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HH =S
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izEE,ASIC==gE M2 0lEU & Z, ol0IHAEE,
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i s8E2, VLS E€H OlEN &5, SSUSTSEAL 199743 73

U J.Schroeter, Surviving the ASIC Experience, Prentice Hall, 1992

i Douglas J Smith, HDL Chip Design, Doone Publications, 1996

i D. A. Pucknell et al, Basic VLS| Design, Prentice Hall, 1994

0 T. Williams., VLS| Testing, North-Holland Publishers, 1986

0 Watts, R.K., Submicron Integrated Circuits, John Wiley and Sons Inc.,
New Y ork, 1989

i Sze, S. M., Semiconductor Devices: Physics And Technology, Bell
Telephone Laboratories, USA., 1985

i Douglas J Smith, HDL Chip Design, Doone Publications, USA., 1996
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riCs%

U Standard IC
Memory
Microprocessor
DSP
TTL

i ASIC( Custom IC)

Full Custom
Semi-Custom
- SOG(Sea Of Gate)
- CBIC(Cédll Base IC i.e. Standard Cell)
PLD
- SPLD: & 8t & 91 PAL (Programmable Array of Logics)
-CPLD: (& PAL
- FPGA (Field Programmable Gate Array)
ASSP

SOC(System On a Chip) : IP(Intellectual Property) Jt 2 &
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r What isASIC?

U Application Specific Integrated Circuit

U System IC

U Non-Memeory IC

U Implementation of an Application Specific Algorithm on a

Silicon

i Many Definitions Possible
(Softwarelt K| L& ot= S2l)

(i SoC(System on aChip)2 S &

AHSEHAH TE
- LevelO
- Levell
- Level2
- Level3

H[[
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r Why ASIC?
UCost Reduction
U Area Reduction
U Protecting IP
i High Performance
(0 High Reliability

i Low Power Consumption
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AR 2
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r What is Semiconductor?

uConductor

ulnsulator

uSemiconductor

Energy Gap
- Si: 1.1eV, Ge: 0.67eV

Electron-Hole Pair

PN Junction(Diode)

PNP(or NPN) Transistor
- Bipolar Transistor
- CMOS Transistor
- BICMOS Transistor

- Compound Materia Transistor

. MESFET
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(0 Hierachical Representation

Top-down £ 4]
Bottom-up(library-base) 2 4|
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r &4 £
004 =& SEN
#include <stdio.h>
main( )
{ - -
int input,ouput; qe | 29
output=!input; 0 1
. 1 0 ~
} Vin
(8 Cxzad) (b) A% (0 954 A2 54
j [ ]
—0 R
9 DC 9 99 —9 }%aﬂ e !
! P;* A
= {aHD i_:l

>
U
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(d) =1
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0 BB DR 6l A|AEIO Hoj= 244 0] & =12
0 &5l DX 5l= ASICOl A4S MOt 5191 =D}7
Digital ASICQ!IJ}?
h?

Analog ASIC2 Ol
IPE ALE 0L OF ot=0t?

i Application SystemO| & & 5t H U =It2
(1/OPn=+E &% otA=It?
RS EE0| A=}

i ASIC Test= O LI 01l A

0ASIC 24aE Al 1 ==

UASICEHE 2

(il ASIC Foundry2| DesignKit2 & Xl &A=

(i PerformanceE 124 ot & & TechnologyE Z2 & otA=It?
11 ASIC 324 Y&
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r ASIC Design Fow(Front-End)

A 4
A 4
A 4
A 4

l
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rr ASIC Design Flow(Back-End)

\/erified Netlist

Pesi-Simuliatien

Vierge Phantom
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rr ASIC Chip HI &

U Mask =4
CATS MASK
€ Tool DRACULA RI= AR
UiMASK &

Ob SR CBEI0 BRSO B 2 HOlE
‘L 220N HMESE A L HA 2=
‘Ch 2= AN &2 CIolE
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r A0lH =&

t= 3JHKl Jl=2 Jl=

U#HO0lH &= +4d0o
1. 29 ed Ji=
== P =l e
. CVD(Chemical Vapor Deposition) 2t : Poly-Silicon, & 2+ 2¢

LSO HIIEHE(HEE 9Y), PSG(PhosphorusSchaGlass)
. PVD(Physical Vapor Deposition) 2t : Al, Silicide &

