Design Compiler

RTL
Design Compiler  Synopsys
HDL

Design Compiler

81.

1.1

Synthesis = Translation + Optimization + Mapping

residue = 16' h0000;
if (high bits == 2'bl0)

residue = state_table[index]; e Translate
aelse

state table[index] = 16'h0000;

HDL Source
Optimize + Map
Generic Boolean
(GTECH)
1
Target Technology
4 1 (translation) (mapping)
(optimization) HDL (technology-independent)

RTL ( RTL ) RTL



1.2

E

iMay have no idea |
what gates are produced)

y, Higher levels of abstraction

- Behavioral level

-+ RTL
{close to gate level) T Logic synthesis
2
2
HDL
HDL RTL
121
(instantiate)
module INCREMENT (A4, CLOCK, Z);
input [0:2] A&;
input CLOCK;
cutput [0:2] Z;
wire A1BAR, S429, DZ0, DZ1, DE3;
assign DZ1 = | ((A[1] || DZ2) && (A[2] || AlBAR));
asmign DEZ = | A4[z2];
assign DzZ0 = | ((A[0] || DE2) && (AlBAR || S5429));
assign ALBAR = | A[1];
assign S429 = | ((D22 || AlBAR) && A[0]);
FD1534AX E0 (D2, CLOCK, Z[z2]1),
51 (D1, CLOCK, ZI[11),
52 (DE0, CLocK, =Z[0]1);
endmodule

«VLSI handbook» 33
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1.2.2 RTL
RTL HDL
module INCREMENT (A, CLOCK, Z);
input [0:2] A;
input CLOCK;
output [0:2] Z;
reg [0:2] Z;
always @({posedge CLOCK)
£ = 4 + 1;
endmodule
3 HDL
(Inference rule)
always
1.2.3
RTL RTL



(sequential program)

module SIMPLE TREE (InData, OutData);

Stote S0

input [0:3] InData;
cutput [0:2] OutData;
reg [0:2] OutData;
reg [0:2] Tres;
always @ (InData)
begin
Tres = InData + 1;
Tree = Tre=s + 1;
Qutlata == Trees + 1;
end
endmodule
6ns
( )
5
InData
Controller
(sequencer)
» OutDato
Clock CK
B
4 6ns
I1ns
2 6 7
RTL «VLSI handbook»

State 52

75

( Tree := InData + ID—\‘(
[Outﬂata = Tree + ?;)‘—_//

State 81
Tree ;= Tree + 1; j'




InData
Controller
(sequencer) Stele 80
Tree := InData + 1;
Tree ;= Tree + I;
OutData
Tree Ot Datea = Tree + I;)
D Q- Sitate 81
Clock CK
..—'.:}
6 11ns 7

1.2.4 Design Compiler

Idea :
_| Register Transfer
‘E:.?.f;":‘.:,';.‘!;;‘:. Architectural HDL
Functional
Graphical or textual Gat:;';ﬁ:‘ el
description
The focus will
be here
¥ L ]
Behavioral Physical Device
sinula'llﬂ%"nﬂr?gmgn Silicon
8 Design Compiler
8
Design Compiler RTL
RTL Synopsys Behavior Compiler

RTL



1.3 Design Compiler

target libra

core slow.db

my chip.wv(hd)

DC MEMORY DC MEMOEY
compilea
HDL source Y=A+B @ i Iy
analyze/ MY CHIP MY CHIP
elaborate

SoINoes

my chip.db

constraints.tel my chip.edif

M TR AN S LA TION - OPTIMIZATION + MAPPIN G —f-
9DC
DC
HDL RTL
Synopsys DC gtech.db RTL
( constraints.tcl)
( core_slow.db)
14
lum
0.5um (DSM:Deep Sub Micrometer) 0.25um

(VDSM:Very Deep Sub Micrometer)

gtech.db



z
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©

w

om

E

c

O

O
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1.ﬂ!_|, G.S,_L I‘.].ZEP, 0.18,
Silicon Technology
10 VDSM
0.5um
70%
(back-annotate) 10
0.35um 50%
11
0.18um 70%
(Physical Synthesis Flow)
0.8u 0.5u to 0.35u =0.25u-0.11pn

11 VDSM

Physical Compiler ~ Synopsys

Design Compiler



82. Verilog

Verilog
Verilog (always if case loop )
Verilog
HDL —_—
[ J
[ J
o RTL
2.1 always
always (procedural behavior),
always

module EvenParicy (A, B, C, D, Z);
imput A, B, C, i
output I;
rag Z, Templ, Tempd:

always 2(4 or BEor Cor D)
bagin
Templ = A ™ B;
Temp2 = C ™ D;
Z = Templ * Temp2;
/f Hote that the temporaries are really not
{f required. They are used here to illustrate the
// sequential behavior of the statements within
// the sequential block.

end
endmodule
>—F D
g y z i
YRz 10R?
C
)
i0R2
12 always
DC Verilog HDL Compiler for Verilog Reference Manual

Language Constructs

Unsupported Verilog



always
( Verilog @” )

2.21f

module SimpleALU (Ccrl, A, B, 2);
input Ctrl;
input (0:1] A, B;
output [0:1] Z;
reg [0:1] Z:

always @ (Ctrl or A or E)
if (Ctrl)
Z=Aak B;
alse
Z=Aa| B;
andmodula

Lrrl

AL

] =

WRZ

el

m

W2

A -
E ¢ 70
50| 9 ot

MRZ2 B

DATZ1

=i

NO2Z
13 if
if

Latch —_—

module Compute (Marks, Grade);
input [1:4] Marks;
output [0:1]) Grade;
reg [0:1] Grade:



parameter FAIL = 1, PASS = 2, EXCELLENT = 3;

always & (Marks)
if (Marks < 5}
Grade = FAIL;

else if ((Marks >= 5) & (Marks < 10))
Grade = PASS;

andmodulea
o Orodel
E o b
Harks4 — L |
e ! B K H—
Marked = bz Bp— + | Co
= B
Harks2
- 8 ANDZ FO1510
ORIZL

! Graded
| Q>
l: IMREH I

4z
Marksl %_:ZD o, N
Bl
-
oRIaz FO1510
14 if Latch
Marks 5 Grade FAIL
Marks 5 10 Grade PASS Marks 10
Grade Grade

if...else if...else

module ComputeNoLatch (Marks,
input [1:4) Marks;
output [0:1] Grade;
rag [0:1]) Grade;

parameter FATI. = 1, PASS = 2, EXCELLENT = 3;

Grade) ;

always @ (Marks)
if (Marks < 5)
Grade = FAIL;
else if ((Marks »= 5) && (Marks < 10))
Grade = PASS;
alse

Grade = EXCELLENT;
endmodule



Margsl
r‘_!:;s_ g z Oroded
- .'—;
M2
Marks3
>
et
Harks2 Gradel
=i
NDZ
HMarked
s Al
=y
z
8 [
0RIZ1
151if Latch
2.3 case
2.3.1 case

(mutually exclusive) case

case —

module ALU (Op, A, B, Z);
input [1:2] Op;

input [0:1] A, B;
output [0:1] Z;
reg [(0:1] Z;

parameter ADD = 'b00, SUB = 'b0l, MUL = 'B10,
DIV = "bll;

always &({0Op or A or B)

case (Op
ADD s &=Aa+ B;
SUB  : Z=A-B;
MUL E=Ax* B;
DIV : Z=A/l B; // The A/B operation may not be
{/ supported by some synthesis tools.
endcase



il

|

OV Y

ORIZZ

E QRIZZ

V'E

W

Opl

16 2-bit  ALU

case if...else if...else if
case (Op) case case (ADD) (SUB)
if —

if (Op == ADD)
Z=A+ B;

else 1f (Op == SUB)
Z=A- B;

alse if (Op == MUL)
E=A%*B;

alsa if (Op == DIV}
Z=A/ B;

2.3.2 Casex

casex case X z (don’t-care)

case

casex R



module PrioritylLogic (NextTeggle, Toggle);
input [(2:0] Toggle:
cutput [2:0) NextToggle;
rag [2:0]) NextToggle;

always @ (Toggle)
casex {Toggle)
3'bxxl : NextToggle = 3'b010;
3'bxlx : NextToggle = 3'bl10;
3'blxx : NextToggle = 3'b001;
default : NextToggle = 3'b000;

andcaga
andmodule
= " er_tTn-gg i
Teggtel -
A iz d OR2
Teggla INRE
ANDZ ———
3 Nnxl:hgglgz
Taggle? . {ﬁ_ \zlﬂfl'.vuggluﬁ
e e/
[ AND2
—F - MRS
oR2
17 casex
casex if —_—

if (Toggle[0] == 'bl)
NextToggle = 3'b010;
else if (Togglell] == 'bl)
NextToggle = 3'b110;
else if (Toggle(2] == 'bl)
NextToggle = 3 'b001;
else
NextToggle = 3'b000;

casex casex
( case x 0 )
2.3.3 Latch case
if case

Latch _

case



module NextStatelogic (NextToggle, Toggle);
input [1:0] Toggle;
output [1:0] NextToggle;
reg [1:0] NextToggle;

always @ (Toggle)
case (Toggle)
2'b01 : NextToggle = 2'bl0;
2'bl0 : NextToggle = 2'b01;

andcase
aendmodule
Mant Togy el
K @ N
T lae :
INREH }ﬂ FO1510
— 1 —0
Tagqlad bl
AHOZ -
1y B
H-:tTeggltﬁ
K ON
NRZ -
" roisio
18 case Latch
Zip Toggle=0 3 NextToggle
Latch latch (NextToggle)
case default

always & (Toggle)
case (Toggle)
2'b01 : NextToggle = 2'bl0;
2'bl0 : NextToggle = 2'b01;
default : NextToggle = 2'b01; // Dummy assignment.
andcase

case

always @ (Toggle)
begin

NextToggle = 2'b01; // Default assignment.

casa (Toggle)
2'b01 : NextToggle = 2'bl0;
2'bl0 : NextToggle = 2'b01;
andcase
end



2.3.4 Full_case

233 case latch
case Toggle 2°b01
2’b10 latch
(synthesis directive)

synopsys full_case
HDL
HDL Verilog

module NextStateLogicFullCase (NextToggle, Toggle) ;
input [1:0] Toggle;
output [1:0] NextTeggle;
rag [1:0] NextToggle;

always @ {Toggle}
case (Toggle) f synopsys full_case

2°b01 : NextToggle = 2'bl0;
2'bl0 : NextToggle = 2'b01;
endcase
andmodule
Tngg led
;‘r:>3 Ne;t[cggl&ﬂ
Tagglel l INRDH R
-\lex!TuEglgl
I i
ANDOZ
19 full case
full case Latch
1.
2. Verilog

2.3.5 Parallel _case

233 casex if...else if ...else

case ( case case

parallel case Design Compiler

Verilog HDL Synthesis—A Practical Primer 5



case

module ParallelCase (NextToggle, Toggle);
ionput [2:0] Toggle;
output [2:0] NextToggle;
reg [2:0] NextToggle;

always € (Toggle)

cagsex |(Toggle) /f synopsvs parallel_case
3'bxxl : NextToggle = 1'b010;
I'bxlx : NextToggle = 3'bl10;
3'blxx : NextToggle = 3'b001;
default : NextToggle = 3°b000;

andcase

aendmodul &

Toggl
] A \\
7 L

HextTagglel .

