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Al 14 FPGA 7 &

AAAE YAE 325 F3317] 93l PAL(Programmable Array Logic), PLA(Programmable
Logic Array), CPLD(Complex Programmable Logic Arrary), FPGA(Field Programmable Gate Array)
o e mradnE =g 248 dsse 9ok 1 A WA o, AAAE ol

BOH flelx e 2REn B 5e 7R 4

= =2

7] Wit %2
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of A AAWAC] 7hesty] wZolth =, Al LR/ AU, AAAGe]l MAFH
Ao, clelg ZraduE = a8 Azzady @ 5 Y
FPLD
Field Programmable
Logic Device
SPLD CPLD FPGA
Simple Complex Field
Programmable Programmable Programmable
Logic Device Logic Device Gate Array
PROM PLA PAL GAL
Programmable :
Programmable Programmable Generic
Read Only Logic Arra Array Logic Array Logic
Memory g Y y Log y Log
a¥ 21 Zrag9E =9 &%
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I gkt

CPLD<= ofe] 7§ SPLDE shube] el widstar 747be] SPLD =555 2 ddsty
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g ztet

19804 o] =) XilinkAls T2 aHE =g Azl Uik A ARE A7 95k
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FPGAZI= tHlolAE WHERIT =HE2 o7 PLD & Akek AlClE ofelo] &HAEo]
Al Ao HolEo] thefdl 22 Zh= FPGAE AASHA H AR Lo g
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A 24 FPGA T+x

1. SPLD +&

1) PLA 7%

9 227 309 JEH i) 95 e PLAE Holwth wEba, 19 229 PLAE
3R] WME zhe e s AT 5 Ak

a9 229 A g o] PLAE ZR2IFYHE AND oj#lolet Tz E OR ©
dloj2 A=, Z7ke]l AND of#llole} OR ofefloli= ZRas & 4= e H ol
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‘:‘7 ‘:‘7 ?‘7 / OR plane \
(Programmable Interconnect)
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N
s
/ Y,
AND plane
\(ProgrammableInterconnect)r \ = o e >~ )
Outputs

a9 22 T2aHE 23 ool £

% 22% EA mwapydoe] Mr)How T awy PLAS HolFu, Z}zte] AND AlolE
4 OR A°lES] &9 th53

(1) 19 AND 7Al°]E &% =ABC

(2) 29 AND Al°|E &9 =AB’C

(3) 3¥ AND AI°|E &% =ABC’

(4) 19 OR 7/l°]E =¥ =ABC+ABC’

2) PAL 7%

PALS PLA® 5538 #9-2 AND o]glo]s ZZaad 4 9l 3k OR ol#ol= 14 g
o] otk PALS 19 237 Po] 7jEH o= PLASE ZTh AND ofdolnt Zzash 4
A7) ool PALS AWl PLAR T Al %H]go] v AHsla, TEMo] Lol3}
ok olglgk olfr®, = AAAE oY =ydaE a8 W i =2 AolEE uiAl
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o [e)
FAdE et

a9 22 B 23004 B ZIAME, PLAS PALYE @I 7 rEE vk wdh
PALO.ZHE] Fgrs S 7ML Sl A e ZHEFS
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OR gate Inputs will be connected
to the specific AND gate outputs:
Fixed connections when the device
is manufactured

AND plane
(Programmable Interconnect)

a8 23 22 E o]go] 2R Fx

2. CPLBasgiss

Outputs

CPLD:= PAL 7Id 9] &eith dntd oz CPLDE 213 7bsd A4 ddzxe)

2o} pPALI} & 27 H=(logic block) 0.2 A HE ICo| Tl HE,

Aol =2 AolES 74A 3 gk

AWl CPLD= #2 7' =552 Y, 4 Vees

CPLD-= 500 ~ 10,000

=
o
[t
)
~—~~
3
QD
(@]
=
o
(@)
@
=
H

A AFgET 7o EEEe] A4 oA d o g o|(interconnection array)ell <] 3l

3L 9lvh 29 CPLDE2 PAL 7|Rkolm, o]
E

A z3FE o] gty 1 9]¢ CPLDES

EEoke] AND AGIEY e o= AolE 1 BEcke] OR o= 43} A4y

<
|oixitk Zhzke] WAz FUEFED dEEol AND Alo|E ofeolet @asof 9l

4% 77ke] OR o]

PLA 7]Rko]H, 7]

4>



1/O block

J A A A
\ \ Y \
Macrocell Macrocell Macrocell Macrocell

PLA or PAL PLA or PAL PLA or PAL PLA or PAL
4 A A A

-

Programmable Interconnec

\ \ Y \
Macrocell Macrocell Macrocell Macrocell 1

PLA or PAL PLA or PAL PLA or PAL PLA or PAL

/ A A A
A  J A Y

Logic
Block

L

1/O block

¥ 2.4 Y¥FE<Ql CPLD F&

3. FPGA TX%

FPGAE 1% 20w E =g AX=E EFFET FPGAXE PALY wlz7FX =2 A7) A

iF=ol gk AR TR Y O R ot I EE wWE AZte] AT & A 5t

Tk 284 PALe] UWFH o2 AND -OR Al|ER ¥ FxAQ ofgo]lE FHlol| wp&
= 7o agido] W2 Ao viste FPGAT HHd gHO] HAE s AT
T e =y B} AETEE IS 34T RS AT 5 A

FPGA:= 19851 XilinxAbel ofsto] A 27ie ol -2 dA B2 3AF teFet Jee

4 245 ABADA FPCAE LAl EFE AE A%, dEYRT L ¥
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a9 25+ APAR] FPGAS T x5 HoFth FPGAS UlH-= dutdow zwagw i
22 E-2Z(programmable logic block), ZZ 1w & ¢]e/Z2 E=(programmable /0O block),

=z 2 g™ E 4 (programmable interconnect) = A o] At}

Zeadii 24 254t 04" J2E TG e AolE, TYE, Ae %Y
A, Z4 dlolR Fol WAHe] Q. 24 BB2 Zzagdds e HEEAAD 7}

EE Aol AsE WATITEA

rlr
inss
)

2
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“Tgr stefol gtk AR TEagvE 23 F%(0 v 1)ow ofFolxl d¥ HgE
S =g 2zl thER=of gtk &, dAARE FdstaAt sk tAY 325 VHDL
T+ Verilog 22 HDL 1ol & AE3te] dASaL, olge A7 HAogsE AZEYe =

g olgstel T4, WA L WA FAW olHlF AU 4L FAsY, HEHO

|

= “5-/4 3t (Configuration file)”o] A€t A= FA4ILdES 2o E =8 &
Aol eRESY Z2adeE = axtel] AAAIL st tAE 27 A,
TATEL Ao 23 fER olFolA o, ZrIdvs = &7 Ue] 24 &
= EE BF Abole] AEddd ARE Awdth mebA, oled Ao 23 sl w

£ Wel AND-OR Ale|EEC] Adejmjdeioe] o] o] Anj, S5 Ato]o] 4354

2L 93 vMidEe] AFMmAZde] o] Fo] Zth

2po] Az 7)ol uwla}, SRAM, anti-fuse, EPROM - EEPROM Sl 9|3}
B e a4 FH(EE Zeag)e] ofFojxith of¢d Ty 7)
e Ao WA, AANRY, A%, 9%, BT FHAE, M Sol 4L nAE: 3

Q3% Qolty, e HHe] B394 (non-volatile), 2~AFe] AAFE-A (re-programmable),

Nedol g2y A Areagdel AsdrtE ojeld LraduE e sxe] Zz

1. SRAM X =137
SRAM (Static RAM) Z21gfv 22 ALgslE AR E Xilink, Altera, Lucent 5°] 1th
o] FxolMe TraHWstr|A3 od Aol SRAM Aol oJdte] A E oA

3] 2~ E @ A] 2~ E(pass-transistors), E @ 27| A A o] E (transmission gates), =2 HE] S

Eﬁrlrﬂ

it

S AR 29 262 SRAM ZEIefry Aol o Tz s = A
Al 25 Ho]FEth SRAM Wlo| = AAHS Alofstry] 93k -4 (configuration) X
7} SRAM Aol A7t}

-

a9 269 2 EAAEES A9, SRAME HHIE 0 7HAAL oW, da Edaz
2E]= OFF7}F &of  ujAe] AZdo] #oxIith SRAMS| A KB 7F 10]H, 312~ EWA Y
£ ONo| Ho] F ujso] AAF HE|Zeqe] - RAMOl A5 o] 9l gholl u}

e 9 Fol shtel Qo] AEFYA ] Helat ARH

a9 278 SRAM 2@ wAS x8slE T2 aguE =g A2 oA =g
slzo} A AZe] it o= HojFEh a9 2
T w2 EWAAEHE AAH, HEYZYAZ



Yo AgeE ZRagvE e
AR TR
RAM
cell
routing routing
wire wire

Pass Transistor

aAE ol @ WAoR YR mIw 4 4F
Routing wire
RAM Y Y
cell
— MUX
]
RAM

T

To logic cell input

Mutliplexer

a9 26SRAM 219 7%

Logic Cell

Logic Cel

— )

Logic Ce

Logic Cell

¥ 2.7 SRAMY| 9J&] A|o]5H = PLD

SRAM2 &2} A lo] OFF=A

4
Ahg 3k

AR

5

A3ke 34 (volatile) 719 Aot whebAd,

T2 IYHE =g ARE A}LEE A AHAME T2 g E =7
Frsl BEst] 9 A=
o SRAM Alo] tg ON/OFF AHZ #]7g3}o]

o] ROM H+= A& w7} Has)c} o 7]
AL Al 2E] 27V|SHA] oA B = X2
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Al el 249 SRAMS A Slste] the s "tk e B2 )5ke]SRAM
Tz vad WES wol A} AZ R wo] Al2sEl Stel| A AHrE Ao A o
Fold 4 9lom EFE CMOS FAHL ALgate] Axd 4 rbs oot Yubyo
2 v 2y e nste] SRAM Z2I1eiW-E SRAMo] 337 9% A
2 EA ARZ sk APAams} vwA Avk 2904 242 2483k SRAMY AF
7} capacitance JRE= A HEz 3z Aol ARS WS 5 A @k wekA
SRAM T2 agiuwra]e] T2 g s =g AxE A& 7w &2 wol A}
€5l gtk

2. Anti-fuse T2 18

Anti-fuse 2> Actel, QuickLogicrl 5ol AH&3F Bolt) w2 dF7 F AHS §
73k u) F2= wjdo] dal=(open) A= tIEAH O T Anti-fuse WAL =2 zgte] AY
o, Anti-fuse T2 Q4 FE = A (open)oll A > A (closed) o= HFHITH
Anti-fuse= n+ FAF A3 ZHPFE Aol FHA T T w5 T Alole] HlAA

A ZE AFEsle] THET Anti-fuses URFA O 2 OFF Aejo]t,

1% 2.8 Actelo] A A3l anti-fuse WAlS HolEth ol AL 379 Fow FAEHE
o 7 ol#lE2 heavily-doped® n+ WHE A FHAAR o] FolX = F3F A

=9] polysilicon AEZ0 2 o]Fo|Ath o] Fxo] HlwA & 18ve] FAHS anti-fuse
Hrulde] ¢1716lal 5 mA A% HE AFE 527 84, =

A ¥ 3L Poly-Si T3 n+ 5 Afeledl 7]H AHo] o] FolA A Hrt F=7t dH F
AAFE T A AEFe 72 AxAe] 2o FE37 dZH 0] oF 300-500 ohme] B

< A% @ 7 doh

e oxide Poly-Si
R dielectric '

antifuse

n+ diffision
silicon substrate

¥ 2.8Actel?] Anti-fuse T2 )&

Anti-fuse o] T2 E =g 2ake] ZRaqWs A LAt ARE 236
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3. EPROM ZZ 1%

EEPROMS *3+3 EPROM T 21" HMA] AX}E Altera, Lattice, Lattice S0l A A 3-8}
o EPROM "R 29} FY3k 7] ofste] Azt

VDD
Pull-up
resistor
Bit line ‘
Select gate
—
I | EPROM fransistor
4
- /
2 /
- Floating gate
>
0]

18 29EEPROM Z 219 7|&

19 299 o] EPROM E MR ~H = selecte} floating 7712 AlolEE 71 FX=2,
floating 71| E+= select Alo]ES} EMA~H | xdAtolo] A7|A o s AAEA &2 4

B2 So] vt TEzagHo] Hx e Al o] A= floating Alo|Ec]:= A7t =48}
A kol o] EMA|~E= Hso] Ao w8 select Alo|Eol| ©]sko] turn-on AlZ
T Atk wEeF, o] ENX ~E7E 22 adWE W floating AlolEe] Mt EEE = e
b5 a1 o] AFl= EUX|AEHZ 72 02 turn-off 3} 3o}

o]zt Wl o7 EPROME Xz ~9x= Alg®ch 28w E EPROM 2AF
= B3 oly, A AS dAHAIZE Z2ALS gld HEE oA Hu=z A

zzadye] sstn AWA] v ks gAe] vk Y 2004 TEadY &

¢

X,
i
5=
5

¢

A
Z}Ql EPROM E A 2~H = pull-down A2 AFSE 22 pullup A&S 53 AHdY
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fu
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i)
oH,
N
i
Lo
Ry
El

St AZA A2 AR AdE HES 2ES 4t desta pedd,
o) Aol Tz YL el At AxHe] TREES] AR EX ndd $7 A

28 st o Agsitin BuE,

QI Y

¥ 2.1 T2aAY 7|&d & A 4

EEPROM

Configuration Technology| SRAM EPROM Antifuse
Flash

Physical cr-langes during No o No Ves
programming
Reprogrammable In circuit Out of circuit In circuit No
Reprogramming speed Fast 3 x slower than SRAM [3 x slower than SRAM |-
Non-Volatile No Yes 'Yes Yes
Live at Power-up No Yes 'Yes Yes
External boot device required |Yes No No No
Unlimited Endurance Yes No No NA
Radiation Tolerance Poor Good Good Best
JArea Occupation Large Small 2*EPROM Small
IP Security IAcceptable  Very Good \Very Good \Very Good
Power Consumption Medium Medium Medium Low
Maximum working Frequency [> 3 Gbps 10s {350 MHz 350 MHz 350-500MHz
Maximum capacity 1-4 Mgates 0.9 Mgates 0.9 Mgates 0.25-0.5 Mgates

EPROM H+&= antifuse WAlel T 2adHE =3 &A= Ae 2 ACE FAZA
SRAM #"h2lo H]a|A o} wARAel sl H3|ubAdolEl AP FFo] FTHEHE
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ArzaRe Best 9o Ged, & Ao A meage el aAE ¢
nel bR AZAC] AxHe Al Agsitin were,

A 4 A FPGA 7 % TFA

eI E = aabe AR 87 8ks oW Vgl TEsy] fe Al
She Z1ARl WY &5 ofdel® ool vk ZRIdmE =2 axed ®
59 T 228 5 9l J=7F A2 thE SPLD, CPLD, %= FPGASH &
A4 ole] Al o8l FHEEL Stk B, ol
THAE Aol Algehs ZRaAWE =] sake] A, T, AEHelAE A% &

5

TEO EFE I AFs Yt F 22+ ZRagHE =g AAE A FeE F

T
ol ¥

[kl
i
[
&
iy
iz
r
i)
2
Y
)
ng
rlo
ot

¥ 22 72 TzaduE =9 2% F4

A +3°]A URL
Achronix Semiconductor Coporaton http://www.achronix.com
Actel Coporation http://www.actel.com
Altera Corporation http://www.altera.com
Atmel Corporation http://www.atmel.com
Cypress Semiconductor http://www.cypress.com
Lattice Semiconductor Corporation http://www.latticesemi.com
Quicklogic Corporation http://www.quicklogic.com
Xilinx http://www.xilinx.com
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¥ 23 48 Z2a99E =9 &2 FF

AelEs | AR
FEA =] ,
Types S Al < (1,000) | J=HBS
MAX 7000 0.6-5 36-164
Altera
MAX 9000 6-12 159-216
ispLSI 3000 7-20 130-226
EEPROM ) ispLSI 8000 25-45 148-312
Lattice .
MACH 2 (Vantis) | 2.5-5 32-64
MACH 5 5-20 68-256
Xilinx CoolRunner-11 32-512 33-270
MAX 5000 0.6-3.7 16-67
EPROM |  Altera _
Classic EPLD 0.3-0.9 22-64
Flash Xilinx XC9500/XL/XV | 0.8-64 34-192
Cypress Delta 39k 30-200 32-264
ACT 2 2.5-8 72-140
Actel
. ACT 3 1.5-10 70-228
Anti-fuse |
) i pASIC 1 1-8 40-180
QuickLogic
[ pASIC 3 8-38 70-316
XC 4000E 2-85 64-448
Xilinx Virtex-5 30-330 400-1200
Spartan-3 50-5000 124-784
SRAM FLEX 10K 10-250 59-470
APEX 20K 30-1500 128-808
Altera
Cyclone 111 50-120 94-535
Stratix 111 50-340 288-1104

F1)PLD AlCE F= Ak, T8 22k ASIC Alo]ES R Shakd A9,
F2]2) PLD Al°|E 7} ASIC Alo|E =0l mla] 2t 3|Abel whel 15-30 = A et
1)

A5 2 FPGA 7]&9] FH oA

1. AF =

ARplee wiow MEAR FHE RE AAREY PAw
=
-

- N
Hir
o
—
D
H
o
il
r o
9‘L
£

AT o]y 3 JAET} FoldaF HdH o] U] = (Power Density)”



rE

F= A 2] Junction Temperature 7} SobxIch S HA L7} Eold s At A4 §

$1e] wearout gHEo] Folxtl,

AnkH o @ oY KEe wFES 19 2107 2 S35 (Bathtub)e] R FS zHEth
109] opfe] Sx=AdelM 9o Sl

el dSE AAA FE wgFel FolAu, FHEI B

rlo
e
i
T
vl
=
®
o
=
e
o
o,
ified
13
i3
ox
%
o
ki
%
K
o
4]
o,
O
4
\l
)
o
)
(o3
_,d
;L

ojgfd olfr= &, AlAF e A FHETF =2 "UAd F
Au7)zko]l FolAw, o= & Al&He] A B By == Ho] FMRYE

of ] g}

P
tlo

Advanced
technologies:
increasing wearout
fallures

Advanced ;

technologles:
increasing franslent
Failure pl
Rate

Advanced
lechnologies: burn-
In out of steam 7

Infant mortally ~ Normal lifetime Wearout 1ime

OF 210 AR B2 [ FF] AF® ag=

2. WA 9%

a3 2113 o] Bk i BF S&toA A o] == 954 (Cosmic Ray)S Al T-Y]

HA FA A (Neutron), A AF(Proton),  FAH(Photon), &3] A (alpha
particle) & thFet IS S AT oA AR E JAEC] A tir] Tl U= o
B dAEH A E5s hA 234 dAES S Ha, oY d 2ak YArEel
UA] 3af &S sHAlEH ol FEo] AifF o BASHA, A o] Aol
B A Z7HA et dase] t7] Foll EAs A fk

217 -



Solar eruptions: Protons, lons  Solar Wind: electrons, Van Allen Belts: electrons,
Cosmic radiation: lons protons and a Particles protons and y Photons

a8 211 $FAA AFA BXE AL 53

by T T

- F = -K_\%% Oixicle
ﬁi‘:‘}:. AN - (.4‘—’}:;"_;) ELla

E Inzulation .
* "'J}:f::-* "-‘.!:_-ﬁxﬁ? I‘:!f'-'{‘!

High
Energy
Meutron

WA

UNIVERSE  SUN EARTH mw_
& GALAXY

Cosmic Salar Radiation

rays EFHpITons belrs

| IoNs | | ProTONS | |pRorm5 | [£] et~ Psubsirate

Daplation Reg E‘)
\ SN/ :
SRAM  meutron

SDGUL.IT‘I.R CUMULATIVE -~ FPGAsg 'mmune
EFFECTS DOSE

Incoming neutron causes

_3‘?\’:_ firrm errar in routing

Firm error leads ta . . .