2. Photo Etch J| =
. Lithography J| =
- Photo Resist = &£
- = 2 (Expose) : UV & KAt

- & & (Develop)
- Photo Resist X1 : 0| = &2 =S (Negative Resist= EFH)
.Etch J|=

ST OFZ 0N CHOH AI2E RS 48t

- Photo Resist X H

: 11 2(900-1000C) 2| L (Furnace)0fl Ex-== EH €S2 EM
FAOIHN Ex=== FLUOHH &= DY
Olee =g d

EstMEII== A0IIH Z&E A0l AFOI0Il Al285HX OF SFCH
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o

0 MOSFET =& 2

=
(=)

ol

1. Wafer = H|

2. 4% 22l 99 Ho st
3. Channdl Stop £ 0| = —’F—P:,( NMOSFET2| 22 B =&
4. LOCOS &4 (E352US 0|28 M Atgl

5 232 HlA

6. HIOIE &tet8i(S02) 4 &

7. Threshold Voltage Control & 0| 2 =&

8. HIOIE Zc|&clE T E (U & E Poly-Silicon® & M)
9. H0l1E ¥ J9

= o o

10. Source, Drain €< 0| = =&

11. Meta S| EAHS ?ot &t &1L
12. Contact & &

13. 1st Meta & 2|

14. 1st Metd to 2nd Metal 2 S8
15. 2nd Metal S 02| HZ &0l vV
16. 2nd Metal & 2

17. 2 S 9 (Passivation) &= i

18. Pad & °|

19. Wafer Test Line@ 2 24

20. Inking ¥ Sawing

21. PackageLine@ = 2

22. Package Test Al &4

o2 0|2

=
o)
QD
L
N
Ol
o
0
2l
>
10
ale
Hu
>
0K
ol
=
Ol
S
Ol
|0
Hu
i

4>

H
0
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|00 R T G L R PN R SN T A

el b T SRS BT A

R T A T T P

r ASICE H| AP0 &£ & =
UASICe AtE =& & A
Military
Industrial
Commercia

UASICS =& M3 XA
UASIC & H Tool &&A

i ASIC Chip 2t&d 32
& | & Al(Full Custom, CBIC, SOG)
AE etolEH el 2t 2 (Macro Cell, Mega-Cell)
28 X 2(Design Rule)

(i Package2ted 82

(0 System 2t&d & &
System Block Diagram
System Description

i ASICBlock2ted & &2
ASIC Block Diagram
ASIC Description
Timing(Truth Table)
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o teeal e ot T " S RS BNl T T T

R R e T

-gEg8s 0|8
- Voltage Leve
- Pull Up/Pull Down 2t&d Atst

-Jls &4

2AMSO CHet A ALEE
- Input Level
- Reference Signal & &2 (Reference Signal 01 &
- Setup Time Margin
- Hold Time Margin
- Package Pin Number
- Die Pad Number
- Active &= 21(Active Low?, Active High?)
- 4 & &l Pad Cell Name

E34030 Uit Ar2E At

- Output Leve

- Propagation Delay2t &4 &8 &
- Sink Current

- Source Current

- Open Drain/Collector 224 At&t
- Tristate 2t &1 At

- Package Pin Number

- Die Pad Number

- M E4 &l Pad Cell Name

O] EFE Al A0 OF)

ETRI 19
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22 SF(BiDirectional) &1 S 0l CHEF AFZF AbES
- Control 4! & (Control Mode(l/0)?)
- Input, Output Level
- Sink Current
- Source Current
- Propagation Delay
- Package Pin Number
- Die Pad Number
- Tristate?

- Open Drain/Collector?
- Hd E4 = Pad Cell Name

Clock 2ted AFSF At
- Asynchronous Clock O £
- Clock2| 7|
- Clock 2| Duty Cycle
- Crystal Type?! X| Oscillator Type@! X| &t QI
- Package Pin Number
- Die Pad Number

JIEH A 2 AbEE DI
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I Testable Design
( Testability : =M &l Test Vector0ll 2/ 8t Fault Cover=2 & 2| &
ControllabilityE 22 0olHO0F & 23l2 K4
- Clock Signals
- Control Signals(Preset, Clear, Enable, Hold)
- Select Signals(Data Select, Data Bus, Address Bus)
ObservabilityS & 2ol0{0F & 3|2 A
- Control Signals

- Data Lines of Storage Devices(Flip Flops, Counters, Shift Register,
RAM, ROM)

