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1 FPGA

0 Y |

Z20| Jhseh B o2 HEHel eF.

A 2 2E CHAl MA @8 = ALK MERA A

2 BZ0| 27hse &t gtexet EE 20
A= Atdel E=0| A gtENO| Vs &
H

ZEQ0 =207 5HR0| HYAIZ o QUACH LEF BR[O B3| 74H0[ 4~ b HIMH
g& AL S 52 2ot F= MQICh [1]

FPGA= Field Programmable Gate Array 2| 2fXtZ Field Program O|2t Bt XM= AM(E =
Oof TSl &2 ofd tf st 22 BteM YH)E SotA|l iz Mg AZM AX|L|07}
A CHO|IAE Z20ejUst dAS 22 P Hdol #og = Atks AS 2[0|sHot.
Gate Array= ®l2 ASIC(Application Specific Integrated Circuits) C|HIO|A FFO| StLIZ FPGAQ
g TE7t ASICO o FE0I Gate Arrayet SANSH?| T20| 2017 % Ot [2]

FPGAQ| Field Programmable Gate ArraryQ| UXtZ Ut AFEX7F T2 JH5SF Gate Array2t
0 gt = UL 07N Fields ASIC 3782 S50 {st= 2|28 BtE= Z40| ofL|2h Yt field
oA Y FX7I Yote 2EZ Foie &= QL= Q02 AMEE A2 & # QIO O2(1 o

__I.l.
7| AF2E|= Gate Array2h= 80{&= Standard Cell 3HA|ZtS TH=A|7|7| Q% OfO|C|O{2 L}

il

2 20| Gate Arrary Q0| FPGAEt= &0{E THE AtZE0| Fieldol M T2 7453 Gate Array
2= Ql0|2, FPGAZLE 8018 TE A2 = 4 ULk WX ASICO| HOiErEel HFE 21 387

20 42 2 FABHISOEZ SO QIotol, FPGAl FR42 FE AX1 ULH 2F SoiA
b3t € 2

ASIC @oio] ZOIM %2H0| OFF BX|
X

—

£ FPGA Ti7E HHORX|D Qlom ¢ 2o 37|E MH| AHXD Ytk q2hM 7|Eo)

|0 0||'

BA ot 2 et AlAE0| B2 FPGAZE M E L
1 QAR EDH ASICO| THE7| TOf, YT2 FPGAR 2|25 F90t0 HAEE ot SH2E2E

(5 FPGAS AHotT 9202, ASICAX|LIOIOIZ UOIAE FPGACY Cie ool F3 27

2t g & ULk [3]

=
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1.1 FPGA 7I& S & [4]

PLD= X[t 197040 S MMIgt= SIAZF MZ e PALMZEO| 1 A[z=2h & =+ QUtt. H

—_

O|Z2} HA=2X|E 0|8% PAL2 OTP (One Time Programmable) EtQ0|7|= }X|Qt Bt K|

4> 19

o
M H=2 Z2O8 IS OFF[EME Folbs FoA XIZ2 PLD MEe| ZA2t =

ALH.

O|= 19831 0| H|Z}7t EPROME 7|HI©S 2 3t EPLD (Erasable Programmable Logic Device) £
NESe2M Aot FMI|H M= E 0|83 A1, X[R7|7t 7hs¢ Z2a2ME C|Ho|A¢
ClassicO|2te XME2 MEJE=H 0|2 Sl X|Z2| CPLD (Complex Programmable Logic Device)
AEO| 243 =[ALE. Al Bt=H & 90 720 EHUE HMFS0| HHZ EPROMS ALEdH

Z2a2iYS YE PLD C|HO|ASO|Ct

AMDE Ql=E|UE MMIQ| 7|&E HHZ0| HINZE FESH 2fE[AL CPLDA|FS| MEFX &
LiCh. CMOS E|3=2X|2 0|23+ EEPROM 7|Ete| SPLD (Simple PLD) O GALS XS JH23H
3% High Density CPLD A|ZtOIlA| W2 AI&FstT QT

ﬂ_

o

HO|E Of2f0| Ot7|EHXO|M =2St FPGA (Field Programmable Gate Array) &= 19854, XplalA
7k XC20642t= HES 8 HE2=2 MEQ JHE0|Ct

EEPROM 7|HtO| CPLDQ}= =Ha| SRAM O}F|EIMZ X{Edstm Q= FPGAL CPLDO| H|3{ =9t
desHOME= MEUXT 82 FHSH=0l A0 Fa2l5iChe HE 20| ASIC Z2EEHY
B &2 UJACE X Z20|= FPGA 7|=0| UHSIHAM HsHOMEZ CPLDO| 2Fstd A=0|CtH

PHABOlME 27 g opYeo] BES HojE D et

I FPGA= O|2{st MEXOl SRAM 7|HI HEE 0|20 = ME|FEX (Antifuse) BtAlO| FPGAE
825 B4l EtY AIBSE 3JD Uk

AT A=Fo| FFokn U HEIFX Ao FPGAL OTP Efploz mzlajyg sheiso|
g4 gm ZENA 3FY 18T THO| OfYCH: BHES XD Yol 2R 2laadt B
S5tn ADEBOIN 09 SES 452 MBHCL £ EOINO| SrFs) R2ALS ofZ2lA oM
SOfLt AL, TtakeA 2 LAl oBtolM 2 88g o

ZajAIELY FPGAL X7 A|RZIQ CHAZ OFRl AFRXAF7} X|= X|TF SRAM EFQl FPGAQL=
22| @9l PROME MX| ik 2t2F0| 7tsof & & R4S 7og 5+ UL A2(K| Aol
Z7t 1229 1 #=F0| =1t CHo] AO|=E E0|1 WHARE 4T = Ubte 8= 7tA
1 QAR E2HAl EtY FPGAE GateField7} K& 7ot ME22 A H&HO| S5t ALt
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12 =X

FPGA & E213 75 =2|Axtel O 3 FROICL & & 22 ZXUXS 422D 4
2 Woifield)o] ZP BISTNY AHTOl TS JT BUOITL J2 HMEER Lhet A AR
So| Zo| Cfe 4 9= "S'HH 22 A, 3 FPGAE dtLtol wo| Rom 22 EXE0| ¥e
moo| U WY FAF, wExoz wXElo] Jon, 1 2ol 2IZee Sof Ui Zo|
t2 9 MERWoE UM HXE TX2, oRoN TRt XS SXI 27
S37to| HAMS Yo HiR[SHO] CHYP SH2 T & U=E A IC2t & & A

i e LB s |

e e LB e e

Jd3 1. FPGA AT

QLI Ol FPGAS| =2] S22 ofafo| HOl= K 4740 22 = B0 (ookup table)Tt
ZgZ=2o2 TMECL HX|AEL AHXAE 2¢ HO|Z0| JHse sjLto| S0t Qirt. =g
Z=2ols 29 HO|ZS 93 4740 AT 23 o] ULt
*| 4-Input —
o 4-INpU .
Inpuis Ot
PUs ol LT D hip
— Clock —b> P

a8 2. 2E(=2)E5F [5]
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- LUT(Look Up Table) [6]

