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Abstract

Aiming at the comprehensive efficiency and timing convergence of clock trees in SOC chip design,
an efficient clock tree synthesis method is proposed, which is especially suitable for highly inte-
grated and high complexity designs in modern advanced deep submicron processes. The tradi-
tional clock tree synthesis method has been improved by adopting a step-by-step synthesis me-
thod from bottom to top. The design method was successfully tested in the CPU chip based on
TSMC'’s 28 nm process, and the results showed that under the premise of realizing the traditional
design function and completing the timing closure, the gradual de-synthesis can reduce unneces-
sary device insertion, reduce the chip area, and reduce the overall power consumption.
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1. &I

SRR IR R B AE . e S YEANEREE MY, H BEE KRB E LAk, ANBIHFAEH W, £E
BB A 3G HEMAEH . SRR O T RIS E B 24, LI OHEAA
TR, AnTEEE) o — 1],

S 5 ARG B A R R OK B SRR 2« AR IR B B K S S R I R
PES, WA ERR SR MR E . LIRS R KHES2]. BB G fEd, THRE
I BRI, FIH RC THE 2 ERIER S B e EIRERT, ) BER B4k Bisdim A2 A
AR 3R ZH) B8 7 B A G2 1 77) 5 B el S A 285 DA 1P 88 B s SRR e 42 31 &% A 25 A7 2 B[] B G
Bl POTTIRBN AR R, IX — pf 2 RnT R A ORI B 1A BE NS 5 B8 R AR B 2 A
FOL RS SRNG, A PRIEEIE A SRS 7 AR [3]. X PR F I Bk 4 4% £ 240 SR B AR 1)
RN LR A 4] BEE L2700 mpieF, W T Emitm s, e sEs 8o EA G
WA Rl TS BRI E A, 5 L BAEM A LR A i, RISk R AR AR
B BPR 25 6 HARIE SRS /N— 22—, 43 NG 3T ] (slew) . B B F% (skew) «  BF )5 E 3R (insertion
delay). [fifi(area). Lh#E(power)flH#hi(crosstalk)/ly, —Z ARTEI AR Z, — P NEIE - FH#[5]. AN
IRBIEAR AR, TR RENE H I, A1 EDA T H BB 254 T RO 8 fa v s v A
R ERAE T e AR 28 nm 025, WS 120 £ 75177, EH$ 800 MHZ,  FFX} 5 A7 I
Wit J7 /T T4k, (i H skew. power DL timing violation £ T B S [ B .

2. EWHFEFH

ASCAE FH I 224 T2 & Cadence 2271 SoC Innovus, H:AFBEER T CTS 51%. Innovus [
PR 25 & £E AT R (placement) 85 2 JE AT, A FAIMEXA B PF . FaEXT, o LA FER
PO E RS AR TS B &SNS REITR AW Rou . AT, T
LSRR I £ 3R SC A (SPEC) H 3hidk £ 45 FH 1) A1 2k 2 R SR Bl B T BURE[6] o« ANSCR IR T3l 7 5 18
i, MEEWE 1 PR, Placement (i JR) 56 i X il I HEAT AR AL (preCTS), iX — [ B iR AL /& AE B AFAE )
— 2 setup I 7B (I B 5 515 20 iR P A7 88 2 01, A AR5 5 02 15 Bk 25 A7 45 I 4l iy T 7E — B
) A (R s, setup INF 9 -t B 2 7 I T 33 4 ) R 1B 45 (DRC) s R S5 AR 4 11 5K ARl B e
AdictE, HEL SR ELRSE, LI AR S . TR 1 h AN AR S B A B
AT R (A IR RE R, AR NIRBh A, 7E RN L BT A 2 R A BRI S l N R B PR %
FFANI BRI R TR () B AR, SR AT 2 ) ) R S R 22 B AN IR K 24 3R SO B e S e
KAwZ Max skew [7].