- Globa Feedback Path

- Data Output of Combinational Logic Devices(Encoders, Multiplexers,
Parity Generators)

U DFT(Design For Testability)

Ad-Hoc DFT Techniques: & H Xt J} TestabilityE IHE e SHLZ k|
9|2 Test CircuitE FItot= 22 Lot

1) Test Points : Decoder, Multiplexer, Shift Registers 2 FIt=2 & &
ot Design=2 ==& 6t Testable DesignO| & Al StCt

- Logic?| Critical PathE [t2} Test PointE & & &L,
-2 He AXIE U= 20l Test PointE & & &tCh
- ControllabilityS i 2otJ] 16t Test PointS & & SHCH

- ObservabilityE &2 61| ?16t0 Test PointE & & 8L
- Fan-Out0| & OHC Test PointE & & &= QUL
- LogicE MlOiot= 2 X0l Test PointE & & et L.

2)Initidization : Master Reset2 0| &8t = 7|3t
-FlipFlop2 AISE [ BtE Al Clear© 0| 2= 242 AFS 0l 0F 212
InitidizationO| = &2 = C}

ETRI 21 ASIC 3|Z4& &
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R

o

ST AN B BRSO M 06 A S AN R B A S |

3) Oscillators and Clocks
: TesterJt Clock Circuit= & & MO = UA stlt.
Free Running Internal Clock= EHIAE 0| <&, O [ At

4) 28 et=cl 2 22 Partition
: 24 Bit 0| 22| Counter, 10 Bit O] & 2| Divider
0892 28 Melotd =0,

oIn
10
>
=y
10
10
2
{8

5) Logical RedundancyE Ct=X| 2 et
- Logical Redundancy : Output Valuedt 2 = Input =24 0ff 228t
2 IKl= ERE Lot 0128 B2 Fault CoverJt 2JtS 6t
2l 2Jt =l 240[CH

6) Global Feedback Path
- Local Feedback Loop
: Gate OutputO| 282 Gatel| Inputl & HE L= 2L
- Global Feedback Loop
: Gate OutputO| 22 HZ Loop2l CHE Gate2l Input2 & Feedback
f=343%
7) Scan Design
: Shift RegisterE AFE 0t Test DatasS &S AlJ1= £ H 2™ oI {
OIE A Test 3l 2 E FIIotH Sequential LogicS Combinational
Logic2l 22 =& 0otE = ot &L,
- Leve Sensitive Scan Design(LSSD)
- Edge Sensitive Scan Design
- Random Access Scan

ETRI
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r CoreLibrary
0 A% 22 FoundryOl Al Kl =

2EIE O 2 AtESt= LibraryJt M= &
0il) 1. Combinational Logic(AND, OR, NAND, NOR, ...)
2. Sequential Logic(Latch, Flip Flop)
3. 7| Et Foundry Dependent Cells(Repeater, Level Shifter, ...)

E4 SHMOZ AZ6l= Library
- MegaCdl2Z S
- Foundry OtCt Ml&Sote &It CH=C
- Memory(RAM, ROM)
- CPUZ&H Library
- Analog Library(Standard Cell&t &l 0 /U S
- J|Et M3 Jts st IP(Intellectual Property)

(il Design2 Ol Core LibraryE 0| 06+ &l & 8Lk

_

i & ot= Library2l =, £& 0l2] W&ot &L

(i Technology Independent =, S0l CHoll A L} 2FetCt

iHDLS 0| E5t= M E X#E Y= 34 (Synthesis)0fl Tt
0| | 2040 8Lt
i TestS Deiots 4S84 AS0 SOt

ETRI 23 ASIC 3|Z4& &
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r |/O Library
0 S Al M 22l FoundryOll M XIS

BtM O 2 AFZE &= 1/0 Library(Pad Library)
1) Input Pad Library
2) Output Pad Library
3) Bidirectional Pad Library
4) Tri-State Pad Library
5) Clock 2t & Library : Oscillator, Crystal Pad Library
Level Sensing= <l &t Library
1) TTL Leve Shifter
2) CMOS Leve Shifter
Slew Rate& Pad Library
Pull Up, Pull Down& Pad Library
Open DrainE Pad Library
Schmitt Trigger & Library
Output CurrentZ 01l [HZ Library