FPGA= Gate Array?t ©2| NAND/NOR Gates= AFRSIX| @1, CHAl 4~6 input LUTE Ar235I0
combinational logicg FMarL|Ct. LUTO|ZF Y memory2tn MZtstH EL|Ct AddressOf input
S 7tSHH memory LWEO| LHEO0| outpute 2 LIRHA 1Z0| logicO| & L|Ct memory L{E 9|
Li88 H3 0o CtSt combinational logicg FeiE = UELICE HAS| sequential logicg A7
2t 4= QUOJOF st2 2 LUT2| E0= flip-flopO] Eaf AOIM 0]8% # AFLILE 7|2He=z LUT
2 0oy 7 Qe HES B CHQZ 80 VendorZ Slicel| ALMO|L| 3t= Z{og =21 179

=
H{ 0| FPGAZ 0|21 Q&L Ch

Programmable
Wire Switch
Segment

P
A
i
i
!
|
1
I
1
I
1
[
iy
I
o,

a3 3. ALK 44X} [5]
- Programmable Interconnect [6]

LUTE AtO|o| AZZ djjof 23t logicO| EL|Ct O] HZAE =ADS| programmabledtL|Ch Ht

—

MOZ2 FPGA MA 7} chipez J¥st= ZAECH L2l 0]8< 0| Interconnect 2EO|A UL
delayZt QU7| H2AYLCH & £ QJASM™ routingE ZF Q] interconnect®| delayE Z=0{0f wz|

SEots dA7h gL

Zmo S 2Xg HEHO= o[y 4 ULt

—

Time to marketO| £C}
- HEEA AZO

LY r%#m (ASIC CHH]|)
- ASIC2 ot DtE=0| CHEF

~67iE 28 (BAd0 277t ACLHHE RF ol Ajzto] &

2)
- Non-recurring Engineering(NRE) chargeZ LHXl QIOIE EICH= Z{0|LC}.
- 0|2 IC§2 NRE charges ASICS Q|2[o10] MEZ rer| 7HK| £X74 Ljof sH=(2H0f
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o THROIM =9 o 0|8) BHIE0|1 FHO| S ¢ CEA 5t 2R

YHOIE 7ts

- FPGAL SRAME}QIo| ZL PROMI}QDH HHYZFT Q0| LIRS HIE 4 ¢

o
=)
- OE S0 Qo +==H QLR 2l o ER ASIC2 F 2510 TS wH|SHoF
¢ gtH, FPGA= SWYIH|O|EZ 3{Z0| ZtsgLtt

ni-{g=3
- PO MAMSHe F (ASICO| LTI FPGASH HT OHE HEZ M)
SizeZ |
- FPGAO]| H|8}j ASIC2 %o HXO| &2 (53| optimize &|7| &)
- HEE M 2 AO|=7F LAt B2 FPGAZ HAISHY| o2 (ZEO|Lt AfO|= B
A

2 FPGA Development Process

FPGA-based systeme= H|E %|F Z1+=0| hardware component O|X|2t  designdt

implementation®| @E{& software-based systemit O FASICE [7]

Requirement or
Design Specification

+ Functional Spec., I/O Signal Spec., Timing Const.

&
‘ RTL Design ] « HDL (Verilog or VHDL)
' T

« E & 0|23t Compile (Optimization)

<
Gate-Level Design .
(Netlist) ’ EDIF
<&
&
J Layout ’ + JEDEC
<
{r
ffffffffffff R RREGASEELEIS [ FPGA ]

1%l 4. FPGA Development Process

FPGA design levelOf A AF2E|= B2 £9| HDL(Hardware Description Language)2t higher-level

Aoj= YHIA Ol software programming A0{Qt O R FAISIH, Ol AXt&3H=l design toolsS 0|
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|0
HU
o>
Al

A=S = QUL EESH FPGAZ configuration 7| FO| MMHE YAl SWet

ey

|8t binary configuration codeO|C}. Ef2 FPGA vendor2 O|E $¢|3t IDE(integrated

_—

development environment)E 77X QO 7§ processQ| CtYst Hst VAV &= X|stn

QICE YHEHMOl FPGA o] 7HE =2 M A 11T 49 ZHCt

2.1 Requirement Specification or Design Specification

ESH JHU X O FPGA chip2 AFEZX| Zslof otCt. MEAEl FPGAS| 21X EF H d&
0| 7} designd|| IS FH 7| IHE0|Ct OE EH FAH chipel 2t clock XLt memory

bandwidth S0 2t C|X}QIE 112{8f0F Lt Critical timing O|L} power, board size ¥A| 1124
T|O{OF BtCt IEDE chipO| EHEE FE1F 2[F devicel O{EA AALX|E 7Fs{of it Chipat

QIF deviceZ} O{EA HZA E[=Ltof w2t chip LHFQ| interface?t HetX|7|= St7| W{ZO[Ct

A% gx, ZRHE 7

—

sl
[m
0
rlo

tEot SiE CHAIOIM O{EA FPGA £ THEEX|, V&V &FE OE
OfEA ZXl & Agetot. & FEE 7HE Z2M22f VAV 22 FPGAL| Qualityd] F&s
A 2 ZOo|C}k 7Y =l FPGAZ} Safety critical systemOf A2 AL ST W22 safetyd] &
FH E AO|Ch Kot @ FARYO| traces O{EHA X, ' SO LAt issue = OfEHA &

=
A, dy#els ofEA X 55 25 ZY80F SHo.

A

k

00t
mjo

18

me

2.2 RTL Design

RTL design O|2t CIX|E22E 2ASt= LAFO SHLIO|CE SEQO BX|AELQL Arm=a[AAt

(=eh3 =2 7t9| Ho|HEEcz Ho|=Ct a0 S&& 90l 2 E(technology-independent model)

o, =2|d=70| ol AHOEH HEZ2EZ FEECL £F Id A2to[E22|(cell
H

library)Q} A M| 2FZ=74(design constraint)0| EQsIH, & VHDL, Verilog-HDLO| At& =L}, [8]

QIFAIE M CHAOM BME 7|52 HDL(Hardware Description Language)2tl dst= 90j2
programmings oA =Ch HX| JHE BO| AtEEF&= HDL2 Verilog 2F VHDLO|Ct. HDLZ2
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software2 Z2 IgfQUste Q0|9 O§S SAMSICH Q2 A|7t EOF mER}H, mAZH C S0 Za27]

Y AN S0| SWe| 7|52 7[&dt=0 AEE0f 2 H|SHA, CIXE 24 SHME 27
RS2 CIXE s22 BN 93 BEE Qojo] TaMS MH YL, o/ 0|gE S
Of #9l 210{Ql HDLO| SESHA EIACH HDL2 W7 SEQIO Q40N 2ds= ey
2 nuy 42 HFELL

&A= HDLZ 0| 83}0] 7|5 T2t =HE S0 S Id & = UCH FPGAS =2|H
Ol componentL} connection2 HDL ZZ2 AZ{UO|M= 124StX| QLOtE E=ICh XtZ synthesis &

7| Uj-=EO|LC}.