Y
Togglal
oRZ

::j :: Mt Toggled
INRE ITHRB

o Tougle? n} H} NextToggled
INRE THRE

20 parallel case
casex if —_—
if (Toggle[0] == 'bl]}

NextToggle = 3'b010;

if (Toggle[l] == 'bl)
NextToggle = 3'B110;

if (Togglel2] == 'bl}
NextToggle = 3°'b001;

if ({Toggle[0] != 'bl) &&
{Toggle[l] != 'bl) &&

(Toggle(2] != 'bl))
NextToggle = 3'b000;

parallel case  full case parallel case



2.3.6 case case

case case —

module PriorityEncoder (Pbus, Address):
input {0:3] Pbus;
cutput [0:1] Address;
rag [0:1] Address;

always @ (Pbhus)
case (1'bl) /1 gynopsys full_case
Pbus[0] : Address = 2'b00;

Pbus(l] : Address = 2'b01;
Pbus([2) : Address = 2'b10;
Pbus[3] : Address = 2'bl1;
endcasa
andmodule

Adidr-anal

—amm

5 Fhusd i= ; ; _ B . HRZ
INREH -

21 case
full case latch(Pbus 1
) latch
case case
2.4 1o0p
Verilog loop ——while-loop, for-loop, forever-loop
repeat-loop for-loop loop For-loop

module DeMultiplexer (Address, Line);
input [1:0] Address;



cutput [21:0] Line;
rag [3:0] Line;

integer J;
alwaye @ (Address)

for (F=3; J>=0; J=J0-1)
if (Address == J)

Line[J)] = 1;
alse
Line[J] = 0;
endmodule
Line3
 Addransd NSO e
INRB NRZ
Lingl
5 Addresel 0 3 %
INRE NRZ
— [ oL
NRZ NRZ  Line@d .
22 loop
loop if —_

if (Address == 3) Line[3]
if (Address == 2) Line[l]
if (Address == 1) Line[1]
if (Address == 0) Line[0]

l; elee Line[3]
1; elee Line[2]
1; elsa Line[1]
1; else Line[0]

I

1l
oo o o
-

loop
loop

2.5

Design Compiler

always



module Incrementor (Clockd, Counter);
parameter COUNTER_SIEZE = 2;
input ClockA;
output [COUNTEE_SIZE-1:0] Counter;
reg [COUNTER_SIZE-1:0] Counter;

alwvays & (posedge ClockAa)
Counter <= Counter + 1;

endmodule
|_ Counterl
o i u >
ClackA
ok oM —pCH
FOL33AX FOLS3AK
Counterd
>
23 2-bit
always ClockA Counter 1
Counter
always always
always Counter<=Counter + 1
Verilog Design Compiler (
)
Register Name Type Width Bus | ME | AR| AS | SRE| S5 | 5T
Q_reg Flip-Flop 1 - - b M N M M
24 DC
21 Q reg Design Compiler AS
2.6
DC DesignWare
DesignWare DC ‘ Y ox?
SR NS e DesignWare
DesignWare DesignWare Basic ~ DesignWare Foundation DesignWare Basic

DesignWare Foundation



fastest Ripple Carry Select h
Z<=A+B;
Conditional
Sum Synthesis >. Dw
Foundation
- Brent-Kun
Carry Look-Forward J
HDL -
Operator Carry Look-Ahead
_ | ow
Basics
smallest Ripple Carry
25 DW Foundation = DW Basic
DW Foundation Carry Look-Ahead  Ripple Carry
Foundation = DesignWare DesignWare Foundation  Licesen

synthetic_library

set synthetic library {dw_foundation.sldb}

lappend link library $synthetic library

verilog reg integer
SUM <= A*B + C*D + E + F + G
. *
, +
< * E = .
D 2 e * s

w——— Total Delay = Multiplier + 4 adders—b{

26



SUM <=

E+F + G + C*D + A*B

| omizirioicminn

SUM <= (A*B) + ( (C*D) + ((E+F) + G)

| —
F +
+
G — +
- + [ SUM
b —
D — L
B — *
E —
|l—I'IJ'IaJr. Delay = Multiplier + 2 adders—b|
27
Verilog
Design Compiler
83. Design Compiler
Synopsys Design Compiler
o (Pre-synthesis Processes)
® (Contrainting the Design)
® (Synthesizing the Design)
o (Post-synthesis Process)
3.1
Design Compiler
DC
Verilog Verilog 2
3.1.1 Design Compiler
2000.11 Design Compiler Design Compiler
dc_shell dc_shell-t design_analyzer design_vision



design_vision (-tcl)

Design Vision

Tcl mode

dcsh mode

design analyzer

Design
Compiler
// (DC)
7/ ~
d hell-t = shel]
c_she In release 2000.11 dc_shell
28 DC
1. dc_shell
Design Compiler shell ”dc_shell”
dc_shell dcsh (dc_shell —f
script)
2. dc_shell-t
TCL Tool Command Language
Design Compiler shell ”dc_shell-t”
dc_shell-t
tel (dc_shell-t — f script) TCL
shell Synopsys
3. design_analyzer
Design Analyzer Design Compiler
shell “ design_analyzer”

Design_analyzer

dc_shell
Design

analyzer

4. design_vision

design_analyzer

shell

unix  shell

Design_vision tel
Windows NT
dcsh tcl
dcsh
desh TCL

DC

TCL

tcl
TCL

tcl
HDL

”design_vision”

dcsh



Design Analyzer command.log
view_command.log Design Compiler
filenames.log design compiler
filenames.log design compiler dc_shell

command.log

3.1.2
Design Compiler
1 (target_library)
HDL Synopsys
GTECH Design Compiler
Foundary .db DC
.db lib
lib —_—
Example of a cell description in .lib Format
cell { OR2 3 ) { 4 Cell name i
cisolh B LIl g ) Cell Area A
pin ( ¥ ) { ¥
directien : eutput; ¥Y=A|B
timing () { =] %

related pin : "A"

timing sense : positive unate ;

rise propagation (drive 3 table 1} |
values ("0.2616, 0.2608, 0.2831,..)9= Pin A -= Pin ¥ nominal

} delays (look-up table)
rise transition (drive 3 table 2) |
values ("0.0223, 0.0254, ...)
funatisn .-L '::r; | B) " i Pin ¥ functionality

max capacitance : 1.14810 ; ;
Design Rules for

min_capacitance : 0.00220 ; 8
} Qutput Pin
pin ( A ) {
direction : input; Electrical
capacitance : 0.012000; - Characteristics of
L. Input Pins
29 (lib)
DC target library
tel E—

target library my tech.db



2. (link_library)

link library DC
link library IP
link library T DC
DC memory link library
- DC DC memory

(unresolved design reference)

link library search_path —_

set target library "“my tech.db”
set link library “* my tech.db”

TOP.w

| I I module TOP (A,EB,Q0UT1) :
bob/ my tech.db source/ input A, B;
ocutput [1:0] OUTL;
TOP.w

I—DECDDE.db AT U1 (.AIN (A),

ALU.v
DECODE U2 (.A (BUSO),

dc shell-t> read verilog source /AL . v
dc shell-t> read verilog source/TOP.v
dc shell-t> link

Unable to resolve reference ‘DECODE’ in ‘TOP’

30 link_library (1
link library DC link TOP DECODE
link library DC DECODE
search path e

lappend  tcl search_path bob



set target library “my tech.db”
set link library “* my tech.db”
lappend search path {bob}

TOP.wv

| | | module TOP (A,B,QUTL) ;
input A, B;
cutput [1:0] OUTL1:;
LDEcoDE,db |: TOP.w ALU Ul (.AIN (&),
ALLL e DECODE U2 (.A (BUSO),

bob/ my tech.db socurce/

dec shell-t> read verilog source/ALU.v
dc_shell-t> read verilog source/TOP. v

dc shell-t> link
Loading db file bob/DECODE.db

dc shell-t> which DECODE.db
/server/my project/bob/DECCDE.db

31 link_library 2)
3. (symbol_library)

symbol_library Schematic
design _analyzer  design_vision symbol_library
.sdb DC

set symbol_library
4, (synthetic_library)

DC DesignWare standard.sldb
Verilog DesignWare synthetic_library
link library DC




3.1.3 .synopsys_dc.setup

User's General |

Set
P \ ~user

® S

SSYNOPSYS/admin/setup

™
synopsys_dc.setup synopsys_dc.setup| Standard
Setup
-._______...-'—""-—___
User's Specific
Project Setup ! command

risc_design @ / log

synopsys_do setup

4

fcommand log

DC

1. $SYNOPSYS/admin/setup

2. SHOME

setup

dcshell tcl

Jview_command.log

complete
log of DA
session

32 .synopsys_dc.setup

DC

DC

DC

DC

Unix Is —a



#
set targe:_llbrary { cure_slow .db}
set link library {* core slow.db}

set symbol library {core.sdb}

set search path “$search path ./unmapped”

alias h history

alias rc "report constraint -all wviclators"

H§ dcshell

DC Shell

3.1.4

S~

|read_verilog mychip.w |

mychip. syn

mychip . vhd
mychip. v analyze -f vhdl mychip.vhd

mychip. sim (VHDL)

DC_MEMORY 4hnrate MYCHIP

HMYCHLIP

1
write -output . //unmapped/mychip.db -hier

33
Design Compiler .db v .vhd
TCL
read — format verilog[db vhdl etc.] file //desh
read_db file.db //ITCL

read verilog file.v //TCL

dcsh

DB

verilog



read_vhdl file.vhd //TCL VHDL

Design Compiler RTL
Design Compiler

analyze elaborate analyze
HDL work( ) elaborate
verilog VHDL elaborate
work
link Design Compiler
link unresolved design reference
.synopsys_dc.setup link library DC
search_path
3.15
Design
module TOP (A,B,C,D,CLEK,OUT1) ;
input A, B, C, D, CLY; - Clock
cutput [1:0] OUT1;
Port ) wire INVL,INVO,busl,bus0; Net
NCODER Ul (.AIN (B), . . . .0l {busﬁ;
Reference
I U2 (.A (BUSO), .Z( INVD)), >
REGFILE U4 (.DO (INVO), .D1 (INV1l), .CLK (CLK) );
endmodule
34 DC
Verilog
DC Verilog (Design)
(Clock) (Port) (Net)
(Reference) (Cell) (Pin)