Power Pad Library

Ground Pad Library

ETRI 24 ASIC 3|Z4& &
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rr ASIC & | Tool(Work Station Version) : Digital & H &
i Schematic Entry Tool
M= 2l2le Foundryl| 2t & Library -1HI & X
Transistor2| £ A& 2 Best Case, Typical Case, Worst Case 2 5 0fl Tl oH
AFNAS A
EntryE Schematic Check J| s
ArE2YE =Kot ot &

U Simulator
ModelingO| & HIol Jt2ZH & &= ]
Logic Simulation2 ==& &
User Interfacedt User Friendly Tool 2 XI&(Z24 2 20| 4)
2t & Interface2| & & & (Post P&R S)

i Back End Design Tool
Floor Planning
Placement & Routing(Automatic)
RC Extraction
Design Rule Check
Layout Verification(LVS)
CIF and GDS Generation Tool

i HDL X & Tool
HDL Simulator(Behavioral Simulator)
HDL Analysis
Synthesis

ETRI 25
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uJIEF £ H 22 Tool
Gate Count
Critical Path
Buffering
Delay Calculation
Test Support : Test Vector Generation & Confirmation
Toggle Check
Fault Simulator(ZY CAD)
Power Calculation
Bonding Tool
Hardware Accelerator
Mega-Cell Compiler
Hardware Emulator(QUICKTURN, IKOS)
Algorithm Design

i FPGA Design Tool
ALTERA
XILINX
ACTEL
QUICKLOGIC
LATTICE
AT&T

ETRI 26 ASIC 3|Z4& &
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r CMOS2} TTLC| I/O)| 2ot
|
|
CMOS2}t TTLY Interface
44[ Source Il |:|
4_
— KD
_ %
Sink B
R
11H l
Sink Current = 1i.(0.4mA) X Fanout
At [l Speed =HE 10 H

Sink Current2} Source CurrentS 2 &
(Delay 24 D 2)

S 4 Digital ASIC2| 8 2 0ll= Sink Current2+ Source CurrentJt & 2
A2 AE(Z, 2mA Output Padet ot H Sink Current2t Source Current Jt

D5 2MAZ SEAXOZ AIREH)
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o

it
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0 CMOSTTL 1/02| SJt 2|2

— T —

Slew Rate

[/

Schmitt Trigger
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(8 T A i e e e e i e e i e a2
r Noise Margin
VDD
VOHmIN +
\ 4 VIHmIN
ViLmax
VoLmax i_
GND
CMOS VOHmin=4.5V VIHmin = 3.5V
VOLmax = 0.4V VILmax = 1.5V
TTL VOHmin = 2.4V VIHmin = 2.0V
VOLmax = 0.4V VILmax = 0.8V
1M EY

CMOS2 TTL £ =501l tHet 28

CMOS
2.9V

TTL (Duty Cycle g 84CH)

1.4V
7 N

ETRI 29 ASIC 3|Z4& &



ASIC & Jl= &

3 T T A R T PN T AT L T NN R T A R e P R T A T R

r Ground Bouncing®l CH S04

(i Output Pad2| = Al A% & Al Ground Reference)t ES2l= &4

(= Al 0l Output PadOt A2 & = ot H IC2| Bonding Wire2t Packagel|
Lead Frame Inductance0il 2| gt S I M 0| 2246t ICLH 22| Ground
Reference)} Bouncingdt Al !l Ct.)

0 2E2| Noisedt 2245 S EH I = Lt
(i Ground BouncingO| CIX| & 228 22t 206t 2t &I & H
I AIAE NS Noisedt MOtEl= 218 LA S CH

SIC}

(5, 28z 254= Aldl= A0| )

0 TTL Logic2 &< It CMOS £ Ct Ground BouncingWil G 2126t Ch

(CMOSE= Logic Threshold)t VDD/2, = 2.5V OIH| BtGH TTLL 2R 2
Logic Threshold= 1.4V 0| J| [HE0ICH)

( Ground BouncingS & 2 Al2|= € A4 &Y
& 2t5t SSOE 20O X A st Power Pin =E &2 &t LY.
XA 2KHIt 8le BR0l= Sew RateOutput PadE AtEZStCH,
FanoutOfl & & &t Output PadE & &6t & &= It CHst Fanout2l
ANEES LIS
LS AZt=E ZElotH SAl ARIE =E =
Internal, Externa = = 2| ot Power Pin=S Hil & StLY.
Double BondingS 2 2 InductanceE & A Al
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r Ground Bouncing(External)

