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Agenda

U Day 1
» Introduction of Mixed-Signal Simulation
» Using Analog Artist Environment for Mixed-Signal Design
4 Day 2
» Layout Integration for Mixed-Signal Design
» Verification & Post-Layout Simulation for Mixed-Signal Design
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I ntroduction of Mixed-Signal Simulation

Why Mixed-Signal Simulation?
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System in the Real World

Anaog isthe Redl

Sensor
Transmission Actuators
Media S %/i
Cablefiber
antenna

o VLS = Image
Source Digital System
Storage Media %
Disks, Audio I/O
Tapes
Analog World | A/D Source Ref : P. R. Gray
nterface
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EEE:.!.C' Mostly Applied Method of
T Mixed-Signal Design

Analog

' A/D |—» Signal processingl__,| D/A
computation

Digital Block
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E2C/IC)  Integration Pushesthe Need of
T Mixed-Signal Design

CA/D Signal processing|___,
computation
Analog chip v\\
Analog block block\ Chip Boundary

—————————————————————————

A/D_thnalproc&ssmg -D/A
. | computation ;
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Benefit of Integration

e Push the limit of system performance
Reduce parasitic
Reduce I/O driving loads
Exploit design space between blocks

* Push the limit of power dissipation

Reduce parasitic loads
Reduce I/O driving currents

* Reducethe system size
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Challenge of Integration

High design complexity
Capacity and Efficiency of EDA tool
Different design knowledge

Increasing process complexity
Signal coupling prevention
Signals getting closer
Signals might be virtually connected
Signal noise isolation
| solation between noisy circuit and sensitive circuit
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System simulation

Approach

/ \partition and spec. definition

[Digital Blocks} Analog Blocks

De-efficiency of the conventiona approach

A 4

Circuit Design/
Digital Simulation

 Theanalog/ digital design processes

Design Flow

are almost independent, lack of
horizontal link

» The spec. of analog circuit might be
over -specified for ensuring correctness

layout Design/
\ Verification

L ayout I ntegration
Verification

Transistor level
post simulation

of system integration
« Hard of analog/M S block reuse
evaluation
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EELQIQJ Conventional Design Concept for
. Analog Block

Problem of Flow :

Block Definition « Lack of good block description
which reflect the complete block
characteristics for system simulation

* No efficient trandlator available for

v proceeding to the next level

L ayout Design * No good methodology to check the

validation of lower level design

A 4

Circuit Design
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Simulation & Refine

System Level
- Design/Simulation
Behavioral Level
y Design/Simulation

RTL Design/Simulation

Logic Synthesis

B Logic Level/ Simulation
h Layout Design
S Post layout Verification

EEL?C,:' Top Down Design Concept in

Digital Domain

Design Format * At each level, the designed systemis

C/SPW/M atlab simulated to verify the correctness of
functionality and performance before
proceeding to the next level.

* Tools can be used for the trandlation
of one level to the next level, for

VHDL Verilog example: Behavioral Synthesis, Logic

Synthesis, Automatic Place & Route.

* With higher level of abstraction and
automation, large system can be
designed efficiently.

C/VHDL /Verilog

VHDL /Verilog/EDIF .
Front end design

L EF/DEF Back end design

GDS2
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Digital Model Abstraction

Digital model maintain the abstraction of system working with
discrete events and discrete signal.

System Level
Describe the behavior of entire systems, might include probability analysis.

Behaviora Leve

Describe the behavior of blocks of a system, little or no detail on the structure
implementation. To prove the basic concepts of the system.

Register Transfer Level

Describe the structure of blocks. Basic components are data storage and
operations operate on the stored data.

Gate Levd

Thecircuit is described in terms of a set of primitives--Boolean logic with
timing data. Timing of individual signal paths can be verified.

Switch Leve

The digital logic gates are described in terms of switches -- smplified versions
of transistor, detailed timing can be analyzed.
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Mixed-Signal Design Flow

<—{  BONes
[
v ’[ Visua Architect]
RTL Level Verilog-XL |« HDL Debugger |
. . ( . o) 0.35um Cell Library
Logic Synthesis — D -C ler <
gic Sy \ eﬂgn¢ ompiler | TSMC(Core & 'Q

Gate Level [ Verilog-XL ]::—‘
YV

( Composer/SrEdit\ —
> | Virtuoso/L aker )4’[ Silicon Ensembl e]

! )

( Hspice, SBTspi ce\, Célibre }

DRC/LVY
ectre, SMASH i
P / RC Extraction

¢

TimeMill

v

Cdlibre
DRC/LVS
. RC Extraction )

4 N\

Tapeout
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C_E:'I\/I ixed-Signal Top Down Design Flow

System simulation

/ Partltlon\

Dlgltal Blocks | [ Analog Blocks]

RTL Design Block Design | ..,
% 9ynthesis?
T | Circuit Design |+
Synthesis J
[ Gate Netlist L ayout Design
SDF RC
Extraction EXtraCtV

P& R
L ayout Integration
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Enabling the Top-Down Design

» Behavioral Description Language for Analog/M S Block

* Modeling technique for the Designed Block

o Simulation Capability of handling Behavioral Description
o Simulation Capability of handling Mixed Level simulation
« Simulation Capability of handling Analog/Digital Design
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Analog Model Abstraction

CIC

Circuit level Macro Model Analog Behavioral

+ VSUPPLY

module opamp (vout, vin_p, vin_n);
inout vin_p,vin_n;

output vout;

electrical vin_p, vin_n, vout;

analog begin

I(vin_p) <+ 0.0;

I(vin_n) <+ 0.0;

V(vout) <+ V(vin_p,vin_n) *Av;
end
endmodule

- VSUPPLY

Compromising between Accuracy and Complexity
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Top-Down Design M ethodology

Top-Down Design Methodology

The methodology consists of up-front design and verification of
the architecture before creating detailed designs of blocks

Mixed-Level Simulation With the aimsto

One or some blocks at detailed level Improve simulation efficiency
Abstract models for remaining blocks | Reduce design iterations

Analog HDL Digital HDL
Analog Schematic
Lolé/_vltPass
U lter
Vione— ADC % O\

Analog Layaut Analog Behavior
Power _
Amplifier diapragm
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2C/C  What Can Be Expected with
T Mixed-Signal Simulation

 Verify the system behavior is correct
 Verify the system reguirement is met
 Verify the system performance is satisfied

e Evaluate if cartain block architecture is better than othersin
the system

The better means :
—easler to design
— better performance(area/power/speed/noise)
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What Can’t Be Expected with
Mixed-Signal Simulation

Due to the capability of digital smulator, only time domain
Information can be obtained directly.

All the modeling of analog behavior should be converted into
time domain when simulated with mixed signal simulation.

Other system characteristics such as frequency response might
be calculated from time domain data if needed.

When obtaining freqguency domain information, the time
domain information must provide sufficient time period and
time point.
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EERp=

EE&_’C 'What is Required for Mixed-Signal
- Simulator

|s the model appropriated ?
Device model supported
Anaog/digital interface
|s the result reliable ?
Algorithm, methodol ogy
|s the algorithm stable ?
Ease of convergence
Complete ?
Design formats, language supported
|s the smulator efficient ?
Ease of using
Fast of simulation
Clear of output result
Ease of extracting desired parameter
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'EE(:::E?JI\/I ulti-Level Mixed-Signal Simulation

To perform Multi-level Mixed-Signal simulation, simulator must support
both circuit level and behavioral level of analog abstraction

Digital circuit  switch  gate RT  behavioral
Abstraction Analog
= Abstraction
" || behavioral
circuit level

23 Mixed-Signal IC Design Kit



' Basics of Mixed Signal Simulation

» Thefundamentals of Mixed Signal Simulation
— The identification of analog and digital blocks
« Signal abstraction : logic value or voltage value
— The modeling of analog/digital signal translation
» Theloading effect of succeeding block
» Thedriving capability of proceeding block
— The solving of initial solution
— Thetypes of logic/circuit solver
— The mechanism of time step control
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E2C/C) Timing Control for Mixed-Signal
- Simulation

F i Synchronize at minimum
L ock-St Digital | | [ [[[ [ [ | [[] | .
®  “pnalog | T [T 1T 1T timesten

- e Digital | [ | [I| [1 [ [ [[]]|
Fixed Time HERIERERERER

Analog
Roll-Back1 -Rigital [ [ I [[l [ [ [ [[]| Trace back when a/d, d/a
Analog || | —1 11 [I]]| event occurs
<

Roll-Back2 Digital | | [ [[[ [ I [ I[[|
Analog | | [ |l [T

N
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%CIQ) Mixed-Signal Simulator
- Configurations

Core Modification
Adding extensions to existing simulator for handling mixed-signal design
Glued

Combining two ssimulator simulating together to achieve ssimulation
Communication of simulators through Bask Plane or IPC
(Inter- procedure-call)

Wlinced- Sagral Models

i
!
gwwu

B vl ry Alkgortihon

Back Plane

Figure Source: www.vhdl-ams.com
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Mixed-Signal Simulator

Configurations

Integrated Single Kernel

Use single engine handling different abstractions.
Partitioning and | E handling by system automatically.

VHDL-AMS Veribg-AMS MAST

Figure Source: www.vhdl-ams.com
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Commercially Available
Simulation Environments

« Cadence
— Affirma VHDL/Verilog, Verilog-A, Spectre
— AMS VHDL/Verilog, Verilog-A, VHDL/Verilog-AMS,
Spice/Spectre

e Mentor

— ADVance MS (ModelSim + Eldo) C, VHDL/Verilog, Verilog-A,
VHDL/Verilog-AMS, Spice

e Synopsys
— Timemill Transistor level
— Star-Sim  Transistor level

— VCS+tNanoSim C, VHDL/Verilog, Verilog-A, Spice
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.II’CIC

The Cadence

environment can be

invoked withicfb or | COMpPOSer —

icms

— schematic

—— behaviora

l

A 4

config

Netlister/partitioner

Verilog-A Spectre Netlist l

or Spice

Verilog-A
Debugger

use
source /usr/cadence/cic_setup/ic.cshrc
source /usr/cadence/cic_setup/ldv.cshrc
to define the tool environment

———

Affirma Analog Artist Flow

Design Composition

Interface Element  Partition

IPC [Verllog Netlist
Spectre H @

Waveform
Display

29

insertion Netlisting

Simulation

Verilog
Debugger

Mixed

Result Browsing

-Signal IC Design Kit



C

i.-/" Reference for Affirma Flow

Use cdsdoc or help menu from tool window to invoke the manual

=101 xI

Active Document Hierarchy:

bl

Docs by Family *

i &= [ affirma
&= ) Assura
& [ Cadence
& [N Envisla
&= [ Virtuoso

[ Search All | | Open | Exit | [ Help

30

=101 %]
Active Document Hierarchy:
CD5  fusrfeadence/1C/cur -
Docs by Family =
& [ Affirma -

|__"'| AMS Distributed Processing Option User CGulde
[y affirma AMS Distributed Processing Optian Kn