DC Clock HDL



TOFP
A D— u2
E oQ [ sum
s &> DFF
cLE [>—SLE b cLK
set load 5 CLK
35
”CLK” 5 DCTCL
collection
dc_shell-t> set load 5 [get_nets CLK]
CLK 5
get
DCTCL TCL (list)
C

de shell-t> set mylist {ell el2 e13}
Information: Defining new variable ‘mylist

el1 el2 el3
C
CLK (fanout)
get nets TCL
dcshell

dc_shell-t “help get*” get DC



Tcl mode dcsh mode
get_cella *J* find(ecell, *U*)
get nets * find(net, “*v)

get ports CLK

find(port, CLK)

get_clocks CLK

find(clock, CLEK)

all inputs

all_inputs ()

all outputs

all outputs()

36

3.1.6
(Design Partition)
“ " (Divide and conquer)
HDL
(module) DC
DC
A B C
ey’ COMBO COMBEO COMBO i
R;G Aussmnnmjsn EEpEEEEE EEE Loaie st
CLE e A ? B ? S /iy
37
A C
B C DC
DC
A B C




:N C
rec[ fcomeo voeicll """ EEG
A AEBG&C Cc
CLE - CLE -
38
DC
By C
REG e my=ere M roMBD LOGIC rec
A A&GBE&EC c
cxh | PE= 2 =
39
C
D JK T
r:% B G
cu:E Ll CLE | B 4:1._' =

37

40




TOF

A c
COMBO REG COMBC REG
LOGIC A e A LOGIC C — ']
B
F
COMEO REG
LOGIC B B
(Glue Logic)
C
C
C
TOP
A
COMBO REE
LOGIC A A
=3 __
B
COMBO REG
LOGIC B 1
el B Nothing but nets
. at top level

41




TEENY BIG
500 B
cates 370,000 -

Too Small 100,000
Gates
B,000 B
f— Gates L

42

500 37
30 TEENY

BIGGEER

BIG
— 50,000 [
Gatan 250,000 |
| b — Gates —

Good Partitioning

43

Design Compiler

TOP

CLOCK GEN
JTAG

ASYMCH

MID

COEE

uooooooaooo
goodaoogoon

ODOOoODoDOoOOo0o0O0O0o00o0oo0oonn
44




Pad Pad

Foundry
Core
DC DC
ASYNCH DC CLOCK GEN
PLL JTAG
Synopsys BSD Compiler
HDL
DC
HDL DC Group
Ungroup
Ul u2 U3 l
Q D' G group -design name NEW DES
~eell name uz3
DES A DES B DES_C e
TOF DESIGH *
Ul 23
uz u3
E H
DE S_BI DEs C
DES A
— MEW DES
45 group TOF DESIGN
group NEW_DES( ) uU23
U2 U3
ungroup U23 U2 U3



Ul U223
2 U3
A
a peted .
current design MNEW DES
oes Hl pmEs o ungroup {U2 U3}
DES A NEW DES
TOF _DESIGN
ol U23
DES A NEW DES
46  ungroup TOF_DESIGH
3.2
Design Compiler (constrain-driven)
DC Tel
3.2.1
Rawrite Write RTL
- HDL Code
imulate
OK
Yes
Yeas
Synthesize Constraints & Attributes
HDL Code |« Area & Timing Goals
To Gates iming

43 RTL




RTL RTL
DC RTL

RTL RTL

3211

set_max_area

dc shell-t> current design FRGEM CHT TOF
dc shell-t> set max area 100

PRGRM_CNT TOP 100
Foundry

1

)
report_area 1,
4
3212
DC
N X S

TO_BE_SYNTHESIZED

i D!u Bzr:zf‘-@- :'Hf @ B @

l-> ) l-} e 1-} 2 5

Clk

44

FF2  FF3 X
DC Clk
Clk DC FF2



FF3 10ns FF3 (setup time) Ins X
10-1=9ns

3.21.3
! TO_BE_SYNTHESIZED
Clk
] I_ o oL : e e
W ®_ FEF2 FF3 @
| erio by
- 2 [ Iy
>
1 Clock Cycle
45
(Clock source)
(Duty Cycle) (Clock Skew)
(Clock Name) create_clock e

de shell-t> create clock -pericd 10 [get _ports Clk]

de shell-t> set dont touch network [get clocks Clk]
10ns Clk
don’t_touch Clk
DC Clk Buffer
(Clock Tree) DC

Foundry ns



To BE SYNTHESIZED

Path X constrained
by create clock

Clk

Method:

Paths N & S are still
unconstrained!

1. Define the clocks
2. Define the I/O timing relative to the clocks

3214

Launch edga
triggars
data

46

44 X
DC S

External Logic

TO_BE_SYNTHESIZED

g

?
¢

5

Clk-g

:‘! T wannrs -l'““'r'

i
1
T, SETUF

QWhat information must you provide to constrain the input paths?

* Valid new data K

A
(1 +T) (T, + )
(Input Dalay)
47
clk-q M
20ns 4ns 1.0ns
N 20-4-1.0=15.0ns

DC

set_input_delay e




de shell-t> set input delay -max 4 -cleck Clk [get ports A]

A 4ns -max
setup time
-min -clk
3.215
| - - el ]
U3 TO BE_SYNTHESIZED MU External

Launches
Data

. Flip-Flop
captures
data

Clk

GWhat information must you provide to constrain the output paths?

Launch Edﬁ Capture Edge
Clk

B * ‘nfalil:l-nﬂw data c
B e g |

Temg* Ts To+ Teerpe
(Cutput Delay)
48
U3
T
20ns 5.4ns
U3 clk-q 1.0ns S 20-5.4-1.0=13.6ns

DC  set output delay —_—

de shell-t> set output delay -max 5.4 -clock Clk [get ports E]

B 5.4ns -max
-clk

® report_port —verbose



® report _clock

® reset design

® list libs

3.2.2

To_BE SYNTHESIZED set_output delay

set_input_delay

CLK
create clock
A&
49

3.2.1 clock

Y

(transition time)

set operating conditions

— 1 se t leoad

I

>
>—Hil

set driving cells

set wire load model s

YYY

50



3221

transition time

DC 0
DC  set load e
Lk _-LT 5 set lead 5 [get ports OUTL]
51 (1)
OUT1 5 Foundry
report_lib pf
ouTl A ouTl
ANZ
—_—B
get leoad [load of my lib/fand2al/A) [get ports OUT1]
get load [expr [load of my lib/invlaO/a] * 3] OUT1
52 ©)
52 OUT1
my lib  and2a0 A TCL
OUT1 invla0 A
3.2.2.2
DC

transition time 0

DC  set driving cell

transition time

set_driving_cell

load of



To BE SYNTHESIZED

5o ot

:.’I:.'_::i'::Ell—L} SEL_L:I.EJ.‘..’J.:'.'.':]_UE].J. —l'_b_r_:el'_ andZad \
[get ports IN1]

53
IN1 and2a0
3.2.2.3
e Foundry
" (nominal) 25.0
1.0 1.8V
F
t
worst wumnominal
Delay nominal Delay est | |Delay worst
best neminal
best
Temperature Voltage
Process
54
Foundry
(operating condition model)
(best case) (typical case) (worst

case)

(setup time) (hold time)

Design Compiler report_lib



Operating Conditicons:
Hames Library Brocess Tamp Volt
typ 25 1.80 my lib 1.00 25.00 1.80
slow 125 1.62 my lib 1.00 125.00 1.62
fast 0_1.58 my lib 1.00 0.00 1.%38
55

de shell-t> set operating conditions -max “slow 125 1.62¢

de shell-t> set min library core slow.db |
-min version core fast.db

de shell-t> set operating conditions -max slow 125 1.62 \
-min fast 0 1.98
core_slow.db  core fast.db
set min_library
3224
DC (wire load model)
Foundry
Foundry
Hame : 150KGATES
Location ' Esc_cure_s'_:nw I R per unit length
Resistance 3 0.000271
Capacitanca : 0.00017 % C per unit length
Area 3 o}
Slope : 50.3104 = Extrapalation slope
Fanout Length
1 31.44
2 #1.,75
3 132,07
4 182,38
= 232 .68 Time Unit : 1ns
Capacitive Load Unit : 1.,000000pE
Pulling Resistance Unit : lkilo-ohm
56 WLM

report_lib ssc_core_slow



160KGATES Ins Ipf 1kQ
DC

7 DC (Slop)

160K

DC  set wire load model

de_shell-t> set current design addtweo

de_shell-t> set wire load model -name 160EGATES

addtwo 160KGATES
DC
43478.00 5SKGATES
43478.00  86956.00 10KGATES
de shell-t> report lib ssc core slow
Selection Wire load name
min area max area
0.00 43478.00 SKGATES
43478 .00 B6956,00 10KGATES
BES9EE . 00 173813,00 20KGATES
173513.00 3478B26.00 AOKGATES
347828 .00 695652 ,00 SOKGATES
57 WLM
(set_wire_load mode)
mode = enclosed mode = top
TaF TaE
EUE BB
Bi B2 B
k& [ T— k pj
F, \1 !}'
WLM_SUB WLM_TOP
less pessimistic mode

58

3 (enclosed) (top) segmented
B2 B2 TOP SUB
Bl B2 SUB



d::,_s hell-t> se I__-...-j_ re_'_ ::ua{:'._:ncc:'.e enclosed

® check timing

® check design

® write script

3.2.3

(Achitecture Designer)

(Module Designer)
X BLOCEK MY BLOCK ¥ BLOCK
LT e 2 G-
10 F i Fio b F o2 L 10
[ { [
2
59 MY BLOCK
3.231
X BLOCK MY BLOCK Y BLOCK
10ns MY BLOCK S
X BLOCK N S Y BLOCK
N S

N 40% S N



circuit X MY circuit

CLK
{08 = 40% of clock
period
60
4ns S+N 8ns 10ns
2ns

MY_BLOCK —_—

# A generic Time Budgeting script file
# for MY BLOCK

create clock -pericd 10 [get ports CLE]
set dont touch network [get clocks CLE]

set input delay -max 6 -clock CLE [all inputs]
remove input delay [get ports CLEK]
set output delay -max & -clock CLK [all outputs]

# Time Budgeting script file

# for X BLOCK and ¥ BLOCK

create;alock —perica 10 [get_ports CLK]
set dont touch network [get clocks CLEK]

set input delay -max & -clock CLE [all inputs]

remove input delay [get ports CLEK]
set output delay -max 6 -clock CLE [all ocutputs]

3.23.2




D“ = ~ 10x
o—
Assume a weak 10x
cell driving the
inputs g
Limit the loadlimposed | Keep track of how many other
on driving block bt designers are using each output
CEMMI
62

current design myblock
link
source timing budget.tel

f Assume a weak driving buffer on the inputs
set driving cell -lib eell invlal [all inputs]
remove driving cell [get ports Clk]

# Limit the input load
seb MAY INPUT LOAD [expr [load of LEEI.‘L_llb.-'rH.IIdE':I.C.-"lA] * 10]

selt max capacitance SMAX INPUT LOAD [all inputs)
remove attribute [get ports Clk] max capacitance

f Model the max possible load on the outputs, assuming
# outputs will only be tied to 3 subsequent blocks

set load [expr SMAX INPUT LOAD * 3] [all outputs]

invla0
10

3.2.4

Design Compiler (Constraint-driven)



