwd=MBLOAjyTb7PaR02tNUeDaHDb1g5WID.1

Meeting ID: 668 8725 4608
Passcode: 191600

Objectives of this Practical Exercise Session

1. Connectto the helvetios cluster, run Cadence Virtuoso, and familiarize the Process Design
Kit (PDK) — UMC 180nm.

2. Simulate a differential pair with the given set of specifications, and analyze the following:

a. DC operating point using the DC Analysis
b. Frequency Response using the AC Analysis
c. Visual sinusoid check using the Transient Analysis

For this part, you will be provided with the circuit diagram and transistor sizes. The goal is
to familiarize the Cadence Virtuoso tool and different analyses (DC, AC, and Transient),
and not to arrive at the sizing on your own. The sizing will be covered during a later
lecture/TP session.

TIP OF THE DAY: Save your work frequently

WHEN YOU DID’NT SAVE YOUR FILE

e “‘~.
ANOW YOU GOTTAREDO EVERYTHING



https://epfl.zoom.us/j/66887254608?pwd=MBLOAjyTb7PaR02tNUeDaHDb1q5WID.1

Accessing the Helvetios Cluster
Connecting to a VM

We use Ubuntu virtual machines (VM) to connect to the servers that host the EDA tools. You can use a
computer room or use your own computer to access a VM.

Working in computer rooms

The computer rooms BC 07-08 (that is where we will be for the TP sessions), CO 260, and MXF 014 are
equipped with Dell thin clients providing access to virtual machines (VM). Each thin client has a display, a
keyboard, a mouse, and a small Wyse network box located on the rear side of the display. You can use any
seat in the room and login with your GASPAR account. Do not store personal files in the Ubuntu VM.

To use a Dell thin client:

1. If required, turn the display on.

2. Ifthe client is down, start it by pressing the start button (on the left side of the Wyse box). Wait until
you get the start button blue-lighted.

3. Atthe appearance of the login window, enter your GASPAR username and password.

4. After a successful login, you see a list of available virtual machines on the left of the screen. Select
the Linux virtual machine STI-EDA-LABS-RTX.

Working with your own computer

The STI-EDA-LABS-RTX virtual machine can be used from a personal computer as follows (note that if you
work from home, it is recommended not to use the EPFL VPN):

Using a web browser: Login to vdi.epfl.ch using your GASPAR credentials.

1. Once the Ubuntu desktop is displayed (it may take some time), change the keyboard layout from
French to US if required.

2. Open a terminal window (Ctrl-Alt-T or right-click in the desktop area and select Open in Terminal).

3. From the VM terminal window, connect to the helvetios cluster with your GASPAR credentials.

>> ssh -X GASPARusername(helvetios.hpc.epfl.ch

Please note that >> denotes the Ubuntu terminal prompt, and you should not type it.

Do not forget the -X (capital X) option, otherwise, the display won’t be redirected properly to the
local screen.

Now, we need to setup the EDA environment for our lab. For this, run the following script from your
home folder (you are already here).

>> /work/fvlsi/run_edadk

You need to run this setup script every time you connect to the helvetios server.


mailto:GASPARusername@helvetios.hpc.epfl.ch

— Do not confuse the terminal windows running locally on the Ubuntu VM and the terminal
f’ running on the remote Linux server. EDA tools are not available on the Ubuntu VM.

When you are done working, quit running tools, log out from the helvetios server (type exit in the terminal),
and then disconnect from the Ubuntu VM. There are several ways to quit the Ubuntu VM:

® In the top Options menu, select Disconnect and Log Off (selecting Disconnect only disconnects
the VM, but keeps the session active).

® In the top right menu, select your name and then select Log Out.

Running Cadence Virtuoso
Setting up the workspace

Once you are connected to the helvetios server and have run the edadk setup script, run the following
commands in your terminal:

>>cd
>>gtar -xvf /education/classes/2024-2025/EE523/EE523 2025.tar.gz

This will create a directory named EE523 2025 which contains subdirectories for various tools. We will
always work in the subdirectory for Cadence Virtuoso (CDS_VISO).

c You will have to do this only once. You will use this workspace for all exercise sessions.

