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EIHE TR ENASICHRE T, BH AR ERAN
Bf AP W A M B E VR e 4, IR I B AT e
sh Bt 454 (clock tree synthesis, CTS ), B M8 & J& 3 45 32 & 1+ th
KEFRZ —,

B o {5 5 2 2 R T o Y SR AL RAY Z AR 2 N i A A
B4k 5 B9 AL B AR T & (root pin 2 root cell ), A 4f {2 &4
T — R P AT TR R A3k B I AT A O\ S B e 2
(fldm, FoE&ERSMAG) WA A, R L. 2HF
At R AR T B T U 2 R BRI T, 2 E T
fort B0, B AR AR R B R N A (buffer,
inverter ), AT B3k H ot B, 3% B R Ao 4 oy 4 R K R
AR By ST AR P R S 2R A B AR O BB UR (oot B
source ) Z| fT A & A% (FF) Y i b O (sink pin ) By B 40 4%
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A H M (H-tree ). X B ( X-tree ). “F## ( balanced tree ),
PLR AR AR 2 A HER B4 B (clock tree mesh: comb or spine ),

H-tree A0 B A& Mt R WEEREMESFN, HE
TEAA T R A B F R EAESE, WA EZERE N0, REH
AR M AW ERE, BbEURE—2, 8 TR Wk
it

X-tree &2 — M ELAEK EHEE N T %, 5 H-treeflth, X-
tree X TR Z 4 00°W E# %, 5§ Htree (YR A 2, X-
tree By B & 4.

AT WA T RRA RO E, 85 e &
PR & B o ATy 2 4%, WBT SR AR TN 4 SCRTE 172,
& E|“F| IR M (tapered ) H-tree,

PR ERANERNES, WRERA T ERNH
FRIITURR AR E S, EWE L, EXA-NEX
WIS N DL o £, BRI R F R AR R 24
NP b e 2. ANEH T LLE WA o 0y R T 8 o — R
HEKE A ELE N, FERSREZ, E2HEA,

TARAK By or A, Bk B 45 2R 2 FU A% (clock mesh,
clock grid ) B9 77 % R IRBUR /N oS # {2 BT SE R 7 %, BN
To R LNy EDA T E a8 B 30 A4 i i o B 28 5k M A% S 41 5
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[ module | [ module |
H-Tree X-Tree Tapered H-Tree Balancﬁi—Tree
— >
S e
— >
—>— -
1 VRAX
re LA
Clock mesh ~ Clock grid
XK 2K B 02544
. TR

R (CTS) ZE 4 /NP B cluster 7 balance,
cluster 7z 4 % clock tree #y = A 45 14, balance JU| 7 Xt clock tree #
T3 — P b, #AETHE buffer XLH, RAEFREZECRE
it 4P 73R (clock latency ). Hf ##{k % ( clock skew ) DL K IR 5 &
JL# & (buffer count ), X2 RFEA £ E 4 20 = K387,

clock latency % clock root & | T A 2 7 #8 (FF ) By R4 2
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i, clock skew s£48 2| P14~ FF & clock latency By =18, T
Fr~, FEZ&E W 2, E|WAFF 40 clock latency 2%y Telkl
#0 Telk2,

Tove = (Tari+Taxz)/2  (average clock latency)

Tskew = Teikz - Tk (clock skew)
FF1 FF2
D Q D Q
Tclkf’ ikt \cik2
clk |7
Tclk2
Net delay % 7 .

a) Manhattan §5 & : & X # ) instance [7] #§ Manhattan JE & %
W instance G A BV X ALY 7w R Bz fn, BT

Dy, =|X; =X, + |V = Y,

(X0, Y1)

b) Unit re, B AZIMAXHE XL, @HFFLKE net BIHE r 5
BAMEc, ¥ r#2fh Q/um, c ¥4I %pF/um
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c¢) Fanout: xt-F4F —4 net, M netdriver Z| /T # sink 2 buffer

() %0 & B 43X 4 net 89 fanout (8, T K F M driverinstance 1 H &
t net fanout ¥y 2,

# T Manhattan ¥ % 89 € 3L, LXK unit rc, X T%& —4 net, ¥
PLE LN net driver #| & — /> sink # net rc fH K : reg, =

1
EXTXCXD].,ZXDLZ’ ﬁlj:

Driver Instance 1 #| sink Instance 2 ¥ net rc:

1 2
rCi, = ETCDLZ

Driver Instance 1 #| sink Instance 3 # net rc:

