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Abstract Promoting core’s frequency is the key method for increasing performance of processor. It is hard to achieve
high frequency for processor core by traditional physical design flow. Based on main place and route tools, with the
same process, comparable implementation area and power consumption, our own processor core frequency can be pro-
moted by about 30% compared with original design at signoff stage, by employing manually written block netlist, logic
and physical design co-optimization, custom routing rule optimization and physical design methodology adjustment.
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Fig. 1 Floorplan of our own processor core
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Fig.2 Floorplan of physical design for RF synthesis netlist
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Fig. 3 Floorplan of physical design for RF manual netlist
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Table 1 Physical Implementation Results of RF Synthesis
Netlist and RF Manual Netlist
£ 1 RFEZAMERM RF FIMRNYELHER

g T

B mE o
in2reg/ns  reg2out/ns  reg2reg/ns H
RFZH5ME 75 0171 -0.074 0 44218
RF F LM% 60 —0.125 —0.049 0 33188

O 7 in2reg Fl reg2out WAL, RIS reg2reg
Bl dE . 2 VLA T &S 25

e T TR W09 RF 11900 % B4 3 005 BN
i E H TR A 22 5, O R TR A LR A
BB, S 25 R 5 AR T T i RF M 3% 69
Py BRSSO LN 2 B R . AT LUAE 78 AH TR 52
B AU, E il RF W3R 5 1% B9 reg2reg i FF Eb R FH 47
5 RF [ 3 8 ARSI, i B M —26 ps AR AL £ -9 ps,
i B AR Bt A R BT R, TR A S B4 B AR 1.3
T b . 8K, GE S RE )90 R A% Y B SE BLS Hot
BOH IFBAT M BE BRI, S B R 40 5 BRI 3
JE RF [ 2 FIAZ 1 H2 10 22 ) ) iF e A A, (EL R AR
PF, RF 2 il 19 247 R 1 5 4 (14 5 4 54 1o <2 )

Table 2 Physical Implementation Results of Our Own Cores

of RF Custom Netlist and RF Synthesis Netlist
%2 RFEHIMRF RF LA MK BFZRYEIIER

¥ WY B/ regoreg reg2reg HTT

mm’ % ns iR HH
FET RF ME 625 54.6 -0.026 635 3863 485
LA RF MK 625 533 —0.009 360 3834328
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R A BE ML AR B A B 4% (static random access
memory, SRAM), %2 SRAM 1) 12 5 /E A [, By
WSO BE AN R AR [A]. 3T SRAM B 4 HiT B ¥, SRAM
BRI AL B S 0L, DL S SRAM BEA% (Y i 9%
F S 96 AR 0 B 5 3 R4 LR AT 275 5 IR, X R
53 SRAM WY 8 #% B i 47 1 JL5e M 2 A 1k
{15 SRAM 1 E BN &E 3T X 1 A 22 B RN 27 A7 4. 10
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Fig.4 SRAM location adjustment by logic and physical co-
optimization
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R B AR HE B Y R AIG; S N Se 4 m) BE, W] DA /N9 4R
LR Z AN SR, RIS AT DADS /]S B8 AR SIE B 5 42 o SR 4%
&R ZE, N )2 4 e B, BT DU R )E 4 e 4R
2R A 25 AR B AR AT B, TC 38 J2 3 N 28 98 18 02 i K S8
2 R) BE AR 25 o5 T 2 0 SE 4k BE VR, 7E 52 B 4l B
LT O B B AR i A DX 3 1Y) G 4 R R HE AT 7S 43 1 43 BT
VPR, XF BT b A7 B DA R J&] 2 0% A 4 ¢ 5 2 i 1 A0
A, E B X K L84 & NDR H & & A 7] i
(1), M AT AT g ok 28 26 N 3 1Y) [m] A 22 5 | 5 B )7
Ak 38 3k N RGBSR A7 SR 8 A S % BE 5 T, B SRk
5 P A o AT DAAE B X R B R A I SE R T U

T B B, RS PRGRL B TH IR — 2 e
56 42 38 S T U A2 9 NDR. i 20, 3% o 6 2 4 i 2 A%
) B SR L84k, (H 2 K A R4 IR ny BR 1, T HIF e

clock coreclk (rise edge)
clock network delay (propagated)