Lok ST CHAOIM high-level AOE A8 k& QUL SHX|2 SfY AOE FPGA < Z2

hardwareE 7{&st=0 AFESH| 2ISiA

rir
08
for
e,
k

A olshE £ JAZE strictst ruleso| E
"ol A E AES|OF BlCE O|E =T MISRA C (Motor Industry Software Reliability

Association) EE= ESA (European Space Agency)2| AtE0| 7ts it

2.2.1 Verilog

R4 VerilogtM 2E2 CIXE =2|29| stLte] HEZHEES 2|0|Strt.
C Z

= = =
ojgigt HXHEE= OtF ZHSHAE AOIEZ & = AN ALUL} ORZ|et 22 SHe 227t

2 & & AL 22 2= o 2% 2458 72 RUCte "HoM d2(d oF 4ol o
E2 o[fet QHHO|YECHE FolA C++2f Sl JHFat RASICL C++2f AN 2=
GA| QIAEASH AJZ 5 UK, EE2 100% S22t Z2X[= Ll 25 2ot ®eie
CHE o2 7Hel ZEE 7K = 2
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VERILOG
MODULE

INPUT OUTPUT

Ul &
AR/

1%l 5. Verilog 2 &

2.2.1.1 Verilog £E% [10]

A 22 81 AA->O| 20]= BtEQ0 7|5 0{o|t). SAHSHX|T HZE 2 HDLO|Zt:
| 48 ¢ S o 8= ArEEICH
7

£y FE & AMUXSE Aol HT A & AMAES0| €A H2E = UCH CHEt
20| AED 8BS £ 4l Begindl EndE AR3I0] 238D, HDLO| EZE QI A|ZHo
Oiet 7HE0] =&t QUCt= A S0| CHE F

ZE O 37 A0{(high level language)ZA| System-verilog 2= A7t QUCt HA KX M

ool et CHEX|ZH iR Z2 27 Hd5E2=2 A8ttt ¢E9 CRloiet SAMS
HEHE 7HXH MZ2 Oo[H EtE: o F7tE|QACt 2l0f =& begin end 0|2/ =
fork joinkE Z=7tE| QAL

2ajl= Phil MorbyZ7} ZBOAHE OO 2 7SI CE 1980EHCH LUMK|, AfAMASl H

M

HDLeEM ZFARYUX|T =0 IEEE EFO| Z|OfH{ RiCH
VHDLI} 3HH| CHEXOQl StEQO 7|& 210,
2 20| AX|L|oj&= VHDLO| § #1 Z2b™o|ztn T7IstD QoL CHSHIIZ A of M

AMA A verilogZt BE0|Ct

PN
(=]

198314 Gateway Design Automation ALOf|Al SFEQ|O] 7|&=210{Ql HiLo2t CR10{9|

g Jlgtez JHg

Am

EEE 13642 HEZ3}El Verilogs MAF 3|2 U A|AHIN AMRE|S SEQ0f 7|2 O,
22 HA, 45 7+ & 02 82 A8
C Q10{Q} H|=3H 2H

ifLt while, for loop & 1 Z2 MO F= / HMX}L - =2] (&<A)), A= (+-%))
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- C Qloje} 2| HDLY| S

e
=
¥
=2
=
@
=
i
L
#
o2

2.2.2 VHDL
IC7]&0] 22 Qo O B2 XS T Ho| BHSEO el CIXEALE2 B SToiXl
1 ALK OfFA =TT CIXEALE S AOIEH SEEE o8 A= B2 AlZ0| 282

SIS0t O 22 A|AH”H AA0A SHERQIN 7|&2 0|2l HDL(hardware description language)At&

o 20| &2 ZOX|1 QUCL VHDLZ CIX|EA|ARSl SEu AXE 7|=517| @50 ALESt
= StEQ 7|=20{0|Ct. VHDLE VHSIC Hardware Description Language®| 2f0{0|H, VHSICE=

Very High Speed Integrated CircuitE 2|0|StCt VHDLE 9|9 2 B EEH 1219 A O|E
Sl 27X StEQIOE 7|&5t AA 5= IEEE BEQ10{Ql StEQ|0f 47 10{0|tt. VHDL2 O|=
TN X2z 2#H GHE =20 JHES et Eug 8 EMIE 26 BEsE
steglof Jzolojo] WaMe QA xns A

Al VHDLZ SIERIOE A ot= 240{0]|7]

JEmz Mol A Z N DHEOZECE Ol
AXtel dzts 7o A A0l St= E
X 1987 1280 IEEE-10762 =2 ®SE
37t = RACE O|2QIsH VHDLE 0|83l 325 EAE & A= o2 CAD toolS0| HHE|7| Al

0| 85t0] 2|28 AASH7| AIXSIRAL.

bl
Ot
4]
k1
|_r|
ro
i)
rlo
o
Rl
m
ﬁ
HU
z
]
mn
o
<
T
O
—
ru|o

SME VHDLE HAB2ZE2 HEO F£= gHdE(synthesis tool)o| HEZ Qs AA XIS M2

= o T
VHDLZ HMSIH HgE0| A 2lz=2 TS0 FAUCL HAAIZO] H=ED 0= o

2.2.3 VHDL E% [12]

- MEA 3B
L HEE2C 32

- VHDL(VHSIC Hardware Description Languae)2 LC|X|E 3| 29| MA Xtz AtESI= of
o 7| A0{(hardware description language ,HDL), & 3|2 A 0{0|Ct. ALY
ZoIAHE Z2a2fy o= otHb oAt 2F X017 HE EId{X= Az 1Y
ZzaY A =0 7HE2 T SHCEH?).