[y affirma Advanced Analysis Tools Known Proble
D Affirma Advanced Analysis Tools User Cuide

D Affirma fnalog Circuit Desian Emvironment Kn

[ affirma finaloa Circuit Desian Environmant Use
() affirma Circuit Dasign Envirenment SKILL Lang

[ &ffirma Mixs d-Signal Circuit Desian Environ

[} affirma Mixed-Signal Circult Desian Env irunE
[} affirma Mize d=5lgnal Circult Deslan Environ

[} affirma Modelwriter Known Problems and Solu
[y affirma Modelwriter Product Motes

[y affirma Modelwriter Refarence

D Alfirma RF Simulater (5 pectraRF) Theory

D Affirma RF Simulator (S pectrefFD User Cui di

s T

|iun:lﬁll||-npnl||ﬂdt||llulp|
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Mixed-Signal Tool Environment

;

Waveform window

ANVAN

v/ UV
*
v
v : ~ Results Browser i
BachA/nnotatldn
Spectre - == |
SpectreHDL S
. Analog Artist SiiE ==
verllog-XL | simulation = im e
environment e
Waveform Calculator
B 31
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£.C/C)\Mixed-Signal Top Down Design Flow

System simulation

/ Partition\

 Digital Blocks | | Analog Blocks |
RTL Design . Block Simulation &
Specification Correction
Synthesis Circuit Design Dﬁmulat_ion &
! 7y N Correction
[ Gate Netlist L ayout DeSign >Verification &
S.D - RC Correction
Extraction Extracti:m/
P&R

L ayout I ntegration
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Beforethe Design Creation

o System Planning and Partitioning
— ldentify digital domain and analog domain, thus the analog/digital

interface
— The better of design partition, the lesser of design iteration and

faster of design progression

* Block Boundary definition
— 1nput/output signals
— Any input/output characteristics

e Block characteristic definition

— Algorithm/transfer function
— constraints/parameters
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==l . ~I—
as C/C| . .
- M- Design Creation

The system is separated into blocks for reducing the design complexity
and improving design efficiency and quality

- Analog Stimuli

Digital Stimuli

symbol

|nstance 3
verilog

symbol

Instance 1
veriloga

Behavioral / Analog leaf cell

symbol

Instance 5
verilog

symbol

|nstance 4
veriloga

Behavioral /Analog leaf cell T Behavioral/Digital leaf cell
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==l . ~I—
=s C/C) . .
- - Design Iterations

The block information can be replaced with

detailed format as the design proceeded o
Digital Stimuli

Analog Stimuli

symbol

|nstance 3
verilog

symbol

Instance 1
schematic

Device / Analog leaf cell

,:
symbol \ symbol L,
Instance 4 _ Instanced ) .°  wiredeay
. Verilo lllllllll . .
layout , N 9 — information
bevice /Analog leafcell ‘ "~ "Behavioral/Digital leaf cell
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Design Partitioning Scheme

e The partitioning scheme in Affirma Analog Artist is
| nstance-based

« Partition is defined before netlisting, each leaf cell must be
separated into elther digital or analog netlist

e Thedefault partition scheme is based on stop view values
Analog Stop View Set :
spectreS cdsSpice spice ahdl aul vs spectre veriloga
Digital Stop View Set .
behavioral functional hdl system verilogNetlist verilog vhdllmport

e The schematic partition can be displayed/defined within
schematic window
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Partition Requirement

« Thedesign must contain at |east one analog component.
e Thedesign must contain at least one digital component.
e There must be with at least one interface net.

* Anaog stimuli defined in the analog stimuli file cannot be
used to drive digital net.

e Digital stimuli defined inthe digital stimuli file can not be
used to drive analog net.

* Any interface net must be identified before netlisting.
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T
i::l(CIQ} | nter face Element Schemein
B Affirma Artist Environment

Interface elements will be inserted during netlist generation for signal
trandation

MOS d2a
|E insertion TTL_d2a
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| nterface Elements

o Generated automatically for input/output terminals of
digital components

 Mode theloading and driving impedance of digital
Instance terminals

« Convert voltagesto logic levels, and vice versa
« Transport events between two simulators
 No Bi-directional Interface Element provided

« Nonsupply global net can’t be an interface net, ex. clock
net can not drive digital and analog blocks simultaneously
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jicc

e
HEeas

Using Analog Artist Environment for
Mixed-Signal Design

System verification at the early design stage
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cic) Analog M odeling for Mixed Signal
Design

* Analog modeling : A key to Top-Down Design methodol ogy

In order to evaluating performance of system under design, the characteristic of
system blocks must be described and included for simulation.

e Macro modeling : Different goal of modeling

The existed method for analog modeling utilizes the capability of SPICE simulator.

Analog blocks were described with a set of dependent sources and primitive
components.

Good for modeling a pre-designed circuit with acceptable accuracy
Bad for block definition at pre-design phase

« HDL modeling : Promoting method for analog/M'S design
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88 C/C/ Analog/Mixed Signal Description
ll IIII L an g u age

e Proprietary Language - MAST, SpectreHDL

e |EEE 1076.1-1999 IEEE VHDL Analog and
Mixed Signal Extensions

 OVI Verilog-A 1996
 OVI Verilog Analog/Mixed-Signal (A/MS) 1998

Reference site:
http://www.ovi.org
http://www.eda.org
http://www.vhdl.org
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Analog Hardwar e Description
L anguage Verilog-A

* An extension of the Verilog language to describe
analog/mixed signal system models

e To be compatible with Verilog
« AnOVI(Open Verilog international) Standard

* An multidiscipline language that models electrical, mechanical,
fluid dynamic, and thermodynamic systems

e Can be used for supporting Top-down design
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== C/C)
-lii ;

#

Basic M odule Definition

A module represents the fundamental user-defined primitive in Verilog-A

\ 4

Include natures,
discipline & constants

“include “constants.h”
“include “discipline.h”

Interface Declarations
name, ports and

parameters

\ 4

module resl(p,n);

inoutp,n;

electrical p, n;

parameter real r=1from ( O:inf) ;
parameter real tc=1.5m from [0:3m) ;

Global Module Scope

local variables and
analog block

Behavioral
Description

real reff;
analog begin
@(initial_step(“static™)) begin
reff = r*(L+tc*$temperature) ;
end

>1(p,n) <+ V(p, n)/reff;
end
endmodule
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Defined in disciplines.h

Predefined Conservative Disciplines

Disciplines Potential | FHow
Nature Access Units| Nature Access Units

Electrica |Voltage V V | Current I A
magnetic | Magnetomotive MME A-turn | Flux Phi Wb
thermal Temperature  Temp oc | Power Pwr W
Kinematics | pogition Pos m | Force n

position

velocity | Velocity Ve  m/s|Force F n
rotationa | Apgle Theta rads| Torque Tay VM

phase

velocity Cglgo'gity Omega rads/s| Torque Tay  /m

B g
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| B
CIC)
"'~ Verilog-A Modeling Approaches
Structural Model Example Behavioral Model Example
module cap(p, n); module cap(p, n);
inout p, n; inout p, n;
electrical p, n; electrical p, n;
parameter real cvalue =0 ; parameter real cvalue =0 ;
capacitor #(.c(cvalue)) Cmin (p, n) ; analog
endmodule I(p,n) <+ ddt(cvalue*v(p,n)) ;
endmodule

Mixed Structural and Behavioral Models

module VCO2(R1, ref, out, CA, CB, VCC, Vcontrol) ;
electrical R1, ref, out, CA, CB, VCC, Vcontrol ;
electrical cntrl ;
real state ;
VCOshape shape (ref, cntrl, VCC, Vcontrol) ;
resistor #(.r(0.001) RX(CB, ref) ;
resistor #(.r(500) RX(CB, ref) ;
capacitor #(.c(10p)) Cmin (CA, CB) ;
analog begin
@(initial_step) state=1.0;
If ( analysis(“dc”, “static”)) V(CA,CB) <+ 0.0 ;
@(cross(V(CA)+1.0, -1)) state=1.0 ;
@(cross(V(CA)-1.0, +1)) state=-1.0;
I(CA) <+ -(1.71*I(cntrl, R1)*V(VCC, ref)*V(out) ;
V(out) <+ transition(state, 10n, 10n, 10n) ;
end
endmodule
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e Analog M odeling I ssues

The Analog/M S Description language provide modeling
capability of time domain and frequency domain.

The analog ssmulation is solved with Spectre

Only time domain simulation can be done for mixed signal
simulation

The complete modeling of ablock might be difficult,
model only as needed.

Multiple models might be implemented for a single block
to describe different view.

Good model : Simplest form for modeling required
Information
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Mixed Signal Simulation Flow

—» veriloga
Composer —— schematic Design Composition
—— behaviora

l

: . ” Interface Element  Partition
@@ + Netlister/partitioner «— i Netlisting
Verilog-A Spectre Netlist l [Verilog Netlist
|PC
Spectre ﬁ @ Simulation
Verilog-A Verilog
Debugger Debugger
AWD : Waveform :
Display Result Browsing
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MSHDL Smulation Flow

Verilog-A in the Analog Artist Design Flow

P —————————— bl e Bl

i Create Cellview | Create Symbol | (Optional variation

| from Cellview | : y : (Op )
I I
1

P e . t 1. Text Editor
! Use Hierarchy | Create Module 2. Create Cellview
! Edltor: on ! in Analog Artist 3. Create CDF
| Cellview | software” 4. Bind to Symbol
Tttt ) + 5. Syntax Checking
7. Madeling E. Design Entry
a. Use module as model Use module in a. in schematic
b. Use models in module a design b. in other module
c. Include files c. next to other cellviews
d. Multiple views L d. include schematic

Set-up Simulation 8. Use Hierarchy Editor to switch views

* These flows would also *
se variations in the
content of the modules Netlist 9. a. FNL, b. HNL, c. INL
including busses, arrays,
110 commands, special +
functions, and 10. Perform each analysis
non-electrical quantities. Simulate
/ \\ Parametric
e Analysis
| Statistics | Plot
' Optimization ™ o
G 1 11a. Pass parameters
12. Save values for 11b. Edit CDF

Results Browser
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Describing System

Component structure and

System Structure
behavioral (modules)

(netlist)

Kirchhoff's Laws

Set of Equations

Solved equation numerically
with iterative methods

System Response
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Creatingthe HDL View of
Designed Block

e Tocreate anew block, use File=> New = Cdll View to
Invoke the create view form

- -
—— = Remember to use behavioral asthe View
oK Cancel | Defaults Help .

Composer- Schematic name for Veril 0og
Library Hame Composer- Symbol

Graphics - Editor
Cell Hame Hierarchy - Editor
spectreHDL- Editor

Yiew Hame .
Text- Editor . . .
Tool YHDL- Editor / For dl gl tal VI aN
_ verilog- Editor «— |
Lbrary path file o iloga- Editor < F al i

It is suggested to define the EDITOR variable in your .cshrc file for
cadence tool to bring out desired text editor

setenv EDITOR textedit
_ 51 Mixed-Signal IC Design Kit



Saving HDL Design

 For behavioral and veriloga view, after saving design and
close Textedit window, the system will perform syntax
check and extracting port definition.

e The system will not perform syntax check for other
view(For example, verilog).

