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EE 140 / 240A  Linear Integrated Circuits
Fall 2019 Lab 5

Introduction

For this lab, you may consult the professor, the TAs, your friends, the textbook, the internet, and any other
living or inanimate objects, with the exception of your peers’ lab reports. You may obtain data in pairs, but
must submit your own written report. Be concise. Hand calculations should be to 1 or at most 2 digits of
precision. Don’t use a calculator—I won’t let you use one on the exam and it’s good to get in practice.

O]ajective: Folded Cascode Design

The goal is to design and simulate a PMOS input folded cascode for your Variable Gain Amplifier (VGA).
The figures below show the topology circuitry of a PMOS input folded cascode (Does this topology reason-
able in our technology? If not, how would you modify it?). You also need to design the bias circuit to bias
your amplifier. The const-gm circuit from Lab 4 is good candidate to start with. In any case, you might want
to start with longer channel lengths (e.g. L = 1um) to keep the devices in quadratic mode where they are
easier to analyze. There are many ways to bias this circuit, this is only one of many possibilities.
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Figure 1: PMOS Input Folded Cascode
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Specification Requirement
Vbp 1.2V
Settling Accuracy (f = %) < 0.4%
Settling Time (f = %) <5us
Cr 400fF
Input Common Mode Range | Includes ground
Temperature -40°C < T < +85°C

Recommended Design Strategy
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Calculate the requirements for open loop gain and unity gain bandwidth.
Choose device lengths (L = 1 m is a good place to start) and overdrive voltages.

Calculate the transconductance required for the bandwidth and the current given your choice of over-
drive voltage.

Calculate widths for all transistors. Start with the current mirror for the input diff pair and work
your way toward the output. The table below should give you a reasonable place to start with hand
calculations using the quadratic model.

After sizing all transistors run a DC sim and check all the voltages and currents (Don’t forget to apply
a DC bias at the input). If the simulated values are very far off from what your hand calculations
predicted, STOP! Go back through systematically and look for the discrepancy. If your DC bias is
wrong, your amplifier is never going to work as expected.

Once your DC bias is working, use the test bench (see below) to check the AC small signal frequency
response of your amplifier. If you fail to meet your gain or bandwidth specs, think about what you
need to change in order to increase the gain or bandwidth and make those changes. Keep track of
what changes you make and what their effects were (making copies of your schematics with revision
numbers is recommended). Continue this strategy until you have met all specs.

You’ll likely find that one temperature condition is more difficult to meet than the others. It is eas-
iest to focus on getting your amplifier working under this most difficult constraint, then the other
temperatures should achieve the specs with ease.

Vth | A@L=1um UCoyx
ne | 0.65V | 0.141/V | 140uA/V?
nel | 035V | 0.161/V | 150uA/V?
pe | 0.65V | 0.09 1/V 30uA/V?
pel | 0.30V | 0.151/V 60uA/V?

TestBench

We often use components from analoglib to test our circuits (things like voltage sources, etc) but we want
our schematics to only include real devices that we can fabricate (this becomes important for layout). The
solution is to create a test wrapper which turns our schematic with real devices into a component with
input and output pins. We can then create a new schematic, instantiate the symbol of our circuit, and
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attach analogLib parts to the pins for testing. Since we will use test benches to evaluate your final project
performance, you will get familiar with the process in this lab. The test bench has already been created for
you as an example. The overview of the steps to use the test bench are outlined below, and then explained

in detail:
(1) Copy over the test bench file, zz_pmos_cascode from library: ee140_gsi
(2) Copy your schematic to the test bench library

(3) Load saved state and run simulation
To setup your testbench, you need to follow these steps:

(1) Copy over the testbench and amplifier symbol from library: ee140_gsi

a. In your Library Manager, click Edit — Library Path. The Library Path Editor will pop up. By
click on Edit — Add Library, you can add the ee140_gsi library in /home/ff/ee140/fal9/cadence

folder.