- 2o VfHEXNE2 07 20N FTE2Y HEB|Z(ASIC = Application Specific Integrated
Circuit)e] M3l ArE3t7| 9I5t0] Zt= AO0O|Ct S&Tt g2 ALEXIS| k& Of

Matsto] Aoty flsf JHEE A 2HH A

#g
>
[>

ol A0|= St=QI0f 7|& 10{0|Ct FUBHA|T HZ 2 HDLO|2t:

ZA o= i, 229 &% WES &
FHQZE o EME =2 LAt 2HgoM 2l A[E2|0]d0] ALESHA =D, of7|of Y
0S2M VHDL It2E Si0{S0lM =2 gd 20 2X 2= QEE =3Hole 7Is=
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RAO0|A EUACt 2=, 2=20= CXE =22 24, 48, 7o 82 2ZE &2 A
8ote &

- 724 #olAEs 2 Adaol REIE Al HE(CECIXE =0 BFHOS Ft0
= YHo|leLt IEEE BEst AYs HAUM 252l 22 dHe 2SS 7HA &
ALt

- Veriloget | CHEE Ol Sl=go] 7|2 Q0jo|m, X2 ChEEo]| SjAts 19 BUS
0|8317|HCte O S7hX| BE HDLE AL3HE A,

2.3 Synthesis

=

otdo|gt RTLE 7o E FAMXMQl 5|2 (Verilog & VHDLE 73)E AKX gate(EE= standard cell)
=2 &o THstk= DPEo|Ct o7|M Sh= AO|Ezf#olzt CMOSZ|Z2| NAND, AND,

INVERTER, Flip-Flop 59| ZIZ AO|EE2 TAMEl= HE2 UsiH, AHO|EQ ER= E2(HoZ
ojotz &l AO|EQ| 2tojHE{z|E R TFE X1 AESH=LI0| 2ZIC}) 62 NAND A0l &

. AlOIES Y™l 7t 23458 JHo| YHE Z= AOE ZZ 2t0|E2{2|2 FH|EOf

2 IEAOIM 0]80| 7ttt A gol= & 2o[EE 2ot SO et AI=zE HHEA At

o
. m|o
A

o
FH M @ot 0|8t

hu

Q= AFEX7L EF gate levelQ| Netlist2 XtAIS|OF &FX|TF K| ZO| AO|=9} BXEZ I} Z7t2
oI5 2 2d0| £7ls SiACH SHET= ALBAt= AFEXA XgHH 2100l HDLE HES 4
AStH O|F X|S2Z Netlist HEfjz Het SiFA ECh AFEXZF 13 8{oF o= =Eoh 1t
(Optimization)Z LCHAMSHA sS|FH, £ O| speed, cost, power ZHO|A Q| X[HFIE X2 Z
TS ECL WEtM, AFE X Rt 22 =&t 18 8o Cjxrel 8 A7 o Isto & 7H0

tseiMEtL 2 4 AL}

2module Example 1 (clk, in, out)

3

4 input clk;

5 input [3:0] in;
6 output out;

7 reg out;

8
- |

parameter a = 4 ;
10 parameter b = 1 ;

12 initial beq.m

13 out = 0; Synthesis >

14 end

16 always @ (negedge clk)
17 begin

18 if (in > a + b)
15 out = 1;

20 else

23 out = 0;

22 end

23 endmodule

g

% 6.

oot
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0| ShFE R AL HE VeriogE 0|83t0) T 7|52 HO|ESS 0|80 T
FL Zo|ck

gtdo| siFE FHR 22 o CIXY(EA)ALMS 0|85t0] #3HE AHO|EQ}t EHE2 Standard
Cello] Dj2] MRAEZ|O{RUAe= 212l CellEnt OIEE AlZAF= AO[Ch CiEE2| CIX|EAMM=
AND, OR, AOI(AND+OR+Inverter) 52| combinational logicdt D Flip Flopg1f &2 7|2X09l

S
GateS2| =YL =2 BE 7|52 Fog = 7| WEO, 2EHo2 MEE= O CellE2 ¢
O] 7oiotX| HES Fab (228 HAH H=HE &3l FsiFE 24 =22 712 M= E

2to|E2{2|, = Standard Cell2 X|Z3IC}

CIX &

ZtErS| O MOHSEXFH, AFO|=TF XA Z Of F2 InverterQ| == CHO| 11f 02 QCHCHE [

= o X

T B B |

Z2Cho| 1uFd} 200 A 2 load FHIHA|E{2 SEFA|7{OF SHCFH FRIHA|E|Q] 2 2L C} M
Shot 2ed 2= M27b ARRPMHRICE YEOoIL =

SEHol| otLh 2 7ol HZAEX|, YHEH SHIMK= R F7| O|HE E=&B{OISH=X], Setup

TimeO|L} Hold TimeO| & X|7{ XN data?} metastablest YO 2 HIX|X|= FE=X|,

25 WY A X
2oz MOBIELICL 0] ZASS 1aisto] LT W2 transition0] Y0jLb= £ Delay Buffer
Cellg 21, Z2OA 2 loadS driveZ SHORSICH ALO|=7} S 2 MOSE 0|8 Flip-flopm

=
22 0|8%t= & Ci¥st =40 &= =228 AL

o

2
Ot
al
=
Hu
A
I

L
o

[ T |

|2t CIX 8228 F5ts IE0A E=H0[D AR & 3% HSHK]
=

ki
o
o[
]

= =
@2 7 Uz IIS2 Design Compileret 22 HFEHZZIOO| LHEE 2
740

AN = o
ol Fedote AYLICH Wt 2AXt= Verilog2 Foieh CIXBAES Rlo| 2|20 &=

=3 e
THES HUASHO S, Fabo|M HSSte 2tojE2{2|0| M0 U Standard CellZ2|
YO R IERE FH| FA EICH [13]
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-
. Develop HDL files \ - J’ ~.
. /J f/ Set ~|
\\\_design constraints

e ™ o .
( Specify libraries \ Design rule constraints
\\ /I set_max_transition
- - set_max_fanout
Library objects set_max_capacitance

link_library

target_library Design optimization constraints

sym]:cl_]l. "_hralir}r create_clock
synthetic_library set_clock_latency
¥ ~ set_propagated_clock
N set_clock_uncertainty
( Read design ': set_tI:'lcck_tra.ns’_ tion
', d set_input_delay

set_output_delay
set_max_ area

analyze
elaborate _ -
read_file -
- Select
- Y "/ ile strat
l/ Define '. ' compile strategy //

design envirnnmentj/l Top down

- } Bottom up
set_operating_conditions
set_wire_load_model - ~
set_drive l/ ) L. B \
set_driving_cell | Synthesize and optimize the design |
set_load
set_fanout_load h
set_min_library

compile or compile_ultra
r

I.-/—F Analyze and resolve ™

. |
| d bl
\ esign problems J

check_design
report_area
report_constraint
report_timing

¥

l./ B Save the \'.
N design database /'

write

% 7. Basic synthesis flow (Synopsys jit - Design Compiler) [14]

2.3.1 M gtojEgig| [15]

RTL 27t g BtA ol=o| upgel ot Xo|F2 22 580 HIeEH, o[EH0|2t:s Ao

8ot A9 7tg 2 SHO| Hz SFo| He[EHol2t= o[t SHA|TE 0]
o EE2 RIL +=&7HX2 &Lk 2ds ?siME HE MAHSHLR ot 582 27t 2R
o e == oY SFoAMT A8 = A Eth. 3389 2= & 2toj=gg|2tn
=ols EHE 20 don, gdu P&R £ 57| fiME BTEAl EQottt A 2tojE2|7t =
gotd A= EE J8 2 oM o 20| g0 A8E AZH AOIE) et EY(EE A7,
of 2t % Sd8(Verlog 2&), 18 3 1f Z0| P&R 0 AEE Z2f9