 Error/warning messages will be provided in CIW, if there
IS any syntax problem in HDL code.

e A symbol view can be generated automatically if the HDL
codeis correct.
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HE =
| 14

1l
EH@
HEL
(LD

B Taxt Eiitor ¥3.5.1

Fila

Vit

Creating Analog Block and Symbol

- wErilga, ¥ e, & AsSersl e vijlsial PR O ECT Smi:
Edit Find

Create the veriloga view of analog

[7 VarTTagh Tar o112, ola.

BFT 1008

block, and create a symbol view for

include

"comElbants. h”

cell use

includa

“disciplina.h®

wpdule pfdicat,in,rafd
inoat out in,ref;

paramater Faal 1gzine

anaslog begin

raf leads

alerossvire
end

O WCD Bl
BicrossLiYOin

parameter roal rout=2e6;

~tabe =

glectrical out.irm. raf:

15uz2

vco. state
f [

stata=] ([

) s

S pfd gain
! output {spadarce

paramater integer dir==13 =1 pos.neg adge Crigger
paramster roal masoesS: A for input zero crossing
parsmsber real LRal=1p: fF Ferp croddaing |.-': Brance
paramater raal tosg; AF cutput tiwing delaw
parsmster real tt=2p; fF oubput rize/Tall Eime
integer statae;

-1 {upstatal

W Z 0 F1p0 ) EEgin

state - 1:

rskakte}
TP Ap3 Begin

stabte = state = 1;
and
if [stare 1} SEATe = 7§
iF (state < -1) stata
iF {state == -1) tell w0 to speed up
if {state == 1) tell w0 Eo Slow diown
Ifout) <= transiBion(ztate * igain, O, EE, EE):
Iioutd <= Wputllrout = sbs{statel:
[SEE
enduodul @

Virtmoso® Symbol Editimg: pi® pid symbaol

Tomls Design Wodow  Edd Al Check  Oplions

mouse LomouseSingleSelectlft H

schiiBousePoplp{) K:schfocosFit(l. 0 0.3}

— "
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E Text Editor ¥3.5.1 - veriloga.va, dir; fhomefwjhsufmixed- signalfpliZ{fpfd_cpfveriloga E

File r) Wigw r) Edit r) Find rj

S Verilogd for p112, pfd_cp, veriloga

“include "constants.h"
“include "discipline.h”

module pfd_cplout, ref, weood;
input ref, voo ;

autput out ;

electrical out, ref , wco ;

parameter real Iout = 100u ;
parameter integer dir=1 from [-1:1] exclude 0 ;

parameter real tt = 1n from (0:infd) ;
parameter real td = 0 from {0:inf) ;
parameter real jitter = 0 from [0:td/5) ;
parameter real ttol = 1p from (0:tds5) ;

integer state, seed ;
real dt ;

analog begin
@initial_stepd
begin
seed = ME ;
state = 0 :

end
@{crossi Wirefi-1.8, dir, ttol 32

begin
state = state + 1 ;

dt = qitter * $dist_normali{seed, 0, 1 3 :

Call ,pllji

View | wyrbol

Mamis

P Rows |1 Colmes | L
Rotate Sideways || Upside Dawm |

COF Parameter of view  veriloga
foait :
dlir i
it g
bt |
pttar i
thol [

parameter definition will be
_converted into CDF parameter
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Integrating the e -
whole design —
within aschematic
. . . I.;-_I; |
window, thiswill ": -3
= i |

be top view of
design i

| A

digital block

analog block

mouse L schSingleSslectPtl) ¥ skl MovseBopdip( ) Ri schZoosFit{l.0 0.9)
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EEEC.:!C" Verilog-A Modulesin Schematic

Symbols with a behavioral view can be added into any schematic

cdsTerm(“in?) rlc cdsTerm(“out”) rlc
B — ——»
vO

output
symbol L cdsTerm(“ref”) B
gnd

rlc\ /Il VerilogA for mylib, rlc, v schematic

veriloga

behaviord ‘include “sonstants.h”
“include “discipline.h”

modaule ric(in, out, ref) ;

B s Mied-Signal IC Design Ki
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mmm=s  SChematicsin Verilog-A Modules

r==5K

= &= /! Verilogh for mylib, rleVa, weriloga
. ', - -"_‘..'.Ill."._._ - ;o T o ' cul
o=18n

"include “constants.h”
"include *discipline.h”

e module rleVA(inl, outl);

input inl;
cdsMarmea() ocutput outl;
cdaTermi{Tin™) rc= cdsTermi™out™ electrical inl, outl;
' — In oLl u ’ ’ alactrical inA;

{1}A schematic and symbol view exist for ric2. rasistor #(.r(5000)) Rja (inl, inn);
rlcZ special (inA, outl);

//' endmodule e

Create instance
of rlc2

Unigque instance name

@Create veriloga module for cell ricVA.

T+ N PR "1"+""' 1" {3)Create a symbol for ricVA.

Symbol (rleVA symbol) generated and saved in

library:mylib.
dhhkkkkdkkhhhk kR khkkhh ok d ko k ko E

Structure summary for module “rlcVA® C:]NDtErﬂESSﬂQES
child bound to (library wview) in the CIW.
special (mylib - wview symbol)

Fhkdkkhkkdddhhh kb ddrrhh kbbb hbdrrhdd
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HEY ., |
Ei&‘ Cl C Designing with Verilog-A in Analog Artist Environment

EEEwmm Verilog-A can be used in a standalone environment, in the Analog Workbench

(AWB), or in the Analog Artist design environment.

Enter behavioral description

“include "discipline.h”

‘include "constants.h"”

module ideal_relay{pc, pn, i1, t2);
inout pc, pn, 11, t12;

. myl | electrical pc, pn, t1, t2;
Li’ N t L] L] ]
rary M \ parameter real thresh=2.5;
|__eal_calasi analog begin

— Create Mew File

oK Larce| | oTmilts I-I:!Ip|

el Mame

if{ V(pc,pn) = thresh )

view Nane  "3rilosd V(t1,t2) <4 0.0
s + U
Taol Wenlogs- Lolilo — else
I{t1.,£2) =+0.0;
Library palh My end
fhonc factoclsdis Sorl_cghscIo. J.'_:[ endmodule

Create a veriloga view

Syntax is automatically

checked when writing the file.

T@instancehamel cdsMorel)
rm{ i_-:l_ -t‘] ..’-1'13-_‘; ""|"'['I|:”‘|'f”;:|
_ |dr—1-.': re oy
::r;;:-;l-;rm{'M . . cds]s O
cds™oram(”)
Create a symbol

Mixed-Signal IC Design Kit
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Modelwrtier:

the utility for creating
Verilog-A models for
Cadence analog
model library.

Use mouse select
the desired
component models
then go to the next
button.

Create Verilog-A Models by

M odelwr iter

A ffirma Modelwriter 2 23

A5  Models

Elﬁ Cadence Library
ﬁ Analog Models
-ﬁ Components
ﬁ Continuous Time
-ﬁ Discrete Time
l <&  Instruments
EI vﬁ Interface
. ~ilE Analog to Digital
------ ~-JE Digital to Analog
ﬁ Opamp Models
ﬂ PLL Components
ﬁ Sources
ﬂ System Level

nnnnnn ey

« Back

59

Al

Description:  Ideal Switch Element
A switch with infinite "off™ resistance,
and 0 ohms "on" resistance. The value of
the threshold voltage may be negative,
inwhich case the control voltage must
exceed the threshold in magnitude to
activate the switch.

Hext = |

Mixed-Signal IC Design Kit

=10 x|

File Help
Affirma Modelwriter 2.73

Al

=l



EERp= - ——

s’ Modelwriter Verilog-A Code

Aftima Modelwriter 2,23 =10l x|
File Help

U% ) %’Ve Ger]erated Generating: Analog to Digital Converter
COde” O store the Model Name |a2d_ideal

Number of Bits |8 i.' @

Verilog-A model or Mex mput Votisge 125 v~ @
copy and paste to Min nput Voltage -128 v —| @
Verilog-A cellview. Conversontine 20w _=| @
OutputRise Tme 40 w5 —| @
OutputFall Time (40 w5 ~| @
Active Edge rising ~| @

Clock Input Threshald 30 v —~| @
Logic 1 Output Voltage [5.0 v —~| @
Logic 0 Output Woltage (00 v —| @

Bit 0 is LSB yes ~| @

Clock Cross Tolerance |1|:|_|:| pa —-| @

<« Back | Hext = |
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- - Adding Simulation I nputs

Virlimsol® Schomatic Fditang: mieSiglib trtoral schematic

Tooks Design Windew  Edil  Add  Check Sheel  Oplions Hulp

% | Lo

Digital Stimuli

0]
ra | F

DAL AL AP

]| e

.......
i)

Anaog Stimuli

mmeen Li schSingleSelectPiid i Hi schEeoeFit{l.0 0.9)
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o Analog Stimuli

The Analog Stimulus can be added either with circuit component in
analogLib or with spectre AHDL stimulus format

: . module swept_sine srofsigout_p, sigout_n);
¢ Edlt abeha\/loral for oubput sigout_p, sigout_n;
electrical sigout p, sigout n;
the blOCk parameter real start freg 1 from (0:inf});

parameter real sweep rate = 1;

g Cl‘ea'[e SymbOI Vle\N parameter real amp = 1 from {El:inf};
. t 1 int le = inf f [6:inf];
. Addthesymbol jn ~ Preerr real peintapeceele - inf from (6iin
; : real phase;
top schematic view

analog begin
phase = 2% PI*{start freq + sweep rate [ 2 #
frealtime) *$realtime;

freq = start_freg + sweep rate * frealtime ; // =
d/dt (phase)

Wisigout_p, sigout_n) <+ amp*sin(phase);

if i{points per cycle l= inf} begin
£f ensure that model is ewaluated sufficiently often
bound_step(l 7 (freg*points_per cycle));
erd
end
endmodule
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Digital Stimuli

1. Create a behaviora view for the stimulus block
2. Define the stimulus module

3. Add verilog command to force input signal
4. Create a symbol view for the block
5. Add the symbol into top schematic view

“timescale 10ns/10ns
//Define the stimulus block
module Stim(tx,precharge);

output [1:16] tx ;

output precharge ;
//Defines the registers

reg [1:16] tx ;

reg precharge ;
initial begin

tx=16’h0000;

precharge = 1'b0 ;
end

initial begin
#2418 tx[3] = 1'bl;
#17 tx[3] = 1'bO ;
end
initial begin
#1558 tx[6]=1'b1 ;
#17 tx[6] = 1'bO ;
initial begin
#37 precharge = 1'b1 ;
#11 precharge = 1'b0 ;
#27 precharge = 1'bl ;
end
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Design Hierarchy

symbol

Instance 1
veriloga

symbol

| nstance 3
behavioral

veriloga / Analog leaf cell Behavioral / Digital leaf cell

symbol

Instance 4
veriloga

veriloga / Analog leaf cell
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==.C.'\.I.C”E Create Config View for Simulation

