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The ASIC technology explosion
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I Two major advances
N Hardware description language(HDL)
N Powerful logic synthesis systen
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The Technology of IC

I SSI(Small-scale iIntegration)

- Several logic gates In a single package
I MSI(Medium-scale integration)

- The IC have a complexity of 10 to 100 gates
I LSI(Large-scale integration)

- The device performs a logic function with
more than 100 gates

I VLSI(Very Large-scale integration)

- The device that contains thousands of gates
In a single chip
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Logic Syntheslis

1 General or “random” logic functionsit 2gdst A
ol =8t

I Z20|lA ASIC vendorGlA =0l SEH0|1D #&H
=c|2XE 2= RAM, ROMZF 22 OI2elL} FIFOS
Ol AFE3dt= silicon compiler, function generator
g I&
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Logic Synthesis(I1)

| schematic-based designit & 2| VHDL

1 85 & 0
22 02 M AIES5tH Ianguage§ =& 2
ZE gate level? logiclZ Pt E=CL.

I c2tA synthesis= =cl&HXJF VHDLE 0| = 0}01
S =2 levelflHY E&HE JIsotE==E ol =
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VHDL(Very high speed IC Hardware
Description Language)

1 1980E0H0I OI=&F%
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1 1987 0l I1EEEO] 260 standard hardware
description language2 XHE&i &
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Advantages

(gained by moving to a VHDL synthesis
methodology)!

U Shorter design cycles
~ higher level VHDL simulation

~ design errorg =2 = UALOIs4)
- Jls+8 #8l °F VHDL codel| size= 2/ Z 9 gate
=0 HIdISHK ZX=CH
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Advantages(l1)

Ut Vendor and Technology Independence
- 222 synthesis tool vendors2 O
ASIC library MIZ
- dlAt= otLtel etol=Ee el FMetE Xl &=
Ct

U Lower Design Cost
~ Design re-usability
~ Shorter design cycles

el
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Disadvantages

U A change of culture

Schematic captureOl A language-base& H =2 & H D|
20l M0 Ter &AHE0 AN ME2 AL
E RotH ®2 language € & WKO0| &

U Cost of getting started

VHDL 2 §AHdJ|=S 26|10 dH &= evaluationdt
1) HA0liol=d 22 =J/H|E0] A&
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Disadvantages(11)

U Learning and Training

ASICE H E %8 ViDL % &4dJls8 H=0ol
languagell syntaxBtel sSt52 == OHEC. A4
2 M0 et =80 ERrE

(B0 AFE %= language A2 <60 VHDL
languaged X € SS& ERe 8l
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Disadvantages(l11)

U Debugging Design Problems

VHDLEZ synthesisE Sol(H 2=2& MAAZ2ICH. C
Al Zoll Z2AUAFHSZ M2l gate-level design &
H X Bt= 20| OtLlet BFHO0 2ol 4= A

SoT A
o
(==

0|28t 2 M= design cycle =J|0 testability
g 1dst &HE StAHLE, timing analysis €53
ol8EeEM L 3 =2M=2 zas & =
ULCH
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What can be synthesized?

1 2= 0ANE:=Z dH=2 JEH2 =2lJsS
SolJIfE JI2 AXNEZ 0120 XNCH. 048t J|
=80l J|s&2 gatelt flip-flopldt €2 JIE2 2
X d=2 PSSO
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I Combinational logic, Sequential logic 25 &4

s
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What can be
synthesized?(continued)

I Combinational Logic

I Sequential Logic: Combinational Logic + clocked
storage device

I Combinational functions

Multipliers, Decoders, Encoders, Comparators,
Adder, Subtractors, ALUs, Multipliers, PLA
structures
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What can be
synthesized?(continued)

1 Sequential Logic(PISEZ 3018 1822 LI=E)

Counters:
Binary, BCD, Johnson, Gray, Up/Down Counters
Memory address counters, FIFO memory pointers