* T
. - — _fF” —

misrouted signal or missing signal

a3 2.12 WAMA o] HEEA HEo) n|xE J3F

1) lonizing Effect

e  Non Destructive Effect
- SEU (Single Event Upset)
- MBU (Multiple Bit Upset)
- SEFI (Signle Event Functional Interrupt)
- SET (Single Event Transient)
- SED (Single Event Disturb)
- SHE (Single Hard Error)

e Destructive Effect

- SEL (Single Event Latch-up)

-18 -



- SESB (Single Event SnapBack)
- SEB (Single Event Burnout)
- SEGR (Single Event Gate Rupture)
- SEDR (Single Event Dielectric Rupture)
v) lonizing Effect
e Move of atoms in cystals
e Creation of defects

e Creation of additional levels of trapping

A A HE(Sea Level)ol A WA AARFO JFL AP Bol FE AT FAAR @
24 glow, SRAM WA EzelnE e ARt FAR 14 Aok sow B

IH I Qrt ¥ 2.4% A3, A4} 5000ft, A4 30000ft X A4} 60000ftol A EA FEA}

FPGASY] HWHALA o] )3t SEU A2 7E HoFErh

¥ 2.4FPGASEU A3 A3}

Equivalent Functional Failure
FIT Rates per Device

FPGA Technology H ieati Commercial Military

Ground-Level Applications Aviation Aviation

Sea Level 5,000 Ft 30,000 Ft 60,000 Ft
. . P Na Failures Mo Failures Mo Failures No Failures

Actel AX1000 1M-Gate 0.15um Antifuse Detected Detect ‘etectad Detected
o Mo Failures Mo Failu 1 Failures Heo Failures

Actel APA1000 1M-Gate 0.22pum Flash Datected Detect s jatected Detected
. . Mo Failures Mo Faile Newtron  , Fajlures Ho Failures

Actel AIP1000 1M-Gate 0.13pm Flash Detected Detect mmune  igtected Detected
Kiling XC2V3000 IM-Gaie 0.15pm SRAM TTou I R e R AR axnmnla g
Kiling XC3S1000 1WM-Gate ainm SRAM 320 FITs 1,100 FITs 47,000 FITs 150,000 FITs
Altera EP1C20  1M-Gate 0.13um SRAM 480 FITs 1,600 FITs 67,000 FITs 220,000 FITs
Altera EP2C20 1M-Gate Snm SRANK TO0 FITs 2,400 FITs 103,000 FITs | 330,000 FITs
Altera EP2530 2M-Gate Sdnm SRAK 1.500 FITs 5,200 FITs 225000 FITs | T10.000 FITs

2]) SEU Z 3} FIT(number of errors in 109 hours) @92 A& o] 9L

3. Elo]® A

a7l 2137 Zo] o] ARl el ZEadHE = Ao HAY 3E=
of thato] A|zke] Aol glo] Aot 8-S WA Ty, A= 2z E¢
54, AHE 2, ARRAY, BmAAC A8E V]sed wel, 74 AlolE B A5 ER

N5 Ao WAT, o]ef st Az Ao |ste] 1 2149 @o] Yol vhat 22

o
L)

-19 -



o ——
L P a1 Pdad
o |1 ' -] 1 B
1 o 1 ‘) L
1 | L]
A (- I
o o E .
E c| P
a1 7 4 &
D 1 ]
u In Perfect World, No Timing :I_J:‘
a1 ? :|" 4 5
E P
1 |
2 1 4 5
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m Worst case characterization
» Temperature highest
» Voltage lowest

e Technology process slowest \
e Tnand fworst  Trc { worst Tinv [ worst 1 L |.|:|
i} 1 2 3 4 8

1) =8 A (Glitch)
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g3e] 042 WAL 5tk oldF TR A%

3 sze) 054 9 277} 4P ojg,
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m (2)

Gating signal

L
(a}

J = R S
—

(b) ” glitch

O 215 ZEH = Aoy 4

gy s AAEA goew HA B FHEES A3 B @ ¢ e 2UAE
ol

WA 5 ek 29 2159) dsh o] Fme| ol

29l AL WY S Qow], ol 54 2AAE FRe] 0B WA A A

+ qlek,

2) =94 A (Metastability)
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=
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H 3 & FPGA g 3g

A1

o

)

=)

=)

2)

A <]
)

4 FPGA 1fA|7]+ % QIs7F |
o] FPGA #E FAAH

A oF A 7] ¥l KINSO| FPGA & iFAI9dS a.okstd vt 2t

FPGAS] 7PgAL 7159 AEA S st=dlo] /e des van, AZEY

W2 e A et 2 B4 aTFEn.
e

- Simulation Waveform
- Board Level Testing Waveform
- A7 =ERY ALE SadAle] 24 s s
- Test Vector Files
FPGA 7ietel wigh 1s)7ke flsiM 11 319 & FPGA WA S whetol

shul, 7 AgEAnit Jaw a9 sidA AdE EgEel aH,

n=9] FPGA #& AR

2
>
1o
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o
o
>
N
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o
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e,
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‘O,
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Ho
o,
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i,
o
ol
ol

c},

AA ol FAAF B/ TIES A AT FAAJD AS dA glon

FPGA A7l Al tha3} 28 Atghe] aiefd Zart Jlvpar o

- FPGA 7]uteo] oA a4 A
A EA AAA Ao Fas}

- FPGA 7|ube] <txds Ajxgle] 2l Bl S FPGAS| <t A w3y
(practice)ell A g}aloF 3kt

- FPGA: A& 7HERF ofy e} AA AW F7] &<t hardware/software A]2~Fl
o= Fayofof g

- AZAC] FEA, 948 was 29 2 Aol FAF AR A
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43 4 JEE FPGA <A A 3 (practice)> TrAIE oo & Al )

Minimum Document for CPLD/FPGA Design KINS

% General CPLIVFPGA Design Process and Document

| Design Specification |« Functional Spec, 1/0 Signal Spec, Test plan

4
| Define1j0 | « Technical Document for Functional Requirement
l for Specific 1/O Signal
« HDOL{WHDL VerilogHDL) design files
= Schematic diagram

| Design Entry

1

|FI.-rl".'|. anal Simulation

sTest-Vector for Functional Simulation
» Simulation Result and Analysis Report

(EX, User Constrainks File)

B = Test vector for Timing Simulation
[ Timing Simulation | « Timing simulation Result and Analysis Report
1 + Report Files from Design Tool

Map, Place, Route | ® Intermediate Output File from Design Tool

| Dowrlcad | «macHie

|

| Board-level Test | + Board Level Evaluation Report

2

2

% 31FPGA AAlo #AH H4a 8 F

3. IECY FPGA #d¥ 7|&7|E&

o

=2 71E71% 93] ol shuel IEC= dAHAR ol FPGA 719E A 2HlS 485 98}
o] CEC(Complex Electronic Component: FPGA, Multicore microprocessor 2 1L HA 3|25
Zidke® 7 Alzghe] i 2 ASdd AHE 201249 AAS SRR V]SV IEC
625665 7NEata gtk A Draft AEl2 AlAS IEC #H S YEo)A Draftol g
AEE W Qov], 0gdl 2o sude) B 2XEdeld hd AXg T 3
o},

° Pre-Developed Hardware Selection

° Built-in-Software of three different types

° Multicore microprocessors specificities

e  HDL design (FPGA, PLD, ASIC, ...)

B ole @A QGRS AR ASA] Axgd 488 A4 Zzad
WE e a4E AAS] fads 19 329 RS AWIAL wE AL Atsa
1.
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\ /

CEC CEC
requirement aspects of
specification validation

Acceptance of CEC
pre-developed aspects of
CEC integration
verification verification
CEC
preliminary

design
verification

CEC
design
verification

CEC

implementation
verification

¥ 3.2 |EC 62566904 A3t FPGA 7|d&A

STAGAA, 7B A, FAEA, TE, a5 2 @A AA g g9 2 dF
YR AZEGld NBFH} FAst BE, 2ZEMdolE JEHoE A A F

okl A= ghaioke] Working Group(EUROCAE, RTCA), 215 7|3 (Federal Aviation
Administration, Joint Aviation Authorities, ...), A/IC &3 AHAIRBUS, Boeing, Cessna) % H-%=a3
A} zhedste] o]m] DO254-ED80C]24= FPGA #&l 7|&7]ES At Abgsta Utk
DO254-ED80= ther3t 22 W&ow A5 o] ol

° Chapter 1 : introduction

° Chapter 2 : system aspects of HW design assurance

° Chapter 3 : HW life cycle

° Chapter 4 : planning process

° Chapter 5 : HW design process

° Chapter 6 : validation and verification process

° Chapter 7 : configuration management process
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° Chapter 8 : process assurance

) Chapter 9 : certification liaison process

° Chapter 10 : HW life cycle data

° Chapter 11 : additional considerations

) Appendix A : modulation of HW life cycle data based on HW design assurance level
° Appendix B : design assurance considerations for level A and B functions

° Appendix C, D : glossary of terms, acronyms

* Design assurance level

Level Classification Failure Condition Description Phkvh
.l'lj'\ Cabastrophic Falbore condions thal would pravant continied sala Tight snd 1:.1 D-:—J
anding
Extramiy
improbabia
B Hazardous ( Severe-bbjor  Large reducton in salsty margns or functonal capabiiies, {.1 D-f
phyaical distress or higher workkasd such that the Sighl e
cirild el B reled on to perlors thedr lasks sccuratEly o Bdremiy
completely, oF adverse oifects on cocupants indudng SENCUS  peeole
o potentialy fatal njues t0 a smal number of those
ooupats
{: Majer Sigrifcanl  reduction i ealaty  manging of  Tunclional {.] D-L‘I
capabiies, a significant increase in fignt crew workicad or n
condficns imparing Might aew effcency, or discomford 0 rprvcle
acsuparls, possibly inchadieg injunies
D Winor Slght recuction in saftaty marging of funchional capatiiies. a {1 D-lj
=bght increase in fight orew workload, such 2 routne fight
gl chaniges, oF 30rne IRCOrveniencs s idiparts Probatle
o Effet Failre pondiions thal do not afled the operational capability

of the ainrat or norease fight ones workload.

Ao A5S FEE ol ) oS £, Criticality

levelo] A HEi= Bl Al&glol]l tid &<l 3 A2 SH4es FPH=s a8k 3l

A 2 A FPGA Y}l x~ #4335}
L AR FPGA 7|& = H¢t

@A FPGAE o] &8 A28l ALe 3hAE BRAth AAE /e wFohd opgE

HEes "Ad 7712 alAlshy] fs FPGA ZlEs AREE 4= 9lor, F WA

M

H(AAEHE vlolAzxzA ) AL Aa FPGA 71%S 8T F Ak F, &

o

E9lo] Fute] U AxHe ol ARLRANE AgHTE Lejuh, olel@ who]a

[l
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RERAA AL 71ES A3 RAsta glom, e Rae gt s g
sk A7h AR olH @ Agoll slF melaZRAA S VS AR FPGAR T
dste] g ZRAMES WA 7 vk Al WA= FPGA ZIwbe] YA A[mE o R <t

Adg A2gS 2o JEste] e i 488k ol
1) ol HEE FPGAZ 17|

TF 349 Zo] B2 o R FEoR FAE REd Yles ¥ N FPGAR TE T
otk wEbd, 71E) ofd = HEZ FPGA IHte s tiAshd, ulg 2 Flo] 4

PN
g = 3l

N

29 34 Discrete 2EZ 02 FAHEH R 7|5S FPGAR T3

2

2) AAE TebE mpol AR Z 2 Al 2] LA

% 35+ X292 EDF AlolA] Motorola®] wlolmz =2 A4 el 68009 7]
FPGAZ T33 7S HoFr}l. EDFE FPGAZ MP68009 7|5 T+&8at7] 98k
SRAM E}SQIe] FPGAR ZZEEIYS 7NUsk So Antifuse EFSIS] FPGAE AM&-313lth
oj¢} o] Aito]l Ty mie|ARIZZAANE ARt Al=Fle Ao, fA 2 BE
2 8 vlolaRZ 2N 75S TR T FPGAR uAE 5 qlth

M

1% 3.5 Motolar MP6800< FPGAZ uLA]
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3 AR Azwe A

O 3.6 Ul S AxtE ALy} FAS AL EAFZq A JfEgk PLC(Programmable
Logic Controller)e] 9= AAZ e AFRE FPGAS A L£3) o= KHolZFr)

ols} o] AFAL Mg BHOZ FPGA 71ES EUT 5 Atk

itk
o
i
Lo

2. ZU)9] FPGA 9343848 I3}
1) 9
s ro] EDFol A thokdl FPGA T AS 33l Qo) 2&o A AFE Ay 7

o] 1E 3ol 4 §5E CPU HES FPGAR ol&dte] A4AS su vk EF, e
3 e AFgelA FPGA A% aleldhal glr
® Upgrading of the control rod positioning system
= Non safety classified
= 32 900 MW units affected
® Redesign of pump speed control systems
= 1E classified

= 32900 MW units affected

A ket “Raidy”cﬂl*i% Aare i se] ShAEF AZAAS H4e BHow
@ 1&C EYUFES FPGA 714 ol &ate] Laigint E& Raidys £ A=HE o] &3t
o] Brlzlole] YxteEubd A Kozloduy 5&6 5719 ESFASE 7/Hutéls AYlS Salelar
otk B Apgde 2008 el AlZrglon, 2011del] fEe]How Qlvh 1Y 3

A Eket FPGA 71uF A= A0] ZAEL RojFT)
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a¥ 37 3ol FPGA 714k A5A o] Al~H

2) Bl

n] <o) Wolf Creek-& 20041 o] RPS @ ESFASS} #+-& St 59 Aol AHgalr] 913k
FPGA 7|WF &S Jhdats AFS AlZFRITh @A) NRCellA 1871 FolH, Q18] 7k7h
Eud 2009 d o] Fof] WA o] AXE APt vk 19 388 /¥ ALS(Advanced
Logic System)< .o =T

1% 38ALS THEZ

3) isa=s

T

719 vttt CANDU AR &ef -2 30de] dglen, 7179 w93 A
of FAsA Hoh 53], ASA ] Al2~ge] wAls dREAgA R giFE A 1A A
dAE =T I&C 7]7]1E HAEE sle] FTho R FPGA 7|uh st=glo] ZHEL A
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wakar ik AvbohsE 2hd A 9] Safety Shutdown System No 1(SDS1)e] E¥ *=] = FPGA
of F&stglaL, oldl digk AyE s A% AlEdeld =& Fsqlth 19 39
+ SDS19] g AES HojFrh ofF 7hA = A HAlskA = 2 dEHeolH, =%
skl AISAle] Al=glo] FPGAS] A874& otalr] 913 A& TS slow Add
t}.
PARAMETERS
TEST
Y
CHANNEL AMPLIFIER/ o| DISPLAYS -
SENSOR | TRANSMITIER || TR SEPONT [ ¥
TRIPLOGIC [ ?| Logic [ % TP SIGNAL
¥ 3.9CANDUS sDS1 MY

4) I
Aol =AM 1 3109 #Zo] BWRE fixtEe] A A& SAs] 9l
FPGAE 4-&3%F PRMS(Power Range Monitoring System)E 7|23} 31t} PRMST ¢AFZ9] A

A=}

A E A} i

HA 7k 74 e gzl dAE

wob ANEAYE AT

<+ =] Al (Differential transmitter) =5

B 4714 dss of Al 2R BAFo] AT E BT

Control Room

Reactor [—¥% ¥ ms
— ) i :
PCV Building —
= REM ! » Computer
Cover Tube
e E— | o mues
= Reactor Core | \PR\I'] PRM 1 nit|
ap - I ’—‘ |
iR ' . Flow Unit |
} :3 vt Jet ey a1
''''' I~ Pump .
{]a - ; / PRM " - Recirculation
t Monito r Flow Rate
Reactor Panel Signal
Recirc.
Pur]p FFlux Signal
= ,/ ' Flow
- i Transmitter
d Elbow
) Meter e :
LPREM “ —
Connector ;

Penetration
(Electrical

a9 3.10 ¥ BWRE $3 Power Range Monitoring System
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9 3113 #°] PRMS+ LPRM(Local Power Range Monitor) =53} APRM(Average Power
Range Monitor) 52 A% o] lth LPRMS A 7| 25E H7]|4 255 wolA, A%
2 2T F oldna 158 gAY 452 Aeet. Aas gAY 158 o 4a)

LPRM #HS AA3aL, o] gho] HAXE x¥sid 4d&s =

QA= Eeo] AAAE xreY o EE =Y

C LPRM

, Module
C LPRM
Module

APRM Modulé

LPRM/APRM Unit

o U |
FLOW UNIT LPRM:Local Power Range Monitor
APRM:Average Power Range Monitor

1% 311 PRM T4

19 3129 7o) LPRMQ BE 7|58 FPGAR T =
o Ao AR AH7)E, DA B F

52 FPGAR T3 AT,

LPRM Module FPGA L Operation
| Input IFF
IN FPGA Analog .
iE b - Filter
Amplifier L. FPGA | Digtal h}OUT
Comparator v
HMI

¥ 312 LPRM T4
5) =t

FFAAE RE J15E FPAZ THW FAEF ASAC A%l ARHAE ke,



gy, S dAE AT, FA F3Y 2

and Control System) A}91-S FaiA e G2 BEAE, &3H4 bzl dn]-7] 7] Ao Al
5 9 ol Ao ZPFoE AFEEE PLCES JNEslgith EAFol A A3k PLCY]
e 71%S Fds7] 9te] b9 CPLD % FPGA7L AM&-F Stk KNICS Al

232 KNICS(Korea Nuclear Instrumentation

Ao 7]7]
e B NLE bHTH AV @ ATt v)FelA QdEItE wgkon, 2
517} AE &= o213 CPLD 2 FPGAS] AW 2 HZE AxEx %350l gt 1

o
w
=
w
flo
2
Y
off

FAI 77 A AFE EA FPGAS 75 AlH S HolFET)

a9 3.13 SHASFA 77 7% AE

1 3 2 FPGA 7/IHFA4 & 3
1 M

s E] ASAAAEA FPGAS #-&37] 913 FPGA 2 &4 =7 AAedt A

o7 FRET. AATAHLS Al2" 2T Fol FPGAC dldshe S TANES
FEsto] @SS WEShE FPGAE sk, ol& Tdste @5 xdshd, HF
A 2 AR FPGA7F L TFANES ThESIE=XE F9dla AT B4 AF

719k Alz=gle] S flEA AEE R E olek thEX tta waHth dF 5
o], IEC62566> 1% 329} 2-& HatE FPGA 7|¥h AJAES AASESE Aotela glo
), SdAE AT AN FPGAE AAlet7] flste] e wdle 19 3149 Hrh. 1
d 329 19 314 2LV EES VW o R FPGAE AAEtal th. Eeh

1
GgRopl A Austn gt Adggeln, o AUFYE v REL Jnosn sa g



System
Development

Syatem Testing

Validation
Verification

FPGA Board
Requirament Integration
Specification Validation Testing

Verification

FPGA FPGA
Architecture Integration
Validation Testing

FPGA
omponent (BElock
Design Validafjon  Testing

FPGA
Code & Implementation

a9 3.14 IFFAAHATLe FPGA 714 A|2HE JjdEA

Requirements capture

Praliminary design

Cietajled design VHDL-Verilog

Floor planning netist
n Yy
I Blullt in test,

Manufacturing

device
programming

a9 3.15 gFEoke] FPGA 7|49 A|2H uFA

2. FPGA ZAAEF

A® AAE ANHOR Top down ANl AHEEM, AZH-SE M, BESE
A7, £2A-5FFPGA 59 WY 3 5F) AAR TRED 7 SEed fYus du
A #Ee e Pk

1

ol

R

(0

) Al=d A

o A=HO] 7]eS 3 T9l 2 23 (FPGA, DSP, GPP, Memory)
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gz 7155 sy FPGA &
FPGA B}l ¥ =17] AA

gl g A SHolA AAES 12

= AA

Power fluctuation 2 ground bounceE 3o

A3 A9 2 ground plane 2 7]

PCB layer stacking

H rise time ¥ FPGA°| 275+ power sequencingS WHS3al7] 9%
regulator®] 47 2 A7

power decoupling capacitorsE A}-&-

I et

$A9] 294 &9

o&

FPGA /09 =9 risetimeS 4

e B gAH 2]

rlo
Sh

UA" et oz J9S

rl

clock ¥ Tt} & el Ry

K

i

FPGA power dissipation and cooling

=) FPGA A7)

Synchronous 2 7] Hi= Asynchronous 4 7] 2] 41 &

power

- Asynchronous A= W2 SHAIZE small designe] 7} 3k, glitches, bus

skews, timing issues =l <Fsh.

- Synchronous A A& =X 9k AlojH SHAIZFS 7FA M, larger designo] 2

O~

T . 11, glitch, bus skew, timing issues E°] SlS.
- Asynchronous 4137} FPGASHelA Clock AlZol] uwel ==
Metastability 7} & 2.,

=2 fan-outS ZHE AlE = timing skewE E0]7] 9131 global FPGA line
&

/0 ¥ ¥ = Alg-3h= AR 1O flip-flope A&

HDL State Machine DesignS A}

SEU 935S ¢3tstr] flate] vt 22 WS ARE
- SEUimmune %+ SEU tolerant FPGA & AF-&

- Error Detection and Correction Code A}-§-

- Module Redundancy A}-&

- Scheduled or Error-initiated ReconfigurationS- AF-&

- Wachdog timerE A}-&

.O_/\}

=

FPGA2] Al-83}#] %-& pind high impedance A ElZ F+ 2al pull-up &

pull-down A &S zte= #Qto g mAgA|Fl.