The mixed-signal simulation hierarchy is controlled by Hierarchy-Editor, which
must be defined with config cell view

Create Hew File Ed

ok | Cﬂ"w::u'“?;ggg',ﬂmm?'fl Use Create New File to create a new config view
" with Hierarchy-Editor

Composer- Symbol
Graphics - Editor

Cell Hame Hierarchy- Editor &
spectreHDL- Editor

Library Name

1N

———cell nameistop circuit name for simulation

View Hame : -
Text- Editor . . .
Tool VHDL- Editor = " view name will be set as config
) Verilog - Editor
tbrary path Tle o iloga- Editor -
t:,.n*‘w]1‘.51.1,.:"SlE"EI'.:’.['I.ll.Ili rtuoso ih

E—— & Mied-Signal IC Design Ki



Set New Configuration

Hew Configuration

Tap Cell

Library: [pllZ celt: [pfd_cp  wiew [

Global Bindings .

ikar R T - |_After template setting

WView Lise | . ]

R 3. Change the view name to schematic

FE for ssmulation
Top Cell
Library: [pliZ - cell: [pfd_ce view: EROCE =
Global Blndings

0K | Cancel Ui Teamplate.., Help | Likrary List |
1. Use Template samplg information Gl i
\ A Stop List:  fpectre sphoa werlloa varllogWetlist
Use Template
[Default template for spacireterlicg
Name: <0Others - | | Nots:
- - Pleasa reamamber tormplase Top Cell Library, Cell and View
ile: hspicesWerilog - fimlds with the actual names wsed by vour design,
From File: spectre E
spectres _
0K spectreSierilog oK | Cancel Use Template.. | Heip |
wisbectrellerilon - v
2. Change simulator to spectreVerilog 4. Click OK

E— o8 Mied-Signal IC Design Ki
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1@ C
IIE.

Lafehi el Fesrarchy sihilar: (pld phid Cp comleg |

Flie Fdli View Help

D @F -~ &0 EmhH

After Setting Configuration

The Hierarchy-Editor is shown,
and all cellsand viewsin the top
cell will be listed.

Top tpll
Library: [pliZ cell: [pfi_cp Whew: [Echematic ~ Open |
GClohal BEindings
Library List: |
View List  [Fdefault
Stop List: fEpectre apice verilog vert logket]st
Cell Bindings

Likrary | B Call | Wiew Fomnd | Wiew to Use  Inherited View .
| g e s HEY € — Lttt
1 p4rm el =i HE Sdefault
analoalib vils Fpe<ire Sdafault
pll2 latch Lefamatic Sdatault
pli2 nors schematic Sdafault
pliz ner2 lweak schematic Fdefault
pll2 ofd_cp schamatic Fdefault
ML Lagis
Chpect : pliZ.pfd_cplmyiflew) po.ob path cannot oo amssed -
Falkad e opan parent=child database for cellview {(pli2 pfd_cp myvizw) |
Top c&ll view nams et Lo "schamatic |
Savad the current configuration to (pliz pfd_cp confia, |

-

{Rearly...

{Filtars OFF |COBA

67

The message shows that the
cell used can not be identified
because no available cell
view was found

The problem must be cleared
before simulation
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mm_/C .
- Set Block Partition

Virtuosn® Schematic Editng: md S lib tutonal schamatc  Comfig: mixSiglib brtonal condig_msps

Tools Design  Window Edit Al heck Sheei  Opteons  Hierarchy - Editor | sisedl - Sigreal L= — hierarchy editor
Cifit Comfiguratson

~ cell vi
il ol Instance Binding..
'\.? .
= - Fhow Views Foumil,., Ce” VIGW,
_.;\_
=2 e = bwberficrell] TIF
Schematic editor

= R Ak el et T o | Hierarchy-Editor  Mixed-
- [REESERREE = g s Signd menu

¥ Tools->Mixed Signal Opts.
ﬁ PR e e eSS Anply | Cancel Help

L]

il view Name(s) Highlight Layers
- " spectr N
H schematic
N | [yt [dgf
W hehavioral
g | 2 |dqf
ronsa L schiingleSelactPi] ) M:  schHiMemselogp W mixed extracted
- | [»3  [ad]
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14

== C/C) L
- Y- Set Instance Binding

With menu Hierar chy-Editor = Set Instance Binding... , the following form
will be shown for redefining the cell view to use for a certain instance.

Select ainstance and choose the view to bin binded

Set Instance Binding
Ok | Can-::ell Apply | Defaultsl Previuusl Nextl Help
Hpply To current instance |
<Default=
Instance Name analog_extracted
config
View To Use extracted =
layout
Inherited View List Mixed_extracted Build |
schematic

I iy Mixed-Signal IC Design Kit



HE =
| 14

1l
EH@
HEL
(LD

Check Block

Virimsn'E Echenmalic Editing: mixSig Ll ieional schematic  Confige mixSglib tuboial confiyg_msps

Tesds Design Wiedew Fidil Add Oheck Sheel Oplinns  Werarchny - iiler  Mised-Signal

Interfacy Herenis

% | [

D

A E AL

e

I‘__H -

L schSimgleSaloctPe() Fi: achitiHomssFepiy )

The default value can be preset in .cdsenv as OK | Cancel
mmsimenv.conf digital StopViewSet string “verilog ”

. . . Amalng Stop View Hat
mmsimenv.conf analogStopViewSet string “ spectre..”

Digital Stap View Sel

Partltlon

Set the default cell view
| binding for partition

Hulp

Nz aevidh tEnde]l si * zevSeaxamnl b
y
Pariilioning Oplions B

Defaulls| Apply

spectenS cdsSpice spilos veriloga ahdl silvys spectrse lEpioces

bebiavioral fumctionsl hdl systes verilog¥etlist vhdl Imporct ssps

70
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Theinterface element will then be inserted between analog and digital blocks.

Wrinoso @ Schemalic Editing: mnSigLih tutoral schemates  Canfig: mbSiglih twbordal condig_mesps

Check Partition Results

With the Display Partition menu, the exact partition will be shown graphically.

Tools  Design

wouse L schfingleSelectPil)

LA

Window E Add Chack Shest Options  Hisrarchy-Ediioe  Msad- Signal

e wemerim sl e = poadiee = spocllelece = ppecirs

e

Partalsaning Oplioms.... /
Displery Partition waractive /

Inleriace Elmpenls Al Active

Araloy Ol
Digital Omly €—

;e Shaone L eew !l oumsd{
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smeae’ DEfINe Detalled | nterface Elements

Virlisosod Schemalic Ediling: mmSiglil loral schemalse  Config: micSigLib kitoral config_msps

Tonls Design Window Edil Add Check Sheel Options  Hioraschy - Editor  bisoed - Signal Heip
E,. Partitaning Oplions,..
Display Partition
kﬁ intertace Elemenis Instance Terminal...
instance...
.:';.i
e Call Tarminal...
T Coll...
=1 Library...

} Default Options...
B vl e i et behelontl fuseniny i e e amenash bl e
£
1 L]

-
dann

mmewe L schSingleSelectPt(d ¥ schitaMosseloplipd | B belty Shoe¥ el oumsd ()

(] |-

—— Define the type of
| E to be used

Thetype of |E can be
defined by instance,
cell or library

72
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IC'

- Change Vlevv Selection

Cadence® erurchny edibor: (mixcSigLb Giorkal config msps)

Tile Edin View Help

Dl O -~ &0 EEH

With Hierarchy-Editor, cellsthat

Tap Cell

Global Bindings

were used in the smulated cell will

Uibeary: [EE0E cell: i view Berae  owen | | Delisted. And each view used in

simulation can berefined with the

Library List: |

Editor.

View Lt fhematic cmce.sch cmad_sch verlloga ahdl analog_sxtracted mined_gxtracing

Stop List: Epectre spico verilog wertloghetlise
Call Bindings

PR CEIL 1 Ve Bpiind | View G s (|gferiteg Viswl |
mix5iglib bmacpp spacire spuciTe sploe va. |
S LIk Brme Epacirs BT Spite va..
mi=SigLikb bmep schematic specire splog van
mixS#gLib bmepp specire spocire spice v,
rk=SkaLiE bimerpp spactna specire sploz ve.. 5
mixSiLib buffar behavioral sncstre enica s
mixSiaLib cap specira Selact View ¥ <mone>
mix5LID coads m ke d_gxbrag Exphin.. lavout
mixSiLib ccadeStimulus  behavioral Opan_. symbol
5L caunter sche mathc Open (Read-0nlyl.. cmus.sch
mixSigLib tutorial schamatic spac  CUMPpacted
<k = mEps
Messages wbstract
RESTRIC TED RIGHTS MO TICE (SHOAT FORM) excell
Usafrapreductionfdisclosure |s subject te rastriction behavioral
et forth a1 FAR 1251;2?—19 o il sguivalenl sohematic
openad the configiratian imlxshalib tuterlal confio_mspsk .—.E...
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mENE

HE «.

=80

ER : : :

1 Y—" Configuration of HE Display
e "I The contents to be shown in
RETE: S IxY Hierarchy-Editor can be
L::rl:!r (EVERT] Ctnctanes Tabts it PR Lgaini] refined with this menu

® Tagp Call I
Cloknl BIndIMEE Mg selection.

ViewList  fn EMessage Ares [varllogs shaTanalos svbacied mbnd sibaced After refini ng the cell view to

= Status Bar

Mop List  Foa— i be used, use Updateto
Cell Bindimgs Optinns.. . .
N i ovewman viesuss eieves | Change the simulation
' gl
mikSigLiE Bmecpp spRCire spackne sploe vew, | 1 1
mixSiakib Bmen specire spechie sploe ve., I nformatl On'
mixSiglip bmap schamatic Fpactre spice ve.,,
miuSiglie Bmeop spactre Spachne splca ve., b=
mixgiglib Bmerpp SpBcire fpachre iploe v, ||
miuSigLib Buffer bahavicral spoctre spice va., |
mixsigLll cap spacire spachre splos ve,, |
miksiaLis ceafle mlued_gxtracted miked_sitracted dpectie sples ve, ]
mixSiglib ceadcstimulus bahavicoral spactre spice we.., |
milxS gLl countar schematlc schematic spectre sploe ve., |
mixsiglis tuitorial scherrakle SpECtre Splos Ve, |-
Mpssages
RESTRICTED RIGHTS HOTICE (SHORT FORM) =
Laefrepraductiondisclosure i3 subject to restriction ]
mot forth at FAR 125222719 or itz eguivalent
Cpenad the configuration (mixsiglb tuterial confia_ msps, D
=

Eecompute The hlerarchy
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wm(_/C . . .
s |nvoke Simulation Environment

Virtsoso® Schematic Editing: mbSigLb tulora schematic  Config: mixSiLb WwioAal confid)_msps

) Tools | Design Wedow Edit Add Check Sheel Optons  Herarchy - Editor  Misesd - Ssgral Halp
Analog Artist B et pa—
Simulation Design Synihesis
wa