1 2
rci3 = ETCDLB

Driver ZX 2 By & rc W

1 2 1 2

b) Net delay 7 netrc & IE tb, B ps:

net_delay, , = 0.69 X rcy

(X2, Y2)

Latency 7 skew: | .~
X, 1) \ (X3,Y3)
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1. M clock root #| 44 FF ck pin & latency ( ZE & ) 7] DA iF

NRITE
/\
X0, Yo) /XN—I'YN_D\
/ Xn. Yn)
~."
(X, Y1) A

latencyy = (N — 1) X buf_delay + Y}=o net_delay y+1,

= buf_delay ¥y % & 89 buffer cell delay, 1L 4 ps.
Clock local skew & X % clock tree L # /> FF ck pin Z [ &
latency = 2 .

skew, ; = |latency, — latency,|

Clock global skew & X % clock tree % & Y local skew, B

skew = max skewy

75 TEERA
EEMN . A4 %KE 100K~200K 1 ¥4 47 0 FF 3
KX
Fra ey FF ¥ Oy BAF R AR, £ 4HE A floorplan X
B W, clock root W H i F| fir A FF, #5427 —



buffer cell | T B #b #4854

:

F
i F - = o
’ A
l, "4
¥ -’ g P

= -
e S e "l F
et F
- ——
i P e L [F
2 IF E A
s F L2 ',—’ F _ A
- -~
AET A
SO VAN B = A

~~~~~

SCAFAS S B8 unit Bz, floorplan A /)N, clock root & A2 #r,
FF cell #1 buffer cell R <, Fr7A 8 FF instance 2 45,

UNITS DISTANCE MICRONS 1000 ; #3C{/MEEE AL A 1nm
DIEAREA (00) (0y) (xy)(x0); #floorplan X1 4{0 0 x y}

FF(ab); #251728 cell FF size 4 a*b

BUF (cd); #buffer cell BUF size 4 cxd

ClK(ef); #clock root & CLK 2454 (e f)

COMPONENTS N ; #instance S & N, ZEBASCHEHED FF 245
- FFLFF(x1yl); #instance FF1 cell 28804 FF, AA%R4 (x1yl)

- FF2FF (x2y2); #PTE instance 82FRI9 A cell Z2 T AL ER

- FF3FF (x3y3); #FA instance FIRBIA—3, AEEEH e

END COMPONENTS

F % #r O\ : unit rc, max rc, max fanout, buffer delay, net
delay # A

FAEE: Wl XERRF A -2, F &4 instance
Z By REEEX R,

MR net A REH



NETS NUM ; #net AEA N
-net 1 (CLK) (BUF1); #net name 4 net_1, M CLK output £ BUF1
- net 2 (BUF1) ( BUF2 BUF3) ; #net net 2 M BUF1 output % BUF2 & BUF3
- net_3 (BUF4) (BUF5); #[E— output driver H3kAY net A E— net
...... #net # instance Ap B AT HEX
- net_NUM ( BUFn1) ( FFn2); #ANE) driver H3RH net (F ZATEE
END NETS
B E K
1. % O N B A, ¥ 38 3T 3R BEEY checker 2§/ 4
2. WA REH E 0 < fanout < max_fanout, fanin=1;
3. Checker 2 7 N IEF B3 U e fr M Z it sv 45 6 Ja
M, %% HY average latency, global skew #7 buffer count;
4. K PrA B instance Z [8] 1 # 4 overlap;
5. K PTA B instance X 3% F & #8 it floorplan [X 3 ;
6. & & JIE & 1T & K B Manhattan JE %, 4 layer;
7. Buffer drive #1 = f §£ # 3T max fanout, buffer drive RC 7 &t
# 1t max RC;
8. FEAMAT runtime H—F &K, RIFEH % , W% ¥ A

8 N AE



+. FERH

S NS

UNITS DISTANCE MICRONS 1000 ;

DIEAREA ( 0 0 ) (0 20000 ) ( 26000 20000 )

(260000) :

FF (2000 1000 ) ;

BUF ( 1000 1000 ) :

CLK (011000 ) ;
COMPONENTS 12 ;

- FF1 FF (1200 1000) :

- FF2 FF (2600 8900 ) :

- FF3 FF (3600 16500 ) ;
- FF4 FF ( 7600 12800 ) ;