~ H—
wolz AEE ¢43slr] 95k voltage level translators AF-&-(Max3372)
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0 O - - 0 e O O O 0 8 5

Ressuen D:—I— 2 Aequinkresss | Requirement

Phase
S — . 5 .t

D&l VAV — General Daaign

D - [rer I st BN E I._'.D Vot
I_I_I T
- Design
e e N e T

0 !
x L] I RTL walldatksm
| RITL sireditin |
—_———— P —iE ok e — 1 ———————
STinEss
[ . - Implementation
Prical Sy Tilectd syl | Phase
I T
¥
De=ice Ij Teun
et e
I . Board simulatien St |
3

1% 3.16 FPGA Al¥ AA &S

1% 3163 o] FPGA oA MF AAIS S o g
Q) A A 2A
2 AAEA z2A

3 Z= A4

@4 944
(6) Al B oElA
(6) Aol A

AWt o7 FTi= VHDL Ei Verilog 28 sl=¢lo] WA 910} 2 RTL(Register Transter

Leve)= AHt) oleldt == S AAA AlolE FE9 netlist 7} B4 dh 2

3. FPGA AS5E&

A" FPGAS ATd o=z gy % ASFT &S Fidr &85 FPGA 7l

wokAuiet A Aol A AapEo] o)A wAel HA ApEe] Qo uel HEs
I, AFAEA AAED Y= AE FH5s dFES DIy HSE 5 JdE FPGAY]

N

A% A%go] A28 2P D FPGA R TALEE BEGE AB AW Fajo] 24
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gt e BT O§ 3172 ASA0] Alxged 488 FPGAS] e H Uy
goll FH = AF AA 3 HSEE] dE RolEh
FPEA FRPGA FPGA Eyutem
S Flanning >§ LD >> Desian > Cade & implementation >> Integraticn >
'_':—JEF—' HDI..ngmm_g_'ﬁ:?__
i [
L:Tcﬂ Benches
Ardensnd FL
tew | Crbds | Crecke Amen
GESCH e
= b o Lwlx. T
Grpiimen | TTACRH, .-rl.:c:qru'w“
BIN |
o
Checklist-based Raview
and Fagan Inspection
Timing Simulation
Integration System
Verification Component - Testing
_ Testing Testing
aY 317FPGA A23A 2 &%
1) &g

FPGAS] <l W o= FE, Blo|W 4, Aladold 4o ARE5al gl

7} Fan=

FPGAS &5 9 Uz 35 E HEE A&7 25 A8, o] A&7F aFol
FPGAS] A7 Ao A Aits= BE AA AREA =8 2 7AFE A4, FPGA S7-A}
g YHA, FPGA AAIEA, = F)°] HES A AAd F/7F lEAE Flste 24
olt}. o] 9l #Jelli= Checklist 7|WF HE 5 X ES o] 3l oA 3= 7|4

483 & 9a, DR FE 2ZE] BTE Bl F9 AL A7 W)

i
1

QA golw BAS 7THY FPGA 220 thale] 71 Worst Caseoll thalo] Elo]™
S FAske] Worst Case %ol 2749 7]5& a9 A AL gkl =3 5
A5 gty T3 FPGAS] 3|24 A Alo] A 4 Q& ZE]X], Metastability #
Efoln FAZF LASHA] @ AE Felet) olefd AP e AXEY 45 &

&30 A9e 43 w2l £4F = ek
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t}. Al ol 4

NEE FPGAE 2l dFolA 718 F8d dF= AlEdHoAES ¢ FPGAS 7% %
Ass FRlske Blojth. AlEe ol dold AL AT Z=E FPGA the-R= 3
7] Aell, =9 Tl 279 VT 9 A%S wHe AE I flate =9
e dolH(EIAE W = ARAE)E wEo] TMEeR Qbstal O EFo] qidE
gt TURAE Feldh= o]t}

. Ubrary TEEE;
Design andl implernent a simple unit o, std logic_1 16ehall;
pErmitting 10 speed up enceyption with use izee std_logic_unsigned.al;
RCS-sirnilar cipher with fied key st on ~

entity RCS_core s

2021 microcontroler, Unlike in the
expernent S, this tme your unit has o

port]
clock, reseb, encr_de oriin std_loaic

be able to perform an ercryption
algorithm by itself, exeodting 22 f
e Coding out_Full: in =1d_logic

keary_imput: in std_logic_wacton(: 1 dawnta
beey_rmad: oot sed_logicy

Design Specification S o

Functional Simulation

data_input;in std_lo gic_wector(* 1 downto 03
data_output: out std_logie_wecter(=: downto )3
:in std_logic:
_input: in std_lagic_ o] -

Synthesis

On-Chip Testing

Configuration

Post-Synthesis Simulation

: Implementation (Map, Place, Route)

Timing Simulation

LT -
[ h g E—

1% 3.18 A

19 3183 o] AlE# ol
Al EH oA, Efel®) AlE# oA
QTS Aok, ol
A F A APAMEE THFo R QUtste] 2AH
A EGolMolet atH, olwfol= A5 AAHHE 3
2k ol g 7ls AlEd el Wi 32 w

e Aol At H3e sRe] FAE gl
go]d Aol EA7F Ae Ag-ee v
= Afde Hrde =g e
Ag AR 34 Fole &

ool wep =7
Jeh gAE I 2E

4

9]

=
T

i

R

%l

RTL ==&

s

lo

I FYsio)

7154 AlEd ol A,
AT fei M=
Ao HuEH

T2



ol AldE I ofFol= FPGA A Bl oulAd IHgE T wfA 2owjadol

B ool Ul 527k FPGAS) BelMow Td UL W, A5k MUz sed
Agre] Adgnst 2 AAe] Aawel AF FHRAT] AAPUE o] Tl v

EgxE7L FEE0 o] EHAES AEHoA FoaM, A5 AAgues ¥3}e
AA B2 BolW AFHIAE TS Ak 919 A A A Ao T
3 AlEAbE Y] dEo R a1 BAS Felste], AlEH oA Ao EA7 U AGolE=
A ZEE FAGe 99 FAGS v WEste] oFE Al

2) ZERSI ey

FPGAS] A E#olde] Agror ojejAn, ujx 4 wjde] g HALGHE FPGA

otfg R =gt} o3k ¢S “FA(Configuration)”o] &t 3hct. Ao Eud, 18 3.19

|

o} o]l AH FPGAS 98 Ho| A5 E 3t Logic Analyzer 52 2 ZHA HAHE
o] g3l HHAZTS BAGE AFS sl B A FHoAE HEFHoR T3E FPGAS
EPH o AlgstE Agoer QA Vesd BE QFANES WUESHE AE A

dotr] Wil A Aldolztas gk

A

a9 319 =40 AT Ald

4. FPGA A7 2 AF &

FPGAR 7@ AsiE AZEd] AUET 9 AFETE A €k s

7o AlzEo] ARRHE AZE] e B ASETE TR0 deHel A

F glgol 9Fsolor Ak e, AA FEOR ot BT FlE olud U3
e AR BTt gt dom pud, Addon tev e 9TE FRsE Aol
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M 4 & FPGA AA x|

o] FESETA AT AL FFAARR] AAXY L EE
Zaha Qvh QA Ag kol e}, G Ropl AR AlnEe] ke
g Za% BHow Austa vk meb, FFRoklA AgHE AANAS ARY R

ofl F¥3 Hgd 5 Arta wekEh

o
‘iz
12
QL
£
N,

A AEE 35k o WA= 7P dubdel EAE F9 shus 5 A5
12 e vk e (termination)o] Tl RE tlulo] AL tjste], ZF EWIEE s &
A 27t AdatA HoU=A HolH ANE 9 HA JR2EES T A HESoF &
th ol gt Bt A5 FHEATE Aol oA FHEHA &S FE U

1 2E 7

Actel tjuto] o] Z7] Mo EAJ3t= o] AELS HEEA] HA|Hojof st} o] AEL

St= A (hard ground)”7} S1~EH TZE MY S 313, 10 kohme A&} = % 3 (hard

jumpen)E FAeF HER Addste & W
2. JTAG Slg Ho]

Ao @e tAE mle]la® 2 JTAG QEFo]=E Zhal vk 2 A4 A
of a75e shtel §A4 W2 TRST*o|t} o] o] EAgthd, st= A ook gt
dvFetel IEEE 11491 232 5-35o] ol £¢] A¥S 2737 wiolrh BE doA
ARERE AAH, Evhe AZE ARSIl Hw TRST* Wo] 94 kel 24 threshold
FH) E olE Rt AEHlel e 4 itk WHFTRST* Ho] EAjShA] eb=vid
TMS7F 24 15 #A8taL, TCLKE A&7 s2kshs S34Ql Al=s F5Folofof g
o TCLKe] i o AJag) S9& ARgshd kv dhustd e4tes oh oot 3

o] F2 &9 o] FH€ow HAY, 295 ¥ (clamp) & F= At
3 A8EA 2 QY

AntH oz FE yulolA~EL HHs A FE (terminated) S zkal lojofnt o
C

Akl CMOS tule] 25 A o] = HgALgto|t), FPGASF 2 X2 1% 7hs3dk on}
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o|=EE mloldw 3RO T Vs SAS &8st AZTESNE Fa ARESHA
ohi= WE AAHM o ) o= W, Actel SX9F SX-SoA19] HCLKL} global routed £
gt 2o 28 dYe EYds zha A (A ES 5EE BHon). wEkA AL
S 7F MEA] HHEEA FEAlACE ) wkeF HAE A FHE A evhd B R
55 Zoth E o d2E, AR %= LVDS Al 4 ES UTMC 41914 da
A wpel o] AAHA e Am FAMF Fduh. vnfolxsol webd N/CEhaL 2h
B UES WA xR AEE i Utk wabA BREAdA O IE5S T
71 AL EAE 4o F vk go g, oug Agode NIC d55 THAA &
I

o) weA 7t WEe Fo| WA Az 1oy Bes

-

4. HAE Qg Ho) A

o rjulo] ~Eo] custom EHAE SQIE]H O] AE 23l 911l case-by-case EU]E T ok
gk gt} o] QIE|FHo|AEL HAE Fujel AZAYY] o), Azt XAl Fo| zA

mekol gk}, ol & £ Actel SX-S Hulo] o] HIAE dAE2 AHR FuH ooyt it}

o,

Q3 2o BE ulelx WSS Fusolop ) e ASL YRA F0g 2w

Z Z2EY $£5 ul mxutoe g v S ¢alA A-sA Fur ool sl T2 g

Fed RET Lo Ewe Asd gaja Folse)

6. TE A¥s
CE drlolsEe BE WES 2a 9 ol g Aoy AwHe FHe gy 1
ol 7k W e WEA Az ojopu Fhe}
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2 g Hell =914 & 5 Qe = =5
olE AlEo] WAF o] t} MRS ofZ g Alo]d :=E(application not)ell Am o] ltt

2 Ao F7F AdE wrk g oledk A

£ AAAT Aael Qo] WAE WE vk wE2s 29195 tile] 2%, e S

E, W& AC, DC 2 whe A

+(Ground/Vdd bounce)e] 473k &

fick. o WY AL Axstat ¥ b AR 1 ARE 1T 5 9

>
=
Y
0,
s}
g o
rBL

(1) wrefF daskA] Fevd, 3 SF¢clew)E Ze 99 AHRE A

(B) +=AE wlA SSOE<2 7N4E Alojsle}. (Example: Do address and data busses need
to switch at the same time)

@ =3 HAgHAl(families)ol thalj A, whef BE Aol < (rail)ol]l T o] v,
(6) 2 "R widolh, 21 2ele] wiEe widels 53] wHE ARk BE

(6) 27AS Faet
7 A& A= YA teiA =, mE A, F3A, vleld AAIEE wjd s}
H92 A, A d4L BELe3 Qgula RS z7 @
(8) U thresholds &wslAl Aels e},
- TTL VIL = 0.8V (9}
S (rising) ° X5 ®1ZFsl7] wiitel Fs)})
=2

- BHY fupol s 7bs% 5V CMOSY the 9= A

=3
=

W o] AYE 1A =Y Aounce) 2 3

—{o
D’

= XZ
threshold =4S A&ttt ol HA "™ (bounce) V7S a7+ A
o] ofye} A wh&(bounce) &5 s} 71T

9 ZY# HJA = dosle AHE EEHoR ol

H =
13 VA fA d) ),
(11) When Using JTAG and driving board with test data over multiple parts you can induce data

AT
o
ﬂJ 10

(10) =83 HA ¥

rL.
Fl\

pattern sensitivities, particularly with large data busses, perhaps switching patterns from
FFFFFFFF to 00000000. ©]= HIAES 917k A9 HQd AomA, A4 Ao
ok ey Aok HA G5 A stedolel &38 FAY, AAForE 3
=3 2EYAE & 5 Ak dAYY 2 e st=do]d ddk A
g HAEES 984 JTAGH A4 7Hsdt X dEES] Alg4dE 4 glth

(12) HEE Aol&Ed 2, 53] &, d/AE, EMI HEEE 93, Ad2Q wx] H)
2oy £2 A|AH g7l del dig e =1ES AAE Aotk A
A Z2AE S5l tisto] Hefe] Aol s A 2|

(13) Hard-wired® 1% 552 &3] A9y HAoke] Aol HA e A &

A

e
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250 QAL BERG vlols o] ol YL Helrk ol ustel, WA W
318 BRFUA Adeta A BAESL o] FojA o} Fk.

(14) 2 tnlo]~Ed s, tPD= %S A 293 & 2(Simultaneous Switching
Output) 5ol &JsllA FAHA J&S & 5 Qv

(15 AANDD HHE Axwl e g FolwA tholuval gie x99 &

%
€} §k(Threshold)ell @& = 4 Uk
2. Az D

NEgo] AAsI Fusol YA FusA ek,

(1) =5 2352 THM(threshold)S S8 F-=57 ®stslr] falAs 5He F
°o7b e4du A€ (loaded) S5 A%, ol e FFHW, AR F2
T Qe FE24S 9o7)= vHgx4¢l(non-monotonic) W3S Z#d Aot}
oli= H|ZEA Y(inactive)e] N AodlA Lol = Aol FE3NE FASHA &
HFESE A (rising) ek ZEE 257, 53] A6 dg WstE o)

(2) UEE AZRAASS 57 AYrtsE gdel o] dul o] "ojx Qe

@) mE AR FEACd ALS Ak vEskA] @i, ysel FeAds F

e
rlo
O
_VE
é
>,
2
2
il
o
ofN
i
AC)
N
N
i,
32
ul
N
[
N
=

@)  d}e] el=, RS-4223}

FAS Tt AP Mgl hs oW LM HERAE dEt ot AN

g Zlola, B /S WAL, HEDESAA 2EH2E & Zlo|th
Holol Ao v2o tglo]WE Atolof off-times W Aszl BlA7l ZZE(float) A
< BE ARFES 2 A e dvketd dE AR eSS 7 AL, AlEA
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= WEATA R

A7 A

}

°
o

F o]t

=

o

o},

sl 9.4 ¥l o] M (oscillation), Ths &7 (multiple clocking)©] 1}

AR

o)

Wl
ﬂv.o
ad

o

B

ol

To°

—_—

o

)
puw

o
o

ol
Wl

)
B
R

g =

KX
T

=
=

7] T (family)E

et ol

v} W= e e

A

=0
==

T
L

o

=

=

1 14
od A

/g—

5k

of, 2 ZX=(bus hold)} A~ E X 3] = (soft latch circuit)
10%¢°l A1 90%°] T}, “1efi}

oo

]
™

o 57 wEL

=
.

or
=9

w2} 4]
Zolel

slo] of

o]},
=
e

o

al

A

.
R
rE

]_

12|

=

—

g,

ZA 2R 0%
e}

ha

A AL

=
T

S

PCBS] A H¥ LAk FPGAS] W w4

[e)
-45 -

E =2 7] (redundant topology)

Hg

H717] )

alo] HA3she] A2 E(cross talk)S ZHe=

EE
]

goldow o W

—

=
=

A
Zho .
o},

1)

A, AAReR Fejgol A
Hj A o] PCB(Printed Circuit Board)ell A o] FolA == Folgj gl =& Holg HEEZo] U4

&2ty &3 E(Shorting Outputs Together)

o A (noise immunity), quiet A2 Aol tha] a1
3 At dEH )4, DC

o] “shrunk" % a1, 3%

=

<



el Al F(families) I lukol 2ES Egsel AHET ul, Tubo]2Fe] e Ax
et gARa, Hekel sk A QU RS a, FRE e vhde] gdEA A
# Fo7h e o H2 %S dadels i wFH FES wAY W B

A7 2 5 3l

Y] A9, B2 CMOS 7]&e] A&d tuto]lx IAEL TTL 8ko] ¥ sl
gtal FaEs vk eu, o]y JEES AME 3159 TTL “ddi(counterpart) 3kl
Wol] ttarh RE yulolxage] Iy AL ofyANL THE 2 Aol HHe] FRS
o, Aol ~E sl Ui dajdzoltt. dE S0, SEU Wl WAL A5t
(radiation-hardened) CMOS #l x| &= x| = At} Galileo 1% Aol AFE S Ry FR
o soft 54LS373¢] i=tl, £F of i (redundancy) 3| =7} a1o] Wtk oukshd <= o]
So] Aol AAHUS ul, Y7 ESD BE To]QEES B3 AUz (sneak) EE 1L
ebA 7] wEelth e ddd Aol A8d 5 sl A Aotk w2 A
QrollA] vhe Hetomel Az g AW AZES §l8r 2 upo] E&(bipolar) tiEk
o]~E5o] ALEEHTE CMOS thA thHlo] ~2EL BT o] oo Y= Hpo]o]AE AlE
g Zlojth, Yt o] AL rHA ¥ HF 55 Ir 4 F 4GS 4ol

°

CURARO R @ CMOS ¥ 5 =] Hk(threshold)S 2EaL gl=d], ©] A2 TTL
3 F3kE x| ek S TTLe] VIH 23 (specification)S £ WH561#] &=tk VIH H O
e 2.2V, 24V, W Z= 25V BAEO UARE, XA TTL Hule] 258 5 JH9] tho]
Agtol ol AHolEE FEFk(threshold) S 2ztar k. olE W9E

;i
1.2V-1.4Ve|th TTL 2852 %A VOH =24VE “glo|H &7 e B o] gt} u}t

A olgf gk Aol A9 gAY F2 FAAQ FE vhde] yehd = v 29
A ERIE Aol An FAAC wEkA e age op|d F dnh 293 E o, F
< TTL =852 534 #4714 21 25 (lead)E 2= g otdl “bump”s A4y aL Sl

ol#1g "bump"= FF TTL tlulo]z=go]l &ntEr Fxaly] flste] FEd w2 A

el lAIRE, CMOS HjHbo] 25 0] T & VIHE T (multiple) 2 57& 4o 4= Sl
A

iluA
il
Jfu
oY
o
ilied
o
N
rlr
it
ol
g
é‘%
<
=1
=
D

=

2.

g
3
il
u?L'
e
4
k1
%0,
it

CMOS =¥ o w3k uido] #Z o 4 Qv 1|3 W tnlel~ EAE] JeE
doZ gtk BE YAAME T ZA A& 5 5], 2= (load)E =t
o, % CMOS Hupol 252 E7Y 52 =2 1 A5E ga g w2 AF i
3 HES A &9 AFE HAFTrh 183 CMOS FET
PHAA v & dYHAE =eulA] Zeth 8o o] ol iEd F ok

CMOS ¢} TTL geeo] &3¢ %8 Z=(load)®] A$, CMOS ¢, Ay o= 70% of



AF&F2- CMOS ] rfo] 9]

=

R

o}

=
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Aol T2 7M5E S o] 43ty AAE & u), g AARELS o] ak(discrete)
OAE wlolm® 3Ry A& ~5F 32 (zero-skew paths)z} 7}Ast ®BE @S-8
2] 22~ (routing resource) S AFEFTE Z1Euy, A7|MjE Aol A o] o]yl HDL HlAE A
o] 28 Aot AT AsAY BAdA g, Bo| A7) AAle BAH oF dhr} dnkA
o AAAEC] 277 gAY, e 27 gAasE AT o, AYE 5 gle 2Y
=g A E(glitches)eltt, A Al BF9-Hole= wAIZE glAw, wlekst "zl A4l

(programming vyield)"E= ©] & T&stAY, &%
o] %3 v EH-ZFEC AR T oA =
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Ae FEF WA Aotk w2 A MY 2R Pt A bed 29

ol
)

M7 a3k el FrhE ek ey, Ao WA o] (skew-tolerant) A Al 7]1E A

o] 79 7l AFgofo} T,

we B4 Eol 9 Aol 9@ 23 BAelt stk aeiu g Azdeln, A
sh 3 Abole] A7 el thajAE Bl Rk R UAY tute] 25E

AA7171 A (hook up) B Aol A A vhE A5 E 2t FE e AREshe 2l )
2z o] 2= 9}1\3} VJ—L%L]F ] oz JEZ]—@].& 7
g Aol wteA] o] Fojxol it E8 FU]d VRE F AE Adste A o9
L&, t7] ARk(hold time) £Afo] HE=A] o] fojxjol Jit} oA FF whmg Ay, A4
A FatA R A o SHI 3L FHote] Asto] "HaA F2 "FHAde Ae
o] AIRF stetulE & Abgato] G BAEE web, A A sink) el ti7] AlZHhold time)2
A3 AALS elA, F29 slow pathet Hlo]E] 9] fast pathS 7} 3le] BF=A] B2 5o
of gt} AEstd S5 EE HA F2 gl st B4 e AR, A
Ha-H 2 B4 & F v TF AEol ol fAEoF itk A Hol Ui F2 &

i 0ns S 5o 7] AIRbS Zb= Aotk ey, B2 Yrlolas 53], FPGAS] H

14 2% 7)0]u

o
o
i
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| etk e, Bkl )% wel
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Hg 7)ol A2 H (e ek A7) treating Al S5 RE=A] ARE-SfoF ghtt. -5 h(passing) 7]
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Hlo] 252 o] 39| (incoming) ] WA} HoF & x| ekv] wolt},
3. 29 EF
1)  DLLY PLLY] Al &

A" Alz="el A DLLY} PLLES B2 &3 7sE5s za ok 28y 2452 W

FaTsSH wE 23 v
=9 7)) 32 330 ER AAdHoF vk FF £E& eI HAES S Al
shd ot} ek WAl wkSE ook dh= AlE quality o] Utk v S =2, when these
circuits clock finite state machines, or other sequential logic, ©]2]3 3] 255 oA 3} Al7]aL, &
(lock)A 7= AlZkell FHafjet. 2ejal tjufo]2eh Alxglo] Qo] <bHeA T3 HE
NS g3 &gk a8 & o 5 DLL 5 PLLo| SEUC <JsiA] EFAS wok
S W, A eS AAsts Aotk o2 QI8 DLL =2 PLLO| T =3)4e] #strt
e 4= 9oL, ol wimE ofIFe] M EE R E(mode)del WstE xdd 4 vk Al