Design Compiler
Design Time
Design Time report_timing

Design Analyzer or l

Design Vision
HDL Compiler VHDL Compiler

Design Compiler

63 Design Time  DC

63 Design Time  DC DC
DesignTime  PrimeTime
PrimeTime DesignTime

64 (STA)

(STA)
( VCS)

timing paths

DC

PrimeTime



3241

DesignTime
64
(Path Group) 4 3
CLK1 CLK2 CLK1 CLK2 DEFAULT
H!_D!SIE‘H
LK1
A —@n a _ é
FEF2
- I
EE:; \ [ —r CLE2 DEFAULT
@,
Timing Paths Path Groups
65
12 3

12 timing paths
3 path groups

= D
— T h_

L
? ) D
_ e »‘-_—';:
B

\

" ) f
o
D:- ' Clock Group 1 Default
Du::LK 2 Clock Group 2 Group
66

3.24.2



® (timing arc)

(Linear Delay Model) (Nonlinear Delay Model)
" Pea Rt % Ciat — ?Gpn
input output
transition response

intrinsic zero load
delay delay

linear 4 R
dElEl}r DSI:-:-: + Drﬂnrrsll: + %cl {CNEI i CPn}
maodeal
nonlinear ~ 4 i
dElEI}I' fl[-‘rlﬂ:ml ] R‘:E" ] CNEt ' c‘F'm] + f{RNntl cht ] CP‘IH:
maodel

L. -~ | |

Y kL

cell delay from time-of-flight
2D table WLM
68 (delay model)
DSope intrinsic
RCell (CNet ’CPin )
DC (transition

time)



Example:
f_oupnicadi®) ]  Outputioad = 2 fF

|nput transition = 10 units

o | 1 @ 3 a o |1 o

& 5
o] 23| 4 5 o |1 |10 |18

- b -

e E
'i- | 3|45 T @ 2 |13 @
2] 5] 8 |07 3 20 |4 |18 |30
Cell Delay (ps) : Qutput Transition
E (wvendor units)

Cell Delay = 6 ps Qutput Transition = 25 units
69

6ps

transition time 25

RC
RC RC —

Load adjacent to driver (net resistance is zero)

Each load pin shares equal portion of net's R and C
De=(Rupu IN)X(Cpuy IN+Cpp ) Ri2

wherg M= fanout

RIZ o
Assume a lumped RC load
Do = Roec  { Coet * Cona ) Da;f;
| Pessimistic ¢

I balanced tree |

70 (RC- )
® best case tree

® balanced tree RC

® worst_case tree RC



Operating Conditions:

Hame Library Procass Tamp Volt Interccnnect

slow 125 1.62 gsc_core slow 1.00 125.00 1l1.63 balanced tree
Ellcrw_12 5_1 . EE_‘L\'CT EEE_GBI‘E_E:L oW 1.00 125.00 1.6\ wors t_caae_trey
e ——
71

3243

Sensitivity)

DesignTime
FF1  FF2
FF2
FF1 FE2
Laun
Edge
FE2 4| I—
Default
setup check piure Edge
72

library: pin(Z) library: pin(Z)
intrinsic rise : 1.2; intrinsic rise : 1.5;
int.rinsic_fall 1 0.5; int.rinsic_fall 1 0.3;

/
Do

73

(Edge



1.2 0.3
05 15
1.2+1.5 0.5+1.5 DesignTime

3.244  report_timing

DesignTime

DesignTime report_timing

report_timing DC man

report timing
[ —delay max/smin |
[ -to name lisg ]
[ —fram naEg_l¢sL
[ -through name list ]
[ -input pins
[ -max paths path count |
[ -nats | -
[ —capacitance ]
[ -path f:ll_clcuk ]

report_timing 4 e

LR T e e T Y
RBeport : timing
-path full
-delay max
-max_paths 1
Design : TT
Version: 2000.05

Date : Tue Aug 2% 18:22:38 2000
[ e R R R L T T T T T e T T

Operating Conditions: slow 125 1.62 Library: ssc core slow
Wire Load Model Mode: enclosed

Startpeint: datal (input port clocked by clk)

Endpoint: ud (rising edge-triggered flip-flop clocked by clk)
Path Group: clk

Path Type: max

Des/Clust/Port Wire Load Model Library

TT SEGATES s8c_core slow

74 report_timing(1)

—_ slow 125 1.62
ssc_core_slow enclosed datal
ud( ) clk (max)



Individual Contribution Running Total of

to Path Delay \ the Path 3ela;r

Paint Insy Path
clock clk (rise edge) 0.00 0.00 )
clock network delay (ideal) 0.00 0.00 ?'gna!_
input external delay 1. 1.00 E"J‘HI"IS-IT.IGI‘]
datal (in) 0. 1.00 £
u2/Y (invlal) 1.12 r
uilz2 /¥ (orzal) 1.38 r
uZ3/Y (mx2d2) 1.61 £ | Total
ud /D (fdeflal) 1.61 £ _E_Elﬂ'.-f
data arrival Ltime "‘-"
I
Met & Cell Delays
4
o000 e 2
|data1>‘,' - L -
— u4
Time-of flight uz Uiz Uz3 ol
75 report_timing(2)
MUX D 0.12ns
1.61ns
Clock Edge
Point
clock clk (rise adge)
clock network delav (ideal)
Ud,/CLK (fdeflial)
library setup time
data regquired time
From the Data must be valid
Library by this time
76 report_timing(3)
5ns 0.19

4.81ns



data required time 4.81
data arrival time -1.61

Timing margin (slack): negative

Either (MET) or (VIOLATED) indicates constraint violation

77 report_timing(4)

(Timing margin)

3.20 3.20ns
clk 3.20ns
CLK J I |
! Data ' ;-hl LData
£ Arrival i’ Slack H | Regquired
€ i P
0 1.61 4.81 5
78

report_timing

Foint Inor Fath
clock [Input port clock) {rise edge) a.4a6 o, a0
impat external delay 22.40 22.40 £
addr3l {in} Q.00 22.40 £
UJ}.I.'DE.- addrass3] (proc) 1.03 23.48 £
roc/u_del/int add[T] (del} a.00 23.48 £
u_pros/u_del/U155/Q (HAHDIE) a.ez2 24.10 &
u_pros/u_del/U160/Q (HOR3F) a.78 24.88 £
oo/ dol /ULEESD (AKDIF) 1.33 2E.18 £
u_proc/u_del /USE/Q {IHVE) a.64 2€.82 &
1 m:u:,-"u “del /UL3E/Q  {HOR3E} 1.38 28.17 ¢
O LTch_."UlJE Q {IHVE) Q.45 28.67 &
ﬁo& u ch_."Ul':l':l 2 {HEF)} a.av 29.54 ¥
o ch_."UE!n_."Q {EF) a.44 29.98 £
roefu dol SUSESD (BF) 0.458 30.43 =
u_pros/ fu dal /US4/3 (HEF) a.84 31.27 x
o procfu dol/US3/3 (HEF) a.94 32.21 &
u_pres/ fu dolfotl rs W {dol) 0.00 5
u_pros) X Sotl rs W {etl) 0.00 5
u_pros/ FULZE/T (HOR3E) 1.78 £
u_pros/ FU120/0 {(HANDZE} 1.097 r
u_pros/ fUs8/3 (HEF) a.88
u_pros/ fU122/0 (ORZB) 10.72 r
o pros Sread int W (cotl) 0.00 5
rocfint os (proch 0.00 5
o aint/readd (int) 0.00 5
O Ant U350 (HEF} 1.25 247.98 &
o Aint/ULTSQ (INVE) 1.76 43.71 £
o Aint/ULESQ [ACIZ1F) 2.4% 52.20 x
U int/Us0SQ (ACI22E) 1.43 53.63 £
o int/USESQ [INVE) 1.31 55.44 =
u_.'mt.-':l.nt_ﬂ.np_':l_."l} {DFF} Q.00 E5.44 &
data arrival tima 1.

Rather late arrival for
a 30 ns penod!

¥ buffers back
to back?!

11 ns delay for an OR
gate is not good

Four higrarchical
partitions

/'a.

80

input external delay



input_delay 22.4ns 30ns input_delay
70%
input_delay

6 buffer INVF NBF
BF BF NBF NBF 6
10.72 2ns
10.72
u_proc u_proc/u_dcl
u_proc/u_ctl u_init group/ungroup
3.2.5 DC Tcl
TCL Tool Command Language UCA berkeley
dc_shell Tel Design Compiler
Synopsys Formality PrimeTime Physical Compiler Tcl
EDA Tel
DC DC-Tcl dc_shell Unix Shell
dc-transcript dc_shell DC-Tcl

UNIX% de-transcript my script.scr my script.tel

3.25.1 DC-Tcdl
Tcl windows .bat Tel
dc_shell-t
Tel dc_shell-t e

de shell-t> source my.tcl

Unix Shell _

UNIX% dc shell-t -f my.tel
UNIX% dc shell-t -f my.tel > my.log

UNIX%® de shell-t -f my.tel | tee my.log

>my.lo my.lo tee my.lo my.lo
y.log DC y.log y.log y.log

Tel http://www.scriptics.com



http://www.scripts.com/

3252 DC-Td

Tcl help—

dc shell-t> help

Procedures:

Builtins:

after, alias, append, apropos, array, break, catch,
cd, clock, <¢lese, concat, continues,

create command group, define proc attributes, echo,
gof, errcr, error info, eval, exec, exit, expr,
fhlocked, foonfigure,

Default Command Group:

add module, add te collecticn, all clocks,

all cluster cells, all clusters, all connected,

all critical cells, all c¢ritical pins, all designs,
all inputs, all outputs, all registers, analyze,
bBalance buffer, balance registers, be check design,

help DC-Tel (“*)
clock —_—

de shell-t> help *clock
c=lock
create clock

Builtin
create clock

create test clock create test clock

remove clock remove clock

remove propagated clock
report clock

set propagated clock

remove propagated clock
repoart clock
set propagated clock

H o S o 4 4

help —v
set_input_delay —_—

de shell-t> help -verbose set input delay

set_input_delay # set_input_delay
[-clock clock name] (relative clock)
[-clock_fall) (delay is relative to falling edge of clock)
[-level sensitiwve] idelay is from lewvel-sensitiwve latch)
[-rize]) (specifies rising delay)
[-fall] (specifies falling delavy)
[-max] (gpecifies maximum delay)
[-min] lspecifies minimum delay)
[-add_delay] iden't remowve existing input delay)
delay value ipath delay)
port_pin list (list of ports and/or pins)

man



3.25.3DC-Tdl

# Comments in Tel are line-oriented

# If yvou wish to comment on the szame line, be sure to use
# a semicolon before the comment:

set header str “Output Header" Same line comment
— v

This semicolon is Comment a line in a DC-Tcl
required! script using the ‘# character
81 Tcl
DC-Tcl Cshell
(“#”) (“;”)
3.2.5.4DC-Tcl
1. Tecl set

dc_shell-t> set my wvar 10

my_var 10
2. ,7$,7
dc_shell-t> set my New Var Smy var
my_var my New Var
3. echo

dc_shell-t> echo Smy wvar

4. unset

dc shell-t> unset my wvar

5.