- FF5 FF (8800 8500 ) :

- FF6 FF (6000 4000 ) ;

- FF7 FF (11500 15800 ) ;
- FF8 FF (15400 12600 ) ;
- FF9 FF (16700 7500) ;
- FFa FF (13000 3000 ) ;
- FFb FF ( 21000 16500 ) ;
- FFc FF (21000 3400 ) -
END COMPONENTS
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Ev,

S NS T A

Unitrc: r 2 Q/um, c 12pF/um

Max fanout: 4

; max rc: 5000 ps

Buffer delay: 100 ps

ar U

UNITS DISTANCE MICRONS 1000 ;

DIEAREA (0 0 ) ( 0 20000 ) ( 26000 20000 )

(260000 ) :
FF (2000 1000 ) ;

BUF (1000 1000 ) ;

CLK (011000 ) :
COMPONENTS 17 ;

- FF1 FF (1200 1000 ) ;

- FF2 FF (2600 8900 ) :

- FF3 FF (3600 16500 ) ;

- FF4 FF (7600 12800 ) ;

- FF5 FF (8800 8500 ) :

- FF6 FF ( 6000 4000 ) ;

- FF7 FF (11500 15800 ) ;

- FF8 FF (15400 12600 ) ;

- FF9 FF (16700 7500 ) ;

- FFa FF (13000 3000 ) ;

- FFb FF (21000 16500 ) ;

- FFc FF (21000 3400 ) ;

- BUF1 BUF ( 10000 10500 ) ;
- BUF2 BUF ( 3300 4700 ) ;

- BUF3 BUF ( 12600 8000 ) ;
- BUF4 BUF ( 20000 10500) ;
- BUF5 BUF ( 8000 16000) ;
END COMPONENTS

NETS 6 ;

- net_clk (CLK ) (BUF1);

(020 (26 20)
[77] [l
(3.6 16.5) FET | (21 16.5)
{115 15.8)
i
(76128 (15.4 12.6)
CLK T ey 1
] i
(011)
(2689) (8.8 8.5) | FEQ
(16.7 7.5)
FFG
(6 4) Ffa | FFc |
=T (213.4)
FEL
(1.21)
(00) Unit: um (26 0)
N
77
U A R
(020 (26 20)
FF3 et buft
(3.6 16.5) “"' ER7 (21 16.5)
(B3] (115 15.8)
iz [re]
net_clk [EE25 (15.4 12.6)
CLK ; I net_bufi
(011) (10 105 ”»‘Lb“‘li (20 10.5)
[ 757 | [
(2689 (EEEE) o ==
(12.6 8) e =]
A - _ ey
(3.34.7 FF6 e
(6.4) FFa FFc
(133) e
FF1
(1.21)
(00) Unit; um (26 0)

- net_bufl (BUF1)
- net_buf2 (BUF2)
- net_buf3 (BUF3)
- net_buf4 (BUF4 )
- net_buf5 ( BUF5)
END NETS

( BUF2 BUF3 BUF4 BUF5) ;
( FF1 FF2 FF6) ;
(FF5 FF9 FFa ) ;
( FF8 FFb FFc)
( FF3 FF4 FF7)

10
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TTEAE.
Buffer count: 17-12=5
latency 1T & : | CLK #| FF1, K Jy U A 4% % instance 72 T
# , Manhattan JE % %1t & instance P05, HWEITEEE
W2 o b 1/2 cell size W IE &
net delay; =net delaycix sur; tnet delaysur: sur:
+net delaygur rri
=0.69 X (rccik,pur1 + TCrur1,uF2 + TCBUF2,FF1)
=0.69 X %TC(DgLK,BUFl + DI%UFl,BUFZ + DéUFz,FFl)
=0.345r¢ x [(]10 + 0.5 — 0| + [10.5 + 0.5 — 11])? +
(13.3-10] + 4.7 —10.5))? + (|]1.2+1—-3.3 - 0.5] +
|1+ 0.5 —4.7 - 0.5])?]
=(0.345%2x12%294.59
=2439.2052 ps
Latency: = net_delay:1+ 2xbuf_delay = 2439.2052 + 2x100
= 2639.2052 ps
[5 22 7] 4% H . Latency 27 7 2566.9208(FF2),
2532.5588(FF6), 1447.7960(FF5), 1543.5956(FF9),
1616.4596(FFa), 2259.1532(FF8), 2406.62(FFb),
2553.2588(FFc), 1738.9208(FF3), 1668.7892(FF4),

11
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1724.6792(FF7) ps
Average latency:
Latencyavg = (X2, latencyy)/12=2033.6234 ps
Global skew:
skeWgiopar = latencymq, — latencym,in

