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IP: Intellectual Property
Functjonal module
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PDK: Process design
kits from foundary

PDK

Flow

IEDA

p
EDA: Electronic design
automation software (tool)

\

p
Flow: Chip design flow
config and script
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module conv;

reg [31:0] m[0:8192];

reg [12:0] pc; X » A _’Y

reg [31:0] acc; o

reg[15:0] ir; |_f

always

begin

WHHTM  EFXOR
X

else if (ir[15:13] == 3’ b010)
acc = -m[ir[12:0]];

TS — N ir = m[pc]; 1
v G if(ir[15:13] == 3b’ 000)
i pc = mlir[12:0]];
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System Specifications

v

Architectural Design

v

Functional Design

Y

Logic Synthesis

v

Tech Mapping

Y

gt

v

Physical Verification

Y

Sign Off

v

Layout Processing

v

Fabrication

y

Package and Test

PIEIZITI=E IEDA

o YIRSt

converts a circuit (EBEg) description into a geometric (JL{AJRRE])

description, optimize Performance, Power, Area ({488, IhiE, EFR)
o FEZR

o EHfth:PIR

floorplan (fRE#¥%I) ., placement (f5fF) , clock tree synthesis (CTS,
BRI S), routing (6%%)

XI55, BRI,

SR FEDNT (STA) |, DosEoth, SESEURE, BERE, B
iTANEE (DRC) , WREREEXILE (LVS) | ..
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PIBIZITiRE IEDA

P8Rt converts a circuit (BEg) description into a geometric (JL{aJhRE])
description, optimize Performance, Power, Area ({488, Ih¥E, EFH

Netlist \\\\\

GDS Il

PG R
> 0“’.%‘ "
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Floorplan: ensure die Placement: place std CTS: design clock Routing: route net into
and core sizes, place cell into legal position, network, connect FFs, routing track, opt

10s, plan macros, plan insert filler, opt timing, opt skew, latency and timing, power and DRC.
PDN, place physical cell. power and routability. power.

Floorplan Placement CTS

mEML o] BIhiES ik



Standard Cell Library (#rEETTEE) IEDA

e A Standard Cell is a predesigned layout of one
specific basic logic gate
o Each cell usually has the same standard height.

o A Standard Cell Library contains a varied collection of
standard cells

o Libraries are usually supplied by an ASICvendor or
library group

NAND2, 3 NOR2, 3 1bit ADDER

Y L




Standard Cell Library (#rEERTTEE) IEDA

e Often,very big

For all logic functions, input/output variants,timing variants,electrical drive

strengths
- LogiC N - N 4 N 4 Drive N
functions Fanin & Timing, strenath
" g ~
< >X < fanout }X < flip flop, > X < (1X,2X » — 1000
variants scan 4X, 8X) - Ce"S
DAQ variants variants
. y \ J \ J S y
e How to think about a standard cell

Simple abstraction of a geometric “container” for the circuits you need to
make logic.

Inside the cellComplex device & mask & electrical issues
Outside the cell: A box with pins



e Example of complimentary devices in 110nm CMOS technology or

process.

tREEERITTIL AR

Input PMOS

VDD —

Output

GND

¥
NMOS

Aerial or Layout View

Cross-Section View FET

Wafer Cross-sectional View

IEDA
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e Gate or Channel Dimensions (L and W)

—‘| L |'— Length
Length
Narrower .
§ Wider
Width Width
Lower .
current S
roug - through
Width channel Width(W) \ shanniel

**nm Technology

%

O In CMOS Technology the um or nm dimension refers to the channel length, a
minimum dimension which is fixed for most devices in the same library.

O Current flow or drive strength of the device is proportional to W/L; Device size or area

| Is proportional to W x L.
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e The drive strength of both devices is the same: W/L = 6.
e The diffusion area (5xLxW) of A is 4x that of B.
e Which is preferred?

L=0.5um

L=0.25um

A: 0.5um Technology = B: 0.25 um Technology Area Comparison
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L=0.25um

ouT

GND GND GND
“IX” NMOS (W/L=6) “2X"NMOS (W/L=12) “2X"NMOS (W/L =6 + 6)

Drive Strengths

To double the drive strength of a device, double the channel width (W), or connect two
1X devices in parallel. The latter approachkeeps the height at a fixed or “standard”
height.