dc shell-t> set a &
dc shell-t> set s “temp = datal[$a]”
temp = datal5]
data[$a]
6.

o
W

de shell-t> set s {temp = data[$a]]}
temp = datal[$a]
data[$a] a
7. expr



de shell-t> set peried 10.0
10.0
necessary wihitespace
de shell-t> set freqg [expr (1 / Spericd)]
0.1

de shell-t> echo “Freg =" [expr $freg * 1000] “MH=z"
Fregq = 100.0 MH=z

de shell-t> set load [expr [load of cba core/and2al/h] * 5] Y
[all outputs]

expr
3.25.5DC-Tdl
Tel
C L1 3 echo$L1
llength

de _shell-t> set L1 {ell 212 el3}

ell el 213

dc_shell—t> echo SL1

ell el2 213

de _shell-t> set Num of List Elements [llength 5L1]
3

lappend —_—

de shell-t> set link library {+*}

*

de shell-t> lappend link library tecéa.db opcon.db
* toba.db opocon.db

de _shell-t> echo $link library

* teta.db opcon.db

3.2.5.6 DC-Tdl

(Collection) DC-Tel

(ports) /
(designs)

(collection handle)

get ” 7all DC-Tel



get cells f Create
get clocks f Create
get designs f Create
get libs f Create
get nets # Create
get _pins # Create
get_ports f Create
all clecks # Create
all designs # Create
all inputs f Create
all osutputs f Create
all registers f Create

list

de shell-t> set mylist {a b
a b hello world

de shell-t> llength Smylist
4

of
of
of
of
af
af
af

calls
clocks
designs
libraries
nets

pins
ports

collection
collection
collection
collection
collection
collection
collestion

W P

of
of
of
of
of

collection
collection
collection
collection
collection

all clocks
all designs
all inputs
all outputs
all registers

oo

hello world}

de _sghell-t> set foo [all inputs]

{"Clk", "Reset", "Crnt Instrn[31]",

de shell-t> llength $foc

"Crnt Instrn[0]"}

1
de shell-t> echo S£ N
sEHe weE Collection Handle
=15 <
- shell-t> sizeof collection $foo
34

de shell-t> query objects $foo

{"Clk", "Reset", "Crnt_Instrn([31]", "Crat_Instrn[0]"}
mylist foo llength foo
1 echo $foo (_seld) sizeof collection
llength query_objects echo
DC-Tcl collection —

dc shell-t> help *collection*

add to collection
compare collecticons
copy_collection

filter collecticon
foreach in collection
;Edﬁx_:nlloc:ion
remove from collection
collection

2izeot

sort collecticn

remove_from_collection

add to_collection

Add object(s)
compares two collections
Make a copy of a collection
Filter a collecticn, resulting
in a new collection

over a collection

object

Tterate

Extract from collection

Eemowve object(s) from a
collection

Numbear of objects in a
collection

Create a sorted copy of a
collection



# Constrain a design for timing, using a time budget
set CLE FER 10.0; ® clock pericd (ns)
set time budget 40.3; # percentage of clock period
# allowed for input/output legic

# caleculate intermediate variables
set IO DELAY [expr ( (l1-$time budget/100.0) * SCLEK PER)]

sat all_ExcEpt_clk [remowve from collection
[all 1nputs] [get ports CLK]

# constrain the design for timing
create clock -pericd SCLK PER -name MY CLOCK [get ports Clk]

set_input delay $I0 DELAY -max -clock MY CLOCK
Sall except clk

Eet_cutput_delay $IO_DELAY -max -clock MY CLOCK A
[all sutputs]

I0_DELAY all except clk

filter collection

filter collection [get cells *] “ref name == AN2"
cell AN2
filter collection [get cells *] “is mapped == trua"
cell cell
filter _collection -filter —_—
get cells -filter “@dont touch == true"
don’t_touch cell

set fastclks [get clocks -filter “Epericd < 107]

fastclks  clock 10 ns



3.2.6

T BE SYNTHESIZED
s ol lore
_I>' ] I> ez ) l_} =

set input del set output delay
_ - ;J — i,
create oldck oreate alock creatd olock -

- { perio-d } [ pericd } { period |
82
3.2.1
o
o
o
o
3.2.6.1
D In =————_Ip g
0_In DgQ D g - —I_
FE1 FF2 >
| P | 22 CLE
CLE
I Logical Circuit | | Post-Layout Circuit |
83
dont_touch DC
buffer
DC

(Clock Skew)



set_clock uncertainty —_—

Example:
create_clc:c:k -period 10 [get_pc:rts CLEK]
get clock uncertainty 0.5 [get clocks CLK]

FF2 setup check at:
10-0.5-0.2=9.3

FF1 Data Launch Edge . *
{No uncertainty!) —rl
0 5 9.3 8.5 10
i Max allowable _, o, :
i delay for block Assume lib
B w SE'IZI..IP = 0.2ns
84
10ns FF2 0.2ns 0.5ns FF1
FF2
10ns 10-0.5=9.5ns 0.2 X
9.3ns
(Clock Skew) set _clock latency

set_propagated clock

YOUR_DESTGEH

Origin of Clock

85
(Clock_gen) (Clock
Source)
(Source Latency)
(Network Latency) set_clock latency —source
set_clock latency set_propagated clock (post-layout)

buffer



3.2.6.2

CLER
{33 Mhz

Group)

pre-layaut

uncartainty

nost-layout

ideal clock

transition

create cleck -p 30 -n MCLK Clk
sekt_clock uncertainty 0.6 HMCLE
set_clock latency -source 4 HCLE
sek_clock latency 2 HCLE

create_clock -p 30 -n MCLE Clk

sat_ocleck latency -source 4 MCLRE
sat_propagated clock HMCLK

85

buffer

S—CLEa
Fh—CLEC

300 MHz —  4l—CLED

#3—C LKE

TO BE SYNTHESIEZED

H o pl{x b g s
rE2 rES
CLES ]
{50 Mhz)
86
CLKC
(Path
CLKA-CLKE
CLKA
FF2
(Virtual Clock)
CLKC -

(current_design)



create clock -name vTEMP CLK -period 20

Must be named No source pin or port!
20ns vITEMP_CLK
86
(set_input_delay) CLKA CLKC 30ns  20ns
5.5ns —

create clock -pericd 30 -—name CLEA
create clock -period 20 [get ports CLKC]

set _dont touch network [get clocks CLEC]

set_input delay 5.5 A} —max [get ports IN1]

5.5 ns
| IN1

1
13 £
| MH Mot
I
! I
L HEN BN EEN I ENN BB BN BN BB BN BN BN BN B B .
87
CLKA set_input delay
CLKA Design Compler CLKA CLKC

cLia _¥ i AI

CLEC |

a 10 20 g 410 50 &0

10 ns I"ﬂ'

88

CLKA  CLKC 30 20

60ns CLKA
CLKC )

10ns N  —

ty < 10 - 5.5 — t .



86 (set_output delay)

create clock -periocd [expr 1.0/75#%#1000) -name CLED

create clock -period 10 -nams CLEE
create clock -period 20 [get ports CLEC]
set_dont_touch network [get_clocks CLEC]

set output delay -max 2.5 clock CLEDWget ports

set ocutput delay -max 4.5% clock CLE add delay [get_ports OUT1]

H——E.E NS e—

(2::.5) 0.5 ns

SETUP

—@..Dﬂn__. ELKD—L

i e <
CLEC @ 0.5 ns

SETUP

CLE;P
I"_‘]'-S ns 1

TO_BE SYNTHESIEZED

89
CLKD CLKE
-add_delay ,
.-"""'"-'
CLKD — / b
CLKC
CLKE

o 10 20 in 10
Eiq_ 10 =—p
90

CLKC CLKD 6.7ns CLKE 10ns
6.7ns 10ns

t, < 10 - 4.5 AND t, < 6.7 - 2.5

DC
/ ( 20ns

30.1ns)



3.2.6.3

CLKA-CLKE
TOF
Des_; DEE_E
CLEA
{100 Mhz D D
from ©5C1) D‘_— DO - o 2 TP @
CLEE
{100 Mh=
from OSC2) B:
91
DC
set_false path
False Path

current design TOP

J* Make sure register-register paths meet timing %/
create clock -pericd 10 [get ports CLKA]

create clock -peried 10 [get ports CLEKE]

J*¥ Don't optimize logic crossing clock domains *f
EEL_false_paLh —-from ,'gEL_:lur_:ks CLEA] -to [gE'._n:lD:ks ™ |
set false path -from [get eclocks CLKB] -te [get_clocks CI

compile

CLKA CLKB CLKB CLKA

3.264

FF3 FF4




FF1  FF2 BIG_LOGIC
Design Compiler DC

set multicycle path

set multicycle path 2 -setup -from [get_cells FFl] -to [get _cells FF2]

set_multicycle path 1 -held -from [get _cells FF1] -to [get_cells FF2]

FF1
FF1 E—
0 1 2
2-cycle exampla
w:..e:k
hid
el
T, = delay < 2T,
93

set_multicycle path  PrimeTime



3.3

(compile)
([
[

3.3.1

Design Compiler
DC

HDOL Description

or unmapped db High-Level
Architectural Synthesis

mapped db .
Logic-Level Structure
& Flatten
Gate-Level Mapping

Optimized Netlist

94 DC
db DC
DC
Synthesis) db
GTECH
3311

DC

Verilog

(High-Level
DC



HOL Description . )
or unmappepd db DesignWWare Implementation

Selection

Architectural Sharing Common Subexpressions

Resource Sharing
mapped db Reordering Operators
Logic-Level Structure
& Flatten
95
1. DesignWare

DW DC
DW
fastest Ripple Carry Select h

Z<=A+B;
Conditional

Sum Synthesis \ oW
Foundation
—)rl Brent-Kung

+ \\
Carry Look-Forward J
HDL )
Operator Carry Look-Ahead
Dw
smallest Ripple Carry 'r Basics
96 DW
DW Foundation license (synthetic
library)
2. (Sub-Expressions)

RTL VHDL



SUML <= A + B + C; T P o £ Dy r ok
SUMZ <= A + B + D;
SUM3 <= A + B + E;

SUM1 SuMz SUM3

Implies
A B C D E
sUM1 SLIMZ SIS
97
RTL
temp = A 4+ B;
SUM1 <= tamp + C;
SUM2 <= temp + D
SUM3 <= temp + E:
(Resource Sharing)
HDL
H 6 "0 *) =)
(<:) -
if (SEL = *1*') then
SUM <= A + B:
else
EUM <= C + D;
end if;
Implied implementation: More area-efficient implementation:
A L —
E — + C
5UM  gEL 4+ |—-sum
T —
E —|
p—o *
[ —
SEL
98

DC



4, (Operator Reordering)

Z <= A+B+C+D ( 7
DC —_—
I +
ull |
—
+
99 (D)
DC
.
B + |
+ ==z
c—
o +
100 2)
A R
B e—
c— [ L
D + |
+ [tz
Late A
101 2)
3312
GTECH
_— (structure)
(flatten)
mapped db

Logic-Level

102

Struciure
Flatten

1 (structure)



DC

E =
STR
D =
103
(flatten)
(SOP)
(PAL)
DC o
A N
= B |/
n] = Dm
D_I ! } 2 sop

gat flatten true -effort low | medium | high




c
B o
in—

Structuring

o Creates intermediate structures
to implement design

# |s constraint-based

# Can help both area and speed of
a design

V5.