Register and latch functions:

Data registers and latches, Shift registers,
Accumulators, Parallel/Serial converters
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What can be
synthesized?(continued)

Control logic:
Finite state machines

1 ASICHE Al 21 &SSH0l H22ls *8E M
0“5' o}IIO*‘E}(FIip flopdt gatesS |Zot¢H 2
gfdole A2 S25H0| 0tY)

—>EH—|—1-_I ASIC vendor=& specialized compiler
toolS= ME
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What can be
synthesized?(continued)

F S

ol

8%

ulo

1 323728 Al “Random Logic’R &2
9§ ol-

I Timing criticalet €A otWAI € [ synthesis
tool2 RFol= timing limit2 guarantee & %=
od= 32 UL
- Chip layoutAl 2T = delay2H S22
- JI=&€H A
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Some Basic Synthesis Premises

I Synthesizerl =& HE A VHDLES AtEot=LI0
C ZHULCH

1 VHDLEZ J|=0t 3tH synthesizerdl 2E A2 0}
M ol==JI?

1 S50 4% &4
2| Foide HH
syntax)
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Some Basic Synthesis Premises(ll)

SXES VHLESS
0

clal2E ddot 2=l
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The ASIC Design

System Design and Partitioning

ASIC Block Diagram and
Specification

A

Process

Logic Design

A

Testability Design

Logic Simulation

A

Pre- and Post- Layout
Verification

Prototype ASIC Fab and Test
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System Planning and Definition

AMAE RIAMESE &4, 0|EotLA ol g Llel
S92 trade-off(BHAES 1), 8}E%IO1§ &
g ANoX AZEQHZ &g ACIX Z2F

ZUMOZ2 HIFE spec. E=(high level block
diagram 2t=J|)

ASICK| & &I H 20



Block diagram and Specification

FANAEADAHOUNAN ==& high level block
diagram(digital logic)2 ’é‘é%‘ NS S22 LU
« Ct(Boards, ASICs, discrete ICs)

Ol 22 Z2H2 weight, size, cost, performance
= 3_316}01 ZF et}

ju
=
Q

Id= AMARINIAS ASICSl XA spec.
1 2%|= logic function, AIAEMN AL Ch
9| interface, clock speedS0| HES
-OF etCt
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Block dragram and
Specification(continued)

I SQAE: spec.0| H&3| & Jggmoro HEo N
2 ASICOl EEAIHANE OHEICH. (spec. 0] &H
2 MIX= FPGASZ & Ok é.*)

1 ASICSl S&ETO0| et Block diagram2 2 JH <
hierarchyE J& %= QUC}

I E5 top levelOlA SR2JIs8 258 OO IAS
0
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High level Block Diagram

. Signal Signal
Generator Generator
— IS
 ——— Channel A _‘ Channel B
Memory
Controller
S Low Pass
RAM Memory
ﬁ - -
Design Filter
—
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Block dragram and
Specification(continued)

HAHE RS0 A =2 SES2 MR RIS WS
2 QUCHVHDLZ J|=)
Load Data Bus Data
| | Bus
Pulse Width Gate Spacing
Register Register
Multiplexer
Trigger
Counter
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Testability and Simulation
Planning

I Testability Planning
P ANLES2 =cd =832
testability® Ol=2c] 114 oHOF

P TestabilityE < &t additional logic2 CtEC

OlAd2Z ICHl U= 2= HOIEES 2 SHIZ
Jls& =ddol=Al #OQlstCt. O|F fotH =2
test pattern=0| Z o}C}
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Testability and Simulation
Planning(continued)
P X Zs8t testabilitye & HAE Al J|IsO0l
passTl AL A H AIABIN =E0IH =Z HAE

Al JIEN EAZXN RAE EME0| LIEFE = U
Ch

P &Hl=J|I2H testabilityE 148 EAHII SR
U2 HH SAIST 0|2 2EE =2 THIH
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Testability and Simulation
Planning(continued)