=

SR R

el

n
ok

bl
mjo
=
me
rot
ot
>
0
N
=
>
U
o
|O
u
nx
=

=~
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EARSAAL HNSEH, R0 FE5HX] @EHCHE MM (NDA: Non Disclosure Agreement)

=
ZHgeliop AHE0| 7HsotLt.

mu ot

1%

M
o=

[SHM = 2t foundryO|A K| &8le synthesisE %t libraryZt 2 Q3tH O library of&

Ho

N

t logic gate 9| timing, function, power 59| HEE ZEotstn QULCH HAX= 0|21 YEE 0|
S5t A|AE SpecOf HAEDH clock%k, HAZS 7| ot 2hdo| 1gE Fdotct & logic
o

2 gate level 9| Netlist2 =250 SDF(Standard Delay Format) filed}t @A prelayout

simulation(timing simulation)0f| A{ 22 =ICt.

] RTL Description |
Synthesis Library _ RTL Simulation
(Verilog-XL)
module inv(a, zn); | |
intput a; output zn; Synthesis
assign zn = ~a; (Synopsys DesignCompiler)

endmodule | |
Simulation Library

Gate-level Simulation

h 4

(Verilog-XL)
| Plale & Rc|>ute
(Avant! Apollo)
P&R Library - | Falbricati|on |
Cell Library Design Flow

a2l 8. M zo|Eaa|

2.3.2 gd 7t et(synthesizable) 4| [15]

Verilog= HDLO|X|EF Verilog2 7|&%t RE HA7} dH 222 FHHO0| Jtso A2 ot 1

O|f& CiEat #0| dalg = ULk

- Verlog I0{0| A RIBots Y15 F BR(TE AAH DHYS 98 J5S RO B
7= SiCt

of) XIHAIZE (a=#10b), ERMX|AH +FE2| 7|z, HEE &

2015 Dependable Software Laboratory 16



- SIEQIOZE FT JhsoHX|Th HotE HAEEZ ZEAL SERGS(ESE Fo)0 0jX|
x| Rete He

» OUT
A S

combinational part CK sequential part

Initial Logic Design

always@I(posedge CK)

i = OuUT; >
assign B=A+ OUT OuT = B » OUT

CK

Verilog Description

B
A :)j ) » OUT

9]
E

Synthesis Result

A
='o

ad

©
g!-
MY
A\
N
or
21-
nx
-
19
1L

LS

Verilog = 2HM222 Folst=s A 020 RHIME MEEE2 01 H2 7|5 XIASCL
o 7| s

=2 Verilog-XL AIZ220|E0| M= SHZH SHHX|2, 90| 27tsstAL &g 2ot
7b RTL 1f BHE S%E HO|A Lt Verilog 0 M& Y=t AES0| SSH2E ot 2+t
C olojz =28 ot%0| 24 & 5= AOIH, 0|8 E2 HREE 20| =27+s3tC.

d3Hog g¢dE o7 fdiMeE Ok 22 AOo|EE 0|835t06f 3|2E I2|X0|(schematic

=

capture) Verilog 7|&& dlOf otCt &, =2|2& 0|2 &3t Verilog 2 7|&3tes ZAO|tt JFL

M gd E0| oA YL XE O/2 o450 Verilog 7|=E d{OF St=0| O|H2 O EH
& HARER EYO|Ch Xt2t2| schematic capture HAIGUI £ O|8310 2|2E H|ZESH=)0|

=
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re
rot

H}EH Ol
o d

JO|Ct. SfX|2, &M 2ot AMY Verilog 2 27 F 2= S0 HlQ|

A
20 ol gy S0M ChY o ZHSE sl = UCh

i
il
o
rir
o
o

oref Fel ok #ol ®MX wjzol FxRE UEHH=Z ARt oM, =gh=fle2

E
(combinational logic)u} #=X}3|Z(sequential logic)2 2 F&E%ICt CtS Verilog & 0|23l =3t
=2|2 2 & assign 22, =A22 £ always 2522 J|=oHC) 0|8 2MIH 7|27 E2= |4

M HYetE =|2E A ECh

2.3.3 Synthesis| XY

- 2A AMO|Z Eh=

M7 WOl HALR JH5Y Kol EH J|E WA, WE L7, WE §Z
- Aol BN Y

o2 7FX| architecture A= 7s: XX 3}

B Ee 25 A3} Js(=al #47]9 7))

» Timing analyzer 7|& X% (critical path delay, setup, hold time Z|4h)
- HOfX}, 7|&(technology)off RS A Jts

ASIC or FPGA 2 33 7ts
- 27 HE 2Z

a7 2 B, 27|0E 2A4 1 dEE A 2F KNt

Design reasability — IP Library JICHE2 = £HSHM AMRIIS

St engineer7t 30 ~ 40 k AHO|EQ| A HE 7|&
- A 70 E 4%

S =2k AOlEg EA(SoC) Zts

185 |ALHOM =5 - =2 g9, AlZ2old =
- =2 gy 21 As dYE 2l EUE |0H0F7| Of ELt.

2d = 50 A e

2.3.4 Commercial tool for logic synthesis (3rd party synthesis tool)

Ciot 2t =7 50| HDL codeE gate-levele|] X E HLISHFT| fof =Xt JUCt OH
Ctdst std == HDL codeE digital logice2 *[&3l oM, EDIF fileO|Lt graphical

(schematic) HEE XN ISHZCL CHEE9| et &= FPGA-independentdt schematic2 X|-&¢tC}.

8f & schematic AND Lt OR, NOT Z2 gate®t flip-flops@ 2 F4=[0f ULt

- XST (delivered within ISE) by Xilinx
- Quartus II integrated Synthesis by Altera
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- Isplever by Lattice Semiconductor

- Encounter RTL Compiler by Cadence Design Systems

- LeonardoSpectrum and Precision (RTL / Physical) by Mentor Graphics
- Synplify (PRO / Premier) by Synopsys

- BlastFPGA by Magma Design Automation

2.4 Gate-level Design

otdo| AuZ Lt E gate level netlistE EE pre (layout) netlistetd 2210, Netliste] HE{=
Verilog EE= EDIFSE F=E AF2TLLCE O7|M LUst= AHO|EZ|®Oo|ZE CMOS3|Z2| NAND,
AND, INVERTER, Flip-Flop §2| Zt& A O|EZ {MEje AE LsiC

—_

g2 EAXS0| Hots 7IsE UEHSE 2

hu

£ S I AL8St= 20| HDL Q02 Fos
|22 12|= 2h#olCh o|f, HDL HO{E AIR3l= AR HE A}

=)
2 AFESH| WE0 X StEofo] HEoF o= ERCIE =¥

g3S0| 7t
Yoz Fdts 8%9) =2 2d(Synthesis) -85 AX|A E L. [16]

ob #2 EH2 SIE/OVL LYI0s U 52 &2 Aojo|ct WEtM 0| 22X = LiE
QML a9t bE 2HOZ St adder(HAI|)E StEQO|H oz mH|OF BiCh AR 3|2

2dES MEsHA = 9 ooM EolFE FE2 LHE 963 2708 AE%t=s W 7|(addenz
=)

ojgfgt Wds 2= oy uargolzt sk,

1)
)
B

=3 12[1 0|F0| A83%t= adder?| HEHS

7t2|74 netlistetd StCH O 7| A synthesis

i
1=
[

StLtol MAHENZ L0 O|F netlist Mt
o|atm shct.