Starting Cadence Virtuoso

Go to your EE523_2025/CDS_VISO directory and run the virtuoso command followed by an
ampersand.

>> cd
>> cd EE523_2025/CDS_VISO
>> virtuoso &




You will see the main command window open. This window is called CIW — Command Interpreter Window.
This is where you can access various tools and settings within the Virtuoso Suite, and where you can exit
Virtuoso.

Virtuoso® 6.1.8-64b - Log: fhome/ftharakan/EE523_2025/CDS_VISO/CDS.log (on h285) - O X

File Options Help cadence

Loading geView.cxt
Loading menuBuilder.cxt
Loading schView.cxt
Loading selectSv.cxt
Loading wireEdit.cxt
Loading pte2.cxt
Loading xIUl.cxt

Loading auCore.cxt
Loading vhdl.cxt

Loading seismic.cxt
Loading ci.cxt

Loading ams.cxt
Loading adexIDM.cxt
Loading cpf.cxt

Loading cli.cxt

Loading Ip.cxt

Virtuoso Framework License (111) was checked out successfully. Total checkout time was 0.11s.

## BEGIN USER CUSTOMIZATION

-= Site-wide ($CDSHOME/tools/dfll/local/.cdsinit)...
Text editor: gedit

-> Local directory (./.cdsinit)

## END USER CUSTOMIZATION

Performance Diagnostic tool is installed. You can access PerfD-iag from CIW Tools or use the shell

command 'cdsPerfDiag -p 887400' to open it when Virtuoso freezes. L]
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The Library Manager

In the CIW window, click Tools>Library Manager. The library manager is where you will find all the
technology libraries and where you will create your own custom-design libraries.



Library Manager: Directory ...eftharakan/EE523_2025/CDS_VISO (on h285) = @ &

File Edit View Design Manager Help cadence
¥ Show Categories __ Show Files
Library Category Cell View
v B- v B- v B-
T 'uMC_18_CMOS ~  Mos T N_18_MM B ¥
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P 18 MM
P_33_MM
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Log file is "fhome/tharakan/EE523_2025/CD5_VISO/libManager.log". ey
L
|l | |

[Lib: UMC_18_CMOS [Free: 402.87T

In your library manager, click on the “Show categories” button at the top of the window. Find the
“UMC_18_CMOS?” library and observe its contents. You will see circuit elements such as transistors (Mos
and Bipolar), capacitors (Cap), resistors (Resistor), and so on. These are created and characterized by the
foundry (UMC), so they are ready to be simulated and manufactured.

Find the “analogLib” library and observe its contents. You will see generic passive components and
dependent/independent sources. These are created by Cadence to help your simulations. These cannot be
manufactured.

You need a dedicated library to store your own work. This library will have a collection of custom circuit
blocks called cell views. Click File>New>Library. Give a meaningful name to your library. We suggest
“AAICD_2025". Click OK.

Do not forget to choose the “Attach to an existing technology library option” and select
UMC_18_CMOS!



New Library (on h285) x
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1. Warm-up example: a resistive voltage divider test bench

Creating a schematic

In  your

You will see an empty black canvas. Go to Options>Editor and change
the “Add instance browser type” setting to “library”, then click OK.

Click browse, select the library analogLib, and select “res”.

=
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View  symbol

Names
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library manager,
File>New>Cellview. Select “schematic” as the type of your cellview.
Name your schematic as “TB_RES”. Click OK.

Return to your canvas and press the key “i”
which will open the “Add Instance” dialogue.

Y]

Defaults _H

New File (on h285) x
select your new library and click | File
Library AAICD_2025 [~ |
cell TB_RES
View schematic ]
Type schematic
on your keyboard, C;;ZT:::G“ Schematics L [

_ Always use this application for this type

Library path file
zftharakan/EE523_2025/CDS_VISO/cds.lib
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Place the resistor on your canvas. Then browse to analogLib and place the independent voltage sources
and grounds (vsin and gnd) as shown in the schematic below. (Note: “u” key is for undo)

We use wires and wire labels to create connections between component pins.

e Press “w” on your window to bring the wiring tool. Connect all components as shown in the
schematic.