2Ele] otA 7)5E& mEA] o]#] )k off-nominal 7oA FrElE ook s}

tpoloju#le 7 e Adwolee] s rootel §A S| Rel Widk FE Ers HolFof
gtk olgfgk thelojge FE =Hldl ol % PLL, DLL3 3t HE Abeld

= Hee Xddlok vk 72 9= HlEr] Ane s fsiAM ol

FJL

B
~
ol
o
rir
I

=5

1
2] 3L W E}2~H o] E-(metastable) AEJ ] resolutione] Z R AlS- AHslgl FrHHoR, Al F

718boll EZEE = latencys Al~Hlo] 318 ¢ AeS 4T §)et
4) Hhd) ol 2] 2= 7)ol digk =3 F7](duty cycle) =4

289 shte] oAelA thE AR dolrke wlelH e AACl glelA, Z Tl (phase)
o] 74 Hote] Ao &8 F7I(duty cycle)’t X ASHAl ANFEIAEA 3] st dE)
°of 184 FHolkE, FF AAAESE 50%°] F&T(duty cycle)s 7S Aotk 9

F7](duty cycle)e] @l=tol tha 991 HE 50 +-10%2 +3FVE 2t oA ol
54 ot 24 AolE 9 ¥y F& THshEA A= 124 23 delays.
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4 H| 7] Qe o] A%t wElAH o] E(Metastable) AEjo] thdlt Aoj&
At

Z]

f
=
ofr
N

>

= 4 g4

s F7he] AE D EH-ZFES AHEE Aotk A5 AR HA 8T F s EER
A (topology)e} A e}ie, mi-¢- a1 IR(HE T 7Iss A8 AREE)l AlA o
7] A e AojEe FAEHA X3t ol gt &S adste] whEA] Aol ALY
ojof gttt mSt HAFA(nominal) ==} HFelA =gk oz WE of
time?] 7FsAl U= 2 WAslolA wEF~H o] E(Metastable) 30 El 7 FH e A E
allek olelst AE2 HEEES su Skl HdAHol7] wiitel, 3] &=l A
Fie mhxle] A & AAsE £3 ASICs, thE EH-EF macrosE U WElH ol &
A= ALy

Fojok slt}, wlElAH o] E Al (Metastable)oll 7d3H("Metastable state hardened”) ® 2 7HE

(discrete) ThH]o]~50] AlgHt) @uje] ZTH-ZFEL ¥ Aol TAW, o}y w3

(metastable) &M EIS zta & 4= Qv Al FZagl o] FPGAC]

3 el wa AAlE Fu A o] Hreligious issue) 2 4 vk -3 A WAS 9
O~

Bele ool ez Fe walel gl &S sho shivle 5@ )

O:

gl o] Z 2] A o] M (application)ol] A WF=A] F=9] 4lS ZEal §&f#oF g},
S AFAAS a7k 32 i 29 AA AFES one-hot AE] MAlES ARE-SEA|

2 S ok dvketd B 9 E¥-555S SEU(Single Event Upset)©] 7Hsd&

S7HA1717] wiEolth o] Zlo] MAUA| gk, FJH Al gk gk 418 S one-hot
EEZ 2 (topology)= Ev @Y HE dlds d=ctdA 29 Hamming distances 2l 9l
S5 oyt o]e} njwadle], F A3 binary coded A E] W Al& o3l lockup stateS 2zt

AR oAl 19 Hamming distanceS ztil QITh. whek 2ne] A7} RF AFREITHA,
A7 wAIQle]l FH A "ol Wol(transition)S Zo} @ = ok 1Elal AL
ol A7 WAl L AA = SEUSE dAdtE o] glom, SEUC &7 lockup states Al
7

R A
Mo
lo,

i)

1. Lockup AEj] 4 2 Ad&F

-50 -



-

=
[~
N
2
B
=2
N
)
o
o

£ oAl

TS A Agsts du Ml oA, BE 7 234

Hojok gt} 1E]al wAle] A Aolal Hste AR FA%S TR gtk &
gh ool A Hlojd AbdEe] disiAe wk=Al argfEojol ghrh oY E o7t uiE
SEU(Single Event Upset), credible failure mode©|t}. @& AH| A} 5F2] ICA A 3 e ¥
2l(Finite State Machine) 5> SDRAMI} 7Fo] lockup AEIS zta ol e 4& A st
= AEEYE o3 As 8 5 gk 242 73 BE 2n A
ol A wae] Fofly ESDE <18l lockup “JEIZ = Zo] A credible failure mode©]t}.
ol 3 AFAde mAlo]E, X Ecredible failure modeo] wsle] W= A eldk EAJS X
Yar glojof sty Frhd oz FSMol Hshs AlE~E SaElA I =7 (transition) B U=
43AQ Hl(legal state)oll Al Atst=E S E] sof FT) olE 7k A WS
POR(Power-on reset) |A17]& AF&3sh= Zlo|t}, o3 293 F7|gH s WEA A2
wojof gty BE F9-EFFc] PORC] H]57

glth oA

oy
rlo
ik
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9
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L
jay]
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>
Y
D
ofo
off
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e

e P AE gl B REE ST n% HEelA AgHE

>

(resey = Q8 3tA] &S F% ot dE EW, n vf=H FFEHol| od *e(divide)?} 2
< AdA E5tA B g A=, o714 M (reset) S EE 85t gAY Ao =R
Hale ZAE F vk A 7ol g kA aEAeke HAEES fg A

(design-for-test), A E#o]AS 93+ A7 (design-for-simulation)o]t}. ¢iksta o] AE=Z <

A % 7449 @4 ddol Ye 4 7] wZolnh

2) HDLZ 34 #al

w83 27| v " (schematic)oll 7]9HS & MAlol] gk & 7]Fo] of7]oE A LHTt 1

21} HDLS o] &3 Al diaix= 5¥gk aefabdte]l =t o]:= CAE(Computer
Aided Engineering) writer’} 1 2124 Q75 3|25l A vlA A £ 325 A

o g Stk deld WA Sdieh el disiA s 978 7] (Synthesizer) 7t Al ok
=9 YEEZS e v AT HEHoF gt AAE TE AR o Zh
lockup ] =] A (glitchys €7 4 A& Gray= AFE(encode)d 2l &=€E: 9
THA e TYH-ZF 54 Y3 U2 2edo] YAEA F(FE dE7IE AR
th o # Qithal ddste] thE ~ed® AT Zlojth) FUrH o, 9 23] 3147
Zolth. A€ Aol dste] Wds] HEe} A&

EolA, WulZ 22 o] Ao]E(gate)E ZLH o2 T = Qlgol B HAx, F¢
o ghefe] o Aol A fA A57F APH 7= Frh o2 Qla] AAA A= HolA= &
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2wk Zeglo](cleaer)e] A8t A|ZHS FubsA(tight) WHETH VHDLIT 28 ¢loj= »
© =294 HE oA Eeta @A =22 ¢l (logical) AEiTHe thEUE AS WAl el
g}, wh2bA vothers” 2 =& G o] ofu}l, enumberated typecl Aol HEHIE AFE
Aolth, HDLL one-hotl#] gray =914, oWl ZR-ZFo] Balgofof sl med,
o]AL T ulxs A E# ol ¥ ol =22 5 7Klogical equivalence)ol] ©]3 H-&

(Boolean equations)©ll 9] 3] A = A E A k=

4

Fa7t v oW, Yt FF E1r%(mult|ple) =etolHE Apolol A #EE Aot
w = A5 AERE olym, HEF T3]
o= s A2 3l(cutting) EFOIHE HAISHE A2 ATAEER
(capacitive) -3t EAMAIZ =N A7HE wHE 4 9tk 23 2A o] HAle ¥ 7hd
=5

ey, vk o] sido] Al § A (sequential) =& T 3k AE] wAI(FSM) o2
= 7t =X ket Aef JE7F E23kEo] 7] wiiEolth AAE =AL
0 4ug 3z g R ddAE et oF 54, 242 SEU, ESDS Y
AP 22 e (transient) AFe] AA] AEietE dA|EHA @& R T S =EF
A EH-ZFS dAHE S84 EHET wEbA IR g Fidd & s
A= 7+ AUk o)AE 1 A= ofEF Aol (application)ell Al frolalioF & AlEkolrt.
L~ZEJ O] CAE E50|7|MA % o]zt FHo 3JRES A3} (Software CAE tools

~
2,
ol
o,
Bl

are more than happy to generate circuits of this class) ~12] 31 =}7]- %] A (self-consistency) S .

al
ol 222 AR etk dAalEo] of Aol = E(application note)oll

3. Az A& FA A o1 2 73

7FaH(robust) AE] WAlS AAE7] YA w23 W (Hamming) ZE=9F A I 2E
Fbels 2l wlE ARl Aol whef SEU S ESD Abxl =] Alanl 2eef 5] shy]
A eka, 24 ol FEA(glich)7t §lA B RAAHA Fethe S dodtd, dale
st A(robust) EAtetE FE=o sl el Ajarsfior o dwbHd A, o
BHe] 22E Addts 2 = IREd dH dAREE ves ZH-EF0R29
P sl el RE=A] EAejof vk 53] o]2f3k FFe o' AlFolE, FALS I =
7ol ZH s A =(static hazard)o]l A=A fl=A], Wk flohd, FEH(SS set AJE)E &

Tty W sh(transition) 7 WHEo] A 4 QEAE wr=A] Aw sl gl
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A 54 A

L. A =2 =2 (FHE7] A EAN Y T2 )

=l

A 3] 2o gk HE 7] o] HrmA] A Fojo} gty AA|E, o)A WrEA

Aol o] wof gttt Y] o] &g Alo] A (application)ell thH3le], PORS &3 52

A 32 ol o zaAl =2 d(solid logic level)e] “ojoF 3}ar, =2 | (glitch)7} $1

ojof gttt EfolW ASYAIHRE st AFe &S 1 AFAE EYe HAdas =9

A= Ayl ek wkeF vl r]7F AR ETHE, = Ao E(gate) 2 2] ‘s AlXH(rising
2

timing)> WA F1E JF @S e E oF duh T 3| 2~ gl A = (hysteresis)

A

PES 2te AlolEZE ARgETh 18 BSle e Atk E¥ Il A (glitch)so] W
A 4 ok agla =g Alo]Ee] oyl who] Wt=A] ARgEojof st} ag o & th
7] (transient) Q4% WS 93k AU-FF7](flight power supply)e] A}y %] o}o]

<% A ZHrising time)o]t}. o] 213 A5 laboratory suppliesoll webA] A3k zjo] 7} vha,

ol

H| k2 (non-monotonic) ] A A3t Q¥ FrE (overshoot)2} “d5(rising) S 2l 1S
21t} Flight power suppliesi= 79 W 2o A %= "= (conducted emission)= # 43}35}7]
At Aty EF o) Eslew-rate) Aol Tl AY 5712l A4S (time constant)©
POR 3|29 A4 #te 23 o tH WS fl8l, Bold 7AsiAlg WS 9139
v I~ (impedance) S 2t paths 3] &Rt =8 AoE9 {i=o] FAls)
A BEEEE sieh 3 29 A2 ofy AN g9 CMOS fEES dEdelA A
A Fw dd(rail)7tA] ESD thole=F ztal Qlvh. a3t fdEe §a & AHAEHE
P71 AL &7 4 ¢ Aok B d9 o

St @7 thelA e alEl R 3 ZE50] power-on reseto] theEjA 3] HE ==

AT RE 27} b a7 A ohrh olel@ o o] sk AN REst Al

)

Al 2ol we  tolojW(DiagramyES Al F 2ol "mH]E7] o=y Alo]lA
(application), 714 #] 7] (synchronous removal)"S ®HojFt}h, 18y tulo]lx E3] X
2% 7hsek gulo] 2~ Aol QlojA, Y Fuol HE FE|(transient) st ol

| A FAIE o dte AR S T o]+= 3} 3 3Z(charge pump)7} A 2HE AL
58 37 -4 (configuration)o] Z =% a1 HE Z(release)H = Ao tidh B wEY &
At F71skE S Zts yute]zol diske], ofvi= 2¥ Aol = gAl AaTt
A7 el A dElxe] AE wE ghet. o]# gk Hute]~ge] &
= A=g g A wrEAl gE Aok gt eveti Al A S o] Ag- HDL A= F2
27| g (schematic) “FollA&= Mol RYA] Egtk, HA 3|2 FAEH7] wiio]
t}.

N 9
N
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X
o,

m
Lo,
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L
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4 AR F F3t voly A

L
=
W BEE e vE(margin)s AIA™R e AY EF(drop)S 4o ¢

2
odt
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X9,
~
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2. E](Tree)

2E YA 22(source) 52 E(tree)E 2ElE A2 g =gt & HoHEE LoF
o A" g A, AZES0] g, 9AE Eroln] FomRE ] tkd el Al A
s7F =, £ Eg tholo]idl(tree diagram)> TLE Alolo #AIE # wolFu) wb

=A ded wes Hd3 $7|8E wheoldh B ntef gAle] wE FabEojopd
Hol = (18 S} #¥E 27] AR WEE BEsAY, AT 435
s 22 onetime Ab7le] AARFE ThE H2E HEse A5) Seltee)R 3 =2
b A 5ol WAl & olsjE otk

3. A BF A7 vs FPGAS Felsd 29 oAdolEsh g AT
Y E 9 AlF(startup)
HAE A A2 AxFe] BE 32 s wEAl S23] dojof Tk o= F

T w77 gk o & 5o, B FPGA(FPGA 1= 3t ¥ Z(charge pump)= W=
E

7]t AZFES Fa 2 st} agla A 8ol Y2th POR 259 g3l 8o

2 Qs gelE 4 fle AEHE 2 £ Jdth YR goer 2 POR IRES zti Qe
I

;_\;]_:
FPGAL =ej~d 22 e4deolg et o] ot ASS v Hits)
ES2 Add gH719 sl (rise time)o] =<l startup AHS ztar 9l& 4 Sl Al

Aol &3] oleldt ALl F WAHA @=th Zd(robust) AlFF AFHES A A0

4, One-time AFA

(& 3tk 71Z A (pyrotechnic initiation)) =& o
o]Uo]] 1:]]6]— ANSTE

9 BT



[1’\

Z18] E(truth table)ell 2A F-53tA Fe=rh weki POR 2o WEEA] A
time 7] 5 AAl(false) A EE Y= ACJERA FAs|oF stal, 1Elal UA EE
5ol HAYEE | 5 E9e)of . olsk= widl®, o] A4 ui(come down),
=g 845 A EiE(drop)oE Qlal] Aloj(control)S 2doiwE] ] Mol T8 IR E0]
g AE ke S F4E] 7] flEA], POR 327 7)o g d(asserted) E 8
7F A4y 23] BHIEE HQaw s yulolsEe 3leF 7] A (pyrotechnic initiator)E,

E} So] Atk wlo]l 7 =7 EE 2] (microcontroller)e} 7
2E fulo] 25 YA or T4 wEEE 2 9lojA POR AsEe] o3 B

I

g QlEHelAss FHE ¢ dve AMS FEE

a7 rise

(o,

i

K

2 Fgohe 9 WeRe] Wit te
W5 Abolell Al I (transient) 5 £3EAQ1 WS Aol wf EA g ey o

QUM = otEt} (eg.,1->0->1). 1e8iW A4 3 47 AAGY. FgHoz

_L4
rlo
e,

o, AZ7F AFsrlel S Alzke] dutd, &7 A= ol# A7 dA st

A etk fARE 2U0R Wok 150> 1> 0 Fele] BEs)zh EAdhd, 59 9

47h EAGT Z o5 FU3) AR wA gtk 34 99820} 9 old 3
B4 A 490 FAA 2t 95 d9ass wodA Rolddh. o FA

= Be =g FY oA gFHAA vk HDLEH 7)1 5 4 Al E#Ho|AS o]gor Be
MAAAFE 0] o] HAAF+= &3HA|7F &) @Y Z43 359 xS AE3HE 100%2]
718 A E ditdo® AL ofyt Ty HEVE e o, AR

Lol BE A, AWt FF EAV olH@ o Fo] shbs 4% AE HA(FSM)

2
Gl
)
r
fol
Ll
o
o,

ol
ol

st TMR 3|25 AR&sh= zlo|th mkef voter7t @848

A el SEUSe] SF= ¢kEkAI7]7] 918l voterol Hieh 4= o] WSk voter 2 H-E

AR = SYA(lich)y 258 HE 28 Ad sk 3t BE AXdESS fdas
7F Sl AAHE HAdAE EETh FAlo] AREstal 9l 23 T(family) /gl A & A E
SAE WEA] Fo A Aol v dF Y FPGA 9] 7)<l HEZYA
= YA gl HEE9arE SA717F fivdal Bed ¢ ok mEbd A
o glo] sbxdsk ¥ Ad7igta k5d 4 vk e ol Fid(voted) =30l 3 W
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A7 A AL A 2H

1. T3 A1d7(sequencing)

o

ol¢} #eE o] 27k A7+ 9 | edol M= shbe] yupolzol it o 7je] A
A =od Aotk thE whol A= o tnfe]AEel] i E H o] X

olch. UlRE o AR rleliEe F £ d Be A9 FiH7)

o
ol
zd
=2
=)

}\
= 879 HE o ¥H7IEE = Hutelxe] Feld A& FHEse A dEE
Ao ALE TS Ao UiE 7 glvh F7HA A9 ¥l PLLY DLL, 5%

110 £+ 52 o5 dol Hxep 22 vt volojX(bias) w0l o = Ut
olglgt del TH7IES BE DC 7| ofyel 2lE(ripple) 54(53] PLLY & 3
2)e 18] wHeof gty EHshA g2 A2 d o] et tujo]aw

A7t Fmel 2 % ATE ofk AFAgAE dFS A F Udve ARdelth
SX-S Alg]=ef e fH|ofso] - =

bring up=H, & éHE(inrush)%i%ﬂ EF

o, slALS ofuth B thnfo]xo] 7
nlo] 2ol overstress=--> 37} 2 4= 9lt}. Multiple vendors?} o]l sidE Tl BHE AlEX
of ek A2 ojZE Aol =E(application note)} "fine print'ol }eb itk oS3t
o Algto] m#Eojof gt} @A B AFE X EH(probe)S "slip"dta A ¥ (ground ring)

o] etdow AQAY ANAE Bl FHHAY, w0z Aol wet H9
al

itk wreF A9 T =47 dew d

G, A3 dd T AEaE Qe H

S wlojt} o]& Qs FEHE AP AE S 9la o224 54 FH o overstressth

i gty 2 2209 7 ICES oEd A Eo
A A Gt 5l A S WA da lojof gtk dE SoiA, 2% 1/0
HEEL cold sparings Al Estal At S LAES F7F ATGEAS w, Al2wled o)

T

A =S dYY A(impedance)E zta vk tEA FAE 19 & /0 PClI 34



S e Ado] A, A9x® ZF|E tho] 2 =(clamp diode)E Zti UL F=

Ack HAg FHote] A5 wAEY] AsA FF AAlE AAE dasi
3. A2 AR FZ=7](transient)

& el tlufo] ol glojA, AlZ HF I} 7|(Startup current transients)= A2 Q1
Adolth A7 Fe HY AtolE, &%, AU $Z Bl E(ramp of rate), YA =EolY
(radiation exposure history), A &5 AlAE S5 AbolelA Alzte] d4rF " 4 9t
o83t MHFE, Ed JAxoxyd, X

T, RN H

i

-

anj
Wy
=
o)
e

T Al"o] ulHS zka AA)
el (steady state) W3} T Ao AFE ABSHA] Fe e Fa3 dolr) 9L}
HOAIEE A 22E =

]
= =
(shutdown), & F-3b o] wbi  A]x~wl 2kd(lockup), *1™8 49l embrace”} WA 4=

ATH fFAHA R FEES HA, Hd Y FH rise timeol] tig JAS AokS ztn
AT ol HHES A7 A] KB, 3|2 FAVE HAAE 9l
4, vlo] 9] A (Bypassing) ¥ 4l

Aol =g fnfol2EL FANE Jje] Alo]ER o]Folx QlojA @3 Atk E714
A 7le, ¥ & T, B2 10 JigER
(conditioning system)©] oJ & A Th W TR ol &g Aol - E(application notes)ell
AA S AFEES At ol ZE| Aol wEe T2 el tYgd AmAHE Ui wol
AHEShE A ZAEE o= AAIE B oJHA WhEH A & Zlo] ofyth wReF Hofo] A4S}

of gk Axge] EM3 HAEd wigk AT 5 V]eolA FUud, o It

L
& o

wetol b & FALEE WSshe S ddE BAsty] 98k, AT 7He
(reconfigurable) ==2]7} &&= 4 vl 171 v v o] Z2] 7 o] A (application)el] A

Al JTAG Qg Ho] 27} 282 =% v} 28] JTAG HAE 'l Eo] SSOs9t ¢
AA AstS ks FEs Mg Fo5 7]Eook ittt FF oy Ee] TF LAY

T Adedl, ol Alx:ALe] HIAMES T EA] k7] wtolth dE W, QFP(Quad flat

pack)] =E Wl nlo]s 2 (bypass) AHAEHE 2k A &S 7ot
A8 A wHILA HEZE
1. AL -FF/ZFEPower-Up/Down ZH=7](Transition) <o) B3&

ol HIZ A A& = Y R Ee FEHE FAlolt) Power-up, power-downd} ¢l

A%k A8k (Brown out) #E=7|(Transient) &<t 214 staie ehdsh 4 93 B AEE

of thefA HAT £ HEETF Wh=A] olf ok gt dAol A AREEE Al A9
-57-



oFE A se ojmalx] ehekd 2
71%7] Fekel Aol AgEriE, A mHwy wwele) uee s wial
7] 9lete] HAI 27| F7e] o] wiEA] o]F Aok k. B3| A7|F7|E w9
du =ZA7HE olugl 10ms AE xR Al7te] A Fx 9l g Hitdto]

Z2] Al o] A (Application) o] t}. 227 F=7]E0] S8 &5 A HHA, ghdstA w
2 ¥ a1, A48 Atk (Shutdown)o] FAstAl 7] ¢]aiA Atk (Shutdown) dHl 2 &

J_:’L
ol 7hek k.