RoorplandSchematics
Hiermrchy Edditor
Misiei] Signal Ojpbs, -

me Schematics e e L
Simulakion

[:I. e Uil speciie aples vacdlag Bkl

T T o 3
Es = R e aTfcirE i

mose L schiimgleSelectPr() R sevBEditMode] s( ° sevSessionl §

] |»

H: schifiHmusePopin )
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Specify Simulation Environment

Use Analog Artist to control simulation progress
Select ssimulator, model path, includefile, stimulus, analysistype
output saved/marched/plotted

Analog Artist Simulation (1) M =] E3
Session Setup Analyses Variables Outputs Simulation Results Tools Help
Design Analyses _{f
. : # Type Brouments. ... Enable | g
Library ccadcLihb RN
Call CCADCEop 1 tran 1] du, CORS. . YES o
I
: T2l
View config vz
Design Variables Outputs [E:
# HName Value # Name/Signal/Expr ¥alue  Plot Sawe March y
1 pw Sn T netlif ves allw no & =
2 per 15n 8 netT0 ves allw no
3 EReset 5 O netTl yes allw no
4 Input 200m 10 netTZ ves allw no
11 netT3 ves allw no E
12 net74 yes allw no i
} Y
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Setup Menu in Analog Artist

Wlth Setup WI ndOW Affirma Analog Circuit Design Environment {3)
to define simulation

i n| t| al | 7 a“ on %tup session  Setup | Analyses Variahles Outputs Simulation Results  Tools Help
) Design ...
° Choose the Sl mUI ator Simulator/Directory/Host ... falyses _i{
i i Library p Model Libraries ... Brouments. . ... L Enzble .J?EHH
Definedevicemodel | | | remperature . 0 o0 cems yes | ®
li brary view o Stimul = ;r'{ Tl,. I
. Simulation Files ...
* Del:l ne ternperature Desi Environment ... Outputs [E:
i Del:l ne Sl mU| atl on #  HMName Value #  Name/Signal /Expr Value  Plot Sawe March y
i npUtS 1 neth yes allv no —
. . 2  netd es  allv no
Define Verilog S—— yes allv no
. . 4 d! es  allv no
netlist options.. - ’
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- IN——
CIC) . . .
IHEC:..‘ Choosing Simulator/Dir ectory/Host

Through Setup = Simulator/Directory/Host
Simulator : S: socket

Choosing Simulator/Directory/Host -- Affirma Analog Circuit Design EnvironnEd
cdsSpice OK | Cancel | Defaults| Help
hSpiceS Simulator spectreVerilog _ |
spectre Project Directory | /home/sinulatiod
S pectreS Host Mode # local . remote . distributed
cdsSpiceVerilog tost |
hSpice SVeri |Og Remete Dimclary |
S pectre SVe 1 |Og Digital Host Mode 4 local . remote
spectreVerilog Digital st |

The exact ssimulation data directory isin
/home/simul ation/cellname/simul ator name/viewname/netli st
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| nterface Element M odéel Definition

Use the menu Setup > Model Librariesto define the model contents of
Interface elements, if any device model is also required, add with this also.

Example source of ieModels

/usr/cadence/l C/cur/tool g/df I 1/sampled/artist/mixSig/ieM odel s/spectre
or /usr/cadence/I C/cur/tool s/dfl 1/sampled/artist/mixSig/ieM odel s/spectreS

spectreVerlogl: Model Library Setup
OK | Cancel | Defaults Apply | Help |
Elﬁndel Library File Section
Model Library File Section {opt.})
Jusersg/feic/cplin/models /ieModel /spectre/eds ie. ses '
add |  Delete | change | Edit File | Browse... |

_ 79 Mixed-Signal IC Design Kit



Digital to Analog I nterface
For D = A interface, model the driving capability of digital parts

There are 3 levelsof D =2 A interface model

Level 1 Digital to Analog Interface model

MOS1 d2a
Model Parameters Sotal Al M o
source Fé&1
D2A_ VL : input low voltage WALy

D2A VH : input high voltage
D2A TR : risetimefor low to high
D2A TF :fal timefor highto low
D2A ROUT : Source resistance

E—— o Mied-Signal IC Design Ki



P

...?.I.C”; Digital to Analog I nterface(Cont’d)

-~ N

r.——

Level 2 Digital to Analog Interface Model
- model the Z state , and independent sourcing, sinking

MOS2_d2a

Model parameters net &1

D2A_VL Source T T
DZA_VH &1 oo H o %W1 net &2 .
D2A_TR

D2A_TF B

D2A HI_TH e
D2A_LOW_TH : 1
D2A_R1 | f
D2A_R2
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EERp=
14

EEE?.!.C’J Digital to Analog I nterface(Cont’d)

Level 3 Digital to Anaog interface mode

MOS3_d2a X1

Digital  neta VDD -
—C"\-h..__‘ _

model parameters source
(i} i MP
D2A_VL V18 E1 } net &2 3

D2A VH
D2A TR
D2A_TF
D2A_TRANS W : for NMOS

MAMN 1

The PMOS widthis2*D2A_TRANS W
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Analog to Digital Interface

Model parameters

MOSL a2d  A2D_VO
A2D V1

A2D TX : voltage between V0 and V1 after TX will yield alogic X

Analog

hlock AZ0 W1

III"'III o=l R

AZD W0-

1

Digital
destination

a

Lo NO_D1

AZ0 primitive

Modeling the loading effect of digital nets to the analog parts
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M odification of | E Parameters

 Theinstance level of |E parameters were defined by CDF
parameters.
Use menu Mixed-Signal - Interface Elements to redefine parameters

 Thelibrary level IE model is suggested to use MOS1

 Thecdl level of |E parameters were defined by the model
definition. Copy the IE models into your directory, then
modified as needed.
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e Device M odel Specification

The active devices model for Spectre are provided with TSMC 0.35um, 0.25um,0.18um
process.

All active devices used in schematic view of design must have corresponding model
during simulation, such as NMOS,PMOS,DIO and BJTs. The device models might be
provided with several files, specify those filesin the following window.

The Section define the corner of model for ssmulation, must be consisted with model file.

spectreVerilogl : Model Library Setup Ed
OK | cancel | Defaults| Apply | Help |
?ﬁndel Lihrary File Section

:fusersEHcicfcplinfmudelsfieHDdelfspectrefcds_ie.scs

Model Library File section {opt.)

[fusersZ/cic/oplin/models /0351pdn/logsabava. scs ] <« Use tt corner
Add | Delete | Change | Edit File | Browse... |
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Device Model File Example

/l IN THISMODEL LIB CONTAINS: h

Il 1.section tt (ss/ff /sf /f9)

Il ( 3.3V normal devices & 3.3V NMOS with ESD implant with different

Il geometric and corner models)

Il 2.section bip >
Il ( P+/NW/PSUB vertical PNP bipolar )

Il 3.section dio

/l ( P+/NW, N+/PW & NW/PW diode)

Il 4.section res

/I (resistor modd ) ~
section ss < Define the section name

parameterstoxn=8.0e-9
parameter s toxp=8.2e-9
parameter s toxe=8e-09

parameter s hdifp=3.8e-07
parameter s hdife=9.55e-07

include " logs353va.scs' section=mos
endsection ss
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Some of the parameter
values might be specified
with a variable name.
Then the value of variable

Session  Setup Analyses Varables | Outputs Simulation Results Tools

Design

Edit ...

Set Design Variables

Affinma Analog Circuit Design Environment (1)

frrdie

can be given at this stage.

Library wixSiglib

EEEE

Analyses

cell tut Copy From Cellview
Get the lists of variables — ow  confia FE e TR e s - - Affirma Analog Circuit Design EnvironmentEl
4 OK | Cancel, Apply | Apply & Run Simulation Helpl
Design Variahles ) i )
Selected Variahle Tahle of Design Variahles
# Nawe Value PR —
: Hame ame ue
Select thevariablename 1 vws = :
. . . - Wal E 1 wss -5
with mousein right 2 ves2 5. el (B J 2 wves2  -3.957
3 5
Table 4 Rese: T, ﬁddl Delﬂ' l:hangel Hextl Clearl Fmdl 1 ;zet 5
: 5 Input 1.1
Specify thevalue — | |6 rvalwe 2.5 S Impue L1
» Results in jhst Cellview Variables Copy Fruml Copy Tul
Press Change to update
Edit form of Variables

87
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Choose Analysis Type

Define the analysis type through the window items

Affirma Analog Circuit Design Environment (1)

I nVOke the anal yS S session Setup  Analyses | Varables Outputs Simulation Results Tools Help
tl ng Wi ndOW Design Choosing Analyses - - Affirma Analog Circuit Design Environmeg
beitte | oK | Cancel| Defaults| Apply | Help
For Mixed-Si gna| Library mixsigLi fsmiie
cell tutorial Hssis Analysis 4 tran - dc W ac - hoise - xf

SlmU|at|On, Only ) | | o BBNS <SP ~ pdisto - - pss -~ pac
tranismeaningful | O pnoise L pxf . envip

Design Variahles

# Name Value Transient Analysis
Set the smulation time—-—————"— Stop Time | 2004
3 xi 5 . Accuracy Defaults {errpreset)
4 Reset 5 > - ]
Set the aCCUI"acy ﬂ ag . " 11 _| conservative | moderate | liberal
[ rvalue 2.5K -
//yEnahled L Options... |
Check this box to enable _ _ _ —— =]
this simulation Set the transient simulation options

Choose compression within this options
to reduce output file size
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£ CIC

Define the signals
to plotted after
simulation, the
nodes can be
selected within
schematic window

Select Output Nodes

Affirma Analog Circuit Design Environment {3)

Session  Setup Analyses Varabhles Outputs | Simulation Resulis Tools

Design Setup .. 505 —i{
Srinte
Lib pllz #  Type To Be Saved . o Enzble .J?EHH
Cell tap 1 tran To Be Marched - n COns Ve 2 oc
e
View config To Be Plotted - -][[-:::;[
Save Al ...
Design Variables Outputs [E:
#  HMName Value #  Name/Signal /Expr Value Plot Sawe March y
1 neth yes allvw no —
2  netd yes allvw no
3 netid yes allvw no
4 gnd! yes allvw no
: Y
89
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Created Netlist(Analog)

HNL : Hierarchical Netlist
FNL : Flat netlist - for parasitic analysis, detailed |E mode

simulator lang= spectre

viO (5 0) vsource type= pulse val0=-5.00000000E-01 val 1=0.0 period=10.0
+delay=5e-9 rise=500e-12 fall=500e-12 width=1.0

vil (12 0) vsource type= pulse val 0=-5.00000000E-01 val1=0.0
+period=+1.50000000E-08 delay=1e-9 rise=500e-12 fal|=500e-12
+width=+5.00000000E-09

gi2 (2539 2) tplregion=fwd area=1 m=1.0

simulator lang= spice

* BEGIN Interface Element Header

da99978 99978 0 d2a src="99978" val0=500.0m val1=4.5 rise=1n fall=1n ron=1
R99978 99978 10 10

da99979 99979 0 d2a src="99979" val0=500.0m val1=4.5 rise=1n fall=1n ron=1
R99979 99979 14 10

da99980 99980 0 d2a src="99980" val0=500.0m val1=4.5 rise=1n fall=1n ron=1
R99980 99980 30 10

da99981 99981 0 d2a src="99981" val0=500.0m val1=4.5 rise=1n fall=1n ron=1
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Created Netlist(Digital)

module CCADCtop;

supplyl N2,

supplyO N1;

supplyO NO;

