EECS427 Fall 2009

Tutorial 1.5:
The Design and Simulation of a D Flip-flop

(Last updated: Sep. 13, 2009)

Introduction

Tutorial 1 described the design flow for combination logic. This tutorial describes a few additional details needed
to get timing and weak inverters to work in digital simulation.

A. Draw a schematic

Adding a High Resistive Transistor

Any time there will be fighting where one transistor should lose; a high resistive transistor is required to ensure the
digital simulation will represent this. The transistor should still be sized properly to make it weak and analog spice
simulation is required to verify that it will work, but this will tell Verilog that it should lose to the non-weak
transistor. Verilog simulations also often have problems with tristate feedback where the simulations hit all sorts of
race conditions, 0-delay timing loops, and general screw-ups. The circuit below essentially works properly
because any momentary flicker when both tristates are off will be short enough not to break anything. However,
Verilog simulations often don’t take that into account and the ordering of signals changing can be arbitrary. One
simple solution that can fix “instantaneous” conflict issues is to use high resistive transistors in the feeback
elements even though they aren’t really. Sometimes you might need to add delays to the feedback elements as
well. The circles on the diagram below indicate where you would do this.
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When entering a schematic, instantiate “rnfet” for high resistive n-type transistors, and “rpfet” for high resistive p-
type transistors. In the Verilog simulations there are actually a few drive strengths: “nfet” and “pfet” pass the
supply line drive strength of “supply” through unchanged and the “rnfet” reduces that drive strength to “pull.” When
two devices are driving the same net to two different values, the device with the drive strength of “supply” will
overpower the device with the drive strength of “pull.” Thus, by using high resistive transistors, a designer can
reduce the drive strength of the keeper or feedback device and thus mimic the real circuit in Verilog more closely.
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Warning: Watch your transistor direction

Even though a transistor’s source and drain connection are supposed to be interchangeable, a design needs to
specify the source and drain when entering the schematic. This requirement converts the transistors from
bidirectional devices to uni-directional devices in the Verilog simulation resulting in a number of benefits. In
addition to a simulation speedup, imagine the problems if every pass transistor suddenly became a potential
feedback transistor. There is a way to get a bidirectional transistor in Verilog but getting it to work involves careful
consideration of drive strengths of everything around it. To help you visualize the source and drain port of a
device (information only flows from source to drain), a little triangle has been added to the symbol of the
transistors next to the source connection. The following diagram illustrates the implementation of an inverter and
transmission gate:
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B. Adding Verilog Propagation Delay for Digital Simulation

To get a more accurate digital simulation, and ensure a trouble-free simulation with the standard cell behavior
models, Verilog propagation delays must be added. This step should be after the post-extraction HSpice
simulation, so you would have some idea about the setup time and clk-to-q delay. You should add the setup time
to devices that are connected to input “d,” which are circled in the orange hexagon. Then you should add the clk-
to-q or clk-to-g_b delay to the devices circled in red. Hold time is harder to model and, unless you design a very

strange register, it should not be an issue so you need not add it.
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Here are the steps to add Verilog delay into one device. You will need to repeat this step until you have added all
of the necessary delays.
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Edit Object Properties

OK | Cancel Apply | Defaults| Previous Next Help
Apply To only current instance
Showr system W user W CDF
Browse Reset Instance Labels Display
Property Value Display
Library Hame | tmrf8st | off
Cell Hame nfet off
View NHame symbol; off
Instance Name |T13 off

Delete Modify

User Property Falue Local Value Display

permuteRule (o D 5 off

CDF Parameter Value Display
Width Single Finger 280. On X off
Width All Fingers 280. 0n ¥ of f
Length 120. On ¥ off
Humber of fingers L off
Multiplicity L off
Interdigited Layout? off
Gate Connection 1 off
Left RX Contact Fill (%) 10g off
Right RX Contact Fll (%) 10d off
Nested / Isolated Random off
Orientation Random of f
L Matching Proximity Random off
W Matching Proximity Random off
switch for STI stress SuEesSlelfect off
switch for NW proximity N0 proximity effect off
ST Commpression {sa) 5.5e-07 off
SETE Cornpression {si) 5.5e-07 off
ST Cormprassion {3d) 3. 6e-07 off
edge sensistivity (VTSENS) off
BSIM4 body resistance network off off

Step 2: A “Add Property” Window will pop-up. In the “Name” field, type “verilog”. Change the “Type” field
to “hierProp” and click on OK.

Add Property

0K | Cancel| Apply Help

MName |verilod

Type hierProp
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Step 3: Back in the “Edit Object Properties” Window, a new user property name “verilog” should appear.