27] F7] &<k s 24

N

Wzt Wa Fo] 27]FAe] o) Folzithy, ulF WA vimele] 7%e] WAl els)

olof %), EEPROM3} & B3 Tlufo]~E& Ao 27] a4 ¥ Ahe ALeath

ghef we Aghe] RAE oo Ferdthy, Aze oF it @ Sm vk meb,
l_

R IR

w

+7] 7H-E(Cycle Count) (5, EEPROME] 227] F7]|(Write cycle)2]
N, FRAM, 7]EH59 BE 227 F7]19 7<)

g Ae & de HIRY WEES ASE Alo)lF A5E Z2ta vk 7719 Tl
T7F 104~105 52 1 @7 wjZell, 7] Jiseel et ghdsta whE gfH e ok wt=
28l A A 7Y WAL s (Radiation) S @ Ete] AEA o7

(Case-by-case) Th# Aok str}, L=, 7)o FEETE, & v H3 HAAEC] At 4
5 59, &3] Al&= = 128k x 8 3| thX|(Hitachi) the](die)= ¥°]#] X.=(Page mode) =+
104 57]Z ztal, Wlo]E R (Byte mode)oll & 103 715 2= A Al ZH(Liftetime) 2%
7] 4 A A (Specification)& ztal Qlt}. o] thupo] o] A}g¥ = 227] w]# LS (Mechanism)
< M Ae fHlel & F 2di= 8 Ho]E A H o] X|(Subpage) & ©|-&gtrt. whebA], o
Hol| 1 ulo] EByte)S 1S wWxe] ¥t A5 AL #Ho]A] 2A7](Page write) .t} 1] ~E
Ag e ofuvfstd WA AHE o] X|(Subpage) £ REEA] AHAAZ 9 %] (Fetch) &
I WA, gAl Hox) 7] wifoelth, £ ohE v Hg 542 99 FERAM(ferroelectric
RAMs)®] FZzto|tt, o] tufo]xol A9 ¢l7] F7]E2 33 W& E=(Destructive
readout mode)ol A F2sht), e W 7] F71E wid 9o U A3 En oe)
-5
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A 7] FAR o eir] F71e HAE wEA pEEolcl dh. el ztzte)

17] A2 26l w2 7] F718 Fsky] ot
4, I =7](Transients)e} &5

S e QB EE AB5e AR o, Asu ool HrHE
wEsol s e Fash o Agel, A%

A StaL &4 BE 23 (specifications) S
Fiel, Ada A 4% F£3dch 723 (robust) HFo] 9 A (bypassing)©]

t e AE W o
Ahgsofo} Wtk o F Fol EEPROMS] & ZeElA(glich)EE A4 2RE 27 4
E7b wgE 9w 2 8, dutel 29 vige] SwskA @A MAE & Ak 2]

z
AT 7F A= A (not asserted) 22> A, M3 wEE| 2] Aol A Hojd Elo]o=z

A 4 Qe v3EA wRge] MFEE ofZ Ao A(application)ol] wEkH L EE

favh wep dute] sk 2 viwel WA shie pEoR SAFTHA, RF
/K
=

HIE e 7FE3 Aol HolX|(page) 275 £AH= o2l F4 ZEoly S22 ol A
ola] k3= 4= 9lt}. 12131 mapping the failed segment out of service. 5<% *2] “d%](CPU)
L FPGAS] WX & 9]gt F-E(boot) ROM¥} 72 o] Z&] Al o] A (application)> S §F A
28 Aes a7 dd HE @79 49, HlE 7o) A H(serial) PROMsol =d &
A Bels, oW (hamming) ZEW FEevh W FA wRe] gulols HY Y mE
2 9} HE oA o]d(oscillationg) && a3 =2 #WLS AT L WS
FEZa 2} o] 7Z-$-ol, EDAC(Error Detection and Correction Code) THH]ol~E 1 QFHE

EDAC tlufolze] 22 M7 mebd ze]ar A4 93 847t deA gleAldd w2t
A, 89 R A, fle T vk owd AbdolA, 5-E A|=Eo o}y €A
(architecture)?} AF3NA AFEEHE Tupo] 2B ojwl g mFolEX], HEA] 2y
(lockup) ZEl7} Eoj & orwltl, g4 Sk (credible) 732 ojdt T+ HIE o2y} B g

THY my Wgel dusd ge wde TP

W7 7b53k o] H(spares)S zFal 2lE TMR(Triple Modular Redundancy)e} %o

(Redundancy)®] t& dEl5o] Zod & vt B FHELS A tnlol2s 3t
WA & A= 9, PROMI & g7 vzl o] AL, A& F e H3EA vxe
7Ies AT AG HH AR, AFES wElety] 913 dEE 21 =(overhead)®] ©]
& 58 I3 o= Sof, weF A FPGAY A WlEE] tubo]ze] Ad(fault)ol
HgetH A BlH e CPUE THE 249 REZ o] g3dle] FPGAZ A FE Itk =



e

2 FPGA7} HFHE A2 ot gtk 7Hdstl Aot Aty oz Fa of &g
Aol Aol PROMI e o wRgEo] -FHoy & A|AHS g FHoa QLo
He A 27 9laiA AHgETh o] F-E(boot) HENS} T EAMZ 9% safe-hold codet}

FPGAZ 18 71249 $4 74 So 4 + 9

T ooE are AN ] Zoleh BAgE tnpo] o] A A|ZFe] Hlalo|t) o]e}
dato] w2 Sagk rH2 g7l wiEel, 7 tulelaEe wEA] fEAem
(case-by-case) A= oF gtrh wWlRE WES FAst=HREE 103 g%tk 2y ol
A R2Ade] Alzgl FHE 2he A S5k o] ofyrtt, 2]z % (refreshing)o] 138 E
T Aduh a2 a 53] WAk Aol A AFFA ] FA A (integrity) S A HTE
7] e, AxAe] EiS wol g A (refreshing) el +&4lo] S o 3o} g3,
tuto] =7k 2z A (refresh)d o, oA At FAL ol &5 o3t ¢-F3AMAE
A AE JS & Aok HFE FE, dASHorown outyt W AFFo R o E]
2 e A AAY ekd RER Solrte I o] Ygo] S F o g Eo)
WA otk e 7] 2] Frle AXIES 2 FHE @EEHAIYITh (each

- -1

write cycles takes away from the operational lifetime of the component.)
6. BaALR |

(1) 2 AAAEL POR (Power On Reset) 4 WHE7] 9lEA w@Eg RC ERolY 3
2E o]g-3kt} "Power On Reset? signal. Looking closely at the acronym, is has the word
"on?in it and the "O?does not stand for "Off.?2nbsp X% 123} 3259 Algo R

power-upoﬂ siA dEgl7t HeE Aolth Ty Ho 3 =29 whg(assertion)

ALY = Eetoly Z2 Aol AAHNE W, =FHA Flolth
(2) POR 3ZEL TF Adad REA Huz szl

() A F7(transient) 23X T8 WEEE] HH3] FHSEE 435 &k

&3] A5 FPGAC] &A=

a
-
s
)
v
T
o
©
>
rlr
[
rie
o
of
2
i
32
o
2
S

power-on, power-offe} 5=7](period) ‘& <rell= &A1/ El(under control)7} & AS K
kA ek=th FPGASE 74 i RE| thuto] 9] W5 power on reset 3| =
Al zzol wel Es(active) FEI7F 2 X vk e HrE 1Y 4 FETS
= A7) 9% FEF dsket Aoke Algaopnt g
4) AL F e WEY yulo]xe] HEE opdR 1 Ywo|th a8a YAY Hyxd
EE2 AFEET] Holl, ofF Mg Fol 5 7]&olof gtk ElolWe whel, @ v
PN

mE] fute] 252 HEE 98 v-xEF(non-standard) A, AF @M 2
(5) AIZESoI Ag 7hsAdo] 100%9 S et
(6) tulels BE: W oA ke 27| VTS WA ke, diFE A



()

)

©)

(10)

(11)

(12)

(13)

(14)

(15)

7] 7Fsd fulolzolE 27 HE AZEo]7} FEE 0] 9t} JEDECS o]
g FH Bl dig xFS werh whek vleEAl deshA] gevhd, BEA
oA W& £7] ¢35} (unlock) the "keys?S A&t iz},

Al 228l (subsystem) W5 A E o] Agk(fault)ol Wel AAFRS HE sy 98t
stesofoll A28l 2kde] 7] BE Agte] FAE ojof gt WY A|~®E 9
gk 2 E oo o] g V%S AT YoM A sW FES ¥ or
A e 2] WAE sk, FAHAQ LolEEA 9N st=dlo] ojik W
(external hardware discrete command)2- AF-&3f 2}

g (lockup) FEIE 93 thutol 258 Hl2ES L A o]gd A5 vF
AA ol mrolM Wy gx 2, Ho] EA] k&(poor) AlZ e FZA(integrity), &

=
o] FA @(poor) W, F2 SEUZMA BE F5iel HEE EBHelA dojd

S a7 28 22 Sh(credible) Z $H(fault) &)oll A

T, AXESC] 7lFoR FdE FES A% vy onAE Ale]e Fa A9
& 7 s BASH 25 v vk Ao wRy Al~H 2 (lockup)s WA
3l7] $J8iA o] Ak(discrete) St=dlo] AN EE A& 2}
EEPROM =& Z#f+l(flash) thute]l29] AgE 7Hs/d o] 100%7F 2 o =5 1Ly
aizk olgd HIUHES A9 = s B2 ZAgEo] A
- E(boot)2} ©F#-f+32] F = (Safe-Hold Code): 1A% %=, WWAFA (radiation-hardened),

1 HRYES BE FE(boot)9} ¢HA-fA(safe-hold) 7155 & AgEojof 3
t}. Al7](instrument) 2} 72 o] =] A o] A (application) ol A =,
715 0] F-E(boot) Z=9} A4 MRS E=(load)d = Atk o]y s Ao,
=9jo] =gl 9&fA, A 7|(instrument):= ¢tA A Fth DMA 7|55 o3k

% (operational) AZE9oE QM= <otHEY TRAME gAlowm FUE

il

X% sl o]—ﬂ] 545 DMA

ol
il

Mo

(clamp)A] 71 7] 913+ sF=<)o] o] xk(discrete) ™8 = (command):=
Ag 4 e vEdd AFE = FE(oot)TE=9t S FQ FZoA tinf
o] ~¢] Ad(fault)S &3tA717] Y3ll, 232 # 7 (refreshing) S iA1= e T il
AFAE e g v 7lss AR

T K3 25 Ee v(margingES T EE AC Ay mHIE(AE B0 AR~

=0
SL
e

LA

5 (crosstalk); EFo] ™ (power upZtpower down, =] X|(glitchyEel st HE AT E).
Ak W29 power-down H|&-S HE A E 7, o] A3}(idealized)d T}

A 3% thulo] 2 vl 7] (packing) dF$-2x(house): “1E°] & AFXAAe HAE 34
5, o3 7]E(screening criteria), 710l el A 3] olsfistal =Al HEsl et
A 3k Aol e Aefant g vol(die) A=AAE AEE A v
gk -7 AFE A% Adsta e HAET FAHAEA Gad] st

tkek 7] % 7)< (fundamental technology)S A& = gl AEjollA, 2 7]&elA
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sk A, AAo] =] AE7tA &, g Aol &(Russian Roultte)?} oF& v §l
ok dtue] Hupolxe] tE EFl o] HAl Z=E AFEE AL ¥F
(common mode failure)} T H FAYL 4= AU

(16) @ =t (recorder)$} #o] W& AtHE FIA, AZEC] S tutol A~ A%, EF, ]
E7F g Aok gt o5 5o, T8 FE(boot) =2 -, AH(fault)yS = o]
7] Aol Wt=A] FEjxof s AZEY S B (maintenance) ©] <7 (issue) &

= Aol 2XE foj BRA shte J)5e] HejAl gk,

au)
u

Ao A gelY 24 % ik

1. 7R 8.

gAd Alz=gle] glolw A2 ofF whEshAl 8ok S Qlth HolE A E(sheet)el] 3l
T EE g AAe BRE 2A4AE whEsiex 23] &gk AAle A, o= F
e w=o] & § a1, Aite] AFsA Fe=A A3 5] A, AAE 9

2 WA V) ofol @) AAsA AAHL PBAHE B2 BAE A B4 275

HAQl Ao ol& & HA Zen APHo=R, wkeF A 2gdd sZE°] CAE &
Wit (vendor)7} Y3t 2Ry 2 wrEtid, @e FA S0 wE3 Al A ded 4
ATh a2HY ol EE B4 A&y A2 ofYrh gl BE I SH(legitimate) 3

A, 1A, 715l el

FE

2E50°] & Wit (vendor)d] ==y} 2 gbx] b=t} ofLfs)

AAe 84 o] 7] wite] CAE 9] ol& AT = f17] wolth

2 Eow A9 Az
RE oW 419 732 FEI EHEFCIT o] FolA AAe udxld =99 A
-, Wk=A] glebu) E Y S)A (parametrically), =] X (glitch)7} §l=5 2 o]sf ¥ ofoF 3t}

whepa] ZA e 9iA A oju ek ZEolEX] A3EoF skat, F7](period) 9t 37
(duty cycle)lell lofoF slar, #AIQlE v S ate] aAle 2 A qlofeoF &
o E Eol, F9& eV 9 E¥(voting) 3 2E AREshol] QlolAl HE|(voter)ell 3
2270 Jupd, BAVF AT F2 ok =2 AVES 28 A FR2A =g

=
AL (hazard)=& °l7] FEol@liAAY, whHe 5 e el St

of

o

ut



ot 29-EHe RE sl
Soo g £0L WEFEAZ WEA FHslo Gk ols) wasle] @A 9
57

18tet7] 91aiM AHEEle moltt o] Aol of

High, low R elo] disiA S22 A4 F2 Y] Q7AES wk=A] grEsjof g,
PLL¥} 2 ojd 3z5olAl= A AH(itten) s} 22 t& 215°] & F Utk &
g H27b bkl webAd AH(ittens A3 Fog s E st feh vate] 2o WA
(specification)©} 733 ZF& ol thaAl, highe} lowe] AZF 54 Wiy ZF29 54 o)
A F&af ). @iFalHthreshold A gteo] E W A (specification)$t 12 tlulo]~¢] =
Al (specification)Alo] ol A ©}E 4= 7] wlZo|t}, =3 ZH(loading)d} 7424 Q40 <

AN G we

= T«

mw

+2] 2152 W3l Al 7H(transition time)> ©]-& Mgk A Y| E d3)
(degradation)A]Z &= Atk AHAslA 2~ YHlE FAA7IA] FEodH, EH-ZF0] "HE

2~ B o] E-(metastable)” A} El 7} # T}

Hl57] 2] Hl(preset) 2t 2] ol(clear)ol]l wiste], WE=A] RESSjof dh= - 7bA] 7] dbet
HEEo] AUtk #We] wr=Al BAEojof sk H2A YH] g7o] vk ey E9d
Hl 5714 o7 tlulo] 22 RE Zg| A (preset) =S ] ol(clean)S A stE AL A|AA
=l o A =H el o] & (metastable) FEIE FEAIZA 4 Utk o] TEulEHE £3] AA
A ZHremoval time)o]gtal E]al, tREMO 2 XA HT) E5AE, B2 Holg AEES
AA ARl taiA EAekA] et 2Rnkal s e Aol ofYEtal omlstE A
< oyt

dlo]El(or J, K, T, EN, synchronous clear, 5 3)d =l dlslA, &89 7 w7 =9
=2 A7k tha A EE setup} hold timeEo] WHESSHS Hol2} Setup timeES UuHE o
2 AR 9s) AxtE Tela HAE osi HHI wixe] FHE Fr gl

124 Hold times &3] AA Aol oJsir] ALTE A &=ttt 12/il CAE E52 T3
hold timeES FA st AMtstAY FgabA] e Holgu|o] 25 o] &&t7 I o] &9
oWl 35S o3ty gAY =9 © AF(malfunction)ol] tid 7 Z A F9

bt

rr

hold time $I¥Fo|th FPGAS] 4%, 22 ZF2& A8 ] AZXAA7T hold time
5] Jel=A S 47 flsiAs thvjol o] WA E Fo A A=t &

A9 op,

ol
o

o

_|

1-1'1
ON
Oll
ot

2
4 o

e

shitel 2 oAl A e A= dlolE sk Y (passing)"d ©, Hete] apelAel
3 F7)(duty cycle)el Aol o] S =S Fas set £5) B oo Aole ®

o
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rn

Z2lo] 50%2] =F7](duty cycle)S ZH=thar 7Hg 7] wiEolth,

shuhel 22 = ¢l (domain)ol &
setup?} hold timeE©o] WS =

o2 =HQl(domain) .2 o] €7} v/ (passing) & w,
BZ3F 2= gl 7 okl Ak BA o] QE=

27t AdaA srlstE s 2hde] el

Jh 2

ok
[

REOF, worst-case #4]S RHHA7|7|E HEES WS Adte] A€ @S AHEdH

-m

o}
E9] A& best-case Z worst-case G- AlZFo] tEte] EF A& ste]or it} o E
= o]

il

(1) Hge & PR ol= 4 (addressing)e W ROM/PROMS] H A|7HS 9130

2 = TH AdA 28 s Srrh 2ol S old dustE o B2

Tu Yo 2 HE SUHEHE FEE AHAI7IE A ooz Al FET]d Uitk
threshold #to] &2}7}7] o]tk

(@) 9H W=z yule]xgel vigh A A2 HolH 7 el A= Aldse] b

4 7 Ak dF SoA, AN met R9EE A9 v SE JeelA

3 A8 9F
A% (robust) ¥ B ol lalN, Al ThEE $4H @] el weA uAel gl

ojoprt gttt o]& v AES LI

° 25

° Ak

° T

o 1214 (Radiation)

° MR A2, &% 5 5r(speed grade), X2 1@

dRbH o g FAAES 7Y LA ZF A a4 JheA A= FU(corner)E
718kS B A gk #24(Extreme Value Analysis)S & Zlo|t}, o]213t EVAS F3A H&
&+ A (unforeseen) 2] 3182 =, H]&% Z7(off-nominal condition)S Zt=
Alz=®lo]l g Folth ey o]y d #AgS W Aol dojA ELasA des Al
2HE F7H7IAY B H3gk o7 ¥ H(architecture)$F #AE 27E A

th dE 5o, & thol(die)o]l A B mlo]AE Hojx fAE A= F A
woll talid, = = b= 55 Hell A Fs Zlolth Ride & b= +125

lo
e
m}‘i

punl
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o 2l& Aot} o]g|dt Ag-o "ALE IItFA st Aolm AW Aottt 100%°] F

e Agats e of setnEe i fasA 9 e debu sl dars 5

AR exe) dgte Fzkel 54 Q%o AAFete 2ol #4v @ Aok xua
Eo] NE AN GAE Fefx nhxle] Hobo] Ao o wmA o] §¥ojof

gk o HGaHo® 7| gro] HojM= Shdvh oy 57 delstal, 1 el A

W FPGAS] Ao, 4% HAE doledl e e AFELS AzY shte Lot
wEow &9 thijolasd dad AAS tackdA $e W o, AA0] g R
52 24 % 5= dvn wuAgch webd BaEd <84 hold time T FH

g 4 gtk Ayrgow yREe Zzadse uid sl A A Ad W] o

ARG (radiation)ol] gt A Eelol M A5 g dh fARsheh. e Fk - (tracking)
& M 5 gtk oAl @, WAl sgEe Fok dubA mstel] i 20% 7 o

Aa e glolw) HA sz aso g ol typically best, typical and worst®] @ A 20
g AES dests 2] Zhsaixith ol A"S GdHoR o] &sty] fsiAE
ol g A=o] 3= &I(circuit speed)®] o AA7} ofHe} I = Lo thek shuto] H
(bound)eh= HE FEIAL B 7sAEY TARRES o] TR SEE o 5e1A
U 22 F e IR F sl ¥ =Eve As $8E & Aolgta rhggith e
U Adds a8A 4o dE 5o, 7 EWAZEI} wg vzsh A ZRAE HASA D
S ZEAPHA = e Aolvh. mE(lot) W3l 22 ZE(lot)stell A = o] v
Zke] Wl @2 dojy Qtell Mk thol(die)zte] Wi}, e tho] el EQAAEZE
o] Wstso] glnh webA olefd gES wr=Al AAl gho] okt ¥ $(bound) 2 A TR
Aof grh. E A (tracking)oll ek o GARE 9l Zlojth. EA4 ] AgE F AE &

o] A7]1i= CAE E°ll 8= o8 7hs @ volE st dag el 22 3l

e
(¢}

b



7P =d g S TE ARl AEdk A"elvh b Halel 2 7w
& A5 Tus AR, gl #iE diws & slojth dE 5], 2% FPGA
5o EWs g AE 329 £52 =433 1 £%7} threshold gtETh ZtlE o] &
A W 7] ® ks binned). ©]E ddA el Aot gy § WE LRSS 23

4wk AAE Aol QW g B FE b e Fgel dald ol AlTa

Antifuseol] 7IWHS &= FPGAC] tiste], 24 oA 7F- " E&H(tracking)d] S T
tufolzs BglelA gl AR o A& gl gel(die) el s EWAXEEL of
an

A (track) Bt AA T, F EWAAE So] AR o] £HHYY] wfjiEdl], &1

r

A E

H antifuse Ao ¥ = &EH S (random variable) 2} 1] 5=38}tt

Al 10 A 7ler AA AR V5
1. o= WA T xo]= §lE AA (Quiet Designs)

Fe Udo]l ERala Zd(obust) AAE el Thed e 9AE grofe)

(1)  FA A (simultaneous) =91 =23} AlE Fuko] #3le] T WAV g AEH Y

(2 7= AEE fEA= 53], 2bs 2l (differential signal)E A Eiaet. A=<

7 =g fulo]l ~5L APHo® zHEe] ulsh 3 a(differential standards)S <] ¢

rir

3ol F712 © 2 LVDS(Low Voltage Differential Signaling)$t #& 55 A Q3
ES
hl

AR A elelago] @A) Aol 2HA v

N

(3) SERDES(SErializer and DEserializer) A XU EES/50] 58 gelo sy 7S
oA Atk weEbq Al=Ee G WS SR

(4)  JSS AAsEH, 3] 2288 Al 2 (Hyseresis) 9 &S AL-&-3] )
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®)

(6)

U]

®)

©)

N

O]

i wx2E =gy Alolas ZEAY, = B A3 A H H gHcapacitive) 3 =

_|
_|
I
o
fols
e
AN
X
off
o
iR/
)
rlo
ot
ol
_|
_|
I
o
}ol'

] &)
¥ 2] F=(53] VIH) thresholdyt ™8 Al

ME Zha gtk

Zg(53] 92 CMOST(family)] &2l H-9)e TTL RrSo] Z2e A
= Ze R @ =Y 1e =ftelE X8 S vk FHobe] Ao ARt
Atz Feoto] 79-9] threshold S Wlus|A AAks)e).

