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1ns <= logic delay <= 5ns

10ns <= path delay

dnt [ > | B (0-50km/h)
din_2 D — 3dns <= path delay <= 7ns
HEAB (80-120km/h) | MAEE <] dout
din_3 D "
10ns <= path delay
dna [ > ' Ei# (0-50km/h)
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dinl = 15ns, din2 = 4ns, din3 = 6ns, din4 = 13ns.

1ns <= logic delay <= 5ns

T 10ns <= path delay -LH"‘“"M,_JSns
dnt [ > | Ei& (0-50kn/h) AN
-~~~ " " " ns<zpathdelay<-7ns |~ ——01_
. ns <= path delay <= 7ns - \
din_2 | > — ~
HEHE AR (80-120km/h) HAEEH > dout
din_3 | > — I
- 10ns <= path delay 6ng 7
dind | >  Hi# (0-50kn/h) 7
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51 2ER AT 243 #T -
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dinl < 10ns, din2 < 10ns, din3 < 20ns, din4 < 20ns.
BRINTE O T dinl Gy 2 i e 2k,

1ns <= logic delay <= 5ns

e —
e —— T — —

. —— 10ns <= path delay T T~ RHISnsx
. I -
din_1 l > | Hi# (0-50km/h) \ Q\
—————————————————— S ns \
. B 3ns <= path delay <= 7ns =\ \
din_2 l > i -
EEAR (80-120km/h) HE5EH > dout
din_3 | > — I
- 10ns <= path delay Sm’{//
. [
din_4 l > | HiE (0-50km/h) -
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dinl < 10ns, din2 < 10ns, din3 < 20ns, din4 < 20ns.
i, FPGAYS B b AT AT Jay A 2k

1ns <= logic delay <= 5ns

10ns <= path delay

HiE (0-50km/h)

3ns <= path delay <= 7ns

B AR (80-120km/h)
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5 5 5 5

10ns <= path delay

0000
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dinl = 7ns, din2 = 4ns, din3 = 18ns, din4 = 13ns.
I, FPGA PN 51 A I 4 38 A2 oK

Um

1ns <= logic delay <= 5ns

10ns <= path delay

e Ei& (0-50km/h)
—— ~4ns <= path delay <= 7ns
. i
N ~HRAH (80-120kn/h)

—_—

din_1

din_2

dout

din_3

— — — — = 7

I~ 10ns <= path delay
| Hi# (0-50km/h)
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2158 dinl < 20ns, din2 < 20ns, din3 < 20ns, din4 < 20ns.
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external ASIC
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data path
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Launch clock & latch clock

A
Launch Clock

Hold relationship Setup relationship

\4
A

Latch Clock T




Clock Setup Slack = Data Required Time — Data Arrival Time
Data Arrival Time = Launch Edge + Clock Network Delay to Source Register +

“‘:I J % ﬁj mgﬁﬂj Ut + Register-to-Register Delay

Data Required Time = Latch Edge + Clock Network Delay to Destination Register —
Htgy; — Setup Uncertainty

SR gt —— WArde 2l a1 (reg2reg)

Setup time slack = Data Required Time - Data Arrival Time
Data Arrival Time = Launch Edge + Tc2t + Tco + Tr2r
Data Required Time = Latch Edge + Tc2r - Tsu

FPGA

| +
. I
clock /




Clock Hold Slack = Data Arrival Time — Data Required Time

Data Arrival Time = Launch Edge + Clock Network Delay to Source Register +
H‘:I J % 53 mgﬁﬂj Ut + Register-to-Register Delay

Data Required Time = Latch Edge + Clock Network Delay to Destination Register +
uty; + Hold Uncertainty

SR gt —— WArde 2l a1 (reg2reg)

Hold time slack = Data Arrival Time - Data Required Time
Data Arrival Time = Launch Edge + Tc2t + Tco + Tr2r
Data Required Time = Latch Edge + Tc2r + Th

FPGA

| +
. I
clock /
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FPGA I B2, Ellreg2regif it i) IF£IH