Flattening

# Removes intermediate structures —
reduces design to SOP

# |s done independent of constraints
» Can be very area-intensive

& No guarantee that flattening will
actually map to a two-level SOP
(possible library limitations)

set structure true | false set flatten true | false
105 Vs
Good candidatesfor SOP flattening Bad candidatesfor SOP flattening
State machines Arithmetic components
Random logic XOR structures (parity trees)
Blocks that use don’t-cares Blocks with many muxes
DC
SOP SOP
set_flatten

3.3.13

GTECH
(Design Rule)

Phases of Gate-Level
COptimization:

1. Delay

2.DRCI

3. DRC I

4. Area

106

Gate-Level

Combinational
and Sequential
Magping

Optimized Netlist

DC



GTECH

aan

107
0 » oo o
e SEL [Cheed 2102
B 1
CLE —{>
SEL
CLH
108
(DRC)
Foundry
(max_capacitance) (Design Rule)
Foundry
10pf
DC

buffer
——DRCI1 DRCII ( 106 )

DRC 1 Design Compiler

DRCII

Spf



3.3.2

) (Hold time violations)

3321

DC-Tel

(timing-driven)

compile

Ctrl-C

DC

Please tyvpe in one of the following option:

1 +to Write out the current status of the design

2 to Abort cptimization

3 to EKill the process

4 to Continue optimization

Please enter a number:

DC

Beginning Delay Optimizaticn Fhase

ELAPSED WORST MEG
TIME ARER SLACK
0:10:04 2761.7 1.38
0:10:05 2761.7 1.38
0:10:08 2761.7 1.28

0:10:12 2761.7

1.26

DESIGH

RULE COST ENDEOINT
18.1 Zro Flag reg/D
18.1 Zro_Flag_reg/D
18.1 Zro Flag reg/D
18.1  Zro Flag reg/D

Critical Path
timing viclations

109

Sum of all

timing
violations




3322

1. report_constraint —all_violators

2. report_timing —delay max

3. report_timing —delay min

(worst negative slack)

de shell> report constraint -all
Information: Updating design information... ([UID-85)

2SS RS R R AR R R R RN RS R RS RERRRESEY

Report : constraint
-all wiolateors

Design : RISC CORE

Yersion: 1898805

Date : Thu How 11 09:38:42 199%
L R R R R Rt R R R SRR SRt IReSR LI

A rather big
violation

max_delay/setup ('Clk’' group)

Required
Endpoint Path Delay
BESULT BATA[L] 1.20
BESULT_DATA[Z] 1.20
BESULT_DATA[B] 1.20
BESULT DATA[L4] 1.20
BESULT_DATA[S] 1.20
BESULT DATA[LL] 1.20
110
report_constraint —all 1.20ns
2.84ns 1.64ns 1.64

1.64
( WNS) 15



A w P

DC

RTL

(Re-Compile)
HDL:
GTECH Architectural
DesignWare
compile
o Optimized Netlist
set_structure  set flatten
map_effort de_shell-t> compile
111

map_effort

compile -map effort (low | medium | high)
compile —map_effort low
(Design Exploration)

compile —map_effort medium DC
compile —map_effort high

RTL

DC




de shell> report constraint -all

Information: Updating design information... (UID-85)

2RSS RR AR AR R AR RN RS R R RERRREREY .

Report : constraint Assuming your
=all wiolaktors .

e cppstralnts and

Version: 188% 05 partitions are correct,

Date : Thu How 11 09:-3E:42 19095

2RSSR AR R R AR RN RS RRRRSRERRREREY What shUUId yDu d{]?

mu_delu.y.lr: etup {'Clk' group)

Bequired Aotual
Endpoint Fath Delay Fath
EESULT DATA[L] 1.20 1.30
BESULT DATA[2] 1.20 1.26 ¢
EESULT DATA[B®] 1.20 l.26 ¢
BESULT DATA[L4] 1.20 l.22 ¢ =0.02 |(VIOLATED)
1 1 T
1 1 T

RESLI'L'!_D.IJ‘.I[E] .20 .22 =0.02 {VIOLATED)
BESULT DATAILLI .20 .22 =0.02 {(VIOLATED)
112
1.20 0.10 (WNS) (

15%)

Incremental Mapping

compile -incremental mapping

DC Architectural
GTECH

DC

DesignWare
Optimized Netlist
compile -inc -map high 113 (-inc)
-map high -map high DC
(critical path) critical [ path

Optimized Netlist

114 (-inc —map high)

set critical range



critical range WNS

WNS -3.4ns

set_critical_range 2 [current_desig-n]

1.4
timing
‘ | ‘ ‘ | ‘ ‘ } )
paths
115 set_critical range
transition time
report net -connections -wverbose
report timing -net (for fanout)
compile -only design rule
A
N A
set max capacitance 0.1 & Added buffer to fix DR

- /
\ ¥
A -_CD_ L.pr:'.zh.J - A -_D_@ Llrrz-.
0

CLE = CLE [

116

3.3.2.3

fanout

buffer



What is the minimum
delay requirement
from FF2 to FF37

@

FF2 FF3

> ful: 8 oS
assume 0.5 ns hold r
1E'n=:quir-e.-mle:nt on FF3) CLK r
i) 0.5
FF2/CLK
FF3/CLK
FF3,/D <!.rm.m >
—r
Hold
117 (H)
X FF3
CLK FF2
FF3
FF2 FF3 FF2
0.5ns FF2 FF3
(Clock Skew)
ewmt 15 the minimum
delay requirement now? - i
Y req @—}—@-j@
oF b 0
CLE .|.- D—I
0.5
4] 5 1.0
FF2/CLK
FF3/CLK
FF3/D < [ VALID
Hold
118 2)
CLK FF3 FF2 0.5ns FF2
Skew 05ns 1.0ns

FF3

0.5ns

FF3



( ) (Worst case)
(Best case)

(] buffer

set clock _uncertainty -hold
get_input delay -min

get_cutput delay -min

set operating conditions -min -max

set min library max library -min version min library

® set_input_delay -min

min 0.3ns

T¢_BE SYNTHESIZED

ool ool

FF3

.|.-> g 1-} l—) I-)'

Clk

119

CLK 10ns FF2 Ins 0.3ns

create _clock -pericd 10 [get_ports Clk]
set input delay -min 0.3 -clock Clk $all in ex clk

N 1ns-0.3ns=0.7ns

® set_output_delay -min



gnr

set_output_delay -max (T, + FF4_,, )
set_output_delay -min (T, - FF4, ..}

120

FF4 0.5ns T
0.3ns FF3 (set_output_delay —min)
0.5-0.3=0.2ns 0.3-0.5=-0.2ns
S 0.2ns

create clock -pericd 5 [get ports Clk]
set cutput delay -min [expr 0.3-0.5] -clock Clk %

[all outputs] \ ;
-0.2

DC

set fix hold [all clocks]

compile -only design_rule

only design rule buffer



read db Top meetsSetup.db
source TimingConstraints max. tcl

set operating conditions -max WORST -min BEST
set ALL IN EX CLOCK [remove from ccllecticn Ay
[all inputs]
set input delay -min 0.2 -clock Clk $ALL IN EX CLOCK
set cutput delay -min -0.1 -cleock Clk [all outputs]

set:clock_ancertalnty -hold 0.5 s

[get ports Clk]]

report timing -delay min

# Fix min timing wiclations
set fix heold [all clocks]
compile -only design rule

[get clocks Clk]

redirect top.rpt {report constraint -all wiclators}

3.3.3

3331

U3

D_de

5 Bdes

sign
Ul
bde
D-HD

vy

T=A+B

w

3
Cdes
-

D design
Ul Uz
| Ades | J Bdes |y
= D_ ¥Y=A+B =
ua —
L-— Cdes J I
Y=A+H >
D design
Ul Uz
> Ades | | Bdes |=Hf=»
D - e
L_u3
Cdes
- =
121
D design
RTL

-

Hierarchy is Preserved
During a Compile

(1)

Ul

U2



Design Compiler

D Design
Ul uz2
Ades Bdes
- P > 3
(-
U3
Cdes
I D
122 Q)
3.3.3.2
D design
Ul uz2
Adas Bdes
Y=R+E ¥=L+H
U3
Ages
/ i E
Ades Bdes
. . ¥=R+B
= Design Compiler Memory ]
123
D design Ul uz U3 Ul U3
Ades Ades compile

check design

(multiple instantiations)

compile
uniquify  compile + dont_touch
° uniquify

uniquify DC

warning

(Ades)



Design Compiler Memory

124 uniquify

Ul U3 Ades Ades 0
Ades 1 DC

uniquify

source D_constraints.tcl

uniquify
compila
compile uniquify
] compile dont_touch
dont_touch
D design
Ul 2
Ades Bdes
YRt Y=A+B
U3
Ades
Y=R+E g
Ldes Bdes
Y=1+H Y=4+H
Design Compiler Memor
dont_touch
125 compile+dont_touch
Ul U3 D_design
Ades Ul U3

compile+dont_touch —



read db unmapped/Ades.db
current design Ades

link

source Aconstraints. tcl
compilea

read db unmapped/D design.db
current design D design

link

set dont touch [get designs Ades]
suu;ce Dgonstraintsthl

compile
Ades Aconstraints.tcl
Dconstraints.tcl source
dont_touch
dont_touch D_design

® uniquify Vscompile + dont_touch

compile+dont_touch

(hard-core)
dont_touch DC Ades
uniquify
uniquify
3.3.4 DC-Tcl
DC-Tcl DC-Tel

DC-Tel o

D_design
Ades

Ades
DC Ul U3

Ades

Ades

DC

uniquify

DC-Tecl



3.34.1 DC-Tdl

DC-Tel if switch verilog  if

case e
o f
if [file exists My Design.db] |
read db My Design.db

alze |
echo Could not read My Design.db

My Design.db DC
“ Could not read My_Design.db”

if else 7y

® switch

set FTYFE [file type My Design.db]
switch SFTYPE

file {read db My Design.db)
link {echo db file 12 a symbolic link}
default {aeche File is noet a valid type for reading)
My Design.db FTYPE
3.3.4.2 DC-Tdl
foreach while foreach_in_collection
® foreach