// registers for ie elements

reg N12; // /net92

reg N7, // /comOut

reg N99995: // /net96

reg N99996; // /net79

reg N6; // /net53

reg N17;// /net96

regN5; // /net79

specify
specparam CDS_ LIBNAME ="ccadcLib";
specparam CDS_ CELLNAME ="CCADCtop";
specparam CDS_VIEWNAME = "schematic";

endspecify

buf 13(N8, N19 ):
buf 14( N15,N28 );

// Begin Interface Element Header and Verimix

//Synchronization task

initial begin
$vmx_initialize( "spectre”,dc_mode_flag);
$vmx_define_export(N10, "99978"); // /net70
$vmx_define_import(N12,"99986"); // /net92
$vmx_define_import(N7,"99987"); // /comOut
$vmx_define_import(N99988, “99988"); // /net53

end

// End Interface Element Footer and Verimix

// Synchronization task

// Begin WSF Save Waveforms

initial begin

$save_waveform( "binary"”
"'/net86", test.top.N4
"'/Q2", test.top.N23

),
end
// End WSF Save Waveforms
endmodule
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II IF"‘!

Simulation Options
for Analog Simulator

1@ C
IIE.

The analog simulator related control parameters
can be specifed with this window.

The control optionsinclude

tolerance of solution

DC convergence solution method

Component format

E—— o2

Simadakor Opdions

oK | m;nmt_ﬂ?ﬂ;

TOLERANCE OFTIONS

sl |11
wihsn n-di
saha i 1e-11

TEMPERATURE OPTINE
Tpitng 5 )
Irani |

lewpelfecks (¥t (o _jall

CONVYERGEHCE OFTIONS

e by hona  _[gmin | Soerce
|dptrn i plran _jal
Hnit _deltn _jlog _i dev

COMPOHENT OFTIONS

el 1.0
foE 1.1
cawnpalible _| spcef . _pspice] | cdsspice | specim

T dno_iyes

nCmETbEE | ny YRS

RAESIETANCE OPTIONS

i In-14
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E8C/C Simulation

SEEe=="  Options for
Digital Smulator

The options and environment
setting that will be forwarded to
verilog ssmulator can be defined
with this window.

Werilng -1 Somlation Options

ok | cancel | Detams| ogpty | E
Accelerilion
Gale L] Condimios Assigninenis
Swiiches Ennp Hodes 4 Mimmmum . Declared . &
Behawioral . plong & Defauit . Mo Turbo . Tebed . TurboZ - Tarbod
Twin Torbo
Deiays
P # Dofaull . Sem . Path . Anil . Distobided
Types Minemum % Typical . baamsm
Pygse Coninl
Error % nmm'r.hm Use Puise Control Parametors j
Stop After Compliation | Sumvision Debugger [
Usp Bebavior Prafier
Fupprass Maksahes - Toppress Warrahigs -
- = i
Options File
Other Optns " vimodirshdlFileshic +sikf_verbose «sii_nocheck_celltype
Uibrary Files
Lirary Dirediwies

wriluq.'lwl-.

ieriiog - XL Emescn Labie

Simaation Log Fw ynrilog. log

Lpagrrg Cnsimidabeon

Leapirog Comemand Ling

Leaglrog Message Profix
Cosim ‘Waring O [
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Submit the Simulation

Execute the ssimulation job with Run, or create the netlist with Netlist

Affirma Analog Circuit Design Environment {3)
Session Setup  Analyses Varahles Outputs  Simulation | Results Tools Help
- 5 _ . .
Design Netlist and Run < start ssmulation
Run £
Lib plle #  Type By Stop . Enahle :?Enn
Cell top 1  tran 0 Options ~ | wves 20t
- [
View  config Hetlist . -1|{‘ -'-; I
Output. Log ...
SESHDRLAbIES Convergence Alds f«—% set initial condition
#  Hame Walue #  MWame/Signal/E Netlist and Debug AHDL | .oy
Debug AHDL ﬁ
1 neth ¥ES ariv no
2 netd ves allv no
3 netid ves allv no
4 gnd! ves allv no
} Y

B &
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essage for digital simulator

sty el wlion Mop g lre Ve rin % Liniep Rl eoribon dov) [Mll[=] E3

Fil Help | 15

- Run Log Files

M essage for analog simulator

S st il sbion Mop reec ireVening tomligdp e s pec e i

Filr

Peost commana veritog ve =t
Comsand sryumants

ol |

vl s ep mindEom
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-5 1 L=y

i Lih st e, i
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B T
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CIC)
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Result Browser

After several ssimulation jobs, you can choose any of the ssmulation
results for waveform window

Coarmmarls
— N
w1
ar_u i m' 2
add32f I slesant—info L
divid_ 128, waua Firal TipeOP-1rd o | — s |yt m Tojpe
ret] 1ot i
Eond e EEC A P L | 09 e e F I:r_---'.' i 1_-"-.-\.'?:'|"=|' apebar—info  |j=desoription
s LK ot putParameter=1nfo | —ret]
-
i _wariables —ratk
—r=t]]
— =]
—ran
— swespyarLanle
— |
S A
96

Saved node
voltages

Press middle
button to bring
the menu

Choose plot to
plot the

waveform

Mixed-Signal IC Design Kit



L]
114

§EC/C

o After Simulation, the
sel ected waveform will
be shown in the window.

» The waveform can be
digital waveform or
analog waveform.

* The previously ssmulated
data can also be shown
through result browser.

Wavehorm Wind oo

Window  Joom  fdEs  Oeneas  Markers  Aneniadion  Edil Tooks Hedp

mouse L swnMogseSinglatels H

Waveform Window

K awviCloss¥indovdecm
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Waveform Calculator

If further calculation is needed for obtaining other simulated parameters, the calculator
can be used.

The calculator isinvoked with Tools = Calculator inanalog artist window

Calculator M[=] B3
Window Memories Constants Options Help
A
I I
¢
Evaluate Buffer _| Display Stack | 4 standard -~ RF
hmwserl vt | it | Iastxl x:ryl dwnl up | sto | = | Special Functions —'I
wave | T | if | clear | clst' app' sin | asin' mag' In | E:-:p' ahs'
Tamily | Vs | is | enter | undul eex | COos | ax:usl phasel Iug1l]| 1I]**x| int |
erplot | vac| e || - | 7 | 8 | 9 || tan | atan| rea | aB10| y*x| 14 |
piot || op | opt| + | 4 | 5 | 6 || sinh|asinh| imag| aB20| x*2| sqrt |
printvsl vnl varl * | 1 I 2 | 3 | cushlacusl’* 1 | 2 I ] | T4 |
print || mp | t | o | | +- || tanh | atanh|
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Parametric Sweep

Invoke by Tool - Parametric Analysis

Parumelnc Analysis - specireVerio1 ) mieSiGLib ol schemalic

Neged Smul atlon can e e L e S LU
al SO be used dweap 1 Wariakie Nams | YO0 Al Specificalion
Range Type i Frem i o |8

Start the sweep sop Conrnt_ s 1] Mt
simulation

Parametric Analysis - spectreVerilog(1 ): mixSiglLib tutorial schematic

Tool Setup | Analysis

Help
Start
T Start - Selected _
Sweep 1 s variahle Hame | ¥C5. Add Specification
Fragzne Mo
Range Type <onidns From 4 To 6
Shovs Points All Sorted ... Select W
Step Control e L Lq
Selected Sorted ...
Selected ...
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HIKListy - Yeriog - AlSpec ire HlL Detogger

For the HDL design, the Verilog-A e Qi S Show Toos o

Is capable of interactive debug to help > > 1| 4] 7 owes: €] B28) ) o )]
check the simulation process. ol

| Fimi  [inpat. 84 Lwpings:  [snonss |
. . Limn#: | =1 Inslance: |[Cnicss Horatiens: -1 Tina: |« b
Sl n |U| ation | Py Mawsr:  [inames Anatysis Type:  [coomes % Coenglele: L
Netlist and Run A TJ.';"?E: 312 2000 B
1 /¢ Demign Libheary same: pll2
4/ Baslin cwll nhws: wohis
L]} FieV fawE
Run E ;|I'II:|.1||.|.'I.||I:I E I.:.h5;-1|:|n-cf.c:.m-m“:iq= J
7 lobal 0 wadl waal
St a Lnds *=jcad2foadenceods 000310445 ol tools . sumdw 0T seEp les fortlst.
Op 9 paraseters WOTE=]1 &
. 'EE includs = fessrsdsous fArjheafmodels AIGIpdnLopFlbb]. sca™ sagtran=TYPICAL
2 T nams pLlE
Options g - e
i T e e
Nal Ig L6 HE l;m.:fl:. wadl| ﬂlrp?uz Su L=TOl O wo=d ESp w3 75p po=i] B
II:; HE {EHILEL?]J.- ﬂ?uiill.:ir;i EEIEE 1=T00. In 3.75p ad=3. 75 10.5
Output Log 19 pieLl 5 sirdsD, 04 Sra= D4 me3 ' S
20 WA v veel wid) wdd7) peh weD S 170D, On &s=3 75p ads3 T5p peelD.Si |
Convergence Aids I I =
N I g d D AH DL ¥ b -amy sTtintd 4 5 +log  /pBESSpectos, oUL -EeTWet PREDIN -CB . pRE anguE ar |
— a Ig an mug * mhearfile arput ece
* Tun
or —s Debug AHDL
i

To invoke the debugger H '

Commnami; I [
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Feature of HDL debug

Set breakpoints in modules

Step line-by-line through code, step over, or step into
functions and force areturn from a function

Run, stop, resume or reset a simulation

View the value of variables, or display the changing values
of variables as ssmulation progresses

probe node/branch voltages and currents

Move the scope up and down the function call stack,
Ingpecting arguments and variables in user-defined
functions.
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L ayout Integration and Verification for
Mixed-Signal Design

Note: Most of the layout design issues follow the cell-based design
approach, pleaserefer to the Cell-Based Physical Design and
Verification training manual and CIC PDS document PDS
030612-01-000.pdf
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L ayout Integration Flow

Analog blocks Digital domain

L ayout Editor \ . .
Module | Verilog netlist

declaration | Analog + 1/0

Abstract

gener ation L -
——— | Verilogin (cell & timing

Referencelibrary L library

A

A 4

Referencelibrary
P& R with SE
v Stream Out GDSI|
Igae¥]oeurg%/iloer\]N Verilog output
'
L ayout Verification DRC/LVS
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Prepare Data for SE

 LEFfile
 Verilogfile
« CTLF/TLFfile
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- Prepare Data for SE : LEF File

o Definition:
LEF (Library Exchange Format) — pin and boundary information
» Place and Route tool needs pin and boundary information
for block routing.

e The manual layout contains only geometry information,
need to define pin location and information for P& R tool.
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LEF Fileof TSMC .35um 2P4M

e Digital core & 10:
— Standard cell: tcb773p_4lm-cic.lef
— 10 pad: tpz773pn_4lm-cic.lef
 AnaogIO:
— 10 pad: tpZz773pn_analog_4Im.|ef

e Custom anaog block:
— Generate the LEF file by Cadence Abstract Generator
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Cadence Abstract Generator

» Cadence Abstract Generator isalibrary modeling tool for
creating layout abstracts from detailed layout information
for standard cells, macro blocks, and 10O cédlls.

e The abstracts generated are based on physical (layout) and
logical data, process technology information, and specific
cell-modeling requirements.