U_XJGl/g_core B_ g big u_xjg_corefu_vcpufu_cpu/ul@l2c/u_bl/u_data/ram_reg 8 28/CK
U_XJGl/g_core 8__g big u_xjg_core/u_vcpufu_cpuful®l2c/u_bl/u_data/ram_reg_0_26/0

placeFE_OFC1798274
placeFE OFC1798274
placeFE OFC1575729

ram _data in m4 q @ 28 1/I
1/2
1/1

ram data in md4 g @ 20
ram data in md4 g @ 20
placeFE_OFC1575729_ram_data_in _m4 q 0@ 26 1/Z
placeFE_OFC1779222 ram_data in md4 q 8 20 1/I
placeFE_OFC1779222 ram_data in md4 q ©0_20 1/ZN
postrouteFE_PD52173 FE_OFN829187 ram_data in md4 q 0 28
postrouteFE_PD52173_FE_OFNB29187_ram_data_in_md g 8 _28
placeFE_OFC1779223 ram_data_in_md4_q 0 20 1/1
placeFE_OFC1779223 ram _data in m4 q 0 26 1/ZN
ctsFE_OFC192953_FE_OFN1593540_n/I
ctsFE_OFC192953_FE_OFN1593548_n/Z

SRAM IN BUF 17328/1

SRAM _IN BUF _17328/Z

U_XJG6l/g_core 8_ g _big_u_xjg_core/u_vcpufu_cpuful®l2c/u_bl/u_data/u_sram3/D[26]

clock coreclk (rise edge)
clock network delay (propagated)

U_XJ6l/g_core ®_ g big u xjg_corefu_vcpusfu_cpu/ul@lZc/u_bl/u_data/ram_reg 6 _28/CK
U_XJGl/g core B_ g big u_xjg_core/u_vcpufu_cpuful®l2c/u_bl/u_data/ram_reg_©_28/0

placeFE_OFC1798274 ram_data in m4 q © 26 1/1
placeFE OFC1798274 ram data in m4 g © 280 1/Z
placeFE_O0OFC1575729 ram _data in md4 q 8 20 1/I
placeFE_OFC1575729 ram_data_in_md4 _q_© 20 1/Z
placeFE_OFC1779222_ram_data_in_md4_q ©_20_ 1/I
placeFE_OFC1779222 ram_data in md4 q © 20 1/ZN
placeFE_OFC1779223 ram_data_in md q 0 20 1/1
placeFE_OFC1779223 ram_data in md4 q © 20 1/ZN

SRAM_IN_BUF_17328/1
SRAM_IN_BUF_17328/Z

U_XJGl/g_core B g big u_xjg corefu_vcpusfu_cpuful@l2cfu_bl/u_data/u_sram3/D[28]

PRUE 58 4 122 I8 2 % 1) B R 58 58 X 6 2k, 73 2k AT g
i S 5 IR LR (] R BEAT S84 DL, FATHRH T —
Foft 3B 9 J7 1%, BRIk 3 26 3 T 2 A9 A1 R BLIE (track) 2
FE 2 A 0] B ST HE A, 0 A P 5 i 7S, DR £ i A 2
B (B B R b PO AN T, U &5 BoA
BB, N SRR HUBE e AT R BIE L AT, SRl
A DL E B2 RERE T X AR )2 il I 2 A%
] 1 58 RS 2R, R IR IR 5 2 £ Be 2k (] FE (1) NDR AL

Fig. 5 Routing after re-assigned tracks
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TEHAT B U B P OL A, AR A A L9 L
Jr i FOM S, 55 B 55 R 455 1 8 NDR J&, 7
G3AR S AR 2 A% 1) BE 8 2k 5 55 40 5 e KR JEE ek
JIN, R BH BRI I AR A R B AT, X B R R S B T

Delta

Iner Path
0.088
0.659
0.8088
0.029
6.080)0.001&
8.08154
B8.086]0.0835&
8.017&
6.0819]8.0856&
8.812&
0.0485
B.0818&
0.010&
0.823&
6.084)0.016&
0.0827&
8.8258&
8.816&
6.080]0.000&

6.008
8.659
8.659
6.688
8.689
e.704
8.739
8.756
8.812
6.824
6.872
8.898
6.900
6.923
8.939
8.966
8.991
1.e07
1.007