IS b R £ A R 2 R LI VR FE A R 5 BT A N D DX B 9 T LR, IS A 2R T AR I B AT
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T, ER

THMRAEbRHE R TC AL B 2l EIR[8]. N 1 B TR BOE I B S BN Z M, T 5 ARYE 255 45 IR AE
HEAT B fobrf 25 4 DA R 29 SRS AR AR (A A ) b e — S Aok i B8 3h 2% (clock invter; clock buffer)f)
KANEBEAEGE; TEMIT B2 A clock skew 24 31K B8 5 B0 B R K55 . BT placement Jr Bk
(I A B 3 A PR, IR o T IR 1 14% BT (clock gate) 1B e AN G BRI L, 2SI A & DU

I Ak I 285 (1) E B (clock network latency) /& BT R, I AR i JEL AR 8% 42 7 o AR BE P R B T b A T AT ey A
FI T3 2 AR B B o BETE 2 2 RS B B AT A 2R o I A 2 56 i LA [R] IS 56 42 57 (setup) B[]
AERFE (hold) st [|] 43 A AR AL [9] -

e N
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Figure 1. Clock tree synthesis process
E 1. SRR EREE

2.1. 48 clock_tree.spec 3§

WG SCA 38 ST I 2R I I 200, T B RS BR AT fHL tree, BRAE sink s2E4T balance. skew. transition.
AN E A e AT, FEHAT ccopt_design IR G A spec A, THSHO 1, HZ
IR AR A7 clock_tree PPA, AZIEARYERT B 2514 2 B OS5 AHIBLI spec STHF,  ReSll &R T2 2= (1B
Bhatfy, LAt clock_occ 4544, 417 K& generated clock Ff, B 75 EARFEI 45 Fy Kk B 2 X
spec, MIIEZAR TR, S H CAHZERIEE RS, 5 2 /2 spec FOGEE, HTRT IP R H 2
B PO ) A AL A BT BR balance 19 BT BLS 1P AH G 11 B B A Ay 4 [[all_fanout -from base-
band_top/reset_clk_gen/U18/A -endpoints_only]] & ZIFrE X IP B #r Pin, ¥ E Ignore, A5 Ah
skewgroup f# balance, A fH .

2.2. FsiES

AL R 255 5 AR A Lo VAR AL, A B B 255 40 P AP AR B HE 2 Innovus B By 5] 4,
SR A3 AT BHE R E 7] LA S Bl S, 4 R B b AN 75 BT R LS A, ATE B 2 G,
MR SG, AT E R 25 G

— 5 T B BRI B0 T[RRI e #8224 balance, BT AERIVER b 2 [0 #5421 balance; #ilH
WS BRRE, RIABTH 5 GCLKB #& CLKA 178, {H/ GCLKB fll CLKA 2 8% %
WRZH, —HEABEMCE, WAL GCLKB, f#5¢/54 GCLKB mark {34 GCLKB [ source
Pk exclude pin Fifift CLKA. AHSEHIAI R
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set_ccopt property
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set_ccopt_property
set_ccopt_property
set_ccopt_property
set ccopt property
set_ccopt_property
set ccopt property
set ccopt property
set_ccopt_property
set ccopt property
set_ccopt_property
set ccopt property
set_ccopt_property

Py e

T T LI L T TS BRSSP,

# These pins are ignore skew pins

sink_type -pin baseband top/reset clk gen/U18/A ignore
sink_type reasons -pin baseband top/reset clk_gen/U18/A no_sdc_clock
sink type -pin baseband top/reset clk gen/U36/A ignore
sink_type reasons -pin baseband top/reset clk gens/U36/A no sdc_clock
sink_type -pin baseband_top/reset_clk_uen/udﬁ/A ignore
sink_type reasons -pin baseband top/reset clk gen/U46/A no sdc_clock
sink_type -pin baseband top/reset_clk_gen/U63/AB ignore
sink_type_reasons -pin baseband tup/reset clk_gen/U63/A8 no_sdc_clock
sink type -pin baseband top/reset clk gen/U63/B® ignore
sink_type_reasons -pin baseband_top/reset_clk_gen/U63/B® no_sdc_clock
sink type -pin baseband top/reset clk gen/U63/B1 ignore
sink type reasons -pin baseband top/reset clk gen/U63/Bl no sdc clock
sink_type -pin baseband top/reset_clk gen/U65/A ignore
sink type reasons -pin baseband top/reset clk gen/U65/A no sdc clock
sink_type -pin baseband top/reset_clk_gen/U88/A1 ignore
sink type reasons -pin baseband top/reset clk gen/UB0/AL no sdc_clock
sink_type -pin baseband_top/reset_clk_gen/pll_clk_in_buf/I@/A ignore

set ccopt_property sink type reasons -pin baseband top/reset clk gen/pll clk in buf/I8/A no sdc clock