Press on the “Expand” button, circled in red.
(- Edit Object Properties

OK | Cancel| Apply | Defaults| Previous| Hext

only current | instance |

Random —
Random =i
Random =i
stress effect
no proximity effect

Orientation

L Matching Proximity
W Matching Proximity
switch for 3TI stress

switch for NW proxzimity

Apply To
Show _ | system W user l CDF
Browse | Reset Instance Labels Display |
Property Value Display
Library Name [ cncE8sf | orr -
cell Name nfet off
View Hame |3Y’“b0]§. off
Instance Name |T13 off
Add | Delete | Modify |
User Property Master Value Local Yalue Display
permuteRule |(p D 5) off
verilog ’7‘ Expand
CDF Parameter Value
Width Single Finger 280,00 % off
Width All Fingers 280,00 % off
Length |120.un i off
Number of fingers |1: off
Multiplicity L off
Interdigited Layout? ]
Gate Connection ﬂ off
Left RX Contact Fill (%) |1UEE. off
Right RX Contact Fill (%) |1UEE. off
Nested 7 Isolated e off a

HYE Comprassion {84} |5-5'3'DT
HYE Comprassion {sh} |5-5'3'DT

ST Compression {54} | 3. Be-07

edge sensistivity (VTSENS) |

Step 4: A “verilog properties” Window should

off -
off -
off
off
off
off
off
off

off

1 1 1 L R

D. Press the “Add” button.

verilog properties

oK | Cancel | Apply |P|.dd|Delete|Mudify|
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Step 5: A new “Add Property” Window will pop-up. In the “Name” field type “td”. In the “Type” field select
type “string”. In the Value field, type in the delay that is desired. In this example, a delay of 1 ns is used.
Please round it off to the first decimal.

Add Property

oK Cancel | Defaults | Apply Help
Hame td
Type string
Value 1]
Possible Choices .

After adding all the delays, you need to modify the accuracy of the Verilog simulator so you will see the
delay. To do this, you need to select Options->Netlist after you initialize your NC-Verilog environment.
The “Netlist Setup” Window will pop-up. You need to change the Global Sim Precision from 1 ns to 100
ps before you simulate your design.

Netlist Setup

0K Cancel | Defaults | Apply Help

Netlisting Mode Entire Design -4 Incremental Off
Hetlist These Views |functional schematic symbol]

Hetlist For LAI/LMSI] Models

Generate Verilog Test Fixture Template

Netlist Uppercase Generate Fin Map Preserve Buses n
Netlist SwitchRC Skip Null Port Hetlist Uselib

Drop Port Range L] Incremental Config List Symbol Implicit

Assign For Alias Skip Timing Infonmation Declare Global Locally
Hetlist Explicitly Support Escape Names

Stop Metlisting at Views | functional symbol
Global Power Nets VoD ||

Global Ground Nets BND I}

Global TimeScale Overwrite Schematic TimeScale

Global Sim Time i Unit NS

Global Sim Precision 10q Unit PS

After modify your setting, start your simulation, and verify that you see a clk-to-q delay in your simulation.
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C. Parametric Analysis in Analog Simulation:

Parametric Analysis allows you to find your setup time and hold time with one simulation. Assuming that you are
using a “pulse” as the stimulus of your input “d,” you need to add a variable to your delay as shown in the
following diagram:

L Setup Analog Stimuli CIEIED
OK | Cancel Apply Help

Stimulus Type 4 Inputs Global Sources

oN  CE fgnd! Woltage pulse "Voltage 1"=0.0 "Woltage 2
0N d Agnd! Voltage pulse "Woltage 1"=0.0 "Voltage 2"

0N  rst Sfgnd! Voltage pwl

Change
Enabled W Function pulse Type Voliage
AC magnitude ;
DC voltage ;
Voltage 1 0.
Voltage 2 1.7
Delay time ‘on+td
Rise time 100g
Fall time 100g,
Pulse width Brg
Period 161,
AC phase
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After the stimulus has been setup open the Parametric Analysis window through the menu.

Tools->Parametric Analysis
The following window should open. Type in the variable name that you would like to sweep. Give it a starting point
and stopping point and the desired step size. The numbers in the following figure are just an example.

Parametric Analysis - hspiceD(0): jerry_sandbox test_dffcad2 schematic

Tool Sweep Setup Analysis Help | 14
Sweep 1 Variable Hame | 55 Add Specification

. . Select
Step Control  Lnear Steps Step size | S00B

To simulate in Parametric Mode, use the menu in the Parametric Analysis Window: Analysis->Start.

When the simulation is all done, you should see your result from the sweep in the plotting area.

Graph Window 1 [23]

File Edit Graph Axis Trace Marker Zoom Tools Help
SrEHEl FHEE S >l ME [ILabel

Transient Response m

(o] 25.0 50.0 750 100.0
time {E-%)
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