TTL Qg o]~ tigk DC kxS Aolx 500mVE FH38kaL, 400mVETHE 7

of gkt

23 DC vhIS AT F & AUtk olF, ol Agtel Fsdid FrF A
g g Te, FY JPoR ASHUL welt AE Foo] humpAH ¥
so], o = A(riggenEo] WASY] Ak ol salok s, ¥AF el

o] o]t}

urold A A 9} u]FA (off-nominal)ALA el th3k A A

A fEA A AdPAek AmUe BEDHA A ekel FeiHe P
2 thgdch shte 2zen tE sow dolske Holgel tald, Bed
A7 (bound) A= AAHA e sk Pol(olZ N3 B HlolE B gel A

HZol & Aolt}) Be H|FH (off-nominal) 7o tha] 23 =S €A A

i

M
X
il
o
o
o
iR
1 i)
o
o
fol
o

, do7 4= gtk = =" (floating) 321 E (pointer
FoR wo] JJEvk? HA Ve o' AT F e dYE s=ldolE &4
A|71A] koot Bt BatE WA efol gty A ESJole] A FEo] 100%U S
7F4 &l 2t
Fail-safe ¢1EjFo]=~5 AlFsiet 2t Ao dafAYE 2 AZo] BT 3=
Aed HHAE EAEE A9 A, oW dde] GAHAS uf, A& AE
= | ool
aix G H2E e, Asel tafa, S =8 (floating)e 2 E50] AN
b w2 Bz 2 o dEE ZEu)rE ¢ e BE=EAe Fd(on-board
termination) Sl thalA el wkef B =1} l‘i—/\]ia‘(subsystem)ol HAE oy
2 Qs ALy AAmxH grbd. LelA AdFd wE=Abe]  F(on-board

termination)©] °]& H& Aoty AT ES WY S AAA IA = AS

o
A

fu
kv
O{N
°x

A (multiple wires)S ] &3l 2h(z12] oz

oz



©)

(4)

®)

)]

sa e}, ksl wek(short)o] take out the system(???)(SEASATE 7] 4l 2}

2 (lockup) A El: GAalo] AAst= 2E tnpo]~E-2 FSM(Finite State Machine)oll

A= 9 (lockup) B EIE 2L glojA= <het) &3] AR H = A} tnte] s A
aaet, 2ga ol or #AFAAD o= E°], SDRAMES 2 (lockup) el

7F 9h=El, o #d(lockup) FEIE A F7I(cycling)e] EF1HE 27 S

& & % Ak 35 SEU, F& AAo] frashA o2 HEERE o

7 (refresh) M &Ho] =% 1gslt;, B wlo]a =

facs
K
,

o,

&
PN
()
o
e
o
Y
&
32
Au
AL

I«

ZAME, EEPROMS} 28 13y o258 vhaFst 29 (lockup) 1S 231

Atk FE futol 25 gAlel YsiA FEo] B i o e AES &8 A
A F71(cycling)e]l Z2lo] H= Ae 7%t

A =2l AE(glitches): o2 7FA] o] ok M 71AQ WA, 291% 229 on-off, =
s ko] Ask H3sbx] o] AlsAH(firing pyrotechnic initiators), 2| (lightning strike), 2
glo] 29 A (relay switching)® ol ¢ Z&] X (glitchySo] Lol & Ut} oleld

=& (transient) O 2 215l 3|2 °] 2z (maloperation), FMSOlA12] multiple bit
upsets, 34 o = (commercially) ¥ AxXAES] gd(lockup)e] AT = 9l

hoHS g v s o] G4 AHE 2t 320 disiAes A s

71€d ot ok AlxHle] Wy dRr 5, B AE|(inconsistent state) S
b= 27 F717F g g 7 A= Al2"Y A o /E SAATE
A3l (false) 22717} AAAE = Q=712 Onetime AFAEC] ABlezZ Alztd = Q&

712 Nael Al ARE §A8k= 9 A (latching) Ddlol(relay)ES 913 =glo]H]

=250l A3l EA(riggen B2 F-E RE 272 e A9 FF9 Z A (glitch)

172

Bl ~E ZQIEC] thel(shorting): HIAE EQJAEELS Alghe] osir thg#]7] wjid,
H2E ZRIES°] 9 &abuse)d & A& 7Hgslet. & g4eta a7« 2%
(fault)e] o] & a7} HlZ oAz ~5x xgHe] Jee o gREo g
= getolt}, HAE Qo] a4 Adl(faul)o] HE SEglolE BalE] £k
714 7] YeiM= A7 A 3(isolation resistor) 53 A-&3f 2},

g 43 1AM, 7€

ESD T w E(ratings): dule] 14 AXHES fgIH-FL2 W ESD thresholds 2Eil
th - dEHo] 26 AEetA AAE 2 AXTEESLS 300V AgS zt
AT FF olEg HES HolE AE AFHA Fevh wEbA whEA]
qualification HI~E 2] X E7} ¢J45]ofoft 3sho},

k32
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O]

@)

(4)

®)

TS (spares), TE, AlOJEE: o9 &+ o F9 PCB(Printed Circuit Board)<]
E(pad)5S "HAHL “oop™E LAFAIZIAY, BStE 1S vESA17)7] flEA
Sk %= H 2= SSI(Small Scale Integration)/MSI(Medium Scale Integration) X E
| Al Agret wlo] ) A (bypass) AMAE, AR, AYLS 98 footprintS ©l] wjAl
TR 7hsd Hutolze] A AlolE, TH-E5

s
A FAE ek olde AEo] HUG &

mﬂ;&:ﬁ:
fo

il
K)

I

Ao FH o] g7t

oo
]
uf
)
2

A%k, PDRs®] ZHF
A E oJFE glol AL o] Fo X P ATh. leaving zero room for change. o]+ 3

A
= ZRIY Thed vube] = A, Y He] AFde Fa AAE S

rlr
o
=
4

AND Al°|ES, Sd-ZF =7 &2 vdstal dedt Vless 2209
sfiek. AF2 fixeso] A9, o3& HE Ao ol& 7ted =ElE ATE Aol
Ao 2 ASIC =& FPGAQ] re-spint H.=29] rework 715 Al A3 = Zolt}.

HEle] &: PCB 99 &2 #AeFd o=z AsiHe). oFH BrAto] =& fixesol

[‘

LidE2] HA: dalzF A ¥ 37 (charged environment)dll 52+S $3lA, lidgo] A

Aol J&S THaE HAAZ, T $7 o A =(charged environment), 2] o] &

rl

F717F vl AL, oAl 213 A 37 B (environmental chamben)® S°]71= HAE

7 Bed e vk 2E fate] 259 lidES HAH A &€, AAe] o™
Aefell A §-3= Al (space market)oll T A 7|%= Fr} HEe] Ag HAE lidEe
AAe7] A Az Aol osiA ZZE(floating)o] WHEo]ZITh ot Hsle] A

% B7b5etl RHE, ESD dalel i@ o 3] 87] $lslA =2l (drain)
A (wire)o] AFgEojoknl &},

I = T [ e )

=

gl 27

BE 27]u]g obo] QI ~® A(instance), AE(symbol), Y E(Met)E zHEH S sl A =

Polu}, ol The3} Tol 2747 o] f = ol f-83heh.

(1) The backend dIA|YoH 3} B4 S5 #pAS Fx23 A, Frlo] AlFshe il

m{o
e
N
QL
rlr
iy,
B
il
o
2
ot
1
L
%)

E2 Bo oA AlFTHE U EE(default) 22
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o}
(2 W =Z=ZW(probing)oltt FAIE AT w, gES o]&d, AxYol= Aol &
al

slgjol eaelel g ezt & Vet el

(1) EE UE®metol ol5FS Fodiet wol & HolX LAHE EoldE olFHY i
Z g o]Zo] A yt) E3 Ul E(net) o5& A5 9o o ouE ukedsjof 3}

o] ¢} #idte] t}ekdlk qFF o] ). Viewlogicfe dlo]EjH|o] 2o HIEFARS ~ =
ZEal glvh 2E]ar 2=7]uf €l e scoree]l thHate] ARg-gth R Aol &S FH|
ARRD C NS ARESth 2 R ol Al ~FloA GYdEdt=ER AMGEE %
= AFESHA 2715 Aadth E(tool)itel o] 24 (portability) A (protability) S
TRAZI7] YA AEY UlE(et) o] 5 5 gEAE Fd ook gt

() RE Az="x(instance)ell ©] &S F-ofslEk o= 10 ABE, AFH AAE A%

- Ye &AMYE Ho] ds(ordered) AIES! {A B, C....} & 7 EAE 1 &

B AE Sxjo] whio),

Off-page= 7}= 2552 1 AlE 5ol E3e AlEY S8y ANEE FFshe] dA|E o
of &t} 2050 A} L 20 H oAV} HiE 27| WES Fo]B I off-page 2 E 50| IFd}

= 717 Aol & e o] oy o wAe] Ak

Bx P AES ALY M BARE AN 53 §4 ZeAsE 2FSIG
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ShisteE Ftdolet =], VIR REH E8E AFE disiA dAs 71F5E ojuwg
dolEA] £A 3 s7IA R 2FHL EFE oo} gt} o & 5o], BE 3d& "k <l
9 (encoding)©] AFEHAE AFAE FHA FSME ~EY S AT F% 9tk HDL
description<> olzlgt Ao AHAE WASA &gerh gtk AAAES HAAE °
portabled} 7l H5 4= 1+ synthesizer-specific directives”} §1Al & 371 9184, HDL source
gdo] obd directivesE frAlst71E Fotdtt. AA|, A, 4 FL A AATAA
delE Wa 7132 Zo]7] Y48l HDL ZE=StoldirectivesE & AS 1 Azdit}h &
ASHAL, 3717 AAR PP AS wAske A Ay gdE =3 Fag A

Aottt ZH-EFY Zo] AlaT AERAE, ASCI B2E SjHoA= s2 AAE

O

A —3~

A=A ohdAE ARer] g Basth o hREe] BAHYS 2T ofF
PoAlol Aol o}F Fasth seAl, T oA oF Sof, dY AmdYEe 29 ¥
Hte] dduo] 9 Aot om Ao, FAVI7E AAART T ol i Peg

Ageta, 34 FolA AR WA Gtk Qo FEH,

A2 4 gAE" Ax gwe HE
1. Me

FPAGS] HAEE AA/E4 774, minus the synthesis processe} # FAFEtE ofifsld o] &
A o|FPGAS} EUd A7 (skill) T 7] EES AFE37] wlot), o9} 7re Algo] 9l
A, J7IE @esl AFEH A wes TR B QITte]l € de A EY
o7} s #HAo] oldEt aFstE 7T AFHEE St =2 AAE FENE
HAolt), bA" dA; 3R] AE:= whedhA oA AV A BE a7 WA
(specification) & THHA 7= AL THEE Zlolth o7l AAANEAAES] Holn
HEAS] 7] 0] o fritolt},

o] ML FPGA-EFQIe] UAY AAE HE <t Hsl= 24t dAES dYggo=zyn I
Aol ofzte] F#H S b 2Flo] €A 27| U= FPGA(RT54SX-S series)of ¢4 =
(Synplicity) = 2~y Zd X2t % AA A1 WHEY giF-ie] 7} @A = oJw g FPGAYE 4
£9 5tk BE 1 71wl gid 2SS 2] el AdAlel dis) AEe] dig dF7t
FojA = Aoz 713

2. FPGA® dig &3t o Al(specification) X

thafol 2 1 Al (specification) 5-& A= QulolE & 4 gk, @I AZAe] LE B
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YE Aboldle mEE zpolo]l & F Ak wep AE" FEY FEgd HA
(specification)& 213 zta Qlojet. A1) w H(specification)E #1384 Al3=AFe] Ale]
EEZ Aasfet. dvkebd ol Ao HAlA (specification)d] X, ¢HO|EELS EAgleo] <

A=A o]Fold & 7] wiiEolrh. wt W AIA (specification) = A5 =eFlolA o] &71s

Sk BE, A2RS AR glold] BE dulelEo] olsh ge AT Folvt B
o},
3. e AE FY 3

o] FPGA A715< VHDL, 7H Verilogel #2 HDLE o] FolXit} o] A ork
olZA 7HER Aotk 2 dH AxdATHAEd T & 52 Y F/= FPGA WY

7 AFHE B B AES Feidnh ok AEAR dolF AR B U@ A4

(1= AIZH} H&S 7AW okl @ G & A olth)d FulE A astA o R,
AENAS 7Fs8HA sl o] =95 984 Synplicitysl E2]$-+= FA o] ALgd

o A E Fleltt dele thE ARAAET fA,

Al 2a7HE FdE v o] A28, FPGA, FPGAE E&Mal gl A

(1) A=) A" (description): PDR/CDR 7] %], A]|2~8] v 44 (specification)s-.
(2 EH= 27HY AE

B 98 AEe Axshe v #dd} 2o ©hE FPGAHDL 3 s

4 E=Ast= H2~E B3 XS (branches)

(5) &4 As} gold 4

6)  .srro 3 Synplicity 1A =1 9k

(7)  .abd I}<d:place and routeo] 2] dlo]EjH|o] A~ FU—o] A AdA o]t

AEE Azet7] ddl, A28 F243 aqdo st 2o Aol e A<
=7s 471 e RE 27Hg S Fojutel dAl Ala"d 1o FeAs ard st
FPGAS] 1Al digh :=EZ rhsofzh

(1) wupo|z=o] AHehgk sxfo] kel AA AT

(2 whatel=7t i1 AA 32y ZHA Aol 2A, s AE FETes Al
ojsh=71?

(3) Hnte]xrt 5o AR A olaL, il AR HHoES LY,
A (latching) Z#olES AEANZIAY, & 32 (configuration) 7] 5ES
=712

(4  driy B2 A THVIETH ddo] ¥uEaL, a3E Atole] &A= ofw A
o] 2l=712 Power-up¥t powr-downol] thak Al 2ol thaia BT argds)et.
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OEEEEREP ERCEE Y

(6) FPGAS 7)ol Agom ARG u, 435 FAsHE Aol AsuA A
A9 715k Be AR dF 7187t vk

(1) FPGAZE M%7 HlolE} HEelES £kl Fe ulEs] Al g =
2AAE FAeEP

® vkt me 2 xs5o] Jusk we o 29
cycle), 914 #AI= ojwgrly AAAE 29 EYE ATeAY, AERA
Qyow A o]oRyt T,

(9 PCB atwork® 4171 ol g7bsslok @, shuisiy AEe Ao BF
o o] g7 wEe] Bad W 47 ol g7 @,

M
%

o AlAelM HDLE ¢ A2 olshA sttt sty o i HDLo] RIefshAl 2hof

A Al EA sk At o] AN B2 As de F fivh

T

s AEY 59
AEZF FAHE APAY P8 wAS] ok olgHonE RE MAE Y FAS

of talA welwa el EHEATh 2eu Az G AT W] ol @

Aol aglo]l 25 sdolth. @A Zpel7h Qlvpd drpy B2 dAES 3 AU}
olth. kA olofr] g AFALE wiTell FF “F2H9] HAK(spot check)” =2 A7) “=7H
(scan)”e] A 5 = 4ot

gk 7HA TligE AR HDLS: AA|7F oty el sk =4 o tigh AAAte] Tk A
olgh= Ho|th HDL AlE#HolAS 3 A9y HAE HHllX|(brench) 2+ A9 424
= S¥ot=d F-Feth

A7+ back-end place and route 7|59 A¥}=Zo]al, st=goj= -4 (configuration) ©]$-9
Al ol

A AATE fEE AAdE AFE A=A WIS R (fidelity)= FF71e] Aol
zZH ok o gleh @ AAIAe] s el &9-Hr

1)  FH 7Hs T HDLS A

(2 AT AHEE 55 oldstet

() FAAEES =Tl

(4 Al o=d A

(5) Back-end place and route &S SulEA A x| ol EES =g HAl, A%,



=2 71%¢ AA 10 thresholds, %2 slew rates®} 7S 1/0 259 stehu| g A€
2] (clamping) tlole =59 HA £& FE4, coldspare 7154 52 WAAZA

=
=
S gleh o] Bo] e WAIwE

. B2 = e gt %, Back-end

il
design process?te] HAES oldllstx] ki AA ole]E doFit

FPGA A7le] AIAE  shuhs shiel 29 oAE Ageks 7 meE BT 24
S 47 oy B4l MAHATE Heolth WA AL FHSAE BH =
o ABdClERE FEsh wEs] A AEE@E NE/] 4 1S aTaE
FAR)E B ol Fatel EHH/7E 4P o a, et WAT 5 7] R F
SA = etk weld AE 34 Fag FEFe] sk ol walel 41, FPGA A

FPGA o] ZgAo] S FPGAS 713 Ao gk olg) glo] HdeiA AER & ok

off) BAEEL(] BaESe] f¥E AL o) wEA AEHook @ BY ARE

1 7H T A 583 A, oF 59, TRST*E A43] b7 Aot AHgst

A e 29 A5 2ol I FPGA 2= (spec)?t tlHlo]

[>

=74 (configuration)

S gy A5 2o B d5S FAEE 2glal 2 fEo] AT

@ 37 AeEA %= ZES HoflE BW, 2 ARAEE o nie 2

=

@) TS AREEHA Ee 2nE ok (s =W, AR = ds, AU
I &= 7] (transition) AlZHE, =] (families)e] =3, A2 T2 Ao 2HEH
= Hulelas 5%)

(4) FPGA%t= HHH o= power-upS-2 power-down 2 = & 3| =9} 7F tiulo]~
59 cold sparing 5=l 532}

(G) EAO =AHFE = e FPGAS 110 ¥ Fol RS B¥xE AA

3l 2},
(6) PCB Edo](trace)52] Aolo} Ao 5] ofWA FTd¥e=A AA3a, LHFE
(overshoot)9} 1T 7 E (undershoot) 2] ™ Al (specification)= T+=3l=%] &43] afz}.