# Input pins determined constant across all timing configs.
set_ccopt_property case analysis -pin baseband top/bds track top/bli_channel top clk gate tic latched global timer reg/latch/SE ©

set_ccopt_property case analysis -pin baseband top/bds track top/bli_channel top cr to mcu_asyn fifo ctrl clk gate ch num reg/latch/SE &
set_ccopt_property case_analysis -pin baseband top/bds_track top/bli_channel top_cr_to mcu_asyn fifo_ctrl_clk_gate cr _to mcu_fifo wrdata reg/Latch/SE -]
set_ccopt_property case analysis -pin baseband top/bds track top/bli_channel top cr to mcu_asyn fifo ctrl clk gate fifo to cr addr req/latch/SE 0
set_ccopt_property case analysis -pin baseband top/bds track top/bli channel top cr to mcu asyn fifo ctrl clk gate fifo wr state reg/latch/SE 0
set_ccopt_property case analysis -pin baseband_top/bds track_ top/bli_channel top cr_to mcu_asyn fifo_ctrl_clk_gate_tic_ch_num_reg/latch/SE 0

set _ccopt property case analysis -pin baseband top/bds track top/bli channel top cr to mcu asyn fifo ctrl clk gate tic end counter reg/latch/SE @
set_ccopt_property case_analysis -pin baseband top/bds track top/bli channel_top cr tup wrapper_cr tup Dypass clke gate 10/SE ©

set _ccopt_property case analysis -pin baseband top/bds track top/bli channel top cr top wrapper cr top bypass clkl0 gate I10/SE
set_ccopt_property case_analysis -pin baseband_top/bds_track_top/bli_channel top_cr_top wrapper_cr_top_bypass_clkll_gate I8/SE
set _ccopt_property case analysis -pin baseband top/bds track top/bli channel top cr top wrapper cr_top bypass clkl2 gate 18/SE
set_ccopt_property case_analysis -pin baseband_top/bds _track top/bli_channel top_cr_top wrapper_cr_top_bypass_clkl3 gate I18/SE
set_ccopt_property case_analysis -pin baseband_top/bds_track_top/bli_channel_top_cr_top wrapper_cr_top_bypass_clkl4 gate_I18/SE
set_ccopt_property case analysis -pin baseband top/bds track top/bli channel top cr top wrapper cr_top bypass clkl5 gate 10/SE
set_ccopt_property case analysis -pin baseband top/bds track top/bli channel top_cr_top wrapper cr_top bypass_clkl_gate I8/SE
set_ccopt_property case analysis -pin baseband_top/bds_track_top/bli_channel_top_cr_top wrapper_cr_top bypass_clk2_gate_I8/SE
set_ccopt property case analysis -pin baseband top/bds track top/bli channel top cr top wrapper cr top bypass clk3 gate 18/SE
set_ccopt_property case_analysis -pin baseband top/bds track top/bli channel top_cr_top wrapper cr_top_bypass_clk4 gate I8/SE
set_ccopt _property case analysis -pin baseband top/bds track top/bli channel top cr top wrapper cr top bypass clk5 gate I/SE
set ccopt property case analysis -pin baseband top/bds track top/bli channel top cr top wrapper cr top bypass clké gate I6/SE

coooeo

coocooo®

Figure 2. Spec key settings
2. Spec XEERE

create_clock -name CLKA -period 12.5 -waveform{0, 6.25} [get_ports{clka}]

create_generated_clock -name GCLKB -source[get_ports{clka}] -divide_by 2

-add -master_clock[get_clocks{CLKAZ}] [get_pins ***/Q]

clock _opt -no_clock_route -only_cts -clock_trees [get_clocks GCLKB]

mark_clock_tree -clock_trees [get_clocks GCLKB] -clock_synthesized

set_clock_tree_exceptions -dont_touch_subtrees [get_pins ***/Q]

clock_opt -no_clock _route -only_cts -clock_trees [get_clocks CLKA]

