ECE 546 HOMEWORK No 10 Due Friday, May 1, 2026

PART 1

In this part of the homework you will exercise the DC analysis features of Virtuoso and use them

to properly size the inverter transistors in order to achieve a 50-ohm match.

1. DC analysis tutorial
To enable DC analysis, simply choose ‘de’ from the analysis setup in the ADE environment

(see Figure 1).
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Figure 1. ADE L Analysis dialog box

In order to measure the on-resistance of the transistor, the voltage drop across the transistor, V'
and the current through it, / will also need to be measured. The resistance is simply the ratio V/1.
This can be evaluated using the built-in calculator. You can enter the calculator mode by clicking

the ‘open’ button from the “output setup” dialog box within the ADE environment.
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Figure 2. ADE L — Outputs settings dialog box

Next, click ‘vde’ from the upper row of the new window, the schematic will automatically

come to the foreground. Click the node for which you want to measure the dc voltage. An

expression VDC(“/NOTE_NAME”) will appear in the text box. This will measure the DC

voltage of the node. Similarly, clicking on ‘ide’ will measure the DC current, ‘vf” and ‘if* will

measure the frequency-domain voltage and current respectively, ‘vt’ and ‘it” will measure the time

domain voltage and current respectively. You can also select functions from the ‘Function Panel’

button to perform advanced mathematical manipulations of the signal.
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Figure 3. ADE L — Visualization and analysis calculator.



The expression for calculating the on-resistance of the transistor will be ‘abs((VDC(source) —
VDC(drain))/IDC(drain))’. Once you finished editing the expression, go back to the output setup
window and click ‘get expression’, the expression will be automatically copied. A proper name

should be given to the expression and then click ‘add’.
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Figure 4. ADE L — Implementing mathematical expressions

2. Transistor model

The transistor in the inverter-based transmitter can be modeled as an ideal switch and a series

resistor as shown in Figure 5.

Draw a similar model for the differential transmitter, channel and termination from homework
9. Comment on the target on-resistance of each transistor.

F
N

Figure 5. CMOS inverter and switch equivalent-circuit.
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3. Sizing the transistor
Note that the on-resistance of the transistor not only depends on the voltage drop across it but

also on the absolute voltage of both the source and the drain.
Calculate the source and drain voltages needed to measure the on-resistance of each transistor.

4. Simulation

In Cadence virtuoso, implement the DC analysis and extract the width of each transistor to
ensure a 50-ohm match. Run the same step function as in homework 8 for at least 60 ns and
comment on the results (input waveform of TX, input waveform of channel and output waveform

of the channel).

PART II

In this part, you will extract the pulse response of the given channel, extract the decision
feedback equalization (DFE) coefficients to equalize the channel and examine the equalization
result by using a behavioral implementation of DFE in VerilogAMS.

1. 1. Extract pulse response of the channel

You should generate a pulse input with a 400ps pulse width, a 20 ps rise and fall time, and a
period of at least 60 ns. The input and output of the channel should be matched to 50 ohms.

2. 2. Find the post cursers

Plot the pulse response of the channel, comment on the result, note the main post curser(s) and
determine your DFE coefficients.

3. 3. VerilogAMS tutorial

3.1. Create a new CellView and choose the ‘VerilogAMSText’ as the type. Note that the cell
name should be exactly the same as the module name of the Verilog block.
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3.2. Now you can copy and paste the given dfe sampler Verilog code
(http://emlab.uiuc.edu/ece546/tools/verilog.vams) into the text editor. When you close it the code
will be automatically compile and virtuoso will ask you whether or not to generate a symbol for
it. Please click ‘yes’. If there is no symbol generated, it is usually due to the code not being
compiled. Please make sure the code is the last file to be saved and closed. You can close all the
text editor sessions and re-open the code, make any change then close it again to force
compilation. If there is any error, please go back to CIW window to debug.

