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Zero Skew Clock Routing

PRIDE: Placement and Routing
Integrated Design Environmerit: -
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- 1994 IEEE Transaction CAD
Best Paper Award




Physical Design System

ArcGate — Astro: the first commercially successful
performance optimization physical design system

Galaxy Design Platform
Concurrent Physical Design
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Reconfigurable Computer for
Semulation

a breakthrough logic verifications
(Simulation/Emulation) system

Cadence Incisive
Xtreme series




E-Design Gompler
C-RTL ierpdar

Crante level et list
7 or whdl

Floor Planning

Wiki Physical ==
Design Flow

—" Pantitioning .
: Lag;;alﬁrwn#. E-‘Iu-:j-:
. Groups

Fower Planning
Caore Power Ring, Macro Power
Ring, Straps, Trunks

::' ce Optimiza :"""FN»E';'r]mEsla In ﬂﬁnan
Eeamhanﬁ Eiﬁ'iﬂ:l%e Slagement Optimization
il hefurag, agmlheslﬂ Fbu:”Eem

Tiening
analysis
and

er
ek

: Sboper T,
Clﬂcl{; Trae rthesis G500 Broounden Firsi Endouni e
Buffer Sizing, Relocation, Fix Hold, Post

placement optimzation after CTS

WA T, B
© Erwasnger HasoRooutn

' Reuting

‘nmmgﬂm: Congestion Driven, net Constraints
E!ubal Rouke, Track Assi nment, ‘Detail Foute,,
Zgarch and Hésisrr Post Route Optimiza

S JuioersT, S
D‘FM C=320C Busrii: Farem Brcdasnier
Match Filling, Metzl Filing

SHMRCKT

C:Fire and ke
RC Extraction - — e o et
SPEF 2 ]
Timing Anatysis e s FEn'n{all"'-feri‘I;rﬂt]atiun
ifi sign o
Signal Integrity (S1) Analysig F'Hrﬂfgl Vﬂl}cauan ..
(sign offy an




Pao-Ding

It bar
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Physical Design
Optimization




Physical Design Optimization

Floorplan

Routability

- No design rule violations
Performance

« clock period

- Low power

Placement Routing



A Progressive Design
Methodology

Conventional
Approach:

Placement

ArcGate
Approach:

Placement ) Global ¢’ Intermediate | : | Detailed
Routing Routing %> Routing

* Lookahead
e Feedback




A Progressive Optimization
Example

Placement Global
Congestion Routing

Min Spanning Min Congestion Rectilinearization
Tree Spanning Tree Choose From

. @
0.5 and 0.5 1.0 ' or I 1.0
@




PROUD Quadratic Placement

Convex contour of the cost function
Recursive partitioning
Min-cut improvement
First-order constraint
Detailed placement improvement
Pair-wise interchange
Single cell movement
Rotation/flipping




Progressive optimization

Global router Detailed router

Intermediate
router
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Cell Porosity & Pin Access




Estimate Chip Height and Width

The number of required routing tracks

should satisfy H/V cut-demands
Height = D, /L,

/ T

The H demand onV cut Number of H layers

Chang, ASPDAC 2011 Area reduced 2~15%




Align Useful M1 Routing Tracks

available
I for routing




A Test Result of M1 Alignment

“Useful” ! _
routing —* Useful Tracks
tracks

Layout results
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Scan Chain Optimization

Greatly improve wirability and timing
performance

Input Scan Chain Optimized Chain
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Wire Length = 5.65 Wirelength = 1.48
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Balance wire, load and phase delays (of macros)
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LEQ Port Optimization

Switch to
Critical path faster

internal edge

Faster edge




Timing Optimization




Timing-Driven: Min Cycle Time

One Cyecle

Critical Path Delay
Clock Skew
Interconnect| gate




Design Plan Timing Budgeting

Main issue: cross-macro timing paths




Net Splitting

Separate critical from non-critical group
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Clock Network Styles




Elmore delay

t4 — R4(C4 +C5 +C6)
Ceq — C4+Cs +C6




An equivalent lumped delay
model of a clock subtree

subtree T,







Find Zero Skew Point

Solve [rl=xl,r2 = (1-x)]]

(fz 2 fl) + al (Cz + %)

X =

Cd(ﬁl . C] “ Cz)




Practical Clock Route Consideration

Routing Blockages

pl

Avoid Pin Access Blocking
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Timing Optimization




Bridging

Physical Design Timing Verification
(net oriented) Net ileated)
constraints
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Timing Constraints

E (dij,Dij) i setup

| | ' time
j ! o

< stable > < stable >

D;; <T - setup




Timing Slack Graph

A snap shot of the timing verification
result in terms of a slack number on each
pin and edge.

It actually contains both timing and
connectivity information.




TDP by Minimum Perturbation

Tsay, Patent 95 ,,
B ] Optimize placement

s.t. timing constraints

\ 4
Check
constraint
violations
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Slack and Delta Improvement

i I <

S =x =l nodal slack
Hij =1y — (tai +djj ) edge slack, where dj; = edge delay
Define:
' arrival time improvement at node i
required arrival time improvement at node |




Incremental Slack Calculation

i =tri —tai = (tri + i)~ (tai = %;)
= (g —tai )+ (% + ¥i)=si + (X + ¥;)
similarly,

: H'J =Hij+Xi +yJ —Adij

where,

di'j = d” +Adij




Zexo-Slack on Active Constraints
At node 1:

Xi T Y+ =0 = Yi = —\Xj +5;

At edge 1j:

Xj +yj —Adij -I-Hij =0 = Adij =\ Xj -I-Hij




Minimum Placement Perturbation

Assume local placement change
AlU = Adu/(RlC == T'C])
Hence

min Z(Adij /(Ric +1C, ))2

min .Z,:(R,C+—1FC,F[(XJ +sj)—(xi +H, )]2




Equivalent to Quadratic Placement

minZ(AlU)z = minZDiizj [(xj + SJ’) = (x,; + Hij)]2

‘/ N

- Pin offset
connectivity

*Then take (I; + Al
the upper bound constraint




Net Weighting Placement
Approach

min{L = 1 Zc
IJ

€ Can solve by applying necessary and sufficient Kuhn-
Tucker conditions => Lagrange Multiplier = “added

net weighting”
¢ Approximated Solution

|xIJ su,J,Vn e N}

1) 7 J

1,1 _ %S
dii - ajj diiajj




Cell S1zing

Minimize total cell size while meeting

timing constraints
optimize timing on critical paths
size down in non-critical paths

Experiments show 30~40% performance gain,
with reduced total cell area




Buiier/Repeater Insertion

critical

.@ [nln sinks % -

|
source \

buffer repeater

v' Buffer blocks off unnecessary capacitance load to
critical sink.
v Repeater reduces “quadratic” interconnect delay.




Timing-Driven Example

7K cells

TDP TDR Relative cycle time
= 1.00

\ 0.58
- 0.74
\ 0.40
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