The default name for each wire is “netXX”, which is not descriptive at all. It is good practice to give
meaningful names to your wires.

e Press ‘I (thisis lowercase L)” on your keyboard to bring the wire label dialogue. Name the “in” and
“out” as shown in the figure. All ground nets connected to a gnd instance are named globally as
“gnd!” by default, so you don’t need to put a label on them.

e Once you made all the connections and labeling, select the voltage source (vsin) and press “q”
which will bring the “Properties” dialogue.

Set the values so that the applied waveform has 0.5V mean, 0.5V amplitude, and 1 kHz frequency.



We are now ready to simulate this schematic.

Press “Shift+x” to check and save your
schematic. This  will
schematic for any floating wires, open
terminals etc. Note that the undo
history is lost after you save.

e Ifthere are any warnings or errors, you
can view them by pressing “g”.

Transient simulation

[ 1

Create new ADE Explorer view (on h... X

~File

Library AAICD_2025 n
Cell TB_RES

View
Type \maestro

Application

open with ~ (ADEExplorer  Bg

Always use this application for this type
Library path file
z/tharakan/EE523_2025/CDS_VIS0O/cds.lib

Open ire new tab _ currenttab _ new w

Cancel Help

- Edit Object Properties
Apply To only current |instance n @
Show _ system  user ¥ CDF
check the -
Browse Reset Instance Labels Display
Property Value Display
Library Name analogLib ' off B
cell Name vsin n off n
View Name | symbol ' off [3
Instance Nami VO off [~ ]
Add Delete Modify
User Property Master Value Local Value Display =
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CDF Parameter Value Display
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Noise file name off [~ ]
Number of noise/freq pai 0 off [~ ]
DC voltage off n
AC magnitude off n
AC phase off
XF magnitude off -]
PAC magnitude off n
PAC phase off [~ ]
Delay time off [~ ]
Offset voltage 500.0m V off [~ ]
Amplitude 500.0m V off ﬂ
Initial phase for Sinusoid off n
Amplitude 2 S off n
Initial phase for Sinusoid off B il
E&E®  cancel Apply Defaults Previous . Next Help

On your schematic window, click Launch>ADE Explorer. In the
next prompt, select Create New View. Keep the View as maestro,
select Open in new tab, and press OK.

ADE stands for “Analog Design Environment”. One could also use
ADE-L, ADE-XL, but of late, Cadence is asking its users to migrate
to ADE Explorer/ADE Assembler (the support for ADE-L and ADE-
XL might end in the near future!). For our simulations, ADE Explorer
is sufficient. ADE Assembler can be used when running multiple
tests on a design.



Schematic and ADE-Explorer Tabs respectively
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Familiarize
these shortcuts

imouse L: M: R:
1(3) | | AAICD 2025 TB RES schematic | Simulator: spectre aps [I|

Choosing Analyses -- ADE Explorer | & B &3

Analysis e tran de ac In the above window, familiarize the Analyses, Design
Onoise  Oxf O sens Variables, and Outputs Pane.
— dcmatch o acmatch o stb
- pz - sp _ envip
S pa: - pstb Now to start off our simulations, we first need to add an
— pnoise w PX — Ps . . . . .

P P _ Analysis type. For this click on Click to Add Analysis.

— apss ~ gpac — gpnoise

apxt apsp e It should draw up a window like the one shown below.

O hbac O hbstb  C hbnoise Here,_you will see many analyses types, but for.th|s
hbsp hbxf exercise, we will only perform “tran” (transient)
analysis. Set a stop time that will allow you to see two

ULl TRl 2 periods of the sine waveform. Click OK.

Now, click on the green run play button ( *) in the

Accuracy Defaults (errpreset) . !
shortcuts to run the simulation. Once you run the
simulation, an output log (spectre.out) will pop up on
‘ your screen. Once the simulation is over, check the
bottom of the output log to ensure that there are no
| Dynamic Parame _ | errors. Warnings and notices are okay, but feel free to

review them.

