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Clock Tree Synthesis (CTS)

CTS in Physical Design

Floorplan

Placement

CTS

Routing

Timing
Power
DRC

CTS, the bridge between Placement and Routing

« Achieving skew balance and minimize design resource (buffers, wirelength)
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Flip-Flops

O: 3|

Clk Buffer

IO Pin

Logic Cell

B o

Macro Cell

00 000n0aimn.7mn

d

-

i

dogogoggogogogd

000600nain.7n

&

.0
m!

O..
L 4
L4

..

v
R4
*

L]

INEEE R

dogogoggogogogd

S

IEDA

0006n6nnamaQnimnin

[ .
| -
1

_ -LE
1
L 1
B 1
(] =
g oog o oo




CTS

[B)ERHIA . AP NBS SRR EXIAESEIT (FF,
Latch, Reg) BIEIZIEH]. HWEHRFMEDFVIIEMEIR
. EETEBEMTEFREEAT, #WEr R ZRIRTER K
BIRITHIGS.

PG

— Mf%: Netlist, LEF/DEF, lib, sdc

- Bk, &M, BRER, NFLUR, &R
e

~  {%: DEF, B#hNet

Bx:

~  Skew, Latency, Transition, Power, IR
drop, Capacitance, Fan out, Variations

2A)5R

- SCIRPLLEJi=HRIFRBRIERETT, Max
transition, Max capacitance, Max fan-out,
list of buffers and inverters

%}x N 3
P

DNV
\ - \\G
K
i A
1

\‘ // \\ // \\ //
A skewp, P Uskew;, ¥ Y skew,s ¥
=05ns =-1ns =05ns

IEDA

ATEpM4RIRiT: ESleveld
BTSRRI FRF NS

&

EN RS iy = R
T RbufferfllBRYFT R
bufferdIRTsAFNSCINA RS,
-

FHERRIZE Uit Bidbuffer,
gating, wire, cross link&&

| FEMATREIR

&

AR S BT RN
HSAIFFETREE, SCHIEL
B9Skew B#x



Clock Tree Synthesis (CTS) IEDA
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Hierarchical Framework* iEDA
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Implications on Timing IEDA

e Let’ sremember our famous timing constraints:

A = —
+ o+ + — - = > Setup Constraint
+  _ o+ — - = = Hold Constraint
0/1 D ,,Q D Q
FF1 | _ — AT | FF2
Had | clk
Kuit= =
bufl-~ — =" RT
Clock T~ — | |>—”/

source-
buf2




Skew

Difference in clock arrival time at two
different registers.

Jitter

Difference in clock period between

different cycles.

Slew

Transition (T,ise/Ts) of clock signal.

Insertion Delay

Delay from clock source until register

Clock Parameters
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Compressed
: timing path !

Skew

— Clock Skew

Difference in clock arrival time
at two spatially distinct points

- Clock Jitter
Difference in clock

perlod over time Compressed
tlmlng path;
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Period A & Period B



Implications on Power

e Let’ s remember how to calculate dynamic power:

IEDA

2
dyn f Ceff VDD C o a Ctotal clock | Cclock i aothers ) C'others
The activity factor (a) of the clock network is 100%!
e The clock capacitance consists of: -
Clock generation (i.e., PLL, clock dividers, etc.) —— . e
Clock elements (buffers, muxes, clock gates) Units S

Clock wires

Caches

Clock load of sequential elements

e Clock networks are huge

And therefore, the clock is responsible for a large percentage of the total chip

power

LYYW Clocks

wProcessor



Implications on Area IEDA

e To reiterate, clock networks consist of:

o Clock generators Intel Itanium |
« 4% of M4/M5 used for clock routing

e Clock elements

e Clock wires

e All of these consume area
o Clock generators (e.g., PLL) can be very large
o Clock buffers are distributed all over the place

o Clock wires consume a lot of routing resources

e Routing resources are most vital

o Require low RC (for transition and power)
e Benefit of using high, wide metals

o Need to connect to every clock element (FF)
e Distribution all over the chip

e Need Via stack to go down from high metals



The Clock Tree Synthesis Problem  7EDA

e Given a source and n sinks:

Connect all sinks to the source by an interconnect network so as to minimize:

e Clock Skew = maxi,j
o Latency (Delay) = maxi Clock Tree goals:

« 1) Minimize Skew

« 2) Meet target Latency

e Total wirelength
e Buffer number

(min/max)
e Noise and coupling effect
: Clock Tree constraints:
o The Cha”enge‘ « 1) Maximum Transition
Synchronize millions (billions) of separate elements  2) Maximum Load Cap
o Within a time scale on order of ~10 ps * 3) Maximum Fanout
o At distances spanning 2-4 cm *_4) Maximum Buffer Levels

e Ratio of synchronizing distance to
e element size on order of 105
o Reference: light travels <1 cmin 10 ps



Skew and Latency IEDA

B Clk Source

D‘ Clk Buffer

E Flip-Flop Skew
skew — num of buffer insertions
latency — wirelength
worst negative slack (WNS) — capacitance

total negative slack (TNS) — power/area



What' s the operation in CTS IEDA

— starting from the driver pin — decompose the net

— connect all load pins — reduce fanout (4 — 2)

— Steiner tree properties — enhanced driving capability
> delay/wirelength/capacitance/... > cell delay/area/power/slew/...

Load Pin E
L

Driver Pin

[,

-




Design Constraints

CTS Flow

IEDA
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Skew Constraint IEDA

- We define the initial distribution of flip-flops (sinks) in the CTS stage as
Given a clock source (root), we can establish clock skew constraint as follow:

Adelay (s;) = magc{ delay (s;)} — mlgl{ delay (s;)} < skew bound,

where ( ) represents the delay from clock source to sink (latency).
We define the set of load pins for each clock net as a cluster, i.e,, , and
generate a clock net, i.e,,
O ()
—@
':> . e E> o : ©
._._.._._._._._._._._._._._._.‘_.I 4\ ) : ) ! l
@0 Loe @ ! o/ \@® N A de _ @
lm e ‘ _._.._._.._.._..?._'._.._.._..: © ®eoee .. ®¢ © 00 !
May 10-13, 2024 | Xi'an, China ® .20

9/48



Fanout, Wirelength, Capcitance Constraints IEDA

CTS needs to satisfy additional design constraints, such as the
fanout constraint:

lu,;| < mazx_fanout,

the maximum wirelength constraint:
WL (n;) < maz_length,

and the maximum clock net capacitance constraint:
Z Capyin(s;) +c- WL (n,;)<maz_cap.

O
() ()
. Nl —© —®
o OO g __8__ | ® @ O @
“o'o’oo:‘.o.i l 9 l P
@ ..._. 900 !



CTS Problem IEDA

e CTS problem can be defined as a multi-objective optimization
problem:
min f(N,U,S)
s.t. Adelay (s;) < skew bound,

lu;| < max_fanout,
WL (n;) < maz_length,

Z Cap,in(s;) +c-WL(n;)<mazx_cap,

S, Eu;

( , , ) represents the objective function, such as design resources and power.

It's a complex multi-objective optimization problem



Evaluation: Load Capacitance IEDA

e Equivalent Capacitance (Linear)

Capacitance per unit length/area

CaP1oaa(8) = cap,in(s) + Z (Caproaa(t) + C{(S,t)),

tech(s)

W_/ - —~ o \ p
Pin Cap Tree Wire Cap
(Recursive)
Q

O Y A N
' 4 ": () Bottom-up
O :___________s_i\ Calculation

N
® 0 R ()



Evaluation: Wire (Interconnect) Delay /EDA

e Elmore n-Model

Doive(8,t) =1+ L(s,t) - [l.c-L(s,tHCapzoad(t)],

2
/ W_/ - ~— _J
Resistance per unit length/area Res Cap

R O

AT
@)
C/Z p— C/Z O ( ’ )
@
V V o @

Equivalent t-model of a wire segment . ‘



Evaluation: Slew (Transition)

e Bakoglu Metriclll & PERI Modell2]

Slew;gea(8,t) =109 - Dype(8,t),

Slew,;,.(t) =/ Slew2,.(s) + SlewZ...(s,t).

Vdd / 1 ‘
N\ 90%Vdd
| | .- ()
ﬁ‘:\ 10% Vdd / O « ®
le—> N/ | <—> |
Fall Vss/0 Rise
Slew Slew ‘ ‘

IEDA

Top-down
Calculation



Look-up Table (LUT)

upstream input slew

downstream load capacitance

IEDA

(.

timing() {

“Slew”
llcapll

:[...],
: [...],
“Delay” :

 PRPHRPRN P

not reliant on complex computational models/ \

o T n mm—

bilinear interpolation

ML fitting...

