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Future Trend

@hiticalrsequeRial

IEngn: distance 7
between adjacent e .
clocked repeaters < ¢

Sequen. 3

Intel: 20% of totall "
chipscells will"be ;

clocked repeaters, at
32/7/)7 teCh nOIOgy P. Saxena, et al, ISPD 03
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PESIdRNIMPICALIGNS

Minimizing delay isiinadequate

a [Latency: number off clocked! repeaters alongl a source-
Sink path

s [Latency needs to be minimized or' latency, constraint
Needs) to be; satisfied

Vlore power dissipations

s Clocked repeaters are generally:larger than unclockead
iepeaters

m Extra load to’ clock network

Greater vulnerability: te: variations
s Dependence on clock skew




Previous \Work I Conclient
REpeaterranc Fip=-Hop IRsEricn

Gocehnl, IHassoun-Alpert-Triagarajan, ICCAD 02

Given

s Steiner tree, candidate repeater locations on the tree

s Repeater library: repeaters’ + edge triggered flip-flops

= Clock skew

Milse

s Find repeater solution te: Minimize the max: LLatency:

Gijlz

s Find min cost repeater solution to satisfy: Given
llatency constraint at each sink



Previeus\Woerks I \Wave Pipelining

L. Zihigng, Y. [Auand C. C-P. Chen, TAU 2004

Wave pipelining
s Signalsiare allowed torpropagated over multi-cycles
Without synchroneus; elements

Advantages
s No setup time and skew' overhead

Weakmness
s Complicated recovery: Circults at receiver



SPECtHlm: O SYRCHrORIZation; Elfioknt:

Flip-flop based
Using latches pipelining

VIRE SNS G wrtr ST LR =

Loose synchronization Strong synchronization
Avoidable setup time Setup time overhead
Tolerance to skew Skew overhead

No recovery circuit



BasICs Off Elip-Hoprand Lateh

FF1 FF2

__( Combinational
al"C Jogic | > A

t1 2

A:Iock source

t1

2

Latch a Latch b

I Combinational I
A logic A

ta | tb |
Depart
ta ‘. ‘ ‘. ¢ ki

Arrive

o I
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Clockna o Latch Based IDESIGRS

Combinational
logic

eTraditional 2-opposite-phase clocking *Propose 1-phase clocking
eEach latch drives half clock cycle eEach latch drives 1 clock cycle




Arealandl Power Advantages of
Usingr Latches

A Hip-flopris Usually: composed by twe
latches

Replacing eachl fip-floprwithrene latch
may: reduce boeth

s Aréa

s Dynamic pewer

s .eakage power:

s Load! to clock network
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mingrAcVanta@esioif Latches

Eachi flip-flopiis associated Withi ..., lopepy

and propagation delay iz,

An optimally: buliered leng wire, total
delay D

[Latency o flip-fioprbased pipelining

/= D/ ( TCyC/e g tsetup e tSkeW W S0P )

[Latency, ot lateh based pIpelining

Y =D/ 7-CyC/6' » Prop )
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iminerElexbility o lEatches

FF1 FF2 Latch a Latch b

N R I%‘

t1 2 tal tbl
Ailock source A
Delay < T Delay < T+ Tp
Depart
< T > Tp 3
t1 ta ‘. SRR A
Arrive

: o I
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AdVantade O EatchEs on
Handling BIockades

Delay ~ T Delay ~ T

Negative edge
triggered flip-flops

A JAN JAN JAN

Time borrowing

CIOCk_Fl\_IL_\__FZI_ ~75% area

reduction !
F1 Delay ~ T - Tp Delay ~ T + Tp 1e
AN A AN

Positive latch
15



MardinglWVave PIpElining

Sometimes there are two signals between L and F2
Insert repeaters between L and F2

=> one signal may not overwrite the other
= Turn off during inactive clock level => avoid signal loss




AdVantadesioirliatches nplies

Delay ~ T Delay ~ T
A Negative edge A A
triggered flip-flops L Delay ~ T

Positive latch
Delay ~ T - Tp I Delay ~ T + Tp
/\

Delay ~ T + Tp

~75% area 1A
reduction !




Challenge:
IRpPUEFEGUERHENNRINGNCOUPIING

Latch Depart
s>

clock —_— clock -m_l—

Output departire time of
s Aligned to cleck edge
B Of INPUE arrival time

Output departure; time; of Iateh
s May dependlon input arrivall time

18



Challenge:
ightShoert PatnrConstraint:

FF1 FF2 Latch a Latch b

!