_ conservative _ moderate _ liberal

‘ _ Transient Noise

Enable: _ Options...

€C&CP concel Defaults | Apply Help




/home/ftharakan/EE523_2025/CDS_VISO/cds/simulation... — O X

File Edit View Help cadence

finalTimeOP: writing operating point information to rawfile.

Opening the PSF file .. /psf/finalTimeOP.info ...
modelParameter: writing model parameter values to rawfile.

Opening the PSF file ../psf/modelParameter.info ...
element: writing instance parameter values to rawfile.

Opening the PSF file ../psf/element.info ...
outputParameter: writing output parameter values to rawfile.

Opening the PSF file ../psf/outputParameter.info ...
designParamVals: writing netlist parameters to rawfile.

Opening the PSFASCII file ../psf/designParamVvals.info ...
primitives: writing primitives to rawfile.

Opening the PSFASCII file ../psf/primitives.info.primitives ...
subckts: writing subcircuits to rawfile.

Opening the PSFASCII file ../psf/subckts.info.subckts ...
Licensing Information:

Lic Summary:

[16:55:28.046553] Cdslmd servers:5280@edalicsrv2.epfl.ch
[16:55:28.046578] Feature usage summary:
[16:55:28.046579] Virtuoso_Multi_mode_Simulation

Aggregate audit (4:55:28 PM, Thur Feb 27, 2025):

Time used: CPU = 314 ms, elapsed = 3.67 s, util. = 8.56%.

Time spent in licensing: elapsed = 91.9 ms.

Peak memory used = 91.2 Mbytes.

Simulatinn ctarted at: A-55:25 PM_Thir Feh 27 7025 anded at 4:55:]

spectre completes with 0 errors, 3 warnings, and 5 notices.

5] > L294 C60

Displaying transient results

Click Results>Direct Plot>Transient Signal. Click on “in” and “out” nets in your schematic. Hit “Esc”. This
will show the selected net voltages varying over time. When running in ADE-Explorer for the first time, you
may have to undock your Viva waveform window (follow the instructions on the prompt).




2. Simulating a Five-Pack Operational Transconductance Amplifier

Design Specifications

Differential Input to Single-Ended Output Amplifier (often called the Five-Pack OTA 1)

e DC Gain (Av) > 30dB = 32V/V

e Unity Gain Bandwidth (UGB) > 20MHz
e Output Load Capacitance (C.)= 2pF

e Vour,boc= 1V

e Vinoc=1V

e VraL oc = 0.4V

For the circuit, we know that the voltage gain Av = gmn. (Fon||rop)
To simplify the above gain expression, we make a reasonable assumption, ron = rop = fo
Therefore, after rounding up to a multiple of 10,
Imn-To > 70 (1
Unity Gain Bandwidth (UGB, for a linear first order system) = Gain * Bandwidth = gmn/CL

Gmn > 271 UGB.C,

Gmn > 251208 ... (2)

[1] Behzad Razavi, “Design of Analog CMOS Integrated Circuits”, Second Edition, Chapter 5.3



From the output DC voltage, we note that,
Vour,oc = Vop — Vpss
We note that for the above circuit Vbss ~ Vbsz = Vas2
Veso =08V ... (3)
From the input DC voltage, we note that,
Vinoe = Vrawoe + Veso
Veso =06V ... (4)

@ Work out the sizes for each transistor, and the tail current by writing out the square-law equations
/\} or if you are familiar with any of the design methodologies like gm/lo or Inversion Coefficient (IC),
please feel free to use them.