: Input
(0.02 | |[_oo_3]J (0.05 | Slow
—_— T Load
(o] (Como) jfoss | 'y [yl
i
[ 014 | [ 047 | 0.19 :—-T
(018 ] (022) (027 ): Delay/Slew :
_— — . -/
(021 ) [ 0.26 | 0.33 :f"“J




Evaluation: Buffer Delay IEDA

e Linear Fittingl3!

Dbuf(*) — LUTdelay(Slewin(*)7Capload(*))?

~>

Dy /(%) = a - Slew,, (%) + B - Capipaq(*) + 7.
v

Intrinsic
Delay

This type of modeling is only effective for clock buffers



Evaluation: Buffer Slew IEDA

BUFFD-X3 BUFFD-X4 BUFFD-X6
) ) ) 05F e LUT 050 o LuT 050 o LuT
e Linear Fittingl3]
04l slewgys = 1.415 « Cloaq + 0.0) 04 F slewy; = 1.034 - Cpeq + 0.0) 041 Slewyy = 0.69 - Clpeq + 0.00

R? =0.999335 R? =0.999401 R? =0.999273

03F 03}

0.3

0.2F 0.2+

0.2

Slew (%) = LUT .., (Slew,, (%), Caproaa(*)), |

0'07| L L 1 0A07\ L L 1 L 0‘0_\ L L L
0.0 0.1 0.2 0.3 00 01 02 03 04 0.0 0.2 0.4 0.6

BUFFD-X8 BUFFD-X12 BUFFD-X16
050 o LUT 1 050 o LUT 1 05k o LUT

Slew,,(*) = a - Capyqq(*) + B.

o1r 0.1r

04 slewoy = 0.516 - Cjopq + 0.0 04l slewy,: = 0.348 - Cloaq + 0.0 04l slewou = 0.265 - Cioqq + 0.0)
R? = 0.999288 R? = 0.999277 R? = 0.999265

0.3 0.3 0.3

0.2 0.2 0.2

0.1F 0.1F 0.1r

0.0 0.0

e Benefit o s L
Fitting results under the 28nm process library

sufficient accuracy

independence from the upstream information (under certain conditions)
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Topology Generation IEDA
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Topology Generation



e Common Topology
Clock Tree
Clock Mesh (Grid)
Clock Spines
Hybrid

Fishbone/Spine

Clock Topology

IEDA

_‘_—%l_—‘_—_v:

Mesh Grid

Hybrid Structure




Topology Comparison IEDA

e Tree
Low skew, smallest routing capacitance, low
power
Floorplan flexibility is poor. Structure Skew Cap/area/ Floorplan

power Flexibility
H-Tree Low/Med Low Low

e Grid or mesh
Low skew, increases routing capacitance, worse

power Grid Low @ High
—

glrzodhsa uses global clock grid and regional clock Spine @y Mediom | Mediom
e Spine

Small RC delay because of large spine width
Spine has to balance delays; difficult problem

Routing cap lower than grid but may be higher
than H-tree



Method of Means and Medians (MMM) fEDA

m Can deal with arbitrary locations of clock sinks

m Basic idea:
Recursively partition the set of terminals into two subsets of equal size (median)

Connect the center of gravity (COG) of the set to the centers of gravity of the two
subsets (the mean)

e © ® . e © ® ° e © ® ° e © [ o 4
o °® o o ® °® ® °®
° ° ° ° ° o ©® ° o ®
o O
o P o . o P o . o P o . O P o »
® o P ® o ® ® o ® ® o P L J
e o e e o = e o e e o > SR
Find the center of Partition S by the Find the center of Connect the center of Final result after
gravity median gravity for the left and gravity of S with the recursively performing
right subsets of S centers of gravity of MMM on each subset

the left and right
subsets



e Recursively determine a minimum-cost geometric matching of n sinks

Recursive Geometric Matching (RGM)

IEDA

e Find a set of n/ 2 line segments that match n endpoints and minimize total length

(subject to the matching constraint)

e After each matching step, a balance or tapping point is found on each matching

segment to preserve zero skew to the associated sinks

e The set of n/ 2 tapping points then forms the input to the next matching step

Iy 7y
v {7

Set of n
sinks S

Min-cost
geometric
matching

AT
vy {7

Find balance or tapping

points

(point that achieves zero
skew in the subtree, not

alwavs midpoint)

S
w7

Min-cost
geometric
matching

Final result after
recursively performing
RGM on each subset



Routing IEDA

o ©

Routing



Tree Balance of Latency-Load IEDA

o Bf5: Skew(fgZ), Load Capacitance (fad) , Latency (Delay) (BJZE)

( ), the path length from the source
( ), the Manhattan distance from the source
( ). the total wirelength of clock tree

( ), the wirelength of FLUTE tree [ - ()

() () e
Sl . -1

{

( ) —
Latency V Capcitance V Skew V



Skew-Latency-Load Tree (SLLT) IEDA

e Definition 1: (—, ) — [1]
()

o For shallowness = {—— } and lightness = (  an —, )— , where—
>1,and = =1
B ?
e Definition 2: Skewness o
, max{ ( )} ® ¢ o
o For a Steiner tree, the skewness =-—— O
Q- O

= /J = = / = .