" Delay | I
NI g DY

/\
t1 2 ta | tb |
Clocku UCIock

Tp +th <ty + Delay <T + Tp-ts
th < Delay < T -ts

ts + th < Delay,,, < Tp + th
Depart

t1 |

Arrive

<> S
th ts th

2
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iheres Sometning Abeut ILatch

Designersidonft like lateh despite its advantages

Complicated for Circult designs

s Circuit tepology: == graph, semetimes with leeps
Wire pipelining topolegy: == tree

Use latches together with flip-flops

= [imingl flexibility of latehes + short path ImmuRity’ of
Hip-fiops

20



Assumptions

Elip-fiopr+ latchbased wire pipelining Isiapplied
N al fip-flopr based Circuit; design

Single phase clock for fip-fleps andlIatches
Elip-fiopsiare negativer edge; triggered

[latches are poesitive level semsitive

iming refierence point Is aligned with fall egade
of the cleck signal

Clock skew!and repeater intrinsic delay: are
neglected for simplicity. off expression

21



Proplemi Eormulation

Given
s Steiner tree, candidate repeater lecations oni the tree

s Repeater library: repeaters! + filip-flops + latches

MILa s findl repeater solution: te IMinimize; the max
Latency.

GilLaE find min’ cost repeater splution to: satisty.
Given LLatency constraint at eachi sink

Both leng’ pathrand shert path; constraints are
satisfied for flip-flops and latches

Gate RC switch model, wire Elmore delay: model

22



AlgorthmMIOVERVIEW

Candidate solutions are propagated
from sinks toward the driver

? ? ?
B REPEAT

Repeater Flip-flop Latch




Candidate; Selutions

Each| candidate solution| IS asseciated with
dl Node In tree; anadlis; characterized by

s C: dewnstream' cap Seen fiom the nede
s [ reduired arrivali time

= Vi latency.

s di repeater assignment

At each sink nede j, Initial candidate
solutioni (“c, 1, 0, 0')
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SEIULIGRIPrepadatiGRFVVIRIE

Allow time borrowing

Tp 0 < pa
( = O~ "~ -1
(CZ/ f'2, yZ/ 0) (CJ/ r]/ y]/ a]) \
I =i I —ICX/ 2 — IXCy
It 15 < =7, drop. this solution
C, =C; +CX
Vo=V
- Wire resistance; per unit length
c. Wire capacitance per unit length

-

\
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SEIULIEN PrepadationE JOIIN

(G, GW V1 @)

\

]

C}'o/n -~ C/ + Cr
/}'oin 77 m/n(r,, rr)
yjo/n ¥ maX(y// yr)

ajo/n = a/ o/ ar
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REPEAIE IRSE REPEAIES

(Cy, ry ¥y 0) /P
(Cirr Tip Vi A1) m’ - \‘_ R ¢
\ M E
iy =17 — RC; 5
It r,, < -7, drep! thisisolution
C]r i Cr
y]r B y]

C.- rEpEeater INpUt capacitance
K. repeater output resistance
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REPEAT: Insert Flip-flop

(C, ry ¥, 0) }
(ij/ r]f/ y]f/ a]f) \‘___—f
\\ N\ E
\

Ifr,—Rc, <
= Skip the REPEAT to enforce long pathi constraint
Cir= Cr

Far = /- ZLsez‘up

Y =

Cx Tlip-flop Input capacitance

Rz flip-flop output resistance
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REPEAT: Insert Latch

(€, ry ¥y 0) )
(Ciy Ty Vi @11) : O \‘_ _ -1
AN

\

I r’< 775, guit (leng path constraint )

r <= eelay padding (C snort path: constraint )
Cy =G

f]L — /77//7(7-— tsetup/ 7-+ f/)

Y A

C,. latch InpUE capacitance

R, lateh output resistance
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PElayAPadding

Shoert path vielationr can: be;fixed By delay.
padding

t

— V4
A A - =

I—FIILK>>I\I __u

Wire snaking Redundant repeaters Extra load =
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UniiermrbPelayPadding

If delay > Tp + t,4 e
there isine short path vielatien. = L«

Padldelayiiff Ge/ay:< Jp)+ b7 WHEn
IASErt 1ateh

Ifr>7- tsetup = il z-Lho/a’
pad delay off /— /& + Bt 2 2 Ly

e I

H< DeIay>E
0 T
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Pessimismi el UniiermrDelay Padding

EVENIRGEEy < T Uy
shost path constraint may: be
satisfied When: signal arrival
time Is late

Uniferm: delay: padding nmay
CaUSe; Unnecessary padding

Arrivall time s net kaown in
pettom-up) selution
pPropagation

Latch A Latch B

o

Early arrival [ ,

Clock

/

Arrival time at A

\ Delay
1ot
| |
|

Late arrival
Clock
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Pelay: Padding in: Pest Processing?