IRENEAN: Max Transition/Cap iEDA

Upsized Driver or Added Buffers

After Optimization

Before Optimization

Maximum Transition
Rule Violation

Maximum Transition Rule
Met



Gate (I‘j) iEDA

« Strange question: How big is a “100 million gate ASIC”
« Surprisingly, it is almost certainly NOT 100,000,000 logic gates
 Numbers are usually “equivalent small gates” — transform all logic into 2-input NANDs

Size? 1 gate Size? ~4 gates Size? ~6 gates  Size? ~10 gates

S

NAND2 AOI22 1bit adder D Flip Flop

 Consequence: 2 measures people use for “size” here

+ Gates: This is “equivalent little NAND gates”. Usually a big number
+ Instances: # things really placed. ~Rule: Instances = Gates — 4 or5
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e Input Files

Physical Libraries (.lef)
Liberty (.lib)

Timing Constraints (.sdc)
Technology Files (.tf, .itf)

SRR ILOA

LEF LEF LEF
I — — Standard Macro Pi:lld
ic/timi i i I cells
Logic/timing Library Files cells : Ce s .
Physical Library Files

Constraints File
Design.sdc
_ ; p
u e

Gate-Level Netlist

Technology File
abc é6m.tflef
RC models

Physical Data

Synthesis Data

Placed, Routed & Optimized Layvout with Clock Trees



Physical Libraries (.LEF)

e Contain physical information of
standard, macro and pad cells,
necessary for placement and
routing

e Define placement unit tile
Height of placement rows
Minimum width resolution
Preferred routing directions
Pitch of routing tracks

Dimension

“bounding box”

Blockage H

Pins
(direction, layer
Symmetry and shape)
0
(X, Y, or 90)\"‘:I H =3
e GND
reference point Abstract View
(typically 0,0)
unit tile
/(site)
LA I [
4
BUF FF

NOR

INV

IEDA

MACRO sky130_fd_sc_hd_ clkinv_2
CLASS CORE ;
ORIGIN 0.000000 0.000000 :
SIZE 1.840000 BY 2.720000 :
SYMMETRY X Y R90
SITE unithd ;
PIN A
ANTENNAGATEAREA 0. 576000 ;
DIRECTION INPUT ;
USE SIGNAL ;
PORT
LAYER 1il ;
RECT 0. 085000 1.065000 1.305000 1.290000 ;
END
END A
PIN Y
ANTENNADIFFAREA 0. 662600 ;
DIRECTION OUTPUT ;
USE SIGNAL ;
PORT
LAYER 1il ;
RECT 0. 155000 1.460000 1.755000 1.630000 ;
RECT 0. 155000 1.630000 0.410000 2.435000 :
RECT 1.010000 1.630000 1.270000 2.435000 :
RECT 1.025000 0.280000 1.250000 0.725000 :
RECT 1.025000 0.725000 1.755000 0.895000 :
RECT 1. 475000 0.895000 1.755000 1.460000 :
END
END Y
PIN VGND
DIRECTION INOUT :
SHAPE ABUTMENT :
USE GROUND
PORT
LAYER 1il ;
RECT 0. 000000 —0. 085000 1.840000 0.085000 :
RECT 0. 560000 0.085000 0.855000 0.610000 ;
RECT 1.420000 0.085000 I.750000 0.555000 ;
END
PORT
LAYER metl ;
RECT 0.000000 -0.240000 1.840000 0.240000 ;
END
END VGND
PIN VPWR
DIRECTION INOUT ;
SHAPE ABUTMENT ;
USE POWER ;
PORT
LAYER 1il ;
RECT 0.000000 2.635000 1.840000 2.805000 :
RECT 0. 580000 1.800000 0.840000 2.635000 :
RECT 1. 440000 1.800000 1.695000 2.635000 :
END
PORT
LAYER metl :
RECT 0. 000000 2.480000 1.840000 2.960000 :
END
END VPWR
0BS
END
END skyl30 _fd_sc_hd_ clkinv_2



Liberty (.lib)

e Provide timing and functionality information for all standard
cells

e (inv, and, or, flipflop, ...)
e Provide timing information for hard macros(IP, ROM, RAM, ...)
e Define drive/load design rules:

e Max fanout

e Max transition
e Max/Min capacitance

e Are usually the same ones used by Syntheis during synthesis

Logical Libraries

dib

cell ("skyl30 fd sc_hs_a2lloi_17) {

leakage power () {
value : 0.1807600000;