I Simulation Planning

P AAE HE Al ASICE E&st J|lsdESS Sl

HHEAH Al=dl0l& oi0F & X2t
P GHE N ASICH HASE 25 NI

P (H{E Al multiple ASIC/board level simulations
ChE X2}
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Testability and Simulation

Planning(continued)
I Detailed Logic Design
P &HX L&EOAH= schematicC= &A= 20|
EN O =2E40ILE AlI2dIolE Z2U4E ESotle
O UAAHAN T2loHC
P &4& 0 LI2 schematicdEZ= AIEO0| gl A
Ol OtLID|I MHE20 AEHE 1) HEEH UK &

Jl IS0 &40 O M3 US

P VHDLO 2 =3lCt™H schematic® EtXl critical
circuit2 M3 & M £= timing SHIJt &M g
AS Mo 2H =
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Testability and Simulation
Planning(continued)

Comparison of detailed design flows

Schematic
Entry

Netlist
Generation

Gate Level
Logic
Simulation

ASICK| & &IH
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Simulation

=5 U0l 1&0 24851 =0l CHst VHDL
coding0] &2 & 1) UY O3 S AH = VHL
simulatorE O|&0olH &EHE =z2E dSote ©
A ERE

Ol EHOUHAHE gate levelOff CHSH 210| OFL|cH
RTL(Register Transfer Level) Ol 2t 1 & 2l =
behavioral level2 ZZ0|C}

VHDL simulatore source fileS Il 01IE1
£ MN3dotl EHsz29 2 Se== |nkAI91
Ol0IIA JI&E4 S|mulator9} 2 C}
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Simulation (continued)

1 ol=2JF 34 S&ot=A2 = 9ot wave
formO| L} tabular Ilstlngs% |80t R|otes
g U ESHAUSE 2LIH sthheE 3ol A_HMHE
&8 simulatorﬂ 2 C}

ﬂ||0 I
o Ol

1 JIs2a0 EXHoF 2R

= [
schematic2 Al 2 AHE s 2= schematicd il A
gate by gateZ2 &EZE F

I VHDLE H A0l A= VHDL codeE M Aot LEE
=N sSHC}
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Simulation (continued)

1 7 & 3% 25 =242 2K%E 45

ol

additional internal signal&2 AIE35I0 0|2

CPLIH g2=zM e 220 27t UA=XE %

OHHH Ch

1 Oldist &0l 2= €A =H0lA JIs0l
HOEX A== 0
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Simulation (continued)

I simulation gt4l

P 232 & M2 =SS otLtA simulationol=
a2

=>&H I} I SESIHU, 2 S8 AR S8
ololg] H=3NoE & ggj} A= AL, el
VADLE=E X1 E 20 0] &-0o| &0 &, 0] 22
Ol=2e B3R M2 &S AI’POI LAZMH, StLS
sub-block® %é‘; i AI2E test-bench&2 &
HEXML Jls 835 Al AIE %‘ = 21 FHBIls

HESE2 6t =IIA QI test-benchI)t E R &

w
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Logic Syntheslis

(=)

|04
DN

rr 1o

I SinulationZ = tt=8&t J|s&
Mol QA=

“delay”S OIE=EHI & QI Ct

H 0|>|
o ©

| SynthesisAI

MW, 2 libraryS2
p) EH--Oil Target libraryE (ASIC vendor) &

ol-El-

=M, EAHXS 20 St= design constraintE
=C (0l, clock rate, operating temperature,
voltage, permissible propagation delays through
critical paths &)
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Logic Synthesis (continued)

I XS0l synthesizer= VHDL codeEmultiplexer, ALU,
decoder, registers 4t & &2 low level logic
building block& &2 HIH#BA &8& 0|&S 2t
H OlS HHEH 28 == 87 & = U=sAl &
=t SHCE