3.3. Next, create the text bench for the DFE sampler. An example schematic that shows how to
integrate the DFE sampler with the existing system is included below.
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3.4. You can right click the DFE block and choose ‘property’ -> ‘CDF Parameter of view’ ->
‘verilogams’ to change the DFE coefficients. The DFE block has the following inputs: in and
inbar are the differential channel input; rst is the reset signal to initialize the block; clk is the
clock signal to sample the incoming waveform (eyeopen >= 400mV). The outputs are as follows:


http://emlab.uiuc.edu/ece546/tools/verilog.vams

out and outbar are the differential outputs after equalization; Dout is the digital decision of the
input waveform.
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3.5. After the testbench schematic, a testbench config view is needed to co-simulate the
VerilogAMS blocks with transistor blocks. To create the config view, highlight your testbench,
create a new view, choose the ‘config’ as the type. Then on the newly popped window choose
‘Use Template’ -> ‘Name’ -> ‘AMS’, ‘View’->’schematic’.
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3.6. In the Hierarchy editor make sure all the cells are resolved and right views are used for the
simulation. Then click ‘Open’ to open the config view. You can start ADE as usual.
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3.7. In the ADE environment, the simulator should be changed to ‘ams’, the view name of the
design to be simulated should be ‘config’. In ‘Simulation’ -> ‘Netlist and Run Options’,
choose ‘OSS-ased netlister with irun’ as the run mode. In ‘Setup’ -> ‘Connect Rules’ make
sure the built-in ‘ConnRules 18V _full fast’ is chosen.

= Choosing Design -- ADEL (1) x AD ece546 verlogA e b config =)
Library Marme eced4b Launch 3Session Setup Analyses “ariables Outputs  Simulation RBesults scadence
Cell Marme dfe_s=mpler T e i -

dfe_samplecl ”l& i@ | lc el | (l?):l @ @ -

inwv

Anal FIFIX] —
inv_th Design Variables T yses . - ; sl e
e nakle rguments o

pulse_resp e ] T | ype | | ] | e

testhench th

verlogaMStest @

=5
Oulputs 7 8%]
MamerSignal/Expr [valud Plot | Save|Save Optiong 6

Q

Wiew Mame |config n

Open kMode & edit o read

m cancel )\ Help J)_ = Plot after simulation. Auto n Plotting mode: \F- m
L
= Choosing Simulator/Directory/Host -- ADE L (1) x !

B(1 El)| Solve | Status: Ready | T=27 C | Simulator: ams{Spectre)iode: hatch | State: ams_statel Jj

Sitnulatar ame

|3 ams0: Select Connect Rules x

Praject Directary

List of Connect Rules Used in Simulation F
Host tode & local o remote o distributed

Type Rule Marme Details
Built-in ConnRules_18%_full_fast Lib:connectlib View:connect

Haost

Remote Directary

@  cencel | Defautts ) Apply ) _Help
=] ams0: Netlist and Run Options x

F

METLIST AMD RUN MODE — Enahbl/e Disable Delate Rename... Copy.. k U Do

& 055-based netlister with irun

 Cellview-hased netlister with ncvlag, ncelab, ncsim

IEuiH—in and Customized rules

RUMN OFTICNS

| Rules Mame (ConneciLib.ConnRules_18Y_full_fast n Wi
& Compile incremental Al | kb f ey o

| Description This is the description for ConnRules 18V _full fast Custg
» Elahorate incremental  _ All

Add
‘ommsessetec:/

» Simulate

_ Clean snapshot and pak files  User-defined rules for irun

_ Compile Verlnga as Verilog-AMs | e Emes
| Connect Rules/Modules Files Bro
L
SIMLIE ATION KAODFE v i il N -
@ concel ) Defauits ) Apaly ) Hela T Cancel)_apply.)_Help

Use the DFE coefficients you determined earlier, set the input of the TX to PRBS31 with bit
period of 400 ps with 20 ps rise and fall time, plot the eye diagram of the output of the channel
and the output of the DFE block. Comment on the results.



Notel: a PRBS31 source can be created by using ‘vsource’ from ‘analogLib’
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Note2: A differential PRBS31 source can be created from ‘vsource’ and ‘vevs’ (voltage
controlled voltage source) from ‘analogLib’
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Note 3: To create the eye diagram, go to ‘Visualization & Analysis’, choose ‘Measurements’
-> ‘Eye diagram’, Choose the signal you want to plot on the left column and specify the
start/end time (the sequence should be long enough), period (> 2 bit period) on the right column.
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Note 4: Open the VerilogAMS file to understand the algorithm. For VerilogAMS syntax please
go to http://www.designers-guide.org/VerilogAMS/