}

leakage power () {
value : 9.4646600000;

when : "!A1&!A2&!B1&!C1”7;

when : “1A1&!A2&!B1&C17;

leakage power () {
value : 2.4273000000;

when : “!A1&!A2&B1&!C17;

}
leakage power () {
value : 0.1226900000;
when @ “1A1&!A2&B1&CL7;
}
leakage power () {
value : 0.2575600000;

when : “1A1&A2&!B1&!C17;

}
leakage power () {
value : 9.4630400000;
when : “!A1&A2&!B1&C17;
}
leakage_power () {
value : 2.4273100000;
when @ “1A1&A28B1&!CL”;
}
leakage power () {
value : 0.1226900000;
when : “1A1&A2&B1&C1”;
]
leakage power () {
value : 0.2317100000;

when : “Al&!'A2&!B1&!C1”;

}
leakage power () {
value : 9.4626800000;
when : "Al&!A2&!B1&C17;
}

Teakage nower () {

IEDA



Timing Constraints (.sdc) IEDA

e "Timing Constraints” are required to communicate the design’ s

timing intentions to PnR Tool

e They should be the same ones used for synthesis with Synthesis Tool

(preferably SDC)

create clock -period 10 [get ports clk]
set input delay 4 -clock clk \
[get ports sd DQ[*]]
set output delay 5 -clock clk
[get ports sd LD]
set load 0.2 [get ports pdevsel n]
set driving cell -1lib cell buf5 \
[get ports pdevsel n]

#current_design gcd

set clk_name core_clock
set clk_port_name clk
set clk_period 2.0

set clk_io pct 8.2

set clk_port [get_ports $clk_port_name]

create_clock -name $clk_name -period $clk_period $clk_port



Technology File (.tf lef file)

e Tech File is unique to each technology

e Contains metal layer technology parameters:

Number and name designations for each layer/via
Dielectric constant for technology

Physical and electrical characteristics of each
layer/via

Design rules for each layer/Via (Minimum wire
widths and

wire-to-wire spacing, etc.)
Units and precision for electrical units
Colors and patterns of layers for display

IEDA

Technology {
dielectric
unitTimeName
timePrecision
unitLengthName
lengthPrecision
gridResolution
unitVoltageName

}

Layer "ml" {
layerNumber
maskName
pitch
defaultWidth
minWidth

minSpacing

w
~

llns n

1000

1000

= U

<

abc_6m.tf

"micron"




Design File (.def)

o Design File2FkiEA S R
Die area

/—

Row, 17

Tracks, &

GCell Grid, M#&
Components, tREETT
Nets, £

Special Nets, $57k&M

[ .

[ PRI VERSION 5.8 ;

DIVIDERCHAR "/"

BUSBITCHARS "[]" ;

DESIGN gcd ;

UNITS DISTANCE MICRONS 2000 ;

PROPERTYDEFINITIONS
DESIGN ER_routing_mode STRING "trial_opt™
DESIGN flow_implementation_stage STRING "postcts™ ;
NET StnRoutedCapScaleProp REAL
NET StnRoutedResScaleProp REAL ;
COMPONENTPIN designRuleWidth REAL ;
DESIGN FE_CORE_BOX_LL_X REAL ©.9800 ;
DESIGN FE_CORE_BOX_UR_X REAL 20.0200 ;
DESIGN FE_CORE_BOX_LL_Y REAL 1.0000 ;
DESIGN FE_CORE_BOX_UR_Y REAL 20.0000 ;
END PROPERTYDEFINITIONS

DIEAREA ( @ @ ) ( 42000 42000 ) ;|

ROW ROW_@ core 1960 2000 FS DO 136 BY 1 STEP 280 0
H

ROW ROW_1 core 1960 3800 N DO 136 BY 1 STEP 280 ©

5
ROW ROW_2 core 1960 5600 FS DO 136 BY 1 STEP 280 @

5
ROW ROW_3 core 1960 7400 N DO 136 BY 1 STEP 280 @

COMPONENTS 297 ; NEW M8 © + SHAPE
0@ + SHAPE

NEW M8 @ + SHAPE

- CTS_ccl_a_buf 00004 CKBD4BWP35P140 + PLACED ( 4200 14600 ) FN + WEIGHT 1 NEW M8
ctrl/placeFE_OFC1_ctrl b mux_sel @ BUFFD3BWP3@P140LVT + PLACED ( 5880 20000 ) S + USE GROUND
H 5
ctrl/U3 AOI21D1BWP4@P140 + PLACED ( 10080 18200 ) FN - VDDIO
5 + USE POWER