6.827

B.ee7

8.812

Delta |Incr Path
0.888
0.678
0.000
0.0838&
0.080)0.001&
0.0196
6.084]8.08235
8.823&
6.684)0.021&
8.823&
6.018)08.031& @
8.018& ©.859
6.889)0.037& ©.896
8.017& ©.913
6.080)0.0806 ©.913

6.088
8.670
6.678
8.788
8.7el1
6.720
8.743
6.766
e.787
8.818
841

Fig. 6 Comparison of critical data path delay with NDR and without NDR
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KHEVE L. 3% 3 R 1K 2 1) NDR RIS {1 NDR
i A B A% S8 2k B B B P AR AR 1 DL, reg2reg I F A1
2 5 3E B B 2, 15 T R ) S A (design rule check,
DRC) ¥t - o] B3 2, 7l A Ju .

Table3 Timing Optimization Comparison of Our Own
Core Used with NDR and Without NDR
% 3 {&F NDR fA{EFH NDR B# AR F 40 LE 2

W WAV B reg2reg/ reg2reg DRC
A 2 w w N
mm”~ % ns B ARE B
M NDR 6.25 53.4 -0.118 654 56
f#iFl NDR 6.25 53.3 -0.021 125 62

2.4 37 setup/hold Bt FF I ERIZ T A FE MR

BEOXE g AR BT H AR, 75 E Y B T i R
F 7 A4 e A0 Ay e e DG S 4. TR T AR G Y R
Sl b, AR 28 T JE X g S B[R] (setup) B 58 A& 4 14
WH.

e, TR F BT A T & Cuseful skew) J2:
B HH R A3 setup i R F- Btz —. 1o T e KRB
HAE S setup i 2, Sy $8 THAT SR B Y T 2 (0 &5 (A], AT
B T ELY useful skew 15 B WA KR, o] DL KAk
Hi A5 H useful skew KAl AL setup B )5, 33X %5 T 4 7 #%
R TR/

F 4NN T AWZLEARTFRS useful skew B 47 Jaj
i 28 5 10 setup I 45 31, 26 5 4 A WF R JT 1S useful
skew F A} FR B 45 JR) A 28 )5 1 setup B /745 31 . SE56 A,
1 #1735 £ (typical corner) 118 34 Jiii /1 (worst corner)
T E B E T AR M. AT LUE ), TERRE Y
WAE FiX 2 T2 M useful skew MR BRI, reg2reg
B} 17 8 B¢ K J2 (worst negative slack, WNS) Fli 38 [

Table 4 setup Timing of Place and Route Without useful
skew

% 4 useful skew R BB HLE setup BT ns

setup reg2reg in2reg reg2out
g WNS:—0.119 WNS:—0.051 WNS:—0.042
- TNS:—29.345 TNS:—- 15312 TNS:—10.215
N WNS: -0.123 WNS:—0.038 WNS:— 0.045
IS TNS: —28.198 TNS:— 13.115 TNS:—10.221

(total negative slack, TNS) # /MR 22, setup B J7° i 8458
JEAR R PR, [A] I in2reg I 7% F1 reg2out I J37 A4S AH 4.

244K, useful skew 127 R AR £F (hold) B 8] 53 45l
MR Y2, i85 X 2 hold i i 75 224 A B £ (1)
BT, TG N TR . X AR PR B T A Sk g, 1
useful skew B XM J& ] LA 52 1, B 2= 0] L 200,
F IR A 1Y B AR R T T useful skew. Q1R ASffE
FH useful skew, JL-F- A 1] GE B 45 R 48 T+ 2 B % 6
H g T8 useful skew FTAS i useful skew i L
T, 5¢ AR R A 28 )5 B 7 3 ff T Y reg2reg setup Fil
hold i J7 i 2 45 4, W] LLE t, A ffi ] useful skew 15
LT setup B 3 58 AR MEUSC 8K 1. B SR (8 FH useful skew
J5 hold 1Y fe K i 2 B AN it [ 5 80HR A 15, (H2 R
BEA] DL o A T B AT B S, N AR AR T KU
1M H, &% hold 4 A 1) ZE IR BT YIFEAR /1N, XF b 3 8%
F14) 3 AR TR 52 il AN K

Table 6 setup and hold Violation Comparisons with
Extreme useful skew and Without useful skew