B (Zero Skew Tree) (Bound Skew Tree)
e Definition 3: (—, ,7) —
o A rectilinear Steiner tree with shallowness < —, lightness < , and skewness <7, Is
denoted as (—, ,7) —

[1] G. Chen. et. al. SALT, in ICCAD, 2018.



H-Tree & GH-Tree IEDA

H - Tree

H-Tree GH-Tree



Load Capacitance Latency (Delay) 9 Skew y




Zero Skew Tree (ZST/DME)

= Bottom-up
with each line segment being the locus of possible placements of an internal node of T

= Top-down

S5

S L > il
BEE *

. & i Sr
S, , L
S3 P S5 . 1S5

5

(b)

Sg

Sy

Sg

Se

S3

IEDA

Determines all possible locations of internal nodes of G consistent with a minimum-cost ZST Tree of line segments,

Chooses the exact locations of all internal nodes in T Output fully embedded, minimum-cost ZST with topology G

S3

Sy

Sy

So

5 e
o

Bdttom-ﬁp

(a)

S1

S1

i8Sy

S7

Sg

Sg ™.

Sy

Sy

(c)

Top-down

(d)



Zero Skew Tree (ZST/DME)  /EDA

— merge two sub-tree
— determine merge region

— location embedding
— nearest endpoint

— zero/bound skew
— topology based

Bottom-up Top-down



Bound Skew Tree (BST/DME) EDA

— merge two sub-tree
— determine merge region

— location embedding
— nearest endpoint

— zero/bound skew
— topology based

Bottom-up Top-down



Useful Skew Tree (UST/DME) /EDA

— merge two sub-tree
— determine merge region

— location embedding
— nearest endpoint

— zero/bound skew
— topology based

So
b
a
51 S S3
Topology
SO ‘ SO
T bt | T 3 bL_F TSS
mr, ", mr
a b L
— e W
S mral , Y || - l -
vss, Mg, L L.
BST/DME tree B=1 UST/DME tree



Rectilinear Minimum Steiner Tree (RMST)/EDA

e Rectilinear Minimum Steiner tree (RMST)

» Given a set of points
» Additional points (Steiner points) can be introduced

o Limited to horizontal and vertical segments only

® given point @ steiner point

T Lﬁ.III.. 5




IEDA

L.

SALT
e Shallowness (path length)
_ PL (s;)
“= T??{MD(&)}’
e Lightness (tree weight) Ht
_ WL (T) _ WL(T)
b= WL (MST (G)) ~~ WL (Trpyre)

. k Bis
* h=j}ﬁk WT'H

(a) (b) (c)
.

—m

(d) () (H

Different Shallow-Light Tree on the same net

Given , SALT realizes < + and = + -



Concurrent BST and SALT (CBS) IEDA

e Bound Skew Tree (BST)

o Benefit at T
e Provides bounded skew control L —
e Weakness l
o High cost of net (wirelength, cap) =~ | B } L '\l | l__./
e Steiner SLT (SALT) ( J BST-SALT )----------: ( SLLT )
o Benefit m A ( gfﬂi‘iigfn ) A
o Acceptable total wirelength and ( Rﬁm:.en t ) )( Alzir;;m P o 'é‘f,‘iiir?:,f )

smaller path length (delay)

e Weakness
e Lacks the ability to balance skew



Comparison of different SLLTs IEDA

® A rectilinear Steinertreewith <, < ,and < ,isdenotedas (7, ,7)-
F =1 ¢ ﬁL_H”}LJ T 1T 1 =11
1{'}@“. [ TR EN i e
= e AR e s R o O B
Net Layout H-tree GH-tree ZST-DME BST-DME FLUTE SALT Our CBS
A N A N
PL PL WL PL Control
H-tree 55.5 9.75 1.32 1.03 1.45
GH-tree 10 7 47.5 8.5 1.6 1.13 1.18 1.3 v
ZST 10.5 10.5 55.5 10.5 2.33 1.32 1.00 1.55 \
BST 10 8 50 9.25 2.25 1.19 1.08 1.51 \
FLUTE 9 5 42 7.44 1.4 1.00 1.21 1.2 X
R-SALT 7.06 1.00 1.02 1.27 X