ctrl/U4 INVD3BWP30P140LVT + PLACED ( 10360 16400 ) FS H
; - poC
ctrl/Us NR2D1BWP4@P140 + PLACED ( 7280 20000 ) FS + USE POWER
H H

ctrl/U7 BUFFD3BWPAOP140 + PLACED ( 3920 5600 ) S - VSSIO

; + USE GROUND
ctrl/U8 ND2D1BWP40P140 + PLACED ( 10080 20000 ) FS H
; END SPECIALNETS
ctrl/U9 NR2D1BWP4OP149 + PLACED ( 9240 21800 ) FN
E NETS 270 ;
ctrl/Ule AOI21D1BWP4@P140 + PLACED ( 8680 12800 ) S - dpath/CTS_1

ctrl/Ull AOI21D1BWP4@P140 + PLACED ( 7840 18200 ) N

H
ctrl/U12 INVD1BWP40P140 + PLACED ( 11200 18200 ) N

TRACKS
TRACKS
TRACKS
TRACKS
TRACKS
TRACKS
TRACKS
TRACKS
TRACKS
TRACKS
TRACKS

GCELLGRID
GCELLGRID
GCELLGRID
GCELLGRID
GCELLGRID
GCELLGRID

VIAS 13 ;

DO
DO
DO
DO
DO
DO
DO
DO
DO
DO
DO

209
209
210
210
209
209
210
210
209
209
150

STEP
STER:
STER:
STER:
STEP
STEP
STEP
STEP:
STEP:
STEP:
STEP:

LAYER
LAYER
LAYER
LAYER
LAYER
LAYER
LAYER
LAYER
LAYER
LAYER
LAYER

42010 DO 1 STEP 2910 ;
6100 DO 12 STEP 3000 ;
=10FDOR2 STEPS31 1018
42010 DO 1 STEP 2970 ;
6040 DO 12 STEP 3000 ;
-10 DO 2 STEP 3050 ;

- VIAGEN89_1
+ VIARULE VIAGEN89
+ CUTSIZE 720 720

+ LAYERS M8 VIA8 M9

+ CUTSPACING 1080 1080
+ ENCLOSURE 160 40 40 160

+ ROWCOL

585

STRIPE ( 8260 33200 ) VIAGEN78_1
STRIPE ( 28260 14000 ) VIAGEN78_1
STRIPE ( 28260 33200 ) VIAGEN78_1

dpath/CTS_ccl_a_buf_00e06 Z ) ( dpath/a_reg/out_reg_12_ CP )
dpath/a_reg/out_reg_11_ CP ) ( dpath/a_reg/out_reg_9_ CP )
dpath/a_reg/out_reg 8 CP ) ( dpath/a_reg/out_reg 7_ CP )
dpath/a_reg/out_reg_6_ CP ) ( dpath/a_reg/out_reg 5_ CP )
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Graphic Design System Il (.gdsii)

I

KI5

it
314

o GDSE&H/FHIYLA

B REFTH

-

9
X

50000 50000

-50000 50000

7
I

«— closed contour

digitized region

SO

-50000

50000

-50000

-50000

SRR RN
SR

<-- layer 5, datatype ©

-50000 -50000 <-- First X,Y vertex

BOUNDARY 5 ©

L

B ,7/////?‘/””

N NRARIRRRRAN

AN

<-- Second X,Y vertex
<-- Third X,Y vertex

-50000

50000
50000 50000

777 %
722222455

N
N
m

777

TN NN AN
ERERERRRVERERY A1) SERNRARNRNRRNRY

S
NN

2222222

A AT AT AT
20

722

-50000 50000

<-- Fourth X,Y vertex

-50008 -58000 <-- Back to First X,Y vertex

ENDEL

=

[Note: Since this example assumes units of UM
and a resolution of 1000 UM per GDSII db tick,

each integer value is 1000x the value in UM]
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Floorplanning (7GEI#%Y) iEDA

mERIL (Floorplanning) 2i@iEHIA (M3X) YIERA (BREYFEE) Z[ERIMRET,
15

1. BN R RIFI OISR,

2. Hi%E 1/0 SIHIIGIE.

3. HERERIT (1RR) HRENE.

4. REEIRMEIISFL/5 NI,

5. X EEIRLE,

6. FEYIEETT (U0 tap cell, endcap &

.
=

:

=

H¥r:
- /M HERR
- BIMGER
- BIMUTREIE
LS

EHRY, - 1188, - SERNE , - SOMMEOMEEAT - K P/RET , - BESR , - SRESR
it - EESE - RESHESRRI



Placement (%5) IEDA

Placement in physical design

m Floorplan Placement CTS Routing E;nv:/r;? W

« What placement means?

Gates, |7 Dl.IDED Oooononnan

(Cells, EAJG; Nets, Z&Rd)

>

|
(Placement
Region, fEX1)

(Netlist, ) (Placement Result)




Placement (%5) IEDA

o ﬁ 4%"5’5@1}2{%
BEBIEREXR (M) N TESURMBEXE, mEXNRETHTHE. —KhBEEIRER/)
WM R EIS/MF/I0#E, EXBEmmES AT (ERBEXKEA. XI3FRow/Site, EEITIHEAES
%) HHE.
o LK BRFLEMANIEZRSZSITPINR (PINRNUEEREIT LEEREION) ;| &MELS R REREMNAm,
o EHJT: ﬁ?ﬂé@%z‘?‘zﬁﬁﬁéo BT RET. ERT (MFRT. BERT) &, RS EeERE
. FES.

©)
3 1] 1 I
@ @ BITRELEWN
@ 10 pin
B ® Site (foE&R/I\MWIE)
@ Row (17)
® mEXIE
® "




Clock Tree Synthesis (CTS, BJ#piigzS) EDA

« CTS in Physical Design

Timing

m Floorplan Placement CTS Routing Power W
DRC

« Achieving skew balance and minimize design resource (latency, buffers, wirelength)

nononnonao nonononao nononononoao
= Clk Source B B - B -
|:| Flip-Flops IS .Jo - | : -
- -
O Clk Buffer | ] =% | B~y §
| :. '~D..- [ u -E
. I 41T | — | =
O 10 Pin L. O = m =]
- / Ov
L] Logic Cell _-j_lfl o - i | =
= L] = L] L] =
Macro Cell Y Y OO0 o0 oOoOoo




e Routing in physical design

o 2Rf%: BHEREMNetSTH. ABHIMZEE, 18SF Azl

Routing (fhtk)

Synthesis

Placement

CTS

Routing

ECO

o Fifn%: SHERSEMnetNRRME, BB L

IEDA



Vias (i@FL) iEDA

e Connecting between metal layers requires one or more vias.

Connecting a signal from Metal 1 to Metal 3 requires two vias and an intermediate
Metal 2 connection

Metal 3

Metal 1

‘iillillli__._.__..
KRR RRRRAARRAL -




Routing Tracks (ThZHIE) iEDA

e Metal routes must meet minimum width and spacing “design rules”
to prevent open and short circuits during fabrication

e In gridded routers these design rules determine the minimum center-
to-center distance for each metal layer, a.k.a. grid or track spacing

e Congestion occurs if there are more wires to be routed than available
tracks

Metal Routing Tracks

can il T T T
TR EEEER

[ I [ I I [ I
Design Rules: Minimum Spacing: —>| |._ Minimum Width: —*| |——



Preferred Routing Directions (fit5%#HhZ5EYEDA

e Metal layers have preferred routing directions

e Default preferred direction:
o Metal 1 - Horizontal - -y
o Metal 2 - Vertical -
o Metal 3 — Horizontal, etc

e Why is this beneficial?

preferred routing directions
Having preferred routing directions greatly reduces the amount ofmetal layer “jumping”

the router may need to do to connect anytwo pins, which reduces resistance and

. therefore propagation delay,as well as run time.



Conclusions IEDA

e Chip Design Flow
IP, Tool, PDK, Flow

e File Format
Verilog (Netlist), LEF/DEF, Liberty, SDC, SPEF, SDF, GDS

e Physical Design Steps

Floorplanning, Placement, CTS, Routing
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