—

ot L0 c = add_1l(ba);

o Ze 8oz UL ECh 22 CADES AM83lE ZAR0|& circuit XHH| 7t netlist Tt 2
BEHO[ EC o|ZA 2HSO0Z netlist TA2 layout IHg= ol HA H2=2 7o 7tsoh HEY

9| circuit netlist& E=&5}A E=IC|

2.5 Place and Routing

P&R g2 ZEA EA(bag-end)2tinz HE2H dAE 22& =M SF0o| AHEE= 200t
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o L
20= e Iy

mjo

Yottt £k =2lgde 8 ddE AOIE +=F netlistE A3 HZE
of AHEE Zojorzr =Wz Hetsts utEE2 ottt ® M 33o| %A o2 €A #E
M 2ol =2 2|(standard cell library), RAM, ROM 59| oj3z A, [/O T{= Mt MAX7t XYt
o
=

Eto|d =AS HEs ZHste 2ojotr =H

Mappingzl 2t 874 =558 FPGAS| £ =2 &5 X0 Xgot= TAE HiX|(Placement)

MUl

ot ottt HiXIE 24t E55S =2 HZ =0 wat FZ2M W WY AKE AESHY o

2|
= AZStE HAE B (Routing)O|2t oLt HYX[QF HiM2 1 Zt7t &= ofEXNQl XYoLt
z X=

B
rlo
=
r>-

= B0ttt 2 dfMdolt 227t A oA 100% HiMZ O[FHHA, 2f
=2|E HZst= 240|0e] ¢Z ZEI JtsdtH BA E[of Mzo| XA A|7tel EA K=& o
= ZAO0|Ct O|EA E|7| YoM E AAZIL B2 32ZE2 AFE =2 250 X1 &

X b

o
2 SHEE WSS JHN 2252 Y 4N AR Jo| AN HES K7L o 2

Circuit

4

Logic H}nlhvsi.-.
Tm.'hrm]ﬂg:c M.lpping .
LUT Mapping and I‘m'king

: FPGA " i
' Architceture Pre placed frouted H
E ]]L‘M'I:'il:ll fon / Modules/ IPs E
File \ E
: Objectives 9™ By Tﬂninju
: it Criticaliny -
Comstraints ] :

{Dicla, Power) ' Ifermation :

Placement and

: Rﬂuting Output Files
; with Statistics :

2 10. Placement & Routing Flow

2 &2 Placement & Routing FlowE LtELH ZO|LC} Logic synthesisSltechnology mappingg

T2lst & AHO|El netlist TPt FPGA architecture description fileg 8o Z Hh=C} Timing,

criticality & Q} pre placed/routed®l 2258 12{5l0, delay 3 power®t Z2 HAYEXAS gt
ZA|7{ placement and routing2 $=&3tA EIC}
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3 Verification and Validation

Requirement or -
Design Specification [ .Eifrli.l:lvalggar: ]
Model iy [ RTL Design ]
checking
T
[ Logic simulation J
[ Equivalence cehcking ] T T4
] Gate-Level Design |
(Netlist)

[ Post-layout ]

&
Place & Route simulation
/]
7 &

[Equivalence cehcking Static timing analysis ]

[ Layout ’

>
.
[ FPGA J

2 11. FPGA V&V Activities

3.1 Simulation

SLEQIOE O|83AM dSdt=s B0, M2lsh= GIOIHZO| BAHL £E7t

Ol
-

=
=
s 0= H@Iots AlZtol Bol Z2|1 1 JHels mpefstr| xot= 897t A7 W=
740

2ZEQI0 Moz HMAN HSots 40| BRSILh AlZ0|dE XEdts =ETFS0A

o
Ho| RS Mol FW 10| M2 H2 Ao 0| SO A HAold) B = YTk A

PN
Me A 2S00t ofL|2t Test BenchE 2t ZQSIC} Test Bench 2 A
o BE2 ZES0 HAE UHZ QUtsts ZEO|M, Of clock cycle OtCH XNHE SEHSHH=X|
£ Y10 output data? specification CHE Lt2=X| =OISHA =

C}.
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1 wave - default

File Edit ‘iew Insed Fomat Tools Window
Je 8RB AT SRR 4 B meEEER BPR Y
(EREEECEY Y e O

2
=
¢
I+
| &
‘.

I Cursor 1 [4B ns —I

TR AN N ¥ |

Ons o 263 ns [Now 20ns Dela. 2

3.1.1.1 Simulation2| T+H

- Simulation2 “=2|C}

oois g
- BE Z9o| £2 ol He 27t

- [2tM =£3% Coverage EE= Corner Case & FHHSl= Test benchQ| 2/40| 58

- 2RO V|52 IS AEE = U= 20 A= A= o L HIEo Mol 52

- 53 750Ut E48 SEE St Y HWESS MAXTF Y1 Y Y B FY
OF HEE|7| UfE0 HAXZE YX| RSt UM HAS0| TF LAsHH &

3.1.1.2 Behavior Simulation (Functional Simulation)

HDLE 7|&%l code= 1 7|58 ZAZSSH7| 28} simulationO] Q3L O|M HDL simulatorE A}
251 =Lt E8%|= simulator 2= Cadence ARl NC-sim, Synopsys Ate| VCS-MX Mentor A}
9| Model-sim SO|C}. o ™M0fl= VHDL, Verilog HDL languageE€ Z+2}9| simulator(Verilog -XL, VCS,
VSS)E A3t simulation SIS Lt SA= Mixed languageE test & &= QU&= simulator7} &
HMo 2 AtEE[10 QT L0} Mixed signal(analog-digital 242 E)& simulation & 4 Q|
POl 2 I E St QUL

rir

CAD toole &= Z=A|L|0] design verification methodology2|

00t

qr

7™ dAs RS OE 2A% DHEVHIXZX T 232 gted & 2A0AM 7t Sast
o

mjo

£ 0|LCt. SoftwareOf ZZ LM patchE releasedtCtHLE & o= QUX|2E hardwareZ} HE2EL|H chip
A