For hand calculations, pnCox = 278UA/N?, Vi n= 0.4V, UpCox = 61UA/N?, |V1h p| = 0.54V

For your convenience and in the interest of time, these parameters (approximate values) are provided
below:

Irai Lrai WraiL | Fraw | Ln Wh Fn Lp W, Fo

40u 720n 1p 3 720n 1p 6 540n 1p 2

Here Ix denotes the current, Lx the channel length, Wx the width, and Fx the number of fingers.
Now we will familiarize the following analyses:

a. DC operating point using the DC Analysis
b. Frequency Response using the AC Analysis
c. Visual sinusoid check using the Transient Analysis

Creating the schematic

New File (on h285) « In your library manager, select your new library and click
File>New>Cellview. Select “schematic” as the type of your

L'r;'r‘:w AAICD_2025 - SISII{\//'iEelA'/:; ,E(i:\f_?) rgianér;gijl(;ﬁme to your schematic. We suggest
Cell |FIVE_PACK_OTA| |

View schematic

Type schematic

Application

Open with Schematics L |3
_ Always use this application for this type

Library path file
eftharakan/EE320-2024/CDS VISO/cds.lib

€D concel el



e Press the key “i” on your keyboard, which will open the “Add Instance” dialogue.

Click browse, select the library UMC_18 CMOS and select “N_18_MM”. (You will notice different flavors
of transistors. For our transistor “N_18 MM”, “N” denotes NMOS. “18” denotes that the transistor can
withstand a maximum of 1.8 V on its terminals. “MM” means that the transistor is to be used in low frequency
(mixed mode digital and analog circuits). “RF” transistors are characterized for high frequencies.)

r e

sl Add Instance * Ld Library Browser - Add Instance _0Ox
Library |UMC_18_CMOS B srowse ¥ Show Categories
h Library Category cell View
cel  N_18_MM B - ) ! B i 5
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v . 33 |
Advire :;tll\-‘:]:rra;wt{na\s @ registered terming il basic & Bipolar N_BPW_18_MM auLvs 20k
- e reg Y| | cdsDefTechLib Cap N_BPW_33_ MM _ hspiceD 20k
Array Rows 1 Columns 1 exl_mos_iv P DlCLNOEUSE N_L18W500_18 RF spectre 20Kk
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42 Rotate b Sideways, 7 Upside Dow - 5 Inductor N_LV 18 MM o
= - = = B N_LV_33_MM
n_18.mm PAD N_PO7W500_18_RF
‘ ~ = Resistor N_PO7W500_33 RF
Total Width 240.0n M symbolics N_ZERO_18_MM
Finger Width 240.0n M N_ZERO_33 MM
Length 180.0n M [Lib: UMC_18_CMOS [Free: 2.89T
Finger Number 1 _Close _ Display... _Help_
mis_flag 1 ﬂ
Source Drain Metal Widt 400.0n M
AD AS PD PS Editable _
2.224e-13
2.224e-13
2.0uM
2.0uM
Multiplier 1
@I cancel Defaults Help

Place the transistor on your canvas. Similarly, use “P_18 MM” for the PMOS transistors. Then browse to
analogLib and place the independent voltage sources and grounds (vdc, vsin, and gnd) as shown in the
schematic below. Again, press | (it is lowercase L) to create labels for wires as in the snippet below.

H_TH_ MM




e Once you made all the connections and labeling, select a transistor and press

the “Properties” dialogue.

You can change the instance name if required to match the schematic shown above. Here you can see
the parameters that you can control as the designer, which are mainly “Finger Width”, “Length”, and
”Finger Number”. You can enter real numbers like 2y or 180n, or you can set them as custom
parameters like “Wn”, “Ln”, “Fn”, etc. These parameters can be changed in simulation without having

to go back to the schematic each time during an iteration.

Edit Object Properties (on h285)

Apply To only current |finstance |
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For the vip and vin sine wave sources (vsin from analogLib), setup the form as shown below. On the
left is the source for vip and on the right is the source for vin (Notice the sign for AC magnitude and
Amplitude).

Edit Object Properties (on h285) x | Edit Object Properties (on h285) x
CDF Parameter Value Display CDF Parameter Value Display
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=
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=
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=
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=
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=
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=
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=
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Nominal temperature
= Number of FM Files s none _ one _ two

@3 cencel | Apply | Defaults | Previous  _Next _ Help &I cancel

J. Apply . Defaults . Previous  _ Next /_ Help |

We are now ready to simulate this schematic.

e Press “Shift+x” to check and save your schematic.

a. DC Operating Point using the DC Analysis

On your schematic window, click Launch>ADE Explorer. In the next prompt, select Create New View.
Keep the View as maestro, select Open in new tab, and press OK.