1 OIS0l generic functionS2 vendor specific
library cellS 2 B =1 speed constraint==
OFE GIT = optimization2 St speeddt critical
otXl 22 ALX0= logic minimizationS =&stC}
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Logic Synthesis (continued)

1 Synthesis tool2 &=

P Vendor specific net-list
P Timing, gate count, critical pathsS 0l OH st

report=
P Schematic diagrams

= O

1 ASIC vendor= O| net-list® schematicE2= chip
bonding and layout, gate level logic simulation,
routing® =2 % Z timing check& </6t0 ASIC
vendor design verification tool0ll O|=8tC}
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ASIC verification

1 Ol & 2 (pre-route signoffet 1 & &) ASICS
layout & routingO| M0l =EE2=Z gate level 0f
N &Z3&ote= SHOICH

1 0] BN AE gate level logic simulation,
timing analysis, design rule checking,
electrical rule checking, 1/0 pin assignmentsS=
=2 StCt. Olefet @SR = =& ASIC vendorl AL
EAN AMLAEES 0ot AHLE vendordt ClE o=
general purpose CAE system& O|&&HCH
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ASIC verification(continued)

I O{ME 0IS2 2H2 layoutOl FO 0217t 8=

1 AMI2d0/l& 2t0l222l2 synthesisAl & &Edt=
rule ASIC vendor® synthesis vendor2t 2SS E
N2 & AJ & 0l synthesis 2  timing
optimizationZ = & &GtC}
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ASIC verification(continued)

1 EM<= layoutO| =0 EME = routing delay O|C}
(Speed critical ol &2 2d=z0 A= 2 2 H It
OrE| L} propagation delayl}t gate spikeSO0| & =20

gets 2 = UMY

1 Timing &= 1 %9 E]MII EMEUS I Rl
HZ {5tH ASIC verification system2| netlist,

block diagrams, schematicsS 1t &JH report Ol Al
ANS2 0| E8HC
220 et Hetd £ &= VHDL codeE =& &HCH
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A Few Observations

1 VHDLO| otLE2] languageOl Ak softwareOIIIUF ASIC
S HE foll VOHLE 0|=0otl & 4dote A2 =2l
A EHHE ole= UEOIL. [[}EM-I VHDL coding
Ct&=8t software programmingO| OlL|2l=E A2
Al oh?,}'

I The most successful approach to synthesis 1Is to
code the VHDL to produce what you want, rather
than having the synthesizer try to figure out
what you want! (18% & X)
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A Few Observations (continued)

1 £Hdl= S2 simulation =8i0| BI=L (| =3
&l Cr. OIEH =cl3 & simulationAl A28t test-
bench&2 final design verification2 I6H AL

ol ASIC vendor’s certified simulator &£&
“golden” simulator0fl & =&0| &0l &2 &

s SO0k StCh
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VHDL for Synthesis

I VHDLE abstract behaviorQ JI& =& gl &l of A

H JI& 28 gate level structureltX] E& &

QL= Ol BESIE S22 S8 210(0IC

1 d2tA VHDL2 248 H Al 2dE= A S0
ofl Ol s34 UHN UX & = UL
top down system design methodologyE O|& &t
&0l Jisott
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VHDL for Synthesis (continued)

1 VHDLEl D= logic synthesisOl 28 A 0|4
O sE=2 ER/otL HE abstract modeling
feature=2 digital logicR 2 Xl & == SIC

I [2tA logic synthesis& ol M VHDL 2| subset
2 AE=> synthesisJt=S8&t codelt AIS
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VHDL for Synthesis (continued)

1 Synthesis JitsS &t

VHDL HEZ=3S} UK &1 2
vendor OICH 224 CEC

1 Subset of VHDLEHO| E"éj}%ﬁ}u 3”5! =Jls¢t
syntaxe 26 0F &=>0HE =0 t benches LI
test pattersS 1t Z0| ’é"ﬁl%%% 6}01 HEE Al
LR
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