K LA JAACES In B B SR SRR TR TR B 4% S5 1 spec SCA R CLKA GCLKB Z AR # AN
FAEH, BATHE PN LS . EREEIE C M TER CLKA A GCLKB AHIC I 15 & 25 8t 47 1 ALY
ARG, BEI 76 BB I B SR G, 19 3 BRAR K I phobes 45 51

N TR BI FPidEE %, dre TERSER, TAIE ARG S TR E, BB RE S, trunk net
SRR 52 T A0 = A5 (I EE (b e J2 A2 4R, I LA shielding. Leaf net 15 & NP2k 5 i )2 2 2k (1 77 ito
ibJE W E library cell, 5 ERF(KIIFE, clock tree 56 f# A inverter. #RJ5 1% transition. skew 2511
JEfgH—4 500 p LAP BB skew DA & DRV $UEAE 100 25 LA IS SR . ARSCIIA LT

-cts_use_inverters true \

-ccopt_modify_clock_latency false \

-io_opt secondary \

-cts_target skew 0.2\

-cts_target_slew 0.1\

-route_top_non_default_rule_cts 2w2s\

-route_top_shieding_net VSS\
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-route_top_bottom_perferred
HHHHHHHARHRICES SetingiHtHHHE
set_clock_tree_options \

-layer_list {M6 M5 M4 M3} \
-target_skew 0\

-max_transition 0.1\
-max_capactiance 0.1\
-max_fanout 32\

-routing_rule 2w3s_rule \
-use_default_routing_for_sinks 1 \
-buffer_relocation true \
-insert_boundary_cell false \
-logic_level_balance false \
-ocv_clustering true \
-ocv_path_sharing true \

-use_leaf routing_rule_for_sinks 1\
-routing_rule_for_sinks_CLK_leaf \
-layer_list_for_sinks {M2 M3 M4 M5 M6}

2.3. FsiRES

TER BB CTS £ LURIRATHE ARG B 1 BRI Bt i G B2, FRATT— B 7 ZE 3 I 2% skew KT 50 p
IERAE, I FPIEEIR T 100 p LA b 75 ZERATE s AT o S 4e . R A OR I setup 4], FEA L2
AT B A S, T B B T AN BE R 3 Y I e — 2 balance. ] 3 J9 IR ) oce FRLER £
K. ME TR LAE IR F 8 clk 4t 3 soc Design 7, at speed test ) E A2 Mt A 78 L T AE 4
R RERIEH T, R test /55 H pll ddRIL [F# 5 oce HLERHIA B Beitrh, FEABLTT P A] LAfH
fk 5 D1, D2. D3 & [F—R4pJELid oce 24 LA K& mux HELESEIALTTSR, T2 P AR Bt 25 G B BRI
2 A balance FO{H X — 2 sink 55t A i balance, D2 8RR L D1+ 1 160 p 3£ H D2 %7
TFER IR IF AN, D3 Lk D2 4 1 500 p I H D3 AHICHE A7 de AR 2 H /2 Wy BRER £ b2 A
400 FZFPIERS ). FrLAX AT EL setup 1R 2%, hold &7 & 11248, FEANHT S A VUKH S I B B Vi a8 10 J=
W T HRAEX M B L, FE0K D2 Al D3 AHICH 27 47 458N group B4 H T, IRINIAR 2951
BEAT ISP BREARAL . AH GBI A A & T

set_clock_tree_exceptions -float_pins D2/CK -float_pin_max_delay rise 0.15 -float_pin_max_delay fall
0.15

set_clock_tree_exceptions -float_pins D3/CK -float_pin_max_delay_rise 0.65 -float_pin_max_delay fall
0.65,