Click on “Click to add analysis” and fill the form as shown below. Don’t forget to check the “Save DC
Operating Point” box!

Choosing Analyses -- ADE Explorer | & [ 3 ]
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Below the Design Variables, click on Click to add variable. Select “Copy from Cellview”.

r 1
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Value (Expr)
FTAIL
Add | Delete | Change IBIAS
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This will load the component parameters you defined earlier in the schematic. Set the values for your
variables as shown below (also mentioned in the table earlier).

Setup Z18lx = FIVE_PACK OTA [# maestro
Name | Value J Name | Type |

. 4 AAICD 2025 FIVE_PACK OTA 1
~@. Simulator spectre

F® Analyses
Cowde t
_:'gDesign Variables \

- & Fn [

“[E Fp 2

CEE OFTAIL 3

~[E 1BIAS  14u

-[E Ln 720n

~[E Lp 360N

" LTAIL 720n

[ win 1u

- [@ wp 1u

@ WTAIL 1u )

[« & Parameters

4 v =) Corners

© _ Reliability Analyses

# _|'w Monte Carlo Sampling
@ _ Checks/Asserts

Click on the green play button ( * ) to run the simulation.

Analyzing DC results

Click Results>Annotate>DC node voltages. This will annotate DC node voltages on your schematic.
Check the voltage and currents. Make sure they look reasonably accurate.



Click Results>Print>DC Operating point, then click on the transistor MO. In this list, you will find the small
signal parameters that are derived from the transistor model and the bias point. Check for the different
parameters that we designed for, namely, ro, gm, etc. We note that the small signal parameters are
reasonably close to the desired design value.

r Al

Results Display Window (on h285) - o x Results Display Window (on h285) ¥ O ©
Window Expressions Info Help cadence Window Expressions Info Help cadence
F.’r.i_g_ﬂﬁ.'_.._.._.._. OPCYMO™ 727%) . F.i.g.ﬂﬁ.'............_.._.QE.[_'.'.J_M T —
€50 -23.59f qbd -4.0657
€55 32.43fF qbi -16.88f
cssbi 24.98f qbs -2.159f
ft MNan qd 164.5a
fug 1.393G qdi -5.697a
gbd 0 qag 20.84f
gbs 0 qgi 19.27f
ads 41344 ginv 277.2u
[[gm 263.8u gsi 2.385f
gmb 41.39u qsrco -3.798f
gmbs 41.39u region 2
gmoverid 13.09 reversed 0
:|1 20.15u ron 26 7K
i3 20.15u | rout 241.9K
i4 -2.088f SEl_gain 63.82
ib NaN tk NaN
ibd -903,3a trise NaN
ibe -1.328p ueff 35.19m
ibs 1.185f vhs 393 8m
bl -7 nRAf vdb 931.8m
[ 20.15u vds 538m
idb 903.3a vdsat 133.3m
ide 20.15u vdsat_marg NaN
ids 20.15u vdss 133.3m
ig NaN vearly 4.875
igb 0 vibeff -896.5m
iged 0 vgh 1
fnre n wnd AR 15m




{:’@ Verify the DC operating point for all the other transistors in the design.
&8s
b. Frequency Response using the AC Analysis

In order to verify the Unity Gain Bandwidth (UGB) specification, we run the AC analysis. The AC analysis
will let us plot the frequency response of the amplifier.

A few notes about AC analysis:

e To apply an AC input, we set the AC magnitude of the source (vdc or vsin) to a non-zero value.
Remember, we set the AC magnitude to 500m and -500m for vip and vin sources respectively.

e The AC analysis is a small signal analysis.

To run the AC analysis, under the “Analyses” pane, click on “Click to add analysis”. Choose ac and setup
the form as shown below.