# foreach loop example - iterates over
# elements of a list:
sat MYlist {Hello World)

foreach list element SMYlist
echo $list element
}

Mylist Mylist list_element
echo $list_element

® while



# while lcop example

gsat idx 0
set clk per 10.0

# Create divided clocks on ports CLKO - CLKS

while {3id= < 10} {
create clock -period Seclk per [get ports CLESidx]
iner id=x
set clk _per [expr (2 * 5clk _per)]

while C while CLKO
10 10 20 40

® foreach in_collection

read db mapped/PRGRM CNT TOP.db
set CellColl [get cells *]
sat Count 1

# Print a list of all cells in the Design
foreach in collection SingleCell $CellColl {
saet CellName [get cbject name $5ingleCell]
echo Cell $Count i§_$CellNEmE
incr Count

¥
CellColl
CellName
3.3.4.3 DC-Tcl
DC-Tcl

necessary whitespace same line
myproc. tol

proc CALC PERICD {Clock Freq} {
# Conwvert clock frequency (Mhz) to periocd (ns)

return [expr ( (1.0 / $Clock Freg) * 1000)]

myproc.tcl CALC_PERIOD

” {“ proc

CLK9

DC



de shell-t> source myproc.tel
de shell-t> CALC PERICD 125.0
8.0

de shell-t> create clock \

-period [CALC PERICD 125.0] \
[get ports Clk]

source tcl

(Global Variable)

(Global Variable)

de shell-t> proc SP {} {
global search path
set search path "$search path ./scripts”

}
dc shell-t> 5P

dc shell-t> echo $search_path

{... slow core.db ./scripts}
SP search_path
search_path
DC dc_shell-t info proc
DC dc_shell-t info body

doc shell-t> info body CALC PERICD

# Convert clock frequency (Mhz) to pericd (ns)
return [expr ( (1.0 / $Clock Freq) * 1000)]

de shell-t>

CALC_PERIO

check_error

check_error —v 0—

de shell-t> check error -reset
dc shell-t> source my script.tecl
dc shell-t> check error -v

0

de shell-t>

global



check_error —v error_info

dec shell-t> check error -reset
dc:shell—t> source my script.tcl
dc shell-t> check error -v
{CMD=010}

de shell-t> error info

TimeBudget
(proc.tcl)
Iprncs.tcl
proc TimeBudget {clock freg time budget} {

} i

## Constrain a design for timing, using a time budget

clock freg <real> clock frequency in Mh=

time budget <real> percentage of clock period allowed
for delay of input/output logic
in design being constrained

=== =

## calculate intermediate variables

get CLE PER [expr ((1/5clock freg) * 1000)]

set MY I0 CONMSTRAINT [expr (SCLE PER* ($time budget/100.0)) |
set IO DELAY [expr ($CLK PER - $MY IO CONSTRAINT) ]

set all except clk [remove from collection
[all imputs] [get ports Clk*] ]

# constrain the design for timing

i create clock on clock port
create clock -pericd SCLE PER -name MY CLOCH )
[get ports Clk=x]

## constrain the inputs
set_input delay $I0 DELAY -max -clock MY CLOCK
$all except Clk

## constrain the outputs
set output delay $I0 DELAY -max -clock MY CLOCK
[211l outputs]

# end of TimeBudget



source procs.tcl

read db PRGRM CNT TOP.db
current design FRGEM CNT TOP
# constrain design for Timing

# using a clock pericd of 100 Mh=
# and 40% of the clock period for IO timing

TimeBudget 100.0 40.0

# constrain design for environmental attributes

34

Design Compiler

(Design Exploration)
34.1
”Time to market”
[
® (Second-pass)

® characterize

3411

_— (Top-down)
(Bottom-up)

® (Top-down)



1. Read in the entire design DATA PATH INSTEN LAT
2. Resolve multiple instances Il
3. Apply top-level constraints ererM cNT ToP | | sTAack Top
4. Compile
5. Assessresults ALU REG FILE
6. Save design

RISC CORE

126 Top-down

RISC_CORE
top-down. tcl
analyze -format vhdl {alu.vhd reg file.vhd ... risc core.vhd }
elaborate RIEC_CORE
uniguify
source scripts ft.up_level .tal
compile
report constraint -all
write -format db -hierarchy -output mapped/RISC.db
quit
Design
Compiler
DC —_—
Simple Compile Mode( )
RISC_CORE  Simple Compile Mode —_—
analyze -format vhdl {alu.vhd... risc_core,vhd}

elaborate RISC CORE

source scripts/top level.tel
ff Do NHOT execute unigquify

set simple compile mode true

compile
set simple compile mode false

uniquify

set_simple comile mod

° (Bottom-Up)



1. Constrain and compile
subblocks independently

2. Make sure all subblocks
meet their initial
constraints

|&U||mm&mp|_

3. Read in the entire
compiled design and
apply top-level
constraints

4. Check constraint report:
if your design passes,
you're are done!

127 Bottom-Up

analyze -format vhdl {PRGRM CHT.whd ... PRGEM CHT TOP.wvhd}
elaborate PRGRM CHT TOP

source constraints.tel

compile

redirect ./reports/PRGRM CNT TOP.rpt [report constraint -all}
# MAKE SURE timing has been met! If not, recode or recompile

write -format db -hier -cutput mapped/PRERM CHT TOP.db

read vhdl source /BRI SC_CORE.vhd

# Bring in compiled .db files
link

# SYSTEM-LEVEL Constraints
source Top_ lewvel.tcl

# Check for timing viclations
redirect ./reports/RISC CORE.rpt {report constraint -all}
write -format db -hier -cutput ./mapped/RISC_CORE.db

Bottom-Up

b2 b2

Top-down

Top-down



Bottom-Up

3412
(Second-Pass) (First-Pass)
(Zero-Pass)
Top-down
[
[
° map_effort compile —inc —map_effort high
Bottom-Up e
o
Bottom-Up
———
A s
compile -top
128
compile —inc
) (Design Budget)
Bottom-Up
(Tighten)
40% 20%

——characterize




3.4.1.3 characterize

Characterize (
) S
L characterize
TR UL 03 utput Load and
A — Delay Conslraints
] e
e
Input Delay Times ,,,...-----""'"""mI
and Drive on Inputs

current design TOP
characterize -constraints [get cells

current design B
compile -inc -map high

129 characterize

U2
U2
U2 U2 U2

write_script characterize

I.I'****t**t****t****t**t****:t****t**t****t**t*t**t****t**

Created by write seript() on Mon Cot 12 18:44:54 1998
R L A L R L T e T )

/* Set the ourrent design +/
current design ALU

create clock =-name "my clock" -period 10 =-waveform {0 5} find(port, "Clk")

set dont touch network find{cleck, "my clock™)

get _input delay 2.2435 -max =-rige =-ocleck "my clock" find{port,"Latch Flags")
set input delay 2.28%63 -max -fall -clock "my clock® find{port,"Latch Flags")

get output delay 5.7T7132 -max -rise =-clock "my ecleck" find(port,"Carry Flag")
set output delay 5.80142 -max -fall -clock "my clock" find(port,"Carry Flag")

get leoad =-pin load 0.343 find(port, "Reset")

get wire load "tefal2im2" -library “cbha core” -port list find({port, "Reset"}
get driving eell =-lib eell buflad -pin "¥" -no design rule find(port,"Resat")
set max capacitance 2.4 find(port, "Reset)

characterize

HDL —_



Create a script to
characterize and
recompile design B

TOP ULl u3

2090 Q©OoOOO®Q

129 characterize

current design TOP
characterize -cons U2
current design B
write script > B w.tecl
remove design ~hier B

read verilog B.v
current design B
source B w.tecl
complle

B X 00 write -hier -o B.db

— 00 current design TCP
| | (11:] report constraints

compile —inc high

® characterize

characterize
characterize
U3 U2
characterize
(margin)
34.14 Design Budgeter

Design Budgeter

Design Budgeter PrimeTime

pt_shell> allocate budgets

Design Budget Shell

budget shell> allocate budgets

characterize

U2  characterize Ul

dc_shell-t

allocate_budgets



Design Budgeter

characterize Budget

[
[ ]
[ ]
Build initial Soee il el L RIL
constraints \ I +
e (g
constraints | W=——|  budgeter
Pass fero
A 2z
\b compile |
refined (g
Pass One
remove falﬁe_pN compile Pass Two
-ing
130 Design Budgeter
(initial constraints) RTL budgeter
(constraints) RTL budgeter
(refined constraints) DC



m Pass Zero

budget shell> read db mapped/TOP.db

budget shell> allocate budgets -check only
budget_shell> allocate budgets -write context {Ul U4 US}
budget shell> sh 1=

Ul.ptsh U4.ptsh US.ptsh

m Pass One .~ critical design

budget shell> read db unmapped/Ul.db

budget shell> source Ul.ptsh

budget shell> compile

budget shell> allocate budgets -write context Ul
budget shell® write -f db -hier -out mapped/Ul.db

m Pass Two

budget shell> current design U1

budget shell> scurce Ul.ptsh

budget shell> compile -inc

budget shell> write -f db -hier -out mapped/Ul.db

Pass Zero TOP.db initial constraints
Design Budgeter
Design Bugdeter (Timing Model)
L1 L3 L4

G Timing Model |

uz LS
dont_touwch
> e
Ty Ty
Y b

131 Timing Model  Budget

Budget —_—

allocate budget -write context {Ul U4 U5}

Timing Model ~ Prime Time



3.4.2

(Design Exploration) RTL

Design Compiler

3421

Functional % HDL Bad budgets “painted
Simulation you into a corner”

Functionally “

Yes e
Synthesis * Could not meet timing

|
T 1|—"' (inefficient RTL code)
Test Insertion Sl - *11 "eende <10
Physical Design *ﬁ +H:;D:::l;fsted]
Final Analysis & SignoviiFilsgies— o 1o TREt A0

132

HDL
Foundry

RTL

RTL

I'ﬂﬂf Fraadom
Library, Algorithm, Architectine
System-Leval Constraints

Coda, Partitions, BOA, HLO

DC switches, BRT

LBO/FPM

Layout

133 Vs



RTL

Logical Design

 Cooe rr |

Functional Simulation

¥
Design Exploration Iq...__

Physical Design

| check Tool Flow |
¥
Early Floorplan / P&R
] |

Check WLM's

'--.l Create Custom WLM |

Code Freeze?

| Compile Major Subblocks |4'

Integrate Chip \""'--.
| Reoptimize Design t

[ Final Analysis & Signoff lg-

—- | Floorplan

L 3
| Create Custom WLM I

ngI Place & Route |
h ECO P&R

134

code

WLM

code

3422

code
code

code
(WLM)

WLM

WLM



(10-15%)

DC

code DC group/ungroup

DFT
WLM
WLM  DC WLM



34.23

New
-bl Constrain |
HDL code T *
Recode HDL | Test-ready compile I
Repartition
Design
B
Initial Floorplan,
Create custom wire
load model
FIX o Continue
if—— Analyze timing -
iolationg 00D Simulation
Design Exploration
135

e HDL
WLM

# Define clock
create clock -period 5 [get_ports CLK]

get_dont touch network [all clocks]