VCC

4 A

PAD _ PAD

al al

[ &) /o
7

W
=
0o

UExternal Power Pin 2 & 0l 2 243}+04 Of
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T o e i e O e e T e T

r Ground Bouncing(Internal)

Input buffer Internal Circuit

vDD

al al

-
WL/

U Internal Power Pin Z& 0| 2240t OF & At
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r Power Hl &teims o)
UPower calculation sheet

ASIC H ASIC code
1. Series mW/gate P= mW/MHz/gate
2. 8 & Ft=+ = MHz
3. SAl A2%1& HOIE BIE(ES 0.2) S=
4. M2 Ta= C
5. Gate == G=
6. 4 & = B=
7. &3 £} capacitance C= PF
. HedaEaaAR

Pint=P*F*S*G Pint = mwW
9. 2R dE A HE

Pext=0.035*F*B*0.2*C Pext = mwW
l10.pcE 42 & Pdc = mwW
11. 8 d=EaE &
Ptot = 0.001 * (Pint + Pext + Pdc) Ptot = W
12. 2| X2l theta JA TIwW
13. Junction temperature
Tj = (Ptot * theta JA) + Ta Tj(best) = T
Tj(typical) = T
Tj(worst) = T

14. Delay factor (Junction temperature * Vdd * Process)

Bestcase = * * =

Typical case = * * =

Worst case = * * =

15. SSOUl 2|8t power pin== H &t
Q|2 vdd pinz= =
Q|2 Vss pinz =
L= vdd pin= =
LH = Vss pin= =

ETRI 33 ASIC 3|24 2 &2
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rPinBIXI0l [UUTA 2] DA Are

i SSOUIl 2f et Power Pin ==& & &tot Hl Al &FatLE.

(i Double Bondingo% & & Power Pad == % Power Pin =2 2 0|
Aot ™ SHCE

]
X

i & == 0l t= Pin=5 & & ot it

i TestE Pins &0t =Lt

=8 Pins 28 =20 &

(&= P|n01|A-I S _/.\__C.'_DP o

092 =XME Llot)| fIof &l &= Power Pin(External Power Pin)=S
=2 Pin AtOl AFOI Ol BH XI StCH.

OI

( Internal Power Pin2 Chip2|

o
2
ofy

&= 0l B X

rol

Ct.
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r Setup & Hold Time

>< >< Data

ts th
I~ Clock Skew
|
Data —_—
A B
CLK

X X X X
A [ N e

X X X X
s 7 7 7 |
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I Clock Skew?| Gaf= & A ot)| £t &EZ O
A
B C D

CLK ‘L[>C

A X X X

LK I I S N S
5 R X X X

C A X X
D X K X X

i =2|& : Duty Cyclelil= S&f2 &2

e
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ra2 8 A FE

0 & == Synchronous DesignO| &| == &tLt.

.-~

(i Delay Chain, Ring Oscillators 2 AtE06t Al &=L,

U Gated Clock2] At== 11| etC}.

[l
iz

Ct.

Il
o

Al

$0

0 GlitchE o2& ==

ﬂllﬂJ
0%
bl
ol
rir

(i Combi natlonal Circuit2l Function Hazard(Glitch & &)
& H E etlt.

iPCB&C 2l iz ASIC?DJ@P A g = PCB& S
=T A == N Hot) HEsH

(0 Tri-State2] AtE 0l JAH M= 21 Floating2| & EHE ==2| &L
|

(HF 2d=20=s == XX Z=L)
U Critical PathS & af 0ot Al £ HlIStLY.
it HEst =9 =S A=H0tKH OF 2L,

= gtCh

Y
1o
Oft
il
9!
rr
iz
!
N~
Jull
ﬂ
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r Fault Smulation
(0 2 AFAl Good Chipll JH=E S 0tLE 20| &2 S = U=t 2 A
H 2 2| Good Chip=

S SFaAJ[H 2
oo D & K| 22 Bad

LS T

(0 & H Xt I}t Fault CoverageE A
%E’_% 2= A2 Ut Fault Simulation= OF Al € S
Chips 8dE 2= = US
U Fault Simulation2| 2 0t JF Test VectorOfl & 0] &l 0 & 2| Test

AAE EEd = Ul
U Stuck-at-0 Type Fault
0 Stuck-at-1 Type Fault
0 Fault Simulation2| &34 0t &
eI <=<iet Logic Simulatlon(Good ClrcwtOH CHEt Si ulatlona
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