53] PCBE WUt BE AFES FUA 2ALs e}
(1) vhelshz AsAEET AWAA Hol ek AxALY] BRAFES D whgieA
243) ek o Hel] AEAAE o= ol mleluz AMAEIL shtE gl

2 2ol g ANAHE 1 A5E AN BASE R 4SS Lol

!
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2)

Synplicityol] 93t 22z &8 2 A A sir 3L -2(Synplicity= HDL U &S ¢
ZRABE) AEAAA Al g #H B AAES deeth 434 AARE

Eixe:

)

@

T

K

rlo

st A ES 79 Holr A e

st gde] AWA BES T #X(pass)ES UERATE 3 A A=
Synplicity”} VHDL EEE¥} e HAES 2, 7 A= FeH wals A
WEsle], 2lAl 22]o] RHEo] Rt} (reset logic is created for any which the designer
gave the "safe?attribute to deal with illegal states.). =1 W& 32 (pass)oll A A== A

o vl olEEC] FEaeh 1o B ek AEA e RE g v

gl ol sl oM ARG FEjse] medow R Aot dv. AAR
< =g A@lich)ysol e 9, 223 SYUAZREHY S5 JTeA &
7

aL, @A 3z FAHRl VeaRt ATk AE B Ak dE 50 d4

=7 (transient) =, WAlk(radiation), 52 ESDEHF-H FE|x|Eo] HAE 4 3l

a8y A =27 A E AT sl FPGAZE vl A AF AbE(illegal state) Y o, &
HhE eS8 @ AoFe AS dulss A2 ofHn. Synplicitye] d471=
FH AdE g =g mRR He oW XM= halfedge EHEE(AE
Eol, &5(rising) ZH-ZF0NA falling edge = H-Z50] AHEEE 49)o] A&

HE7] A AREE T Aol AAAES diFE oS dAEA ZIth 9
1=

rlo

!

w3k Synplicity”7} o] & 8Fs{ WAl K8h7] wistolt). 1g]ar o] ujgh Elol®
Aol A =t} o] Elo|W A& Fr|Aolx] i A Wstd 4 e A
] Wale] &89 £=357](duty cycle)oll =7 Lt} (This timing analysis relies on the

duty cycle of the state machine's clock, which may vary considerably, and not the period,
which is generally quite accurate, as crystal controlled clock oscillators are the norm.)

b AAe F3E B (replication)oll thalA =o]dkth. H3E -7 (replication) %l
H-Z5 Aot 29a £9-55

_—_\E'L_‘_
B vl AsE FEs Al =

rum

=7 (replication) ol

rulu

H-Z59 5A

s71ste]l E9H-E59 HA(replication)”} 3-8 22 o}y

o}, dukg o w wkok v 7| A AR (transient event)E = Q8] =K o=
J_?_

EH-ZwE0 AR vUE #e Zdeud, 54" 29-EEES

)
olft
e,
(o

ax

3

rot
oft
o
o
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©)

(4)

¢

o & gtk weh] EP-ZF BAle deokn . Al w BPsa w
Hehd, b 91228 2 (instance)ol] o g+ ]84

(acceptability)©] WF=A] HASHA A E 3 LA 8kE|ofof gt} o] A wF
4 (labor intensive)o] il ol 217} RbEH RRZA] Zb RAJT7)7E FAbE o] g

x| ojoF ghrh
s AAEe AMEEE =8 B9 gREESS HoFEn oy BYEe] AMEH
A=A &7 s FPGA Al ALY vl 3 =2 (macro) 2Fo] B2 2] (library)ol] AF-&

mlu

- Alsetyolt Flol(clearn)7t 1= EH-EEE. o[ Z2PORoOIU Al W
2 gAlo] HA &= 3= gt
- Aseyoldt ZEof(clean)E Zta Y= TH-ZFE. oA 7SS vEH

AA 71ES 7H 0T (B (set)/E 2l ol (clear) ] FA7F B 7% A 7S

S

AN

kil
Ll

- H Ol R FH-EFECEE EY, T2 A4S AR o]F oz AAelA 3}
7oA ZH-ZF9] AR, ol Y WA (symmetry)oll A &AL} (constraint)

& AN ehelw) F7(verifienz BAF7) ORI Th FelA FE
=z

Al AlAEolof gtgh, EE HDL 59 ol 52 Qs A k3 #AE
L2 Al(set)/Z 2ol (clear) ZH-ZFE°] AAL 5 Uk
o AAL A7 QA " S Ed A =odth YA =

=g B9 d2EE2 29 gdizE T ok o] ARRHA=T dsiA 5

o

sk Aolt}. 18] 3l "clock found?or "clock inferred?$} & statement=2 A& 3o}

Tk 27 FEEo] AHgHETHE, (5, 22 29 gAasE AMEEHA &
Y E) 2RSS o] Bod Folt o & 51, 379 29 =dolHE
Zk3 FPGAd= 47119 E8o] S W, =24 F92 AAHoR 583 5
Qe ARt FA o & AF(skew)S 2t v wEbA expH o A

2 A glen, @& oA EAEs TH-EEE YA AREH

)
)
fr
X
Y
ot
ol
[
=
_0_
,%
g8
D
2
&
X
=)
N
),
o
>~
>
o
i
2
oo
tio
2
[

ofoF .
T o= 29 dAEe] aE AloldA =EE Za UEA
R

th & &%, HCLKS] &5 olxolA &7 A,
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st o] ymx] REESLS ux] el ujA(place and route) o] AAME Elolr] BEA AW E
o vk webx wAA e gholth A EgE ElolW A 2abdd el F<Eske] Timerol
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1) wedl eAddelEsl dkd, el AW FAL 7] AaE WAl
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ESS] HetA ot webA #HE7](transient)7t ¥ ol YERE & QT
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= AAs717F ook Aolth olglgk EAlE tFE kA WS e gk

(1) Importthe HDL X555 Actel Libero= import3i 2},

(2) 2 =g AES sl

(3) ViewDraw(Libero EAl <toll AH)E AbEst] HEES & AEY w1 23S =
EEES

(4) EE5 Atole] S 2|7l flald AZo] sl #Heolu o]zl (highlighter) S

}-& &l 2},

g

o

>
ofo

=

k)

HES ymA] BEe BEd 2AREaL, gddt 7)ol oW FEHANEA, 21458
sk=AE ga] flEiA WAAE e Aolth wheF o]5e] Fxto] RSt H|
2~E MA5S AAstar 29 REES AFEgelday, £ 25 3 i o

FPGASH W5 A7A|ztEe] A sHA &2 o HAIEUES Alo]e] SQlE|so]2o] 3k B

ojrgel AT FolE 7ot

-79-



t} 53], ¢hd-Z(Safety-Critical) 53] Al2~81S 714 =8 obdAS g uka glTh
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AR T2 B AGA AA AR Fard 5 gl

A 7Hd Wol 285 = st=do] 7]& AdojiE= VHDLI Verilogolth. i s Mol A &=
VHDLE ZAd ¥ s=E A3 o2 ARRsl o, Verilogs o83 3= AAAE £
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A2 A st=do] WAl o
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process (reset, CLK20M)

begin
if reset="1' then
CntCLK20M <= (others=>'0");
elsif rising_edge(CLK20M) then
CntCLK20M <= CntCLK20M + '1";

end if;

end process;

1% 51VHDL ZE 4

VHDLS H5H{E7} A9 AJERY v st 43|z A
Q.

o i

i
}4
30,
Ir
41
1
Y
_O‘L
I
o ° o

A" A 2] FAE VEsi Y AlEde

'~

A dofeltd. VHDLS TAY Al
Aoz = ATk VHDLe] /NEE NS -
dd sh=dol s A

E
32
i)
K
b
HN
(]
o
Hﬂ

st gAY A HAUEE 2

9 sk olydrk. 71 ¥, VHDL ¢1o]& IEEE ¥<ro] HAx

NAE A 19 512 VHDLE #

WF ol VHDLE AR w7 A8 AEe AARE BAT 4719 7]
5571

=

Verilog+

Aol olsiA 7dE AT} Veriloge 19841 Gateway Design AutomationAtel 2] &

2+ HDLZ A7) ¥ 2t} SynopsysAte= 19881 7ol Verilogs 913 A =15 /N5l
Al E]

19959l IEEE 3#<=°] ¥ Atk 1% 5.2+ Verilogz 2Hd ¥

FJ FJ

AEE BHoE

Always @ (posedge clock)
begin
temp_a = a;

temp_b =b;

end

% 5.2 Verilog = 9
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st=glo] WA ofo] mEly w2 DAFAR] BE 59, 2) HelE 43t 5H,3) 7]
e} ) S 2~5 2~
T owEl 5, 4 TE RY v e e 542 BHA 71Ed £ ol ad
532 VHDLS 29y 588 7)&sta v 3oz gAE o] VHDLl s A
d¥= 2dy sHelth. 2§ 54% Veriloge] 2Ry SEE 7]Estal gtk dAow
FAE o] Verilogel o8] A= REw T ot
Temporal
Continuous Gate delay Clock Cycle Instruction Cycle Events
Data
Continuous Multi-value bit Bit Abstract value Sttruct
Functional
Continuous Switch level Boolean logic Algorithmic Abstract mathematical
Structural
Single black box Functional blocks Deta|lﬁq ompenent
ierachy

¥ 53VHDL 2d3 =¥

Temporal

Continuous Gate delay Clock Cycle Instruction Cycle Events
Data

Continuous Multi-value bit Bit Abstract value Struct
Functional

Continuous Switch level Boolean logic Algorithmic Abstract mathematical
Structural

Single black box Functional blocks Detalle_d component
hierachy
- T
1% 5.4 \Verilog 248 53

¥ oAYARe et ge mEo £4 neste] mEe 44AAS AT

oX,
rlo
ol
ol
o
lo
ox
=
b
oX,
il
o
=]

etar 3l
71°& 24 (Functional Correctness)
Elo] 7y

“J €74 (Timing Correctness)

$t4 715 A (Synthesizability)
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f-#] ®.4=4J (Maintainability)
Aedoldr HDL Z=7F dS7bsstal, 3=, dgsiA o749 7lss T3
e FZEO HAolt VE AIAHdES 9% ZHAFL 3Hd TeHrt. 3doA =
HDL F=7} HDL IZEe] /7 A44d F+ e qdAE Hugt ¢4 5 Jd=F AAR
7F YAAN s WMetal HAAQl o R It E AAste] HDL A=Vt Vs A S
S WAL JEF §H7] 9% AHS AL U 3EdAE Ve AEAEES F
M (Syntax) =W} A FZ(Structure) SHO 2 FREE] A9 XS A A G}
glolw AgAdolgk HDL F=7F o S7bsstal, S8 SHAIS RESetiA =9
2AHow FdE F Uve ZE9 HAoln BolW AIGAFES gt IPAHL 4%l 7]
=9t 4o M= AR 229 Z AE A (race problem), =] X (glitch), B t}E E}o]
WA FAE A s Z25E SRS 7] e A S AAEAL U 47
e Elol ABAS AAEA, F5 Alol"(clock gating), Zero Time =2, &5 =w|9l
=28 X SHol| A FYA LS AA gt
7 sAdolek RTL 9759 HDL FE=7F Aol E(gate) ) = H=&(flipflop)t 22 A A
st=glo] 2oz Wsld 4 Qe I=o] HAolu AV EAS st AP 548
of 7]e=Hth 5HolAM = 7S 7] ZEAAC) vET] ZEAA SHoR S
o FYAFS A A g}
ATl ool ¢six HDL =9 WA A, AAA7 78 Hdd 7teAds
ZO|EF e FZr9 Aol 6doAe IY #y, Z= P2, AdYi ¥ ol ¥WH
SHolA ZEAFE AA ST
A3 A 7s 44
2 do A& HDL ZE=9] 75 AgdS 93 ZPEARHES AA g 31 A= 9t
2 SHoA e FYAFS A, 32480 = AT SHAA ] AYAHLE AA
st}
1713 (Syntax)
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B R g AgRE FAMRE 28 dolwidhE JbAckiT. %, A7 7
A ol NANAE olg3tel AWE FBE AT, AwA B 0FIF AU
A BES g hold AAWAE ol gl AWE FYRES Z=F Aok
gt

B Qae A AgEE A5 R AEE AWENRE SRS FEY 5 Ue W

obelel el AT mEo] 44 % whgAsA g mEAye) oE noFuh

SIGNAL x: STD_LOGIC_VECTOR (31 DOWNTO 0) ;
SIGNAL y: STD_LOGIC_VECTOR (31 DOWNTO 0) ;
SIGNAL z: STD_LOGIC_VECTOR (31 DOWNTO 0) ;

-- good example
z <=xANDy;
z(11 DOWNTO 3)  <=x(10 DOWNTO 2) AND y(8 DOWNTO 0) ;

-- bad example
z <=x(9 DOWNTO 1) AND y(8 DOWNTO 1) ; -- error: unequal operand width

z <=x &y ; -- error: unequal width between z and result of operation

2) ol =¥ A ¢ki= @A (latch) A4
B oESHA g2 AL APEA L, BE 2ATE Ao sta 0
glojof st} =, AART} FAE(case , X if-then-else #)S #AE o, RE

N
)
o|

o

Feel dald Z=E AAdsko]of

Ly

HDL s=of B3 2075 AAstd dAld =4 s g2 X7t A
ek obgo] ot 3Fe] 1-bit 415, enableo] 1€]Y
t}. 221} enable©] 0°]9, data_out> data_outo] dA| 7FA|aL = e 22 {X| 3
=, oY e Rl e 2-1 HEZE A (multiplexor) AAIE f1g Z= AT enable
o] 7} 4 = 1 o]9]9] kel dldte] data_outel] TFE = Fhol AFeojw A 29k Wi
of AAAY ol=Fd, o=shA] AsE YAE zt
s 27 e, webs AAAZE e 7es 2z
A BAASR =g AAsto]of dtal, AR wlRe] VleE e SRE dshA &

oW, A BE Aol ko] WEeiA ZEE FAdste|of k.

ox
il

I

, data_outolli= data_in2e] #ko] &

oft
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to
fru
il
ro,
)
vl
_rE
o
il
ol
fot
QL

example : PROCESS (enable, data_in)
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BEGIN
IF enable ='1' THEN
data_out <= data_in;
ENDIF ;
END PROCESS example ;

ofefe] o= IF 25 ARE3lY] 2-1 HE|EFHAE AASH] A% ;=9 A4 ool o}
gfe] ook o], enablee] 1 o]9le] #E 7FE 7ol data_outell 0= 1)° #he sl
of, AT YAFOEA, ofrshA] &2 WAV APEHE AS WAL = Ao

example : PROCESS (enable, data_in)
BEGIN

IF enable ='1' THEN

data_out <= data_in ;

ELSE
data_out<='0'";
ENDIF ;
END PROCESS example ;
B S5 7] s ZeAlAEe] A 2] A E(sensitivity list)ell= HE7] 2 A
2 25 AEgto] TEofol gn), 2 RRoR THE TeALF 1A g

BN
=
tot
hu
=
o
k
g
ox,
it}
[l
fu
)
[>
M
{0
o
_—{o
N
X
Ak
[
\m
K-
iR
I
>,

example : PROCESS (z)
BEGIN

y<=x&z;
END PROCESS example ;

Werd Aol d AHE meo] mei thewt go] A48 4 Y

example : PROCESS (x, z)
BEGIN

y<=x&z;
END PROCESS example ;
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23] AP =E gAl 3 25 25
A%, AgHold ot vopxi
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fu

X

kv

B A o EE FHET o8 Wit ousd 2 e dAE 4EE
FobQemz, Bud ghel Qi A9E Adsns WeE g % e
AFRG, WS S B Al ZeaAs FAA Wasl g8A7] dol WA

wrof, EaAsgeld Wk 54 glom @9Ey] Ao, 4HAES 28 4Yshd
olel§ FE: S WA olde] wdE ke A48 sdskd oman g AAE
ARG Qom, RTL 2ae] AFdeld dvst 45 Bde) AEeold 237} o
g & 7 vk obele) mEE §7] ZaasdA 54 gl @FH] A Wt 99

Aw% must Agsle] omelx ge At AYHE A5E welFh

example : PROCESS (rst, clk)
VARIABLE jk_v : STD_LOGIC_VECTOR (1 DOWNTO 0) ;
BEGIN

IF (rst="1") THEN
q<=107;
ELSEIF (cIk'EVENT AND clk = '1") THEN
-- reading variable, jk_v, before assigning a value implies registers on j and k
-- inputs
CASE jk_v IS
WHEN "00" = q<= q;
WHEN "01" = q<='0";
WHEN "10" => q<="1";
WHEN "11" = q<= NOTq;
WHEN OTHERS  => q<='X
END CASE;
END IF ;

jkvi=(&k);
END PROCESS example ;

2957 Aol Wk AAAES w5}

o]
2 E]o] RTL 2do] AlE#H oA Ayl e 2do] AlEgeld A7) deix= 7

example : PROCESS (a, b, c)
VARIABLE var : STD_LOGIC_VECTOR (1 DOWNTO 0) ;
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BEGIN
-- In RTL simulation, an event in a, b, or ¢ would fire the process,
-- and the evaluation of the output will be based on a previously
-- evaluated value of the variable var. The synthesized model evaluates

-- the variable prior to making the assignment.

IF var = "00" THEN

q<=c (1DOWNTO 0);
ELSE

q<=c (3 DOWNTO2);
END IF;

var:=a&b;

END PROCESS example ;

H

E o

—_— 1=

3) 4

o EEY dFe A 9He] % Anch olF] g% AAS Al ==

A ok gk,
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i

HDLAIA Al&3ta v HEVES XEE AAUHLS F 71A7F Atk 3 ¥iA Wy

bAd A

Asl= 9] # 9 A (positional mapping)ell 2]
1 o]

A AdA

Hel
e
i

o] XES} Aoy HIUES FEEI 7S X = AsE7E 4

ot
oZ
)
o
£
o
i
o%

H
h=] -
NEe oS EF WAse] AEE A@s= o Fdd (nominal

ENTITY example IS
PORT (

al : IN STD_LOGIC;
a2 : IN STD_LOGIC;
a3 : IN STD_LOGIC;
a4 : IN STD_LOGIC ;
x : OUT STD_LOGIC
)i

END example ;

ARCHITECTURE structural OF example IS
COMPONENT logic_or IS
PORT (
a:IN STD_LOGIC;
b : IN STD_LOGIC;
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c: OUT STD_LOGIC
)
END COMPONENT ;

SIGNAL nl : STD_LOGIC;
SIGNAL n2 : STD_LOGIC;
BEGIN
U_1:logic_or PORT MAP (a=>nl,b=>n2, c=>x);
-- In case of positional mapping
--U_l:logic_or PORT MAP (nl, n2, x);
U_2:logic_or PORT MAP (a=>al, b=>b2, c=>nl);
U_3:logic_or PORT MAP (a=>a3, b=>b4, c=>n2);
END ARCHITECTURE structural ;

4) AA A
m = Ay A B ool gl B FEE ALY v)stolok @k
HDL-E LOOP, FOR, WHILE, RPEAT #& FXES- A|Fstal Qo) o]gsl FX Lo 3}

Abgst sh=dofel RTL AA|eke] AdAdS olalisty] old9-H, &< % HT FAd<s
SatetA ok whebA olelRt FEE2 S ojfo] gle 3, ARES dste]of .
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i ok ol ZEHEHE AOE g EEE Ee 29X a5y REgo® RTL
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omn, AlEHE E= B A2l st=glojd] uel o2 ARE HAFE
ol ool e AR FAls slZo dEF<l(intermittent) LFE HAA A, EAE T 2

det7|7F == ofHuh oldt A ZAVE BAHA] RS 2SS AAdF I

s

[ ] (Verilog) &< &

e
2
N
F

E= ARl ofs EdA H= o ES5(block)golA &

=3
18 W] ghS &dehA ¥ =S A of g

e,

olgl9] Verilog HDL F=29] o ¢} o] FAddt FF A A ETA &= 7 719 always
EFdA sdg ¥, xol thE o] ddHW ¥E xo g AlEHCIHA w e

s 7= A £AVE 28R S, AlgdolEl whel &2 “x = 1'b17o] WA A

dE A, oW, FE “x = 1h0vo] WA APd F vk wEba] ofeje] m=d
A xel HE Aabs AlEHCIH wet o] & = Qi 0ol E R Qe vAAE
4 54S 2t

always @(posedge clock)
x=1b1;

always @(posedge clock)
x=1Db0;

n (Verilog) ©]Hl E-7}2-¥ (event-counting) A7} A3 A] St=E I = Ao 3

=5

obelel dli olMETLEHel oF A EAL WS B8

il

nolFEr) &, ot
FEE x £ yol gho] W™ event_numbere] IS 1¥ FrleleE mEolth o] A=
= x9F yol o] FAlel WAEE A9 Al xo yo] gho] FAlel WA
event_numberi= AlEd oo wEt thE #he 7HE ¢ Ao A, T Arp BAHE Ao

AlEd ol wet, event_numbere] kol 1 wHE SUFEE Xk 9lan, 2 vHE SUFEE

always @(x or y)

event_number = event_number + 1 ;

B (Verilog) 574 W7F Al 27]-¢717F HA @rSs I=E 2o ok
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:y+

=9] rising edgecl| A yo] Fko] WA (y
y+2)= DAL, Al z9] gho] WA H T

=
=

9717 5% mEs} ggEe] dols BA WA

2 x9] gkol W7 (assign x

NP

T
Ay

o

Y
2K

el

o)
io-
ﬁo
e
)

el

=

=

3}
S

=7] (blocking)

p=N
=

A

=y+2;
=y+1,~
X

y

always (posedge clock) begin
V4

assign x

end
192 © 2 Verilog HDLO A ©]2]%

M

Aol Aga % glek wekd 9

T

X5

y<=y+1;

always (posedge clock) begin
z<

assignx<=y+2;

end

—
1o

-03-

il o

Z= Alo]¥(Clock Gating)

x<=1b1;
always @(posedge clock)
x<=1b0;

always @(posedge clock)

el ofele] st ol



2 A (Glitchy= AAZA ] AT = JdE YA 2E& o]z Hxoln, tnfo]xg]
Ee1d EAY ALE S uel B Zo] ®iE S gt wEkA, FEAE AR
of wl ou wl= AAHVIE i, o' wli= 20 dAA 2FE AL F gl

—

AlolE 252 Aol® 3z oA AlojH= dddold AEE AHM 25 WEE
ON 3l OFF AlZit}t, &5¢] OFF ¥4, #dd 25 =dde sxe] FAH] 7es
FHsHA A "=

Z1geln, AWt o7 ALgH = AAY

=
=
Wogx R EBYEES 2R =A@ 5 U 2UAE WL 5 Aok 1Y 599

2
)
UM
-
(il
Jfu
fo
oz
of
£
D)
=2
>
-
[
u\m
i \H
il

(Gating Flipflop)el ==(Q, Alol¥ 21%)e]
High to Low= vi¥ittd, S 578 ZH9E37°] 87049 Adel oafix 25 Also A

Zo| 2] AT HT} =& A7 AlolE A5 7 AND Aol Eo &%t} wala, AND A o]