Library Path Editor: ...ngkai/eel40_TA/cadence/cds.lib [Name: YA (X Lol AL %
File Edit View DesignManager Help cadence Library
PR H | Name ec140gsi
- Library | Path | H | ¥ UseMapped Name
19 VLG PRIMITIVES | /xkitsctupix_all/cigiibs/VLG_PRIMIT IVES/cadence_IC61/VLG_PRIMITIVES
20 D_ceLLS_HD J.xkit/setu pixt01 8/diglibs/D_CELLS_HD/cadence_IC61/0_CELLS_HD | Dictery Lo
21 D_CELLS HDLL | /.xkit/setup/xt01 8/diglibs/D_CELLS_HDLL/cadence_IC61/D_CELLS_HDLL =
22 D_CELLS HDMV | /.xkit/setupixt01 8/digiibs/D_CELLS_HDMV/cadence_IC61/D_CELLS_HDMY
23 GaTES_HD JxKitfsetuplxt01 8/diglibs/ GATES_HD/cadence_|C61/GATES_HD
24 GATES_HDSV . xKit/setup/xt01 B/diglibs/ GATES_HDSV/cadence_IC61/GATES_HD5V
25 avtech 5 ASSURAHOME/tools/assura/e ic/aviechiavTech
26 ccsDefTechl. | CDSHOME/took/dilletc/cdsDefTechLib
27 xfab_connectLib | xkisetup/x_all/diglibs/xfab_connectlib/cadence_IC61/xfab_connectlib
28 Cadencelibs xkitfsetuplx_allfcadence/xenvlib/ibs/CadenceLibs
29 DigitalLos xkitfsetuplx_allfcadence/xenvlib/ibs/ DigitalLibs
30 AnalogLibs . xkitfsetuplx_allfcadence/xenvlib/ibs/AnalogLibs
i XFABLiDS xkitfsetuplx_allfcadencefxenvlib/ibs/XFABLiDS o meiles 1 40ifa1 Geadence =
52 1ab4 ah4
33 lab2 ah2 Design Manager
34 1205 a5
5 - a
Teadda new library definiion, type the name in the Library column and the path
to the libraryin the Path column. Press RETURN to continue adding libraries.
When done, select the menu *File -> Save’ to save your edits.
p [ ok N Gncel Help

Figure 2: Library Manager

Click OK and save your changes.
b. Once this is ensured, copy "zz_pmos_cascode" and "pmos_cascode_wrap" by right Click —
Copy.

c. In the pop-up menu make sure to provide your library name under "To". By default it would be
"eel140_gsi" which you need to replace it with name of your design library.
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Copy Cell X
From
Library | ee140_gsi '
Cel zz_pmos_cascode
To Use your design libarary

mer)l [1abs J -]

Cel zz_pmos_cascode

Options

_ CopyHierarchical

¥ Skip Libraries TECH_XT018_HD US_8ths VLG_PRIMITIVES
XFABLibs ahdILib analoglib avTech basic
cdsDefTechLib functional lab2 lab4 b5
sample sbalib xfab_connectlib

[

(0

__ ExactHierarchy

Extra Views

 CopyAll Views

Views To Copy = schematic spectre_ac

__ Update Instances: tOf Entire Library iy

Database Integrity

__ Re-reference customViaDefs

_ Check existence intechnology database

_ Add To Category Cells =
[ ox ] Apply Cancel Help

Figure 3: Copy Cell

d. If you get a window showing the Copy Problems, click on Overwrite All and then click on OK.
This would finish copying the cell to your library.

Copy Problems (x

Destination Library: lab5

One or more of the following problems have occurred:

1 1. The source file does not exist.

q 2. Adestination file will be overwritten.