# Delay and drive strength on input ports

set all inputs but clk [remove from collection [all_ inputs] CLK]
get_input_delay $clk_to g -clock CLK $all inputs but elk
get_driving cell -lib cell Smy register $all inputs but clk

# Delay and load on cutput ports
set_output delay [expr 5 - Seclk_to g] -clock CLK [all cutputs]

get_load [expr Spessimistic lead * 3] [all ocutpubs]

A = L ¥
# Describe environment B
get operating conditions WCCOM CLK

set wire load model -name 100k WLM -mode top




set pessimistic load [load of TECH LIE/invlal/A]

# Account for Pin Load and Wire Load on Outputs

set load [expr Spessimistic load * 3] [all ocutputs]:

set_port fanou L_n'.'.:n]::,E: 3 [all_uu tputs] ;

# Account for Pin Load and Wire Load an Inputs too!
set load Spessimistic lead $all inputs bubt clk;

set port fanout number 1 [all inputs];

MY BLOCK

T |iHH

invlal A
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WLM

# pins

# wires

# pins

# wires

invlal

# Describe different WLMs for internal nets vse. global nets

uu:‘ren'._:.‘les;gu TOF BLOCK
set wire load mode top

set_wire load model -nams 100k _WLM [current design)

.L-;E'__'.-.'J.:E_lcad_:r.::ude'_ —-name GLOE\AL_NFT_WLM [L_rE'__purLS )

TOE BLOCH J
—
BLOCK 1 BLOCK 2
o— D - - |
= | = |
B =
o— o o —a
o— —
BLOCK 3 BLOCK 4

137 WLM



100k WLM
GLOBAL _NET WLM

[ J
DC
e (max_capacitance) (max_transition)
(max_fanout)
1. set_max_capacitance
# Find the max capacitive load allowed on your expeckted driver

set DRIVE PIN TECH LIE/invla27/Y

seb MAY CAP [get attribute SDRIVE PIN max capacitance]; # 3.80
# Add some margin so DC won't fully load the driver

set CONSERVATIVE MAX CAP [expr $MAX CAP / 2.0]; # 1.80

set load 1.2 [get ports IN1]

seb max capacitance JCONSERVATIVE MAY CAP [get ports INI]

§ r4 a -

# max internal lead DC can pubk on INI is [1.8 - 1.2 = (0, 6pf]

= ,,

138 set_max_capacitance

set_max_capacitance
( invla27)

IN1 IN1
1.2pf IN1 0.6pf

2. set_max_transition



# Find the max transition allowed on your expected driver

set DRIVE PFIN TECH LIE/inv1a27/¥

set MAX TRANE [gel attribute SDRIVE PIN max transition])

0.400

# Add some margin so DC won't fully load the driver

set CONSERVATIVE_MAX TRANS [expr SMAX TRANS / 2.0]

0.200

sel max transition JCONSERVATIVE MRX TRANS [get ports IN1]

# DC accounts for the driving cell type and external lsad on it,

# limits internal lpads placed on IN1 to meet your design rule

invla2?
BN g W oy Wy
e = g
139 set max_transition
set max_transition invla27
get_attribute DC
IN1 DC
IN1 max_transition 0.200

set_max_fanout

EEL_::Lax_fa::u'.‘.L [ [geL_p:u:Ls IM1]

il Is the max_fanout design
rule on port IN1 met?
1 invlal .
= invilal How many cells might
= Py
[ port IN1 have to drive?
invla27
inviaz7 P* Does it matter what

the cell type is?

get attribute TECH LIB/invlal Y fanout load

0.25
# DC might load pork INI with & / 0.25 = 24 invlal cells!
geL_aLLIibuLe TZCE{_LIB,.-":_nvl':LE'T,-"A fa:'.u-'_'.L_lcad
3.00
# DC can only load port INI with 6 /J 3.00 = 2 invlal7 cells!
140 set_max_fanout
IN1 6 6
6 IN1 invlal
0.25 IN1 24 invlal
3.00 inv127 2

set max_fanout fanout load



max_fanout fanout load
DC fanout load
fanout load 0
default_fanout load

fanout load

a) max_fanout

fanout load _—

# Eagiest case

set_max fanout 1 [all_inputs]

# Trickier case

set SMALL, CELL TECH LIB/buflal/A

set SMALL FOL get attribute $SMALL_CEI.L fanout_load
0.5000

set_max fanout $EMALL FOL [all_inputs]

b) fanout load-
get_attribute TECH LIB default fancut load
0.0000

# Uh-oh!

c) fanout load

set_attribute TECH LIB default fancut load 1.0 Y
-type float
1.0000

# Bead in source files and build initial Gtech design

if (You_are using VHDL) {
analyze -format vhdl {(filel . vhd filel . vhd file3 . vhd TOP.vhd}
elaborate TOP

} else |
read verileg {filel.v file2.v file3.v TOP.v}

}

# Constrain the Gtech design

source my block constraints.tecl

source my dr cons.tel

# Optimize and map the design

compile

# Save the design and exit
write -format db -hierarchy -output my block.db
guit

source



DW _foundation e

current design MY BLOCK

reset _design

source time and load budget constraints.tel

remove attribute MY BLOCK “max_area"

if (You Have DesignWareFoundatien and Plan To Use It} |
set synthetic library dw foundation.sldb
append link library " Ssynthetic library?

}

set simple compile mods true

set compile dw simple mode true

set _scan_configuration -style multiplexed flip flop

compile -area effort none -scan
remove_attribute MY BLOCK
“max_area” compile —area_effort none —scan
simple _compile_mode
dw_simple mode DC
DC —

° de shell-t> set hdlin enable presto true

DC HDL ”Presto” ”Presto”
2000.10 HDL compiler
6 35% Verilog

de_shell-t> set enable verileg netlist reader true

o dc shell-t> read verilocg -netlist mapped.wv *k ek
verilog 3
3
34.24
SUBDESIGN A (MAJOR BLOCK 1)
( ) 40K 140K

Top-down RTL



WJGR BLOCK_1 (140 K gates)
LY=Ly

SUBDESIGH R SUBDESTGH B
™ BUs [31:0] (40K gates) (30K gates)
D
ouTr Bus [31:
' TTT w 3101
EUBDESTEM © SUBDESIGH D
50K gates 20K gatas)
CLK
D— D
141
SUBDESIGN_A
WLM
create_clock -pericd 10 [get ports CLK]
set_dont_touch network [get cleocks CLK]
set_operating conditions SLOW COMMERCIAL
Set wire load mode teop
get_wire load model -name l40Kgates [current design]
set_driving cell -lib cell HANDZ -pin ¥ $all in ex clk
set_load [expr [lead of TECH LIB/MAMD2/A] * 4] $all_in _ex clk
set_load [expr [load of TECH_LIBHNANDEIA] * 6] [all_scutputs]
NAND2 WLM  140Kgates 4 NAND2
6 NAND2
SUBDESIGN A ( )
DEIVING ELE MY DESIGH BEECEIVING BLE
FF0Q >FF1 FF2 FF3
P > o v
4 [ - [ [ [
142
¥ Assyme evary block haz registered ocutpots, same 10n2 clock
set_input delay -max $clk_te g -clock CLE $all in ex clk

set_output_delay -max [expr 10 - Sclk_to _g] -clock CLE

[all cutputs]



¥ A==pme svary block haz registersd outpoks, samea 10n=2 clock
set_input delay -max [expr SCLE PER * 0.1] -clock CLK $all_in ex clk
set_output_delay -max [expr $CLK_PER * 0.3] -clock CLE [all_cutputs]

( ) 50%

DREIVING_BLE MY DESIGH RECEIVING_ BLE

—IO—D o ! n—_—O—n 2 o 2l 4+ b o
[

FFO FF1l FF2 FF3
rﬁ Q r> 1—::- Q P
— -
CLE
143
¥ Asszume blocks do pot have registered cutputs; split delay egqually among both sides
¥ This is the typical case when exploring smaller, Iower-lewel blocks

set_input delay -max [expr SCLK PER * 0.5] -clock CLE $all _in but_clk
set output delay -max [expr $CLK_PER * 0.5] -clock CLE [all ocutputs]

SUBDESIGN_A
50

Regiszer-to-ﬁegistef Paths ..,

r 3 «
Irput | Cutput
Paths | =z I‘l-""Palhs
sl {Comso) i
I S !
! J
Combinational F'a'_hsJ
143
(COMBO) 50% COMBO
50 0 DC
COMBO
group_path
—CILK DEFAULT COMBO
DEFAULT DC

(WNS) DC




group path -name INPUTS -from [all inputs]

group path -name CUTPUTS -to [all outputs]

group path -name COMBC -from [all inputs] -to [all outputs]

Input Paths Output Paths Combinational Paths
CLK DC
group path -name INPUTS -from [all_ inputs]

group_path -name OUTPUTS -to [all ocutputs]

group_path -name COMBO -from [all inputs] -to [all outputs)
group path -name clk -critical range 0.3
3 clk 0.3 critical_range
clk WNS 0.3 2
path_group  critical range DC
path_group report_timing WNS critiacl _range

3.5

Design Compiler
Design Comiler

3.5.1

Verilog

RTL Design Compiler
Garbage

In->Garbage Out



Goal

144

(algorithm) (architecture)

Design Compiler

compile
compile compile

;

Analyze and Elaborate HDL
Apply Constraints

|:| = Small Viclations {10-25%)

|:| = Larger Violations

e | compile
A -map high Rewrite »
_— HDLCode
Repartition
compile BEEE
-+ -map high
-incramental
Specily Characterize Modify Flatten &
critical_range Block tructire Options
L] ¥ ¥
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3.5.2

Design Compiler
(PrimeTime)



DFT Design For Test

(Advanced Chip Synthesis)

Floorplaner

WLM -
RTL RTL
compile Floorplanner

PrimeTime

.db

0 | Ultra

create_wire_load

Df-'l Ultra

reoptimize_design
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Synopsys SOLD SOLD Synopsys
Design Compiler

® SolvNet
SolvNet Synopsys Synopsys
WWW.SYNnopsys.com SolvNet SolvNet
SOLD SolvNet

SOLD SolvNet —_—

SoLvNet ARTICLES

® OSNUG
SNUG

SNUG

This collection contains a snapshot of the SolvNet
knowledge base as it existed at the time of
publication.

FINDING INFORMATION IN THE SOLVNet COLLECTION

The SolvNet search index (solvnet/index.pdx) has
automatically been added to the set of active
indexes.

Use the Acrobat Search capability to access
information in the SolvNet knowledge base.

The search engine lists articles in the order of
relevance to your query. Jump to an article by
double-clicking its title.

For more information on using the Search capability,

see the Acrobat online Help.
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Synopsys Synopsys

Synopsys
Synopsys SNUG

(www.snug-universal.org)

EDA


http://www.synopsys.com/
http://www.snug-universal.org/
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