Non-Default Clock Routing IEDA

e PnR Tool can route the clocks using non-default routing rules, e.g.
double-spacing, double-width, shielding, and double via

e Non-default rules are often used to “harden” the clock, e.g. to make
the clock routes less sensitive to Cross Talk or EM effects, which
Improve yield

Sig2

Default Routing Rule Effect of NDR route on Clk



NDR Recommendations

Always route clock on metal 3 and above
Avoid NDR on Metal 1

may have trouble accessing metal 1 pins on buffers and gates

Consio
Consio

Consid

er using double spacing to reduce crosstalk
er double width to reduce resistance
er double via to reduce resistance and improve yield

IEDA



Put NDR on Pitch for Accurate RC EstimatiokDA

Metal traces are always routed “on pitch”

With clock NDR rules, pre-routing RC estimates of clock nets use NDR
width and spacing numbers

If NDR [spacing + width] numbers are not integer multiples of pitch
(i.e. off-pitch), timing estimates pre-route may not correlate well with
post-route timing

Make sure your NDR numbers are on pitch!
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Understand Your Clock Tree Goals TEDA

Skew Goal B Skew
’ | — LHEMPLLEISMFRAOSAR S Latency
What are the skew requirements ek
for your design? — Zero Skew, Bound Skew, Useful Skew
Are there different skew targets ® latency
J — U EEEMPLLEIFFIOMEIARTE, EBRREEE
for small and large clocks? B Power
j — {ERSTREEMPTEZRHIINFE, (ST, IS0
e Insertion Delay Go.al STk ATHEEA0%
What are the insertion delay specs B Transition Time
for your block? — ZEERYE), SEEEBEX
What is a reasonable target based " Area|13
, — Bufferfn/s
on the size and floorplan of your m IR drop
block/chip? — EBEFERRENME, EBRH, ZiEENY
m BT

— BFMNERZEIREIFSIN, BRI

iz



General Concepts: Clock Distribution Network /EDA

i € S
1 2




Clock Skew: Global Skew IEDA
e Global

o Global skew is recommended - fastest, may add unnecessary buffers

e Local
o Longer runtime, Possibly fewer buffers “ Only related FFs are balanced for skew”




Clock Skew: Local Skew IEDA
e Global

o Global skew is recommended - fastest, may add unnecessary buffers

e Local
o Longer runtime, Possibly fewer buffers “ Only related FFs are balanced for skew”




Clock Tree Optimizations IEDA

Buffer sizing Buffer relocation Gate relocation Delay Insertion Gate sizing




Buffer Insertion IEDA
o FEAbuffer, TBAHORIRZSRLE MR N iR

e Global, Regional, Local
o /D TAEY, EINSXZENA, EiDdelay

Ry
~—i>—~ — - ANN—-o
Cb E— % — Tb'/Rb

Buffer model

RupC!) + T + RpCaoun < Ru[)cdou'n RHP(CW’ + Co ) 1ok Aoy (Rb + Rd(’“'”'f)cd”""’”

Ryp * Pown buffer insertion Ay = -
o AN o —> 0—’\/\/\/—~D AN

Cup + Cdo wn Cu Cdo wn

Vv Vv Vv



Clock Gating

m Clock Gating

v a

EH AR E R

g, mOTIFE

candidate gate/buffer

‘ source

IEDA

active

: T
locations B X

elements

\ V
I | M7l
activities of | a
clocked b

T

__EEEN

ol

contro
logic

clocked
elements

Ib

X
v%fl_ ¢L

a
v




Wire Sizing IEDA
o REESEEEENTEE,
o RiSkewFdelay, #EinfaEtE, e

r les| = ., ey, )
r *Rd (T + Z lL¢'| 'u] # ( > +(le,)

e, cPath(sg, s;) -

(‘)t,' . . Ieu[ -Gy [ei”
Ow,, Ra-ca-leo] + Z

w,
eycAns(e,)path(so, s;) "