{1} gating flipflop

gating signal

) I stiten
clock me

B 25 Aol AAlel A2 w, SEAE WAE] AAste] golAelA Alel" 4
“7F WAEYH, OR Aol ES AbEelof &, shaell Aol A Aleld AarF MAg e
T OR Alo]EE AR&alfof gt}

1% 5108 7oA oA AlolE AlZ(enable)7t WA EE Aol tE HH3 F= A o]
g A7 oot}
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Gated Clock

—Ir

Enable

i
a¥ 510 AT = Aoy 9

Fating

Logie

SEEEERDE=E R

zHe] oA 25 47

Cloe ke

&

olo

ofpy
-
]

w

[€)

-

bl 257ke] 7}

™
i
)

file)
=0

cl

ol

—

P ER B

&= el x e 3

o|J

%57

i

An
p

(hold) A]7to]

o=
=

l
=

o] WMAHTH Al (Setup)

A7} Eolv

=
=

o]
i=]

Elo] ©Hlo|E

ki3

o] 2]

Hr

o, 52 #tol

Ko
=

AR

el
A EDolEe] we ve

o], E50] Azt 004 12
)

= =
= =

18 4 sleh ubebA, AE 0o A

3

et o
T

kel

w2y

[e)

(Verilog) A1+ 0ol A ojuf sk Abej

A

f
4

unknown gtoll A 12 9]

3=
Al

A 5o,

o] u}

K
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B (Veriog) & 2= 3] okl EU wre] thEe de e dEe drs

S=E Ayslof gk,

rE
v}
i
=
o
offt
>,
o9
]
oft
_?L'
rlr
O
_l
=2

“0 AP SRR TR ukAl e} o) <
o ¢} zFo], current state®] #to] ACK(*:E IDEL)S! 7 -9-¢ll, next staterx 34+ RESETO]A]
IDLE(}:&= REQ)= =ul= W Eth =, next_state <} glitch_line] 0 AlZF =] X7} wHAd
gk o2’ 0 AIRE 2 AE A fsiM = g 25 AbolE bl Fdt W
o] e #hs gdete AS steof gt

always @(posedge clock) begin
next_state = RESET; //initialize next_state to RESET
case (current_state)
ACK: next_state = IDLE;
IDEL: next_state = REQ;

end

assign glitch_line = next_state; //executed every time next_state changes

Zkoli= AND Alo|Ee] &9 A5 WA = Utk webd vE 25 =il

s = Aze Od 5115 o] HER 57|87} o] Fof ok gt
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Clock Dromain &4

Synchronizer

Clock Domain B

a3 511 ©9E = TQe 5713 9

A A= PLD EE FPGAY =9l A S td3ly] $)5+e] VHDL ®3= Verilog HDL
S ARESlo] "X~ AHE 35(Register Transfer Level)e] HDL Z =8 2[4t} o] 27
AT StEfolE FEE Y] Hdol A4S FASH] g AZES O = 93

Al o] E-4=<5(Gate-Level) 2] Yl-2] 2~ E (Net-List) = H3Fe o},

445

rbl

18y VHDL X+ Verilog HDLO] A|&3le EE T4 47 §AE A gAY = A
< ofym, o3t =90 A7t AlFEe dF- FA Q& vho] Aol AEE

ST}, webq AZIAbE oleld SWe welste] @4 ZFew HOL S8 AHAslok drt.

u
)

gy =7 g

olr

sjo] ggRss 2Ry wol o8 4 7HsE HDL AL
av 7k, =Tl wEl e 34 9 3 A 7FAA Ak IEEE 1076.6
"|EEE Standard for VHDL Register Transfer Level(RTL) Synthesis" VHDLZ = 2HAd A,
$78 7hsek VHDLS] 74 84E 7]Eshal 9tk VHDLE ol8ste] =g Agdshazl

e AAlAE E lerles FuE AS AT

B N5y 2AEGE ) 2HoR J2E AASE Aol uigdsd, sy 24
= AREETE, BT 2A 3 AdEEE ZEstal 722 (structural) FA R TS 39

) (behavioral) B¢ F=E 448 AL AGA)

SHA A AN BEHOE A Aste] WARES AE A
A7) e wBs) wAe] AAE ARgssith e uEs] AAREe dutel sl A

Z
H
rr
i)
I

>
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Aol e|Edte], B eoly BA L FEAol @ Jwes BA 5% 2w
itk wlE7) AR FxE ey @9 % ABAE mALeI) ol @AY BE B
T SR ATk wek FET ol ATAI} vkl FAET S A 2 A (place and
route) == o2l @ WEY] AATEY AHEE ¥ S 9e F QoM 1 At 44l
A ¥ 4 Ak ole] wal, B7) WAL 25 Aso] BrlgHo RE 2Ho] A5
o % RE dolE ge 2% A5 3l wE SR Uy, 9 gk
MANZT mekd $7] AAe dolE QEdA wast FUAE 249 9FAL

5ol A9 firk olel@ o f =, ¥ Al A% BAF FHol Gk &,

= =<
RS olgete] 24L AAY AL AL,

B A2 %(Delay Element)= 4 2 ElolW AF EAIS HAAAZL £ JJoBE RTL
AANA AGEA T AL A ek, A

2 Hoke] 9o vlg Eolge] wejwojef g,

sto]  QIMEE o]&ste] AAlET. vt of# @ AEA AL FPGAC] st=4o] =g
T&37] el =2 S v = vl A (place and route)d W witl 2k = e 249

AARE wjA] 2 oujde] dEp A AZEA Aol EEbxith B AIAA L 2k 2 5%

Y =
5o AL 0l we Dokl £ advh gehd o @ AAAS A% dAE B
A e
S R ogeln A% 44 ¥ 5 AR, 2he A4 AAelA aY o)X

of ARgslloF stobd, FHeoteo] 99 duty cycle of tigh Eleol® EA 1 S 9%
mElg o] wof glojof star, ojwje] duty cycle #to]l M=o Slojof drt. EF

Z} AAE e B2o7 2d AL A

B Qe BAHEE RE S5AEE s A8 S5l Ao s, v

m o 2He YRl G AEE YA Lolol Wk B BaF A, Wxe I
%

QRN FFalofF Lt



-- in a separate reset module

z_rst<=rstor (aand b);

-- in the main module
EX_PROC: PROCESS (clk, z_rst)
BEGIN
IF (z_rst="1") THEN

reg_sigs <="0";

ELSEIF (clk’event and clk="1") THEN

ENDIF
END PROCESS EX_PROC;

m gEE 2FFRE gL wE @ QES A% AS AFan
S 512 B2 A0l UE U o, F7b o, £ olE HolEn xR &9
A4 B8 o gtel BrI5ksle] e BEoR NEE Awshs Aol mra s
e o n e == I'___I _— e e =1
| |
l — Logic A Logic B I
lClcu:]x b= : : | | Clock = :
L __/ B, Ja BLLIBDE -~ |
(@ v 4
| Comb ational l I Combmational |
—] Logic AEBEL agic I
| I
| Clock e | | Clock = |
| I I
(b) =3+ <
l Lagic . Logic A& B& C o I
| Cloch me— = : | ClocH mae— = |
- _ - ____l
(c) == 9
a9 512 2332 AA 4
u T AL FEEHA XEF sloF stH, olE s v 2 ZY W
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E
fu
Y
[>
e
K
>,
Lﬁ
Hn:

o] DEFAULT #tS A A skt
CORE QY gl A5l ois Y g AR AT (55 CASE IF F 5)

H
A w9 E Folshe 2w B vhAEel ELSEIF tiAl ELSES AR89

49 e E e xES Wak HdAddAE IN, OUT % INOUT 2=k ARg-gfjof
s, sk9 E55 X ES] W MAdeA = IN 2 OUT REurks ARgsof ghth

%, mE WA 28 %E 97 Adkel Ms Belel ZES AgEA Zolok @

HA9 dEE xE M, &9 559 EE AU # A4S dAdedA
STD_LOGIC *+= STD_LOGIC_VECTOR RS Alg-dfjoF gt} mgl STD_LOGIC Al
SE 0, D, 272X @ e, ZE U s X e 1A @es sk

gt

SIGNAL main_state : STD_LOGIC_VECTOR (7 DOWNTO 0) := "11110000" ;

IF-THEN-ELSE +# &, LOOP %= 9 A AAXA gZow 459 encode &
A5 A F ornz AAAI 2H& AAs7] 2138] LOOP
F9 ZdA AAE @jof g} 7FesthdH, LOOP & HU:E e 7)5S & 5 ¢

T UE A BRE ARSete] AEE A s Blo] F4-

rr

g A, ZHol A7)¢F A7FS g ste], CASE S input?} output(input : 16,
output : 8)2 ¥3}3}o] 24 bitE F XA

% AT B, usA ge

éu:, &n

e}

=5 5], CASEY iteme 100715 WA ¢
22 A= AL W7 $5le], CASE

o A default 2.2 don'tcare ZtS A ANA = oF H)

il

-3 AFe] ™ Al(Finite State Machine)2 ©]-83F 573|252 AAE 79, FSM Z2&
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non-FSM E A3} M2 the ZRAsE FREA AAd e Fk

B FSMe] HDL IE=x 2243 #3248 2elste] T /M g TzAxR 7)
=l oF gt

Al 64 FAES EolA

Fou ERleA o Fele] o2k mES fARSEL AL AdA, AAR
1 AAZA e BANT Y AL 2ES AYs] AT 2= A4l Das
o] Mol A= ol q FHANF Holy FHA =E YR 7 ET

1. bd AA 2 As 2A

Aoz wfs ALK

fu

o

2l d9-ol= 4 w9 RTL #d& AAHY, §2159
ol 2 AAEAE o7l AsiA Zh AT AL o3 HUdES AAe] BT &
d AAZE Ao oF g} ol AHELS ATAAe #HNAA AAE RTL 3
o Adg B AAE grsty] s A Eoth

B QA AA AR AAE g AARE V% 25 P22 wgd A B

Cise

dE Sol, AAlA 7HE 29FEY E5E] M1, M2, M3, B MaojZtd, s=o) wQl
telEa ofgfo] zhzbe] B2 et mfele] &A= 19 tlElEw M1, M2, M3 2 M4
7F 9EE AA Zee ydEEeEyE A s

B Y] T o 2AR ¥IehA] Tan @4 7 550 dA's YA

W7t B 45 AAYRTNS TPl Bk RE 24 39 BEAN 244

24 AAAE TAFIA e 5e AAN Astel AP B=S Folad AN
9 g2olt 2ol FANA Pk F, J15e TAN] AT A AP BRL
TASE B9 BB AHAL meb A Hge) B 2 sy B g

97 Juus TPl A4 a9 BBE T4 Puws JEwn
m 2He WA AFH FARIA e AsHe B 4 AZH dhdel o
SEAE 2ES AT AL DU



i

i)

a8
X

=3

| Hol, cPUZ AASIA & ), ofehel 1%is go] Zae] HA A 3
A AFe] AXAEE Shw, = AW Aol Aol thpe] AAR 7hel QR Aol &
olg wwk opujzh, el B HFo] ol
Design Hierarchy Physical layout
CPUT
Trite ger
Memeory F']l;ooa;i:-lg Ex]e;umtmn Cache Eﬁer [E—
Fetch
| : Flogting
Fetch Decode Wirite Decode Wi po vt Fache
hack
hack
a9 513 ZE ASTE 2 =] AFSTE

2. == 84

1) e ol &

- shite] mHelol = ahitbel QMEE(entity) 2 3lbe] o}7] Bl A (architecture) ¥HS 3 33
oF W w519l o[ E3} Halo] TFAT Yt NEEE BAY o]FOE ¥
ol As 9gso

source file ©]%& :arm_test.vhd
ENTITY arm_test IS
END arm_test;

[ AEJE]-o} 7] B2 Z &4 (Configuration)> TS HH O R sl ZTdAE ALE
A4 gevh 2Yy dF AlEdolHE 278 e der @ gk dernw I
2% 49 2FPAe AEE L oplaAst A el W EIHES s}
gkt
ENTITY adder IS
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oA
%

o7 749
chez
.

A}
=,

=
=1

<

715 A& o] A (function

o] 3y

A

o)
=i
)

s oﬂ /\ﬂ

Fdoll A AAE W&ol
=

HDL A3}
3
fa

o]} B Abd /A

=
s
=R Ga AaFn) g Ao A" IR

3

Iy

17

pare of adder IS
=i}

VS

1

A A2
A A7}
E
a=a

°

71 ]
g
7%

Ayl

pare;

AP S|
2}
[e}
=
AR A2
AlEd o]

]

Q

simulation)¥} Elo]™ A& o] A(timing simulation)ol] AM&¥ E57} thE

FH,
AAE o] &

o

A& (File Header)

53 A Aol AREE ®

ARCHITECTURE adder_1 of adder IS
ofo}

CONFIGURATION adder_com

END adder;
BEGIN
END adder_1;
END adder_com
3
(7
(8)
(10)
(11)

2)
|

i

TR

mp

g ol

b g

O

Al

A
It

(o

o

¥+ 79+ N/S(Not Synthesizable) =

?_‘l_.
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3)

7},

REIEE Bol2U)E Mgl 94Ul AA ARl Bk EelavlE 1479

o]
spaces AH&5tE 1L 7F dAsoF

data_flipflop: PROCESS (clk)
BEGIN
IF (cIk'EVENT AND clk ='1") THEN
q<=d;
END IF ;
END PROCESS data_flipflop ;

Ao & fgelele FA 77t 71828 WA FEF )

|

IF (rst_ n="0") THEN

AR Aol 2dolavh AR 4R Foli 2ol av} JES et A A%
g},

converter : PROCESS (rst_n, clk)
||:>||, |l<:||’ u::n, ||>||, u<nl u:n’ u/:u’ n+u’ n_n’ u&n’ "AND", "OR", uXORu Q_% ?j/‘\l_x‘l’p/] oo]:
Zol= Aol 2Tt JEE A S AT

data_output <= ((('0' & a) + ('0' & b)) AND c) ;

¥E Hee 48 @ eelel A%solol s, ofel ¥EF @ 2l

1o AgeH Seth £F TE AN AgHE TES 449 2% 14@

ENTITY example_port IS
PORT (
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rst_n :IN STD_LOGIC

clk :IN STD_LOGIC

digital_in : IN STD_LOGIC_VECTOR (5 DOWNTO 0) ;

digital out :OUT STD_LOGIC (3 DOWNTO 0)
);

END example_port;

u AEE LE] ASHA &A= v
INPUT
- Resets
- Clocks
- Enables

- Other control signals

ftlo

wE Ag

- Data and address lines
OUTPUTS

- Resets

- Clocks

- Enables

- Other control signals

- Data

ofefe] o= AEE FES Az ddd o
ENTITY signal_multiply IS

ot
2
il

PORT (
dk  :INSTD_LOGIC;
rst  :INSTD_LOGIC;

multiply_en : IN STD_LOGIC ;

a :IN STD_LOGIC ;
b :IN STD_LOGIC;
product :OUT STD_LOGIC;

valid :OUT STD_LOGIC
)

END signal_multiply ;

A&

Ry

s

w4

SIGNAL clk
SIGNAL rst_n
SIGNAL add_en

AR g Eelol shube] AT (E=

: STD_LOGIC;
: STD_LOGIC;
: STD_LOGIC;

VARIABLE count: BIT ;

72} a%e] A5 AddelA AEEE TEL

-- control signals
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SIGNAL select_0
SIGNAL select_1
SIGNAL state

: STD_LOGIC_VECTOR (31 DOWNTO 0);
: STD_LOGIC_VECTOR (31 DOWNTO 0) ;
: STD_LOGIC_VECTOR (31 DOWNTO 0) ;

-- address and data signals

SIGNAL read_address :STD_LOGIC_VECTOR (31 DOWNTO 0);
SIGNAL write_address : STD_LOGIC_VECTOR (31 DOWNTO 0) ;
SIGNAL write_data : STD_LOGIC_VECTOR (31 DOWNTO 0);

WA A = = 4dd A DAY

gt

i_pokerhand : pokerhand

PORT MAP (
rst_n =>rst_n,
clk = clk,

card_0_in =>card_0 i,
card_1_in =>card_1 i,
card 2 in =>card_2 i,
card_3_in =>card_3 i,
card 4 in =>card 4 i,
hand_out =>hand_i

)

F=9] 7} o (statement)> g 2hloll= g Ao EARES AR
WHEN 00 =>outc<=a;
WHEN 01 =>outc<=b;
WHEN 10 =>outc<=c;
WHEN others =>outc<=d;
271 o)’del Axte] A, AT W g et Z=E ¢l7] HA
g 7 DA

example : FORiIN 1 TO 3 LOOP
:= (a(i) and b(i)) or (a(i) and cin) or (a(i) and cin) ;
sum(i) := a(i) xor b(i) xor cin;

END LOOP example ;

cout

S|

A5 (Comments)

Q1 R T oW AL Fol s mEs 4 A
Festrhal g BE s dHES Frsok itk
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ZEAzs, @5, W ZRAAY Qo 7 BEY B s|wsts AYES F1%
Ae BAHT
ZRAs B, R ZRAA W AE, WE R Bl tete] AU AU
A& AR olee HyEE =¥ (syntax) =& oV (semantics)E Tl A
sh= o] oheh NE, WME R B Jdwd s e s&sor Ak
o5 87
AEE), A& L mzAro o]2e oBwon 3 EE, A5 3 | 2]
Nee ol 4 JEE oBS WHY AL VR,
ALE, N5 R ZEAs0) o]FE 1648 2 BEF FHv], olBE AZ
0~9 % e ARgalelol @k wH, U ALHom AGEHALY olFe] =
FUA Fes W s A
obel st ol WAAVL WHEE RE olFe ABAE AHET AL BFUh
- QIEE, ol 8 A, AElEl-ob g T4 B 97
- 2%, W &
SEL RN
- X 2 A2, instantiation 2 generation lables
SIGNAL a :INSTD_LOGIC;
SIGNAL b :INSTD_LOGIC_VECTOR (7 DOWNTO 0);
VARIABLE temp :OUTINTEGERRANGEOTO9;
ofef o} e AAAI WHE= Aol ol HDLAA AFdle BAES A
£ AHEE As AE
-HDL o] 2Fe]
S NEEE

VHDLo]Y Verilog= A& ®#ko] 7hsalof ==, HDL(VHDL % Verilog)®] < °F

o1& o]Fell ARE8A] SFotof 3t

ol7| el A o] o] F& ofgl e setFoll dh}E Mesto] AbgE AL AR}
behavioral 2gldol Ao AU RTL =12 HAER &= 237
rtl D B4 24 olal RTL B2 ¥ous 24
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structural : 240 olya, EdF A4S 3%
gate s Al E 9] netlist

simulation A EYeld 2dl

testbench D HAE WA

ARCHITECTURE behavioral OF example_model IS
ARCHITECTURE rtl OF example_model IS
ARCHITECTURE structural OF example_model IS
ARCHITECTURE gate OF example_model IS
ARCHITECTURE simulation OF example_model IS
ARCHITECTURE testbench OF example_model IS

N
o
olf
o
120
fol
o
o,
il
tlo
o,
of
()
2
r
N
-7
=
(i3
P
>
A
2,
>
=
o
rot
4
12
tlo
=
Ll
pou)
tlo
I

ntA o]l x| AE &9 : signalname_r

A #HA=YH =9 : signalname_d

AA ALl : signalname_dO, signalname_d1, ....
E718 A<l : signalname_s0, signalname_s1, ...
Es &9 - signalname_t

falling edge @A ~8 =¥ - signalname_f

Level based control, enable : signalname_e

Triggering control, plus : signalname_p
active low signal : signalname_n
Internal signal : signalname_i
Combinatory signal : signalname_c

Variable - signalname_v
Asynchronous signal : signalname_a

i

2% 059 0B ok'E ALgalo Bk wek, old Aol 2% MBSt S

W, RE 22 059 oZo|i k'S ArolE gl drh

o}

=057} TR A% kel AgE

22 N5E 2e OB Agdlol Bt

rr
o

3

2

59 o|F golo} Pk 53,

>,
e
ot
L

olF "rst"E ARESoF vt whek, of2f Jhe] YA Az ARSET

&
W, BE g4 25 o]FolE "rst'E Hulo 2 Apgsfof gt
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RS

o] MEAS 9] PORTS GENERICO t3h A5 A4S 9% 44 (positional
mapping) " E T} o] &< Z(named mapping) WS AMREIA TS AR ok Tt

o},

GENERIC MAP (width => word_length)

PORT MAP (
a =>inl,
b =in2,

ci =>carry_in,
sum =>sum,
co =>carry_out

)

U5 HE A3 T vF HE LEE= (x TO y) HuhsE (y DOWNTO )2 AR&g
A& A4S

data_in : IN STD_LOGIC_VECTOR (data_width-1 DOWNTO 0) ;

HEXAE A A (component instance)e] °]F2 HAEWES] o|Fo AXHES A #

58 U A% g 2o WEd AL AFR.

ul_logic_or :logic_or PORT MAP (....)
u2_logic_or :logic_or PORT MAP (....)
u3_logic_or :logic_or PORT MAP (....)

2
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L2A L EFolE o5 (label)S HWE|oF s, 2} ZEAA EF9 o]F2

iz

=

<name>_proc® & 7S s}

reg_proc : PROCESS (clk, rst)
BEGIN

END PROCESS reg_proc;
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WElo] 37 aAY 2AE AMEs7] Boke vl /WS (parameten) & AHEERE 3

-- bad example
data_in : IN STD_LOGIC_VECTOR (7 DOWNTO 0) ;

-- good example
data_in : IN STD_LOGIC_VECTOR (datawidth-1 DOWNTO 0) ;
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