0 do; padding with known

arrival time
= Propagate solutions ignoring L
Shert pathl constraint Short path !
s Do delay padding in| post
Precessing

ProblemE in multi-fanout

tree, delay padding in' one I
branch may: affect delay: oft = é
other branches l

>I
/\

33



PEferredibelay Padding

Aleng with' selttion propadation
Note potentialidelay: padding

Pefier’actual paddingl till arfival information
IS available
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Additionall Characteristics ior SelUtions

Earliest reguired arfval time /-
n < RAT <r
s [Large Iimplies more chance of actual padding

Petential delay’ paddingl p'associated with
dl SPECIfiic short path

Eachi selution’is characterized by,
(G 17YVaM 5 )
At sink j, solutiontis (¢, 7, 0, 0, /=~ 7, U')
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JOIN Operation o beiered Delay Padding

(C// f'/, J/// a// [// ,U/

(C.L L VP 8y E0,)

C}'o/n = C/ 7 Cr
/}oin - m/n(r,, /‘,_)

yjo/n > maX(y// yr)
ajo/n =4 v 4
[jo/n o max(_r,, [)

Pioin = Pr Y Pr
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ol

| atch Insertion Rey

il :f/ </C'-/
| Fr F'< ~fr/, guit (1eng r)fjrn CONS rmmr)

= Potential delay padding p

= Any part of p needs to be instantiated
= Update r

o f_‘/L = ”//f/(rd fsefup/ [+ f/) Basi= fsefup ]J’HPHE‘S

n Y, =), +1 tirne norrowirig

U “
cT
(0>
al
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PP GERErating Potential Delay Padding

e ~7pr < /- < U, GeEnerate; p. = [ /), propadate; /-
through latch

Neglect setlp/hold time fer simplicity

a ) C
B 1
>
/\ /\ /\
I [Py
:
e ] et
0 4 6 8
At c
r=8 r=6 I‘=8
PG :Latchb [=-2 WIRE bc r=0
p =2 p =0 p =0



DDP: Small Earliest RAT

I 77 <=7, arrival time can: be arbitrarily: early:
Without causing shoert path: vielation

No padding, p) = 0, i = 0 afiter latchl Insertion

a b C
I D, =11 I Dy = 2 >I
/\ /'\ /\
a b : No short path violation
(e il | even without padding
-4 0 4 / 8
=8 r=-3 r=28
r=0 | Latch a :WIRE ab r=6 Atb
p=0 p=2 p=2
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DDP: Medium Earliest RAT 1

If -7p) < 1'< 0,/ + T p, update 5, propagate
/7 Weractual padding,

a b C
I D, =9 IDbc=2 >I
/\ /\ /\
:a b:
J Ao
0 45 8 14 16
r=38 r=-1 r=238
- :Latcha :WIREab r=6 Atb
p =1 p =2 p =2

p = min ( previous r + Tp, previous p ), potential padding on (a, b)
40



DDP: Medium Earliest RAT 2

If -7p < 1< U0, 1+ 7p) ) update p; propagate
/7 Weracttal padding

(@)
AN
N
0]
=
AN
—
o))}

r=8 r=1 r=38
o7 :Latcha :WIREab r=6 Atb
p=2 p=2 p=2

p = min ( previous r + Tp, previous p ), potential padding on (b, ¢)
41



PP arGEe EarIESHRATN

i 0 < /- < p, Instantiate paddingl ofi: amoeunt -/ /.
decreases by r, r=T,

d

l

0

P=1

D, =5 IDbc=2 >I
/\ /\
a b,
e s 13 16
=3 I‘=8
:Latcha F=1 ‘WIREab r=6 Atb
D=2 p=2

Instantiate padding of 1 on either (a, b) or (b, ¢)
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JU FarJJe”t RAT 2
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EXPERmeRt: Millarwithott Blockadges

Latency
4-
3_
2 @ FF
[0 FF+Latch
17 | #sinks/net 1~17
Runtime 0.01~0.07 s
o_

netl net3 netb net?7 net9 netll

45



EXPERmeRt: Millarwithr BIockades

Latency
4 -
3_ — —
2 i i = FF
O FF+Latch

1_/ - - -

#blockages 3~40
0_ L 1| I

netl net3 netb net?7 net9 netll
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EXPERMERE: GillarWithoUl Blioekades

Area

16
14-
12
10

oN » o o

y a—

P |

W

|

netl

net3

net5

net?7

net9

o FF
O FF+L UDP
O FF+L DDP
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EXPERmEnt: Gilcarwith BIockages

Area

16
14-
12
10

—

P |

Il

[

oN B 9 o

netl

net3

net5

net?7

net9

o FF
O FF+L UDP
O FF+L DDP
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Conclusions

Wire pipelining DEComes) a necessity: and
feguests mere on timing andl power/area

Advantages off usingl Iatches: area andl timing
Hexipility
Short pathlconstraint cam be selved

s Mixed latch and flip-fiep
s Proper delay padding

iming advantage of latehl can be; tradedito
variation: telerance
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