Hol Wo

W

clw,/2

thiwy clwh/2

I S

J\/y M \E” vy
C1W12$C1W12$ 4
Clzws/2 $c3w32$$

Cy

(;)t; lZ'T"C:, 11'1"'()'[2
= =Ry-c-I ~ T
duw» ws un
Oty L r-c-l

— = Rq-c b+ 2

(I)?/UZ Wy



Wire Snaking

IEDA
o EEPIEMMZRIC, MWD skew

\ 4 b 4
' v e o o Lol oy

I I
@ ©: © ©:
______ / '
671ps 681ps 677ps 682ps 687ps

676ps 681ps

(a) (b) (c)

470ps 500ps 490ps 505ps 490ps 500ps

a < Tactual(e) <1.0

B Ttiarget(e) -



Cross Linking IEDA

o EFFZIALEREN, kB ERESRbuUfferiFAIR
o F/Vskew, g latence

o fiima: Skewis, BIRD, TNEE, BIRS,
o HRem: GITMEEKX bufy — j buf; —» j

source source

|, << |, satisfies a,<a; & B,<B;
Quy= Oy, +aB
where
q..,=skew after link addition
q.,=Skew before link addition
a=R/R,0p
B=Cl/2(R,,.-R,,)
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Useful Skew IEDA

e Let’ sremember our famous timing constraints:

A = —
+ o+ + — - = > Setup Constraint
+  _ o+ — - = = Hold Constraint
0/1 D ,,Q D Q
FF1 | _ — AT | FF2
Had | clk
Kuit= =
bufl-~ — =" RT
Clock T~ — | |>—”/

source-
buf2



Useful Skew

FF

DQ

clock

Cycle =10
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Clock Schedule

skew;; < Cp —

tmax . tJll‘dX

max Jitter Jitter N
DFF logic rsemp o (Tt + T; ) — Oy

max __ .min __ min Jitter Jitter
Skeu’-'\.f Z tumf(f t[)FF tn’ogfc L (Tr A T;

)+ 6

lij < skew;; =t; — l; < u;

skew, > +skew, s =t — L)+ (L —ti)) =h — &4

<UL 2+ U4
skew, 3 + skews ;s = (t1 — t3) + (3

— L) =8 — 8 < thyy 1t

sk,'ewu =1 — iy < ﬂliﬂ{ul_z + > 4, U3 -+ u_:,_.j}

3

’/@\f @Qf@
=2 W

l
—li 3 3

Constraint graph G

Sy S S3 Sy S,  S3
ss[o0 9 5 5 ld 3 8
S| -3 0 -1 S| -3 0 -1
ss\-2 4 o0 s3\-2 1 0

All-pairs shortest distance matrix D
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Updated matrix D after committing skew; , = -3



Generated and Gated Clocks IEDA




Skew Balancing not Required




No Inter-Clock Skew Balancing by Default/EDA




Inter-Clock Delay Balancing




Inter-Clock Delay Balancing: With Offset /EDA




Effects of Clock Tree Synthesis IEDA

Clock buffers added
Congestion may increase

Non clock cells may have been moved
to less ideal locations

Inserting clock tress can introduce new
timing and max tran/cap violations,
which will be checked in the next
stages




Clock Generation

e Where does the clock come from?

» The easiest way to generate a clock is by using a ring oscillator or some other non-stable circuit,
but these are susceptible to PVT variations.

 Therefore, clocks are generally generated off-chip using a crystal and an oscillation circuit.

IEDA

« However, usually only one off-chip clock can be used (a single frequency) and the frequency that
can be input to the chip is limited to around 100 MHz.

 Therefore, on-chip local clock generation is employed, usually with a PLL or DLL.

External
Clock

exclk

Clock
Generation

nt:ik3

gclk Clock Distribution Z>‘ Q

Chip

Gaters
clk, {:Ii{2

Clocked
Elements




Multi Clock Domains IEDA

e Multi Clock Domains
« Most system-on-chips have several components that communicate with different
external interfaces and run on different clock frequencies.
e -« In other words, they have multiple asynchronous clock domains.
« Asynchronous clocks cannot communicate with each other in a straightforward
fashion:




Conclusions IEDA

Clock Tree Problem

Clock Concepts
Objectives: Skew, Latency, Power, Wirelength, Buffer Area
Constraints: Fanout, Slew, Load,
Clock Topology
Tree, Grid, Spine, Hybrid
Clock Routing
H-tree, GH-tree, RMST, SALT, ZST/BST/UST, CBS

Clock Optimization
Buffer Insertion, Wire Sizing, Gate Sizing, Wire Snake, Wire Linking, Clock Gate
Clock and Data Concurrent Optimation (CCOPT)
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