25MHz i & J & HFPGA I & A i e i A B I

Fmodule ex0(
clk,rst_n,led
y:

input clk: | FPGA#LE 5| A B2 5MHz B 2

input rst n:

output led:

reg[z5:0] ont:

always @{posedge clk or negedge rst_n)
if{lrst _n) cnt <= =24'040;

else cnt <= cnt+1'kbi;

assign led = cnt[z23]:

endmodule
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i Quartus IIF TimeQuestXt i et B T4 . 1Z LA
75 15 FPG AW T AT el KA IEIAE b i i reg2reg i 44

SERE e e RS HixE W

Clack name:; I SYS_CLE I / |
= o
Period: | 40 I/ | i

Waveform edges

Risirng: | | ns

Fallirg: | | ns

0.00 Z0.00 40.00

Targets; | |[get4:u:urts 4olk}] s | u

S0 command: ||:rE.atE_|:||:u:k -name 3Y5_CLK -period 40 [get_porks {clk}] |

Run Zancel Help
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Ak TimeuesE tming &naly2er - Difmytpgafok. S EPIEidesign/prif et esl - exl

File Wiew [Metlist Constraints Reports  Script Tools  wWindow  Help &)
Repart @3 ) =30 4 e

E3 TimeQuest Timing Analyzer Summary Slack: From Mode To Mode Launch Clock, Latch Clock Relationship

B (3 Advanced 1/O Timing 1 36,539 | cni[Z] ont[23] S5 CLK Y5 LK 40,000

""" - B sDCFile List > 36,626 cnt[l] crt[23] SYS_CLK SY5_CLK 40,000

4 'a Fepart Timing (Core) 3 36835 cnt[0] cnt[23] S5 _CLE 9YS_CLE 40,000

- [ Core Clock Sebup: 5v5 CLK 4 36651  cnt[0] cnt[22] SY5_CLK Y5 _CLK 40,000

_____ BB core Clock Hold: 515.CLK 5 36655  cnt[1] ont[22] Y5 CLK Y5 LK 40,000

6 36682  cnt[4] nt[23] SY5_CLK SY5_CLK 40,000

7 36685  cnt2] nt[21] SY5_CLK Y5 CLK 40,000

& 36715 cnt[2] ont[22] SYS_CLK Y5 CLK 40,000

9 36772 cnt[l] nt[21] SY5_CLK Y5 CLK 40,000

10 36,780  cnt[3] cnt[23] SY5_CLK Y5 CLK 40,000

11 36,781  cnt[0] nt[21] Y5 _CLK Y5 CLK 40,000

12 36,797  cnt[0] cnt[20] SY5_CLK Y5 _CLK 40,000

13 36797  cnk[3] crt[22] Y5 _CLK Y5 LK 40.000

14 36,801  cnt[1] cnt[20] SY5_CLK SY5_CLK 40,000

15 36,328  cnt[s] cnt[23] SY5_CLK Y5 CLK 40,000

16 36,828  cnt[4] ant[21] Y5 CLK Y5 CLK 40,000

17 pe = L | PR e | =kl (=0T L B P L= T L I P Af fnmm
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2k Timeuest nming Snaly2er - Defmytpgaf Dk SE EPSLjdesign/prif et esl - exl

File View Metlist Constraints Reports  Scripk Tools  wWindow  Help &)

|REF":'rt s | o= o o o o

E3 TimeQuest Timing Analyzer Summary Slack, From Mode To Mode Launch Clock, Latch Clock Relationship (
b (2 Advanced 1/0 Timing 1 0464 cnb0] cnt[i1] Y5 CLK S5 CLK 0,000 r
- B8 5DCFile List 2 0735 cnt[Z] cni2] SYS_CLK Y5 _CLK 0.000 C
a3 Report Timing (Core) 3 0735 cnt[12] cnt[12] SS_CLK S5 _CLE 0,000 C
B3] Core Clack Setup: 5v5_CLK 4 073 7] crt{7] S¥5_CLK S¥S_CLK 0,000 C
BB Core Clock Hold: 575, CLK 5 0,736 cnt[8] cnt[a] S CLK Y5 CLK 0,000 r