ChA| BESO(0F ot7| WEO0ICE EXME chipg TtEE HIE0| 49| HIMZ| ME0, A5 89

=

M E %= QoM™ error7t Q=2 DHE0{OF it [17]

Wl
(=]

ol

ggoz

rr

7t =93t AL simulationO|Ct. HDLZ hardware description # OfL|Z}
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simulation2 LSHME A} Ct. E& test bench2tll &£2|= HDL programZ ZH4st=0 24|

2
o
LS5tH C A2l main &2

ri

1 HZtStH EStot Of clock cycle M2 SZ5t=X| Hm{E7| 2|
8l A simulation vector2t SjA| input dataE BHEO{A HO{F1 output data’} specification Cf
2 UQeX AMHEE programE ZEEEHAH =ICE HDLE  simulationdt?| QISiA B E9|

simulation tool0| Q=0 Ct21t 242 AS 40| AFE3ICL

- Cadence®| ncsim(ncverilog)
- Mentor Graphics@| modelsim

- Synopsys VCS

3.1.1.3 Logic Simulation (Gate-Level Simulation)

FPGAE O|&%lA ProjectE ZTIASIHA HEES 3t Z0| AA|St= Post-synthesis Simulation2
TimingO| O} Function simulationO|2t11 E}OL

=2 &, LogicO] Oigh 7|sHe RFE2US Ests A

ret
4

£ Timing dataZt 8= Function0f C{
O HEE0|7| WfZo|Ct. OFX|Tt 2d 20| Simulation2 otChH= 242 RTL source codeE 24

=0l & 2ds R=XE 438 2= AOICL AT FF g8 =0= W7t Baxt o= A
(]

S E0| Optimize E|0{A Netlist0f|= @t LtEfLt= AL 7} QUCH d2hM Tt 20 Simulation EHA|
oM LHZF M2 20X St= L2 S0| Optimize E|OjAM CHE O[F22 HiF|AHL 20X B
Hle A2 gd E0AM ZortE a7t Aok

otdo| ELD timing AS YU testE 2%t designE MBI LI physical layer2 place &
routeE o7 ™ X=Xl HAZ0| ZRSICE 0| 1MHE Gate-Level Simulation O|2} $HC} Gate
Level simulationg {|sfiA= foundryQ| M K| &SSt= simulation2 2|3t library 7¢ & Q3|Ct

0| library Ofl= 2t gateQ| function 4} 7|2HQl timing YE7} EZotE|0{QUCE 2|0 SDF filed}
gate =Z02 BMEl Design Netlist 7} ZR3ICH 07| SDF fileQ synthesis THAHO|A AREl
Wire load model 0f 7|Z=3%} Interconnect DelayE E3tst0 Q0] functional simulation Of H|gl &

st
=

ro o4

240l &2 simulation ZE 22 £ UA otch WX C{Chs foundry OfjM&= ELCf

I-J

.I
o
SDF file O ==& 2|8l Cubic(2fA), Vela2(st0o|HA) @F 22 In-house toolE& 7H &3S0 A5}

ALY

Gate-Level Simulation2 I3 AtEE|= CHEZX QI CAD tool 2+ functional simulationO| A} &2

NC-sim, VCS-MX, Model-Sim 0| CH& X O0|LC}.
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3.1.2 Equivalence Checking

Equivalence Checking2 At& CtE2 £ C|XtQI7ZHO| functional equivalence & M3 st= HiHHO|CL.

o
Netlist 7t &2fe| RTL ZEE HstAH st

fa)

S7t2 #BeI| Yol A8 (£, Layouto]
Gate-Level NetlistS HEoiA| T#SHAS7}7) EITh BHOf Synthesis Toolg 2P RECHE EC

= EQ0oHA| BCf SHA|T &9

O

Synthesis Tool 50| £2 &8 EOFX|T, O[H A|AHE
7

S R|X| e QB EN G £ Y

| 20| 430l 2R5ICt

EC B

- =8HQl AS
HAE #XS Mag Wart gict

- BIEQl A
Algeol o] ulsh &zt w2t

- MNE AH=

o o O o

7teet 2= 30| s =lo| 7ts Stct.
AlZ80|M 7|8 HHES AESt= A2 275 Stht

ECO 7HEXtA 23l 7|52 =YXt Ht 22X 44 52 382= HDL £
= Netlist® 5082 HAS= A
Ol 2% #afel 7|50 HE &[/A=A| =QlsE a7t A=, ECOol 4% W&
KOl Structural HZ0| AX| Q7| W0 EC & ALESH7| HE.

K& Tools

- FormalPro by Mentor Graphics / Conformal by Cadence / Jasper Gold by Cadence /
Formality by Synopsys / Conformal LEC by Cadence Design Systems / Quartz Formal by
Magma Design Automation / 360 EC by OneSpin Solutions

oM A8 Jtseh Ciet &8 EC =50| EXettt SHX|T i E150| 2E Synthesis O
Zit=S ASOHA| ReICh CHA[ 2ol Synthesis =712t IDEs 20| et 4F 7tsot EC =77t

[

Oz JUCkn sk £ QICt o2, S| Synplify Pro + Actel Libero SoC 2tA 2 X|&dt= EC =+
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Cadence

LU s Encounter

FormalPro Conformal EC Formality
Mentor Graphics Xilinx ISE o
PrecisionRTL  pcte) Libero Soc o)
. Xilinx ISE o o .
Synplify Pro Actel Libero Soc No LEC avalable |
Altera Quartus |l 0
xitinx XST Xilinx ISE o o
synopsys DC Ultra - o]

3.1.3 Static Timing Analysis

Xl 2%t Design2 gate level 2| HDL simulation@ 2 =
gict. J8A M=Z0| Logico| H5= fIdh o 7HA|

STA(Static Timing Analysis), Formal Verification O|LC}.

STAE Zt =2| gate 7 @78} setup, hold time, clock skewE SDF, SPF, DSPF 2| delay%

1neg{sto] Yot ICoA Y +

2|1 ™A Design@| Critical pathE X|H3l|3=0{ Design Debug,

Ct. EEBF Timing Driven Layout 2| timing source 7} &= SDC fileg EH|FT7|E

e AN EE2E|= tool 2 Synopsys ArC| PrimtimeO|lH Z|Z0= Primtime SIE ZA|3}
crosstalk, IR drop@ 2 Olgl| 2HlSH= noise(glitch) s A77HX| X[ Rlste= =HEHEl

Ch.

Timing analysise= FPGA 7§&+0] Q0 Efo|Unt SZt7|52 A ZH0| 12{s|{of

= ICOIM e &= U timing0| CHet 2HE ALHO| HME[diF= 752

& 20| F|29o| delay A|ZHS AAHSHA Violationg =Q17ts3tD, AAX

ZOf4L}, delay S)0| HOj2 e x| ASCh

S

CHak EFO|Y Q|HH(timing violation) 0|2 S 7}X|7b UL}

1. Setup timing violation

HFAH

3EAH kA

o

A
=

et Constraint7} {2 EIO|E 3t AR
Ot rising

rising edgeCt O[O 2% 42 L™

ot
rn
|

Combinational logicg 7t& [j.