= 2639.2052 — 1342.6728 = 1296.5324ps
a1 B — T4 4 net drive #Y rc 74 7% A # 1T max_rc # &
X
RCretctk = > 7¢ X 10.52 = 1323ps
RCnetburt =37 X (1252 + 512 + 10 + 7.52) = 4062.12ps
RChetbuz = >7¢ X (5.37 + 4.4% + 3.92) = 751.92ps
RCretbuts = >7¢ X (3.87 + 5.1 + 5.92) = 903.12ps
RChetbus = >7¢ X (6.22 + 7.52 + 8.6?) = 2023.8ps
RCnetbuts = >7¢ X (4.47 + 3.3% + 4.22) = 574.68ps
4 4 net drive rc 3 & # it max rc 5000ps & FE K

12
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I\« SN
1. Zak .

PR =T E, BN E 47 10 4,
F_ 4590, F=48%, FNAFTLY, $HL4F6
FRENLR” AR, FAETARE I, E2HF 1 40 &
Ja ZE A 715 0 A B TR AT A AR B AR

FAAL T ir AR, NE S -T2 K 1.1;
HHE—THEET A NE, B8 -T2 0.9,
= B4 #r 4 : clock global skew, average clock latency, Buffer
count.
arfl: inAE AE=ZTEirFHELE N 1, 4
M AR A #3558 (1047+1) *1.1%0.9=17.82
AL B E = Taam P # 4 0 5. 5. 7:

W AR B By 28 2 (6+6+4) *1.1=17.6

2. a2

instance X 3 # 1 floorplan X 3,41 0.5 4,

£ —netrc # 1 maxrc ERKfu 14, FTEE 14,

instance Z |8 & 4 overlap 1% I8 overlap X 38, ® 4% & buffer &
ME e, WwRA LA cell overlap £ —#2, NWitHEEH
A cell overlap #y X 3% #E 4T £ i

13



ED,

0~3%(4 3%)41 0.5 4;
3%~10%(4& 10%)41 1 4
10%~20%(%4- 20%)41 2 4
20%~30%(%4 30%)41 3 4,
It 30%, AL,

fanout value # H 3K #y max_fanout 3%

0~3%(& 3%)71 0.5 4;
3%~10%(& 10%)31 1 4;
10%~20%(4 20%) 31 2 4;
20%~30%(4 30%)41 3 4;
It 30%, RH L.
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ZitE A 2 i 2:

Runtime #2 13 58 2 % 5K B K 3% fR A 8 2 hqo 4

0~3%(4 3%)31 0.5 4;
3%~10%(& 10%)31 1 4;
10%~20%(4 20%) 31 2 4;
20%~30%(4 30%)41 3 4;
#it 30%, KA TER

3. MfAn . a2 wu T 4 % B runtime AN E| K H

runtime F] = & & i — 4,

4. B mAIEHE ) scaling 2| E 4

14



h. 855K

] F, EHEERTETERNRET 20T XAH#ATR
%, B REFER KR AR RAUEFHR 2T £, X
WRINBT -G EBINRERE, REEMELTESR
REF &, #—FFRT ARAGFMRC AR, X [3] ¥4
HTHZERTHRBNRET &, GFF R E 4 KR
R EGRWRET &, ARE-FMETEFEER AR
W& B Fo Xk [4] BE T MR KT &, LPH
BTELBRBEAGEGERMAEITRE, FHEEZRTHA
OB A RES, T EAEYREEEREARERMN, £ [5]
B, EHRE) XX HAA, AR SAXTHER L
XA, EERBRITARNFEIT, A& ENR AT
ZwBEMLENARIm T FHEREEROGMRA . Xk [6] ¥
CTS &H# N B R A& AL, A H @R BEE 7% (EH
oK) $ATHEITLR| ook — F R,

FHXTIZ AL W B SR H O R, B R 22 24 AR T DA
T3 A F B deferred-merge embedding (DME) % 3% fiL 4
A DUAR AR EAT & o F R £ wer 1 [7,8] (ZST) Ao Ffm 2= it
S [9] (BST ) By [ BL 22 AR 38 5 2 R o i 4l 2 2 AR AL

# [10] ', 1E# % DME H k347500 200y [E ik, If

15



e AW R B AR A, [11] BT F P EF Rk E

WY B $E B P25, T [12] AT — AR TAE AR VLSI (4

AN EREE ) BENRE 2B E, [13]) MET B

i 4 o B AR O A th 8 2 B 3% SR> ULST (A A E

WL B ) An WS (Bl R 8 i ) o By B4R 22
S5k
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