& 0,736 cnt[9] cnt[a] Tv5_CLK S5 CLK 0,000 C

7 0736 cnt[10] cnt[10] Y5 CLK S5 CLK 0,000 C

8 0,73 cnt[11] cnt[11] SYS_CLK S5 CLK 0,000 C

90,736 ont[14] ni[14] Tv5_CLK S5 CLK 0,000 C

10 073  cnilg] crt[ 18] SvS_CLK S¥S_CLK 0.000 C

11 0737 o4 cnit[4] Y5 LK S5 CLK 0,000 C

12 0737  cnb6] cnt6] TS CLK S5 CLK 0,000 r

13 0,737 cnt[15] cni15] Y5 (LK S5 CLK 0,000 C

14 0737 cni[16] cnt[16] Tv5_CLK S5 CLK 0,000 r

15 0738 cni[13] cnt[13] Y5 CLK S5 CLK 0,000 C

16 0738 cnt[17] cnt[17] S¥S_CLK Y5 CLK 0,000 C
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Data Arrival Time = Launch Edge + Tc2t + Tco + Tc2r
=0+2.733 +0.261 + (0.858-0.261)
Data Required Time = Latch Edge + Tc2r - Tsu
= 40 + 2.651 - (-0.021)
Setup time slack = Data Required Time - Data Arrival Time = 42.672 - 3.591
= 39.081ns

13-

S B HO I TIPS

Slack, From Mode To Mode Launch Clock Lateh Clock Relationship Clock Skew Daka Delay
cnt[0] enk[0] SYS_CLE SYS_CLE 40,000 -0,082 0,855

|Path #1: Setup slack is 39.081

Path Summary Statistics Diata Path Waveform Extra Fitter Information |
Data Arrival Path

Tatal Incr RF Type Fanout Location Elerment
1 0000 0.000 Launch Edge
z 4 2733 2733 clock path
1 L 2733 2,733 R Iclnck network. deIaE I Te2t
3 43591 0,858 data path
1 i’""2.994 0.261 1 LY Y L P L] TCO
2 2,994 0,000  RRCELL z FF %1 Y10 M1 |G
3 2,994 o.oo0 RR O |IC 1 LCCOME_%1_¥10_ MO | cnt[0]~69|datac Tror
4 3476 0.482 | RF  CELL 1 LCCOME_¥1_¥10_NO | cnb[0]~69]combout
5 3,476 0.000 | FF Ic 1 FF #1 Y10 M1 crk[0](d
& 3,591 0.115 FF CELL 1 FF_=1_%10_N1 cotfn]

Data Required Path

Tatal Incr RF Type Fanout Location Elerment
L som 0o Latch Edge
z 4 42,651 2,651 clock path
1 © 42,836 2,63 R clock network delay
2 | i 42851 | 0.015 clock pessimism Te2r

HI [
3 42 (72 0.021 m L] |:|:_ 1_ 1n_|\.|1 I-Ll'hJ Tsu
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Data Arrival Time = Launch Edge + Tc2t + Tco + Tr2r
=0+ 2.636 +0.261 + (0.758-0.261)
Data Required Time = Latch Edge + Tc2r + Th
=0+2.718 +0.212
Hold time slack = Data Arrival Time - Data Required Time = 3.394 - 2.930 = 0.464ns
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Repareiming (A orst-Ease Batly
Cammand Infa Summary of Paths
Slack, From Node To Mode Launch Clock, Latch Clock, Relationship Clock Skew Data Delay
1 0484 cnt0] cnt[0] S¥S_CLEK SHS_CLK 0,000 0.082 0,758
|Path #1: Hold slack is 0.464 |
Path Summary Statiskics Daka Path Wi veform Extra Fitter Information |
Data Arrival Path |
Tatal Incr RF Type Fanouk Location Element
0,000 Launch ez tine Launch Edge
2636 claock path
2636 R lock network dela Te2t
0,758 data path
0,261 1 ™ AL 10 141 chtl U] TCO
0000  FF CELL z FF %1 ¥10_M1 cnt[0]]g
0000 |FF IC 1 LCCOME_®1_¥10_M0  fent[0]~69|datac —Tr2r
0418 | FR CELL 1 LCCOMB_¥1 Y10 MO Jent[0]~69|combout
0000 |RRIC 1 FF ¥1 ¥10_M1 cnt[0]]d
0079 | RRCELL 1 FF_%1_¥10_N1 cnt[0]
Data Required Path |
Tokal Incr RF Type Fanouk Location Element
1| 0,000 latch edge Hime Latch Edge
z 2718 clock path
1 2,733 R clock network delay Te2r
2 -0.015 clock pessimism
] 0,21z uTh gy T AT) o0l Th
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