« After abstract generation, a LEF file will be generated for
Silicon Ensemble Verilog in.
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...?.’.C‘: Cadence Abstract Generator Flow

Entering Supply Infor mation about process technology
from an existing tech.dpux file, by mapping
GDSI|I files, or by importing LEF or DFII.

—

r.——

T echnoloqgy | nformatio

OpeningaLibrary | Set the location whereyour cell views are stored.
I!
| mporting Data |
I!
Distributing Cells

Import layout (Stream GDSII or DEF) and/or
logical data (Verilogor TLF).

Partition library cellsinto mutually exclusive
setsfor processing.

_ Run the three abstract generation steps—
Generating Abstracts Pins, Extract, and Abstract.

_ Run checksto detect any problemsin the
Verify abstracts gener ated.
|

Export LEF
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==FF"“I - IN——
suC/C) . .
==.€.. " Entering Technology | nformation

« Technology information provides details of the process
technology to be used during | C fabrication, including
names of layers, colors, and fill patterns; GDSI| layer
mapping data; and design rules for different layers and vias.

LEF
Technology File_ﬁ
GDSI| Editor tech.dpux
DFI|
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B Opening a Library

 Included in the technology information are the names and
paths of the library or libraries you want to process. The
Abstract Generator reads in this information and lists the
librariesin the Library form.
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|mporting Data

« After you specify technology information and set the
library, you have to import information on the cells for
which you want to create abstracts.

DEF |mport Layout Data GDSll
Cadence
Abstract Generator
_ Import Logical Data
Verilog TLF
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Distributing Cells

e Central to the Cadence Abstract Generator is the concept
of “bins’, which provide a simple means of distributing the
cellsinalibrary into a number of mutually exclusive sets.

e Four main types of cells can be processed: Core, |0,
Corner, and Block. The other Ignore bin can be used to
store cells that you do not want to process.
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Generating Abstracts

 Pins:
— The Abstract Generator creates a place-and-route boundary for the
cell and starting pin shapes for each of the nets to be extracted.

e EXxtract:

— The Abstract Generator derives which shapes are connected to
which nets by tracing the connectivity from the pin purpose shapes
created during the Pins step.
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anC/C .
N Generating Abstracts

o Abstract:

— The Abstract Generator adjusts the pin shapes created during the
extract step to create the final shapes required by the place-and-
route tools. It then fractures these pin shapes into rectangles.

— Next, the Abstract Generator applies alayer blockage model
selected by the user to create the final blockage geometry in the
abstract. The blockage geometry is then fractured into rectangles.

— It then removes from the abstract all layers other than those with
purpose pin, blockage, or boundary, and deletes the instance
hierarchy. At this stage all the required geometry is at the top level
of the abstract.

— The Abstract Generator then annotates grid lines onto the abstract
view and calculates grid pitches if these are not already present. It
adjusts the placeand-route boundary to be a multiple of the grid

pitches.
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BC/C Verify

e Verify:

— During the verify step, terminals are compared for any differences
that might exist between logical and abstract views. Pin and
geometry information on manufacturing grids is checked and each
abstract is tested within the target place-and-route system.
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e Exporting

 If you are using Silicon Ensemble to place-and-route a
design that references cells contained in your library, you
will have to generate L EF descriptions of your abstracts.
Export — LEF provides this function, transating the
abstracts into library exchange format, which can be used
as input to Silicon Ensemble.

« Modify analog block LEF file, only keep Macro data.
Remove the Technology and Row data form analog block
LEF file.
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Prepare Data for SE

 LEFfile
* Verilogfile
« CTLF/TLFfile
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8.~ Prepare Datafor SE : Verilog File

e Inorder for P&R toolsto route the connect between analog
and digital blocks, the analog block must be in verilog
netlist and connected.

 If you are designing a chip, you have to add io pads and
power pads into the netlist before you import it.

e Youcanimport either averilog or aDEF as your design
netlist.

e A standard cell verilog model is needed as verilog
reference.

_ 118 Mixed-Signal IC Design Kit



1< Verilog File of TSMC .35um 2P4M

e Digital core & 10:

— Standard cell: tcb773p.v

— 10 pad: tpz773pn-cic.v, filler.v
 AnaogIO:

— 10 pad: tpZz773pn_analog-cic.v
e Custom design:

— Digital & Analog module, including 10 pads
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IC) .
| —-— Module Declar ation

« Since there might not be any Verilog statement that can
model the analog block, the analog block contains only 1/0
port information.

e Must be enabled Don’t Touch when synthesis.

— Using Attributes - Optimization Directives - Design

module A_module 1(J, T, Y); module core top(clk, In, Y)
input [7:0] J, T ; input clk ;
output Y; input [5:0] In;
endmodule Output Y ;

latcha Lal (clk,In,J);
A_module 1IM1(J,T,Y);
endmodule
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Top Level Verilog Netlist I ntegration

e Thefinal chip must containI/O pads thesel/O
Information were also provided by Verilog netlist.

module CHIP ( Tclk, TBin, TY );

input Tclk;
input [5:0] TBin;
output TY;

wireWclk;
wire[5:0] WBIn;
wireWy:

//OUTPUT IO PAD C

PDIANA2P oY(TY ,WY);

IINPUT IO PAD C

PDIZ iCLK(.PAD(Tclk),.C(Wclk));

PDIZ iBINO(.PAD(TBin
PDIZ iBIN1(.PAD(TBin
PDIZ iBIN2(.PAD(TBin
PDIZ iBIN3(.PAD(TBin
PDIZ iBIN4(.PAD(TBin
PDIZ iBIN5(.PAD(TBin

0

1]
2]
3]
4]
B

):

)
)
)
)
),

C(WBIn[
C(WBIn|
C(WBIn[
C(WBIn|
C(WBIn|
C(WBIn|

U WN RO

N e e e N N’
N e e e e
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/IPOWER IO | 110 powers
PVSS2Z VSS 0(.I0VSS(I0OVSY));
PVDD2Z VDD_0(.|OVDD(IOVDD));
PVSS3P VSS 1(.TAVSS(TAVSS));
PVDD3P VDD_1(.TAVDD(TAVDD));

} internal power
PVSS1Z INT_VSS 0(.VDD(VDD));
PVDD1Z INT_VDD_0(.(VSS(VS9));
PCORNERZ corner1(); +—— corner cells
PCORNERZ corner2();
PCORNERZ corner 3();
PCORNERZ corner4();

core top TOP (Wclk, WBIN[5:0], WY );
endmodule R

core cell
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Prepare Data for SE

 LEFfile
 Verilogfile
e CTLF/TLF file
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EEL?Q' Prepare Data for SE :
o CTLF/TLF File

o Definition:
CTLF (Compiled Timing Library Format)
e You need to import compiled timing library (CTLF) by

reading in GCF (general constraint format) file for
exporting Verilog file.
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GCF File
(gcf

] (header
environment.gcf (version "1.3")
(TIME_SCALE 1.0E-9)
(CAP_SCALE 1.0E-12)
)
(globals
(globals_subset environment
(process 1.0 1.0)
(voltage 3.3 3.3)
(temperature 0 100)
(extension "CTLF_FILES'
('tIf/tcb773pwec.ctlf’
'tIf/tpz773pnwec-cic.ctlf’
'tIf/tpz773pn_analogwec-cic.ctlf’
"tIf/l Matrix8x8.ctlf'

)

)
(operating_conditions "typical” 1.0 3.3 25.0)

E—— 124 Mixed-Signa IC Design Ki



TLF Format
(HEADER...
)
(GLOBAL ...
(Subset Timing)
(Subset Parasitics)
(Subset Power)
(Subset Area)
)
(CELL...
(Subset Timing)
(Subset Parasitics)
(Subset Power)
(Subset Area)
(

B 1B EEediSional IC Design Kit



Exampleof TLF File

Pin(Y
Header( Pintype(Data)
Library("IMatrix8x8") Pindir(Output)
Date(" ")
Path(J[6:0] *>Y 01 01 Delay(ioDelayRiseM odel 0)
Cell(IMatrix8x8 Slew(SlopeRiseM odel 0))
Celltype(Seq) Path(J[6:0] *>Y 10 01 Delay(ioDelayRiseM odel0)
Model (ioDelay Slew(SlopeRiseM odel 0))
Path(J[6:0] *>Y 01 10 Delay(ioDelayRiseM odel 0)
B n(J[6:0] Slew(SlopeRiseModel0)) |
Pintype(Data) Path(J[6:0] *>Y 10 10 Delay(ioDelayRiseM odel0)

o Slew(SlopeRiseM odel0))
Pindir(I nput)

Path(T[6:0] *>Y 01 01 Delay(ioDelayRiseM odel 0)

Pin(T ['6: 0] Slew(SlopeRiseM odel 0))
Pintype(Data) Path(T[6:0] *> Y 10 01 Delay(ioDelayRiseM odel0)
Pindir(l nput) Slew(SlopeRiseM odel 0))

Path(T[6:0] *>Y 01 10 Delay(ioDelayRiseM odel 0)
Slew(SlopeRiseM odel0))

Path(T[6:0] *>Y 10 10 Delay(ioDelayRiseM odel 0)
Slew(SlopeRiseM odel0))
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Compiled TLF File

e SE only reads in the compiled timing library format.

o Using tifEncrypt command to generate the CTLF file.
— Jusr/cadence/DSM SE/cur/tool s/tIfUtil/bin/tIfEncrypt
— Usage: tifEncrypt <input_file> <out_file>
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CIC CTLF File of TSMC .35um 2P4M

e Digital core & 10:

— Standard cell: tcb773pwec.ctlf

— 10 pad: tpz773pnwc-cic.ctlf
 AnaogIO:

— 10 pad: tpz773pn_analogwc-cic.ctlf
e Custom anaog block:

— Create TLF file and use tIfEncrypt command to generate the CTLF
file
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- - L ayout Integration

« After preparing the datafor SE, standard Place & Route
flow with hard macro can be used for mixed-signal circuit
layout generation.

