Journal

of the

2025; Vol.8, No.3; pp.428-431

2025/08/06
2025/08/24
2025/09/26
2025/09/30

Sunghyun Park

Missile System RF & IIR Seeker R&D Lab, LIG Nex1
207, Mabuk-ro, Giheung-gu, Yongin-si, Gyeonggi-do,
Republic of Korea

Tel: +82-31-326-9013

E-mail: jhpark80@lignex1.com

Received:
Revised:

Accepted:
Published:

KNST

= =20ME FPGAS Z-E5H0] 7HAIZHIA

7|57 et logic EOY Z|Xot0f thet ots
AM|AISHLAL ST FPGAE O 22| H, HAHR! MIA
Aol Sof| 2Lt Chret M 2 -5t Efo|Yof|
S| LTI 0|24t Als B Hitoll= A HE S

[y [y

<=0 A, 2 22| EZ S EtO|Y A HO| El5HH

Olof AlZr2 OHl 227+ Q5ICt 010f &2 =2 0=
715 7He1S otHA 243t EfO|Y 2A0f THSH 21t

i1 E Y S 21X Yol thal A1k AL St

.

In this paper, we would like to suggest a plan for
optimizing Logic timing for implementing visible sensor
using FPGA. An FPGA generates various signals required
for memory access, computation, and sensor control,
and performs computations according to the
appropriate timing. Timing delays such as delays
through the calculation process and internal memory
access occur in these signals and calculations.
Therefore, in this paper, we would like to introduce and
analyze the timing issues encountered during
functionality implementation, as well as discuss
optimization methods and potential solutions

ZEAI&AIA (Visible Sensor),

FPGA(Field Programmable Gate Array),

S A|ZHHold Time), A1} AlZH(Setup Time),
A2+ 04 7(Timing Slack)

Acknowledgemen
0 =22 20251 YR (LALH)Q Ao
ZEIISIA LA O| 2|4 HHO

3
(0]
rin
re
-

o

ISSN: 2635-4926 https://doi.org/10.31818/JKNST.2025.9.8.3.428

'.) Check for updates

Optimization of FPGA Logic Timing for Implementation of
Visible Sensor

ST, QUIE, HXIS2, Ygap

1o ’ » O =
ILIGHAS OIAILAARIE 7|04 MOIO1S)
2LIGHIAR DINUNAZEMT|AATA 2417

Sunghyun Park™, Yeondeok Yoo', Jin—Ho Park?, Hong-Rak Kim?

'Research engineer, Missile System RF & IIR Seeker R&D Lab, LIG Nex1
2Chief research engineer, Missile System RF & IR Seeker R&D Lab, LIG Nex1

LAE

WA Aol 2 JAAE AAL ke AT S HEe
& Slod, 22 g4 3eel %—XH‘ETJE}. CPUL 28
3 hoF 7 0] 0] 2 5h0] FPGAL BatAR 27] 2
L7t HEoE Aol ok & %501]*1 = Xilinx it ©] FPGA &
Artix SeriesE &850 7HAFAIA & A D &5t

AN B2 FANE AA Aol W 2 E) H2, B4, 34
A% 5 thobet 71%0] T@E ojof gt shEg o} Aol (HDL) %
Vivado && &839) 347} implementation 57 1l Elo|™
of tigt 275 QAT & Aot FPGA Y o= E2 A5 E0] o
2 25 YO0 A HT QoA B2 A A 9 &
g o] &4

2 ARE
gttt o] 2|3t B ol A timing delay7} A &b 1
i 7 W =2ohA] Z5hH timingo] o gt
= timing slack(A] 7% o] )o]etal 5t
A7fskal o]

3| Al

=] =

L =

o, E =R E 715 FEGEA ST BAS
=

=

LA s R B,

2. CLK ¥ setup/hold time

Timing©] & setup time, hold time©] &A 5} 4= (positive)

of gold 329 4127t 7o W=tk Qujot HhH, &

428 © 2025 Korea Society for Naval Science & Technology


https://crossmark.crossref.org/dialog/?doi=10.31818/JKNST.2025.9.8.3.428&domain=http://journal.knst.kr/&uri_scheme=http:&cm_version=v1.5

Sunghyun Park et al., Optimization of FPGA Logic Timing for Implementation of Visible Sensor

(negative)9] ZHol ™ 3]22] Azl A7HA
glor Q FEE setup time/hold timeS TH5514]
et ofulo ey,

Setup time< clock®] rising edge”} registero] &=
gol7] A gHESfjof ot X4 FaA]7o|tt. Setup
time2] 8 TANYS THE51A] ¢F= T o] Bl = register
o A=A k=t

Hold time clock9] rising edge”} registero]
S8 % ol e/l Bu ol st A4 R AT,
Hold time2] & F A} WESHA] A& 74§ regis-
tero A7 ¥ %] g=1t.

Setup/hold Time H|S:3] Ho|A|¥F A& &
time©] C}.

DATA D CLK

CLK
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Fig. 2. Inter-register path and timing delay

Table 1. Definition of timing delay

Parameters Description

Teira Net delay to Reg1

Ten Cell delay to Reg1

Teika Net delay to Reg2

Tdata Net delay from Reg1 to Reg2
Tz Setup time for setup check at Reg?
Tha Hold time for hold check at Reg2

Fig. 39} o] @ 7= Al ZH(Taz) Woll Reg29] &
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Table 2. FPGA resource utilization for visible sensor
(before optimization)

Resource Utilization
(%)
LUT 39.38
LUTRAM 256
Fr 35.35
BRAM 15.71
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Table 3. Time result(before optimization)

Category Valule

Worst negative slack (WNS) -4.296 ns
Total negative slack (TNS) -3,692.262 ns
Number of falling endpoints 1,938
Total number of endpoints 8,584

Table 4. Worst setup timing point

High Logic Net Total

AT S fanout delay delay  dealy

Path61 -4.296 9 2 2.321 2,568  4.889
Path62 -4.288 9 2 2.313  2.568  4.881
Path63 -4.212 9 2 2.237  2.568  4.805
Path64 -4.192 9 2 2217 2,568  4.785
Path65 -4.180 8 2 2.204 2568  4.772
Path66 -4.172 8 2 2196 2.568  4.764
Path67 -4.096 8 2 2120  2.568  4.688
Path68 -4.076 8 2 2.100  2.568  4.668
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Table 5. Timing result(after optimization)

Category Valule

Worst negative slack (WNS) 9.428 ns
Total negative slack (TNS) 0.000 ns
Number of falling endpoints 0
Total number of endpoints 28,389

*All user specified timing constraints are met.
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Table 6. FPGA resource utilization for visible sensor
(after optimization)

Resource Utilization
(%)
LUT 42.15
LUTRAM 4.23
FF 38.32
BRAM 20.16
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Table 7. Setup timing point(after optimization)

High Logic Net Total

AT Sees - lerEh fanout delay  delay dealy

Path99 18.016 6 6 1.713  4.875 6.588

Path 100 18.044 3 52 0.890  5.077  5.967

Path 101 18.044 3 52 0.890  5.077  5.967

Path 102 18.044 3 52 0.890  5.077  5.967

Path 103 18.044 3 52 0.890  5.077  5.967

Path 104 18.174 1 115 0.890 5.604 6.184

Path 105 18.174 1 115 0.890 5.604 6.184

Path 106 18.189 5 5 1.607 4.818 6.425
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