3. Adestination file is checked out.

4. Adestination file is opened for edit.

5. Adestination file conflicts with another.

6. Asource lbraryfile is not valid in a different library.

7. Asource OpenAccess cellview master file has zero size.

[fromtiorary  [fromcen  [fromView  [Tocen  [Tovew | jacon |

eel40_gsi pmos_cascode_wri data.dm pmos_cascode_wri data.dm Would Overwrite Overwrite
eel40_gsi pmos_cascode_wr: symbol pmos_cascode_wri symbol Would Overwrite Overwrite
eel40_gsi / data.dm / data.dm Would Overwrite Overwrite

| (" OK , \ FixErrors Overwrite All . CGamcel Help

Figure 4: Copy Problems
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e. You need to do exact same steps for both "zz_pmos_cascode" and "pmos_cascode_wrap".
(2) Copy your schematic to the test bench library.

a. Make sure your schematic has the same pin names and types as the pmos_cascode_wrap cell. In
the given cell, the two inputs are called "INP" and "INN", with input type. The ouput is called
"OUT" with output type. The supplies are called "VDD" and "VSS", with inputOutput type.

b. Cell pmos_cascode_wrap only contains the symbol only. You should copy your schematic view
into this cell by right click on your schematic. Choose copy and fill out the form as below.

Copy View X

From

G

Ce|l pmos_cascode

View schematic

— Use your design library and cell name

G

Cel ‘ pmos_cascode_wrap ‘

View schematic

Options

__ CopyHierarchical

v Analoglibs Cadent

_ Update Instances:

Database Integrity

_ Re-reference customViaDefs

— Check existence intechnology database

__ Add To Category

«© ARy _Cancel Help_

Figure 5: Copy Schematic

c. Click "OK" in the copy window. If you get warnings about data.dm, they are safe to ignore and
overwrite as the previous step.

(3) Load saved state and run simulation.

a. The other cell inside zz_pmos_cascode has two views. One is the test bench schematic which
instantiates your amplifier symbol along with analogLib parts for testing. The other is a saved
ADE state called "spectre_ac". Saved states allow you to save a particular simulation configura-
tion so that you can easily run it again later.
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b. Double click on "spectre_ac". This will open ADE with DC and AC simulations already set
up. There are also variables for VDD and the common mode input voltage which default to 1.2
V and 0 V respectively. Click run. If you have set everything up correctly a plot should open
showing the magnitude and phase response.

Debugging

It’s a good idea to build things in pieces and test as you go. You could start with the bias network, building
up the circuit one leg at a time and verifying that you get the expected gate bias voltages, and then adding
in the transistors in the signal path. Or you could build the signal path first, with ideal sources to set biases,
and verify that it operates the way that you expect before adding in the bias network. "Test as you go" means
"do a hand analysis to estimate bias point voltages and currents, smallsignal model parameters, gain, BW,
etc., and then check with simulation to make sure that is what your circuit is doing".

If SPICE and hand analysis don’t match, stop! Go back and figure out if your analysis is wrong, or you built
the circuit wrong, or what. A DC plot of Vout vs. V+ will tell you gain and output swing (take a derivative
and see how close you can get to the rails before the gain drops off). That same plot with several different
values for V- will give you an idea of what your input common mode range is, and how gain and swing vary
with input common mode. Estimate phase margin, and then put the amplifier in unity gain feedback and see
if the response to a step input looks like you expect.

Deliverables

(1) Show how you calculated gain and bandwidth requirements.

(2) Schematic of opamp and bias generation with sizes and currents annotated. (Cadence snapshots are
discouraged for the schematic. You can use other softwares to draw your schematic, such as circuitikz,
Illustrator, Visio, etc. The Illustrator templates are attached to the website. If you have to use Cadence
snapshot, make sure your diagram is legible.)

(3) Bode plots of amplifier frequency response (mag and phase) under different temperatures. (You should
use white background for bode plots with 3dB frequency and DC gain annotated. You can use Cadence
screenshots or redraw it with plotting softwares of your choice. Be sure to label your axis!)

(4) The following table:

Temperature | DC Gain | Unity Gain Bandwidth | Phase Margin
-40°C
27°C
85°C
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