 The major differences are the 1/0 pads and power/ground

route.
e 0.35um cdll library used TSMC 1/0 pads for digital pads
and analog pads.
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Place | O Constraints

Create placel O.1oc file for SE Place 1O.
No |10 pad constraint

|O_pad constraint
LEFT(

ipad 11 East;
)
RIGHT(

lopad_o1 West;
)
TOP(

IDCVSS South;

)

BOTTOM(
IDCVDD

)

North;

130

LEFT(
(IOPIN 11)
)

RIGHT(
(IOPIN O1)

)

TOR(
(IOPIN 12)

)

BOTTOM(
(IOPIN 13)

)
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SE Startup

Before start SE, create a directory named dbs to store
saved data. (Please use SE v5.4 above)

Copy se.ini file, CIC provided to working directory.

In Unix command line, enter
seultra-m=200&
SE start with limit 200 MB virtual memory.

Theinitial environment isread form se.ini file.

Y ou can set selectability(Sl) and visibility(V1) form object
selection windows.
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CIC) .
- Import LEF File

i 0 S  m =
« Before creating a design database, you need alibrary
database that contain technology rule and information of

cellsthat used in your design.
— Import LEF file: tcb773p_4im-cic.lef, tpz773pn_4lm-cic.lef, and
tpZ773pn_analog_4im.lef

e Add analog block information by the same way for SE.
e Saveyour design at some step isawaysagood ideal.
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e lmport Timing Library

o After APR, it needsto export Verilog for LVS. In addition,
to export Verilog needs the timing library. Use import
Timing commands by adding the environment.gcf
provided by CIC to the timing library database.

e Environment.gcf file defines the path of timing library.

— CIC provided tcb773p-cic.ctlf, tpz773pn-cic.ctlf, and
tpZ773pn_analog-cic.ctlf file for SE to import timing library.

— Thetiming library of analog block should be also added the same
way for SE.
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Import Verilog File

e CIC provided filler.v, tcb773p.v, tpz/73pn-cic.v, and
tpZ773pn_analog-cic.v file for SE to import Verilog as the
library reference.

« Toimport the verilog file of analog block by the same way
for SE.

* Theverilog reference library should be imported first, then
Importing the chip verilog files.
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| v Initiate Floor plan

Set the two environment variables to ensure io row and
corner row contact tightly.

Set var plan.iorow.snapgrid.x 1
Set var plan.iorow.snapgrid.y 1

Enable Flip Every Other Row and Abut Rows with Row
Spacing “0” on Core Area Parameters.

Let Block Halo Per Side the same as 1O to Core Distance.

— Analog Block includes power rails, SE just can offer one power
rallsfor digital block.

SE automatically calculate the core areaform given value.

In CIC 0.35 process, METAL1 and METAL 3 are defined
as horizontal routing layers, METALZ2 and METALA4 are
defined as vertical routing layers.
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Place Analog Block

e Sdlect the block and move it to the desired location.
* Place blocks with Optimize routablility by setting Span On.

* Place blocks along the edges of core area, preferably in a
corner of the core.

o Use Floorplans = Update Core Rows after all blocks
placed.

o Set Global Block Hale in Update Core Rows windows to
reserve spacing for block power ring.
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Plan Power

« Use Route - Plan Power, delete power path that analog
block does not routed.

e Modify the following variables in PP Add Rings form.
— Netsname: “VDD VSS’
— Ring Layer:
METAL3 for Horizontal
METAL?2 for Vertical

— Core Ring Width the same as Block Ring Width
 Modify the variablesin PP Add Stripes form, if you need.
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Add PRDIODE

« To support a separate the analog and digital power scheme

— Using power cut cells(PRDIODE), if you want to have clear
power for analog block or your design has two or above kinds of
analog power provider PVDDXPX and PV SSXPX.

— UsePlace = Filler Cdls > Add Cdlls

 Model: PRDIODE

» Prefix: PRDIODE
« Area Click and drag across the area you want with left mouse button.

* The add prdiode pads can NOT be remove.
 Dothisstep MUST be before then Add 10 Filler step.
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Add IO Filler

e Connect io pad power bus by insert 1O filler.

e Addform wider filler to narrower filler.

— UsePlace = Filler Cdls > Add Cdlls

» Modd:

PFEED20Z, PFEED10Z, PFEED8Z, PFEEDS5Z, PFEED4Z, PFEED2Z,
PFEED1Z

e Prefix:

PFEED20Z, PFEED10Z, PFEED8Z, PFEEDS5Z, PFEED4Z, PFEED2Z,
PFEED1Z

Theadd IO fillers can NOT be remove.
Do this step MUST be before then WRoute step.
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Placement

e Place-> Cdlls

« Qplaceinclude three placement phases

— Global placement phase partitions the netlist hierarchically and
initially placesthe cells

— Detailed placement phase swaps individual cell location

— Annealing refinement phase snaps cells to rows and remove
overlaps
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EECIC)
i :
W e Connect R NgS
o Stripe
— Connect stripes to the closet power ring
* Block
— Connect block pins to the closet power ring
e |OPAD
— Connect power pad to power ring
« IORINg

— Run SROUTE FOLLOWPIN on IO ROWSs

e Follow Pins
— Run SROUTE FOLLOWPIN on CORE ROWSs
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EEE:..“‘ Use Ultra Router

* The ultrarouter consists of several phases.
— Global routing
— Final routing
— Search and repair
— Final clear-up
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Verification for Mixed-Signal Design

Note: Mentor Calibreisused in TSM C 0.35um 2P4M for
verification flow (DRC, LVS, LPE). Pleaserefer to CIC PDS
document, PDS-030616-00-000.pdf
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Preparefor Layout Verification

e Using Calibre DRC and LV Sfor layout verification.

e In SE, you need to export Verilog and GDSlI file:

— using File = Export - Verilog... to export Verilog file.

— using File 2 Export > GDSII... to export GDSII file.
» Choose the gds2.map file to add text

e Set suitable value of OUTPUT.ORIGIN.X and OUTPUT.ORIGIN.Y
to avoid the DRC error
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Read into DFII Library

o After exporting GDSII file from SE, this GDSlI file need
to beread into DFII library first. Then, stream out GDSI|
file from DFII library for DRC, LV'S, and tape out.

e InCIW, using File=? Import - Stream to import the
GDSlI file generated by SE.

— Inoptions, turn on Case Senditivity ” preserve” and Retain
Reference Library (No Merge)

— Make surethe reference library can be found in Library Manager
(modify the cds.lib). It’ s better that there is only the reference
library in Library Manager.
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« Asthelayout of PRDIODE reveals, the guard bands within
the PRDIODE are not aligned with the left and right side

of the cell boundary. Pre-driver Power Pre-driver Power
* For VDD band connect side;  Lrexdriver Ground Pre-driver Ground
— Thehighest VDD Post-driver Power Post-driver Power
— The most 10 pad VSS Guard Band —1VSS Guard Band
_ The analog power VDD Guard Band / EVDD Guard Band
e For VSSband connect side;  ——— i ——
— Thelowest VSS
— Themost 10 pad
— Theanalog power pad or filler PRDIODE pad or filler

e Connect layer ONLY using METAL4 drawing
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Export Layout

* InVirtuoso, delete the original power and 10 routing of
analog block. Then, route the suitable wide line for power

and 1O pin of analog block.

 InCIW, using File = Export - GDSI|

— Inoptions, turn on Case Sengitivity " preserve”, but turn off Retain
Reference Library (No Merge)
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Calibre DRC Flow

« Edit the Calibre DRC runset file (tsmc35DRC.cal):
— Layout Path
— Layout Primary

— Include ‘Cdlibre-drc-cur’, the Calibre-drc-cur islinked to the DRC
command file *CM35S5 4M.22b”

 Run the batch mode of Calibre DRC:
— calibre—drc -hier tsmc35DRC.cal
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CalibreLVS Flow

e Using “v2lvs’ command of Calibreto trandate the Verilog
file from SE to the netlist for LVS.

— Add the verilog module and subckt of analog block in
tsmc35 |vs ms.v and tsmc35 _Ivs ms.spi, respectively.

— Vv2lvs -v Verilog -l tsmc35 lvs msv -0 Output_netlist -s
tsmc35 _|vs ms.spi -C cic -n
o Edit the Calibre LV Srunset file (tsmc35DRC.cal ):
— Layout Path & Primary
— Source Path & Primary

— Include ‘Cdlibre-lvs-cur’, the Calibre-lvs-cur islinked to the DRC
command file “cali035pMM5V_2P4M.|vs’
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...C:.I.C l Calibre LVS Flow (Cont.)

 Addanaogblock asLVSBOX in LVS command file
(caliO35pMM5V _2PAM .lvs)

— LVSBOX Analog Block Name
* Run the batch mode of Calibre LVS:

— calibre -vs—spice layout.spi —hier —auto tsmc35LVS.cal
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Post-L ayout Simulation for Mixed-Signal
Design

Note: Pleaserefer to the TimeMill/PowerMill/PathMill training
manual

B B! EEediSional IC Design Kit



' Mixed Signal Parasitic Simulation

e Circuit inrealistic contains parasitic elements which will
affect system performance

» Post- layout ssimulation include parasitic e ements into the
complete design for verifying the overall design performance.

e Factors should be considered :

What elements to be modeled ?
 |nterconnect loading capacitance
* |nterconnect wire resistance
 |nterconnect coupling capacitance
» Power/Ground parasitic e ements
» Substrate resistance

What flow to be used ?
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::E.. " Flowsfor Parasitic S mulation

« Complete elements extraction with layout extraction
tools(such as Calibre)

The extracted netlist isin SPICE netlist format , use spice tools or
transistor level ssimulator( such astimemill, star-sim ...) for
simulation.

o Separated extraction for digital and analog netlist
Digital - Standard Delay Format(SDF)
Analog-SPICE netlist
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BC/C)  Transistor Level Post-Layout
e Simulation

* Dueto therestriction of cell library, the complete chip
simulation with Cadence M SPS flow might be
troublesome.

o Usetimemill for post-layout simulation at current stage.

 Thetool isnow installed in CIC, invoking with queue
system.

e Refer to the timemill training manual for timemill usage
flow.
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Timemill Job Flow

Prep
Ftp layout to CIC’ s account

‘ La?ﬁﬂ'ﬁf,?w I gepiclpe35a: replace cell layout view

Generate
‘ Technology File | gentech : generate technology file
vi/edit stimulus file, configuration
Edit Files commands

Timemill
powrmill

perform simulation
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Timemill Input Stimulus File

o Create input stimulus file which specify type of input signals
SIN voltage source

— TimeMill syntax:
(t=V SIN)(en=element_name)(so=n+)(dr=n-)(v=dc,pa,<freq,<td,<df,<pd>>>>);

— SPICE syntax:
Vname n+ n- dc SIN(dc pa <freq <td <df <pd>>>>)

EXP voltage source

— TimeMill syntax:
(t=VEXP)(en=element_name)(so=n+)(dr=n-)(v=v1,v2,<tdl,<taul,<td2,<tau2>>>>);

— SPICE syntax:
Vname n+ n- EXP(v1 v2 <tdl <taul <td2 <tau2>>>>)
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