2.4. BHEPERLERFD postCTS ik

LI PO TE R, BB I BT AT SR 1, AT I BRI 1 GHz, BB RO A £
ZORWtI R . QR P 5 S IR E BT SRl R UG AT S04k, FEE ARG, (S5 M & th b
IR, BT UA— RO IR 542 10 A1 24 T LA 8] 5 L A EEBRMELR — 2B (1 3 ARk 58 =15 2k,
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JEAELR), IXREAN AT LU AT 3G 0 51 RS ) R B R, I TT DAY/ B B A THFEANAEIR[10]. B BN
LRI 5E SCTAE FH 428 J2 AT 4 A 1B LA B T B o I e 58 4 52 i » LS (R SE R (latency) it 4R SE T
IXZE 1A FBAERT , LA B 2K B AR (1) latency J& — /N LS T] 20 BT (RRAS , B 1 43 21F- 14 R IRl 2544,
pOStCTS ik B i A E T B4 4% L1 setup B /5 id 5], 32 22 H (1442 Kb R TU AR I 9K 3l 88 (3R B 8 Sy AR /Nl
F K K[ buffer, invter).

2 143 Tl AR B R 2R G 7 SR AR LU, AR AR DA HA AE i B B TRD A P (TINS) A 491 i 4%
BOTHHA TIRKWSE . HEILRLS CTS, B /EH CTS 1 setup s KIS 775l (WNS) /N 1 100 2 %
B, B E AR RS HIZE T 100 LAY, T H TNS /N T 82%. [FI setup I FEAR1E, 54 B4 hold
AR, hold I [A] il iE 1k 7E Endpoint RTHEZE A7 28 5t vl LA 7 £3 2055 2, TNS R % 20 5k
IR /D BRI BAT 28000, IR FE kAT A /NG A BT AR AN T #E[ 1]

RUEHRRF T F5h CTS H5ik, H & B AT 2 B AR F e B A 5 44 DUS R B, 3t a0 200 P ot 235
FAH—NRZIBNED, X FEA AR BB AR FF, A SCR I 7720 A B0 b i e A%, (it
I PSS X R RIRAR T 548 setup BB S AR, &S, 405 78 . [FRF,
BPPERE AT T, TEARALET SR N I SAT BB KR, 1A R TRV NEA S R IThFE. 2 vt w7 &
I P RHAT IR AME ., 648 CTS I P45 R ZIUG 8 R A Reik B Fr (22K, s A el = 1)
CTS AU T T 4 1Kk, KR 138 ik A H[12].

Scan Inputs
PLL | | |
ref_clk SOC Design
clk
pll_clk | | |
occ_controller ¢ * *
Scan Outputs
fast_clk
test_mode test_mode
pll_reset pll_reset
clk
pll_bypass pll_bypass clk_chain
slow_clk slow_clk clk so —‘test—_so>
clk_enable[1] se clk_enable[1]

rclk_enable[O] si clk_enable[0] —‘

Figure 3. OCC simplifies test circuit diagrams
3. OCC & fk i B B [E]

I test_si

Table 1. Setup timing reports
5% 1. Setup R FRE

Setup all reg2reg reg2cgate default

WNS/ns -0.174 —0.142 —-0.032 0.067

64 CTS TNS/ns -0.1081 -1.041 -0.040 0.000
Violating Paths 240 200 40 0

All path 2.75E+05 2.46e+05 7769 95816
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T, ER

Continued
Setup all reg2reg reg2cgate default
WNS/ns -0.044 -0.041 -0.002 -0.001
B S CTS TNS/ns -0.195 —-0.189 -0.003 -0.003
Violating Paths 81 74 2 5
All path 2.75E+05 2.46e+05 7769 95816

Table 2. Setup timing reports
2. MBS E AR B TR BXTEE

15 FH B0 287 FH BTN B
LGB o5 A CKND*BWP40P140 22094
FIo P B s CKND*BWP40P140 15220

3. &

BEE O P SR O AR A, T R T IR A IAE I B T T390, A JCEE R iy
RREXT T3 75 SR R I AR e ok il sy, IR R 1 I P USSR B . AR SO AT IR 4 SR T
DIEH, SESGEHIWAEL, 750 FaalT KR g5 G E AR IR, MEMRFZLE Innovus HEE T
A2 a /b T 100 Z A, I 2 ATA, FEPRRIN el A 7 S R B TR — RIS LR, b
P 255 8 F S ECR /D 1 6874 S, A TS AR, [FIET skew. power LA timing violation 5 T
BRI . I BAR ST IS i C& e i TAE, A LA 5 02 T DRGNS BT

&E 3k
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