K6 FBRIR useful skew F1 FF /2 useful skew Ht

setup 0 hold AYiE & LL & ns
useful skew reg2reg setup reg2reg hold
. WNS:-0.119 WNS:-0.215
xRl TNS:—29.345 TNS:— 546.89
P WNS: —0.021 WNS:—-0.363
B TNS: —0.372 TNS:—1138.215

LU, wh T A JR AT e T H AR R Y hold I e 2
FEAR A4 K 1, B0 hold I 3 [ 1y DA #2457
e B T HLAT A 45 SR b ofe, O A B T I AR
4 A Jri A £ B B B2 AS EA4T hold 3 1 i 48 &2 X A
WE BE 19 45 A1 J&y A1 2 i [, SCRE BT 1 A J=y A 4k T B
JE M52 hold T2 setup Ak, DT R i 451 < 42 7.

7T AEAT R A 2 B useful skew, T
Ji 8 & hold I 5 M E 5 hold B 31 78 3 /1 1) setup/
hold i Sz % g5 . th g w] WL, ) BRI T A A JRy
i &y Bt AN B2 hold AT il 5% setup I 7 B 25 5 W 84,
1M hold i Jz 1 76 A] 5 i i Bl 9, 3 2 A 5 %€ 9 hold

Table 7 setup and hold Timing Comparison Under Typical
Corner After Place and Route with /Without

Table 5 setup Timing of Place and Route with Extreme Fixing hold
useful skew x7 FERMXAEE hod FRFLEFABIFEAT
% 5 useful skew /B AR BHHLR] setup BF  ns setup F0 hold AYES X bk ns
setup reg2reg in2reg reg2out A3 JRy A1 R reg2reg setup reg2reg hold
WNS:—0.021 WNS:—0.055 WNS:—0.049 . WNS:—0.032 WNS:—0.079
i e
SRS TNS:—0.372 TNS:— 15.977 TNS:— 10.235 JPRER hold TNS:— 5.868 TNS:— 59.352
WNS: —0.018 WNS:—-0.040 WNS:—0.050 WNS: —0.021 WNS:—0.363
e b
1 i 1 TNS: - 0.286 TNS:— 13.228 TNS:—10.238 HRHEL hold TNS: - 0.372 TNS:—1138.215
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W

it 5z B AT Ak e T O g A, B Gk B 0 8L
K.

B2, ARG T AR AR b, R
& Ut setup 35 2, SR 5 FERS #18 & hold if Jz, £ It
i PR TP AR RE setup A EAL, FRER X4 M E AT T FE A E
LA, HA XA R T 4 b B2 THA .

3 BEREEMEIIER

A LR TFB, SRR T RN
BN E, S SR TE BT A A B RS A A A
JRi A £ | i AR R L setup FT hold i & &2 . [ T I
JPUSCSZ A, 3 52 BT A A B A8 B 4] 4 B
TG A | Ty B A5 M M G A AN R R B (IR-drop) K5 7
SN, IR B T OB A K M e I LAY B R
FE ML v R WAL BE R R DO RE IR B S WL H 2
A IR-drop XA 1.8%, ik T2 A5, WK 7 o,
A IR-drop K 17.59%, W /& 25 #% B oK, &l 8 .

Design Size 2499.97ux 2499,98u
Instance Count 4652060

No of Voltage dormains 1(Power) & 1{Ground)

Total Power 50173W
Type Drop (mV)
Instance 14,38 mV (1.809%)
Wire(VDD) 7. 70mV (0.96 %)
Wire( GNI) 7.80mMV (0.97 %)

Fig. 7 Static IR-drop result
E 7 #4 IR-drop 4531

Design Size 2499.97ux 2499.98u
Instance Count 4652060
No of Voltage domains | 1(Power) & 1(Ground)

Total Power 5.0173W

Worst Voltage Drop Data

Parameter Value
Instance 140,69 mV(17.59 %)
Wire(VOD) 91.40 MV (11.42 %)

Wire(GND) 81,10 MV (10.139%)

Fig. 8 Dynamic IR-drop result
Kl 8 zh# IR-drop &5

I F A B 28 4% Fe ) A2 A9 4% H B5 4 2 GHz, 78
B R T T e h RE W %A &t 2 6
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