Choosing Analyses — ADE Explorer (on h285) x

Analysis  _ tran o dc & ac
~ noise o xf ~ Sens
~ dcmatch o acmatch o stb
- Pz o IF - Sp
- envip - pss i pac
~ pstb « pnoise . pxf
-~ psp ~ qpss ~ gpac
~ gpnoise . qpxf ~ Qpsp
< hb — hbac « hbstb
— hbnoise _ hbsp — hbxf

AC Analysis

Sweep Variable

& Frequency

— Design Variable

. Temperature

- Component Parameter
— Model Parameter

. None

Sweep Range

& Start-Stop
— Center-5pan

e e £
# Points Per Decade -
Logarithmic g

Add Specific Poin _
Add Points By Filt _

|start 100 stop 100M |

— Number of Steps

Specialized Analyses

None '

Enable: » Options...

@8 cancel | Defaults | Apply . Help

Click OK and launch the simulation by clicking on the green button.



Direct Plot Form (on h285)

Plotting Mode Append |~ |
Analysis

w dc & ac
Function

= Voltage _ Current
~ GD

Select Net -]

Modifier
Magnitude Phase . dBl0O
 (dB20!
«dd To Output — Replot

= Select Net on schematic...

[ Close JEN:CINS

x

M v jvout: ac dB3 35.0

To view the simulation results, in the maestro window, go to
Results>Direct Plot>Main Form. Now, fill out the form as shown
on the left and then click on the output net “vout” in schematic. Press
Esc.

The AC magnitude response plot should now come up on your
screen.

In the AC response, we aim to verify two specifications:

e The DC gain which we designed for (~ 20l0g10(35) = 31dB)
e The Unity Gain Bandwidth (~ 20MHz)

From the plot, we notice a close agreement between the design and simulated values.



c. Visual sinusoid check using the Transient Analysis

In the maestro window, add a new analysis by clicking on “Click to Add Analysis”. Fill the transient
simulation form as shown below and run the simulation.

Choosing Analyses — ADE Explorer (on h285) X

Analysis & tran < dc _ ac
« noise o Xf « Sens
— dcmatch o acmatch o stb
 pZ w IF - 5p
— envip ~ pss ~ pac
« psth « pnoise  _ pxf
— psp ~ gpss ~ gpac
~ gpnoise . qpxf ~ qpsp
« hb — hbac — hbstb

- hbnoise _ hbsp ~ hbxf
Transient Analysis
Stop Time 30u
Accuracy Defaults (errpreset)

| _ Transient Moise

| Dynamic Parame _

Enablel » Options...

@3 cancel | Defaults | _Apply | Help

To plot the waveforms, select Results>Direct Plot>Main Form

r M | bl
Direct Plot Form (on h285) x Direct Plot Form (on h285) x
Plotting Mode Append |3 Plotting Mode Append |3
Analysis Analysis
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Function Function
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Selec| DifferentiaiNets | seleciet B
Subtract dcOy_ Subtract deoy _
Prepend Waveform from Reference Di — Prepend Waveform from Reference Di
Add To Qutputs Add To Qutputs
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In the above snippet, the Direct Plot Form on the left shows how to plot Differential Nets. This is useful when
you want to plot the differential input “vip — vin”. After selecting the “Differential Nets” option click on “vip”
and “vin” nets in the schematic. This should bring up the waveform for vip-vin.

To plot, single-ended signals, use the “Net” option as shown in the Direct Plot Form on the right. After
selecting the “Net” option click on the “vout” net in the schematic.

To make sure that both “vip-vin” and “vout” appear on the same window, make sure that the “Append” option
is selected as the “Plotting Mode” in the form above.

% 12.8688us 1.3186V

M v jvout; tran (V)

From the plot, we see that the differential input = 20mVpp, and the single-ended output is 732mVpp. This
corresponds to a gain of 36.6V/V (20log10(36.6) = 31.2dB). This matches well with the gain in the AC
response.

{"@ Apply a 20MHz sine wave as input to the amplifier. What do you expect the gain to be? Is it
Vo, close to 1? Why?