AlZH E9 7}x| 2

2. Hold timing violation
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Y-EO[ MA|IZ

b7t 2
edgeOf| A data fg QI4]

=
L0{0F 2.

marketQ| A|ZtHM 0 £otst
7( SKe)

desgd =
=

l

=
QT 1 ChEE Ol 20

F7|2oe 2

87| Q8= datae clock

AL
T

k<
0...
HJ|[IJ

U timingdf Ciet 2XME AFEO| XMEsiF= 7|sS Lt

gt 2| O|Ct. STA

STAE AR %

F7t |38t= timing(clock

Zt
=

220

mjn
rir
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hold time S22 |zt HIO|E{7} A% B %0 RX|E|0jof & O|E S0 &5 ofX|0] S=
St= 28 ZE0| 28 S AXSH7|= o Y=0| HHH ™ hold time violationO| £, Of2f=
7

ELERIRFE0| InsQl 0|0, O2fst 0= 2EHYS XS 7IE22 X2 1nssQt2

Solution 1 : + 10us

T
dock [ L[ | cock | || 1|
I ! :
A _invaid Y | vaiid A valid | Yinvaiid
11 |
[
== Setup time > 1ns Hold time > 1ns :q-.-:
8l 12. Setup time and Hold time
; Goml;n:bm

Original : N |

. 15us gl

clock 5 E

10us ! ]

E Clock period E

—_— Combi-1 Combi-2 ——
FIF FiF FIF
Solution : r Tus r 8us|
clock 4 &

10us

Clock period Clock period

R ——

sepuesssahass
-x—--- -

28 F7|HC} Combe| Signal 217} A|7i0| BRIEE §X|

% 13. Timing violation 1} s} Z*H

3.1.4 Layout Verification
Layout Verification 2 DRC(Design Rule Check)@t LVS(Layout Versus Schematic)2 L}&lC}.

DRC : Design Rule2 0%l S0 2Rt 2= 0230 Cieh AA37(9F = 2H0|0F AL
o A
=

Olo] ZHAS DlAIMAMS 98t ZHY|22 S FHESOIC LayoutS 0|2{3t Design A 0f

A A EI00F 5t AAXRS] A0 2[5l Design A0 R FE2S HASL HRE &2
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mjo

K™ =& 132 DRC(Design Rule Check)2t $tC}.

LVS : AStAR ot= 2|29 AFIMHE LAl &ot0f FEE  Netlistet LayoutOf A =&
=

Netlist= EAd2 2FE & Holst HO| &A= =+ ULk Of= A device 7} Ligts O
C
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4.2.2 CyberWorkWench

CyberWorkBench
High Lavel Synthesis

L ——

CyberWorkWenchQ| 7| & 7§ H2 F7}X|0|C}.

1. All-modules-in-C
-BE 252 CE AYECLCH
- RTLO|L} netlist= black boxZ2 Of 7| ZIC}.
2. All-processes-on-C:
- synthesis @} verification2 C source code Of|A =3 StC
- 0| & &M, compiler &l machine language (ex,. assembler) £ HAZSIX| UZ0| / synthesis 7t
E RTLE 3¢ a7t glnt
Cl

- RANZ £ AE 0|2 Clevel oM oHH &Lt

Jd2fM CyberWorkWench = C{2F Ct2ap 2t

rlo
=
00
mjo
A
o

1. CE RTLZ ®H3Z}

2. functionality A45& C Z#0M AT 7tsst=E X[ (HFEH2Z RTL EES HASHAZE A
EXt= C EoM HAF 7SS X[ #)

3. performance & RTL RN AT 7tsSI=E X2 (YA AFRXt= C source codeZ AA

4. Testbench Generator

5. Formal verification tool

[(h2tA|, C description0| @ ZX| K QI%t final description language2 &2 14 E=IC|

2015 Dependable Software Laboratory 29



o

(1]

3]

23
K| Alut “Naver,” 2015. [22}2l]. Available:

http://terms.naver.com/entry.nhn?docld=2079654&cid=50305&categoryld=50305.

=l =229, “Naver blog,” 2006. [22}92l]. Available:

http://blog.naver.com/ahinoam75/50001681508.

4MZE, "[ASICEACSl 7|x 2]-FPGA 2t Baiol7t?”  2005. [22Ql]. Available:
http://www.semiclub.co.kr/jboard/?p=detail&code=infomall003&id=107&page=2. [ A A
2015].

|

—

NS, jg2  FPGA,  A|AEl  MAH A" 2000. [22}Ql].  Available:

http://www.pldworld.com/html/technote/nikkei200004.htm. [2H M| A: 2015].

wiki, 2015. [22}2l]. Available: https://ko.wikipedia.org/wiki/FPGA.

saffroncrocus, “FPGA 0|0F7|," [22}2l]. Available: http://fpga.tistory.com/28.

J. Ranta, "The current state of FPGA technology in the nuclear domain,” VTT, 2012.

424, "VHDLO| 748 (ppt),” sungkukwan university, 2015.

MR &7, "[FPGAR} Verilog ZEZX} Zi0|E 2] ZE," 2015 [22}Ql]. Available:
http://wiki.vctec.co.kr/devboard/fpga/spartan-3a-fpga-gaebalbodeu--elbert/module. [ M| A:
2015].

[10] L2 2|7]|, “verilog,” 2015. [22}2l]. Available: https://namu.wiki/w/Verilog. [@4 M| A: 2015].

[11] of. [§=0], "VHDL?" 2015. [22}Ql]. Available: http://blog.naver.com/shl0309/100010353747.

[ M| A: 2015].

[12] LH2(7], “VHDL" 2015. [22}2l]. Available: https://namu.wiki/w/VHDL. [l M| A: 2015].

[13] operands, “C|X|& @t (Synthesis) O|2t FaiQlzt” 2012, [22}Ql]. Available:

http://blog.naver.com/ner34/40153810007. [ M| A: 2015].

[14] Synopsys, “Design Compiler® User Guide,” 2011.

2015 Dependable Software Laboratory 30



(15] Y=, "OrO|A2Z2 MM 22 FA78 matstr],” 2002,

[16] karakkangsik, “Netlist,” 2007. [22}2l]. Available:
http://blog.naver.com/karakkangsik/130020943125. [ Af|A: 2015].

[17] holelee, “RTL Engineer7t 2 Htz=X & 7§ 3pd,” 2009. [22121].  Available:

http://blogspot.designonchip.com/2009/10/rtl-engineer.html. [24 Af|A: 2015].

Of

(18] O] A&, "Bt=HEAIfote| St MY Sl B dor A" O|X| =X E5] € EAHF 2, 2005.

0

2015 Dependable Software Laboratory 31



