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INTRODUCTION TO VLSI FABRICATION TECHNOLOGY

SOME HISTORY FOR A START.

Technical progress has been characterized almost always by the appearence and availability
of new discoveries. But no discovery is at hand until it is usable. Technology has always been
responsible for this and still is. A well-known example is the invention of the wheel, which
made it possible for early man to achieve new transports, to communicate and widen the
scope and field of action of his life.

A litte history won't do any harm and will help to clarify the important role played by
technology in the field of integrated circuit fabrication. Eventhough many technologies have
surged in the last twenty-five years, they may be classified in three major groups, namely
Bipolar, CMOS and GaAs technologies.

If we were to point out the cornerstone of these IC technologies we should note that the
bipolar transistor and the field-effect transistor (FET) made it possible to think, years later
after their practical birth, of integrated circuits. This can be illustrated with the following
text:

"Undoubtedly, the integrated circuit is the key to the wide-ranging exploitation of the new
computer techniques. Television and radio receivers designers alse will resort to the use of
linear integrated circuits to reduce costs, but the transition will be gradual because of the
more critical linear circuit yield control problem".

"Using the revolutionary integrated circuit techniques we are on the threshold of computer
design and fabrication advances which will make the application of computer control generic
to tens of thousands of new processes and procedures arising in ouwr modern scientific
culture'’. These premonitory words were due to Lynn, Meyer and Hamilton and time has
shown that they were, in a way, a sharp.although faint prediction of the future to come [1).

I feel urged to remind the reader that the invention of the FET precedes by many years the
work of Bardeen, Brattain, Pearson and Shockley in the late 1940's, which resulted in the

invention of the point-contact and bipolar transistors.

Back in October 1925 and 1926 J.E. Lilienfield filed patent applications entitled '"Method
and Apparatus for Centrolling Electric Currents' {2]. Later on, in 1935, O. Heil also
described a thin film field-effect device with one or two control electrodes or gates {3].
Nevertheless, it wasn't until 1959 when experiments by Atalla et al [4] showed the feasibility
of passivating silicon surfaces with grown silicon oxide layers. Kahng and Atalla [5, 6]
proposed a Si-Si0; structure with a metal gate, giving thus birth to the MOS Metal-Oxide-
Semiconductor field-effect transistor.

At the same time another form of field-effect device, using a very thin polycristalline

semiconductor layer was being developed at the RCA Laboratories by Weimar {7} and his
collaborators: the so-called thin-film field-effect transistor ¢ TFT).
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The results of these discoveries and inventions made it possible to develop, in the mid sixties,
the first bipolar integrated circuit. One after the other, new products have been coming into
life since this time, characterized by the increase in complexity and number of functions,
“integrating” in a single semiconductor chip a large number of devices. Thus, the term
integration came into being, as a means of identifying the total count of individual devices in

an integrated circuit.

Acronyms have popped-up like wild flowers at the start of Spring. With one of them, VLSI
(Very Large Sale Integration) are deeply related the lectures we begin today. VLSI design
has proved itself to be one of the pillars upon which rises, with increasing force and
importance, modern Electronics.

So let’s dig into some aspects of VLSI design. Here we go!!
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The diagrams show the process stages (or Mitel's
ISO-CMOS process. This process uses a (otal of
9 masks. P-1ype trangisiors are formed directly
W1 The n-1ype substrate which will be hiassed to
the most positive valtage used (V). N-type
tranaistors are formed in p-type wells formed
by inverting the n-type substrate with & high
concentration of p-typs dopant. The p weil will
be biassed 10 the most negative supply voltage
{V,,). The process has setl-aligning gates, as the
polysilicon gate can be used to mask the source/
drain ditfusion sreas, Interconnect batween the
antIstors o primarily with metal. However, the
polysilicon i3 used 23 a second interconnection
medium, greatly facilitating interconnect dasign,
Isoiation (o prevent (ke formation of spurious
transmistors in the field-oxide region 15 achieved
by using a very thick, recessed oxide

The 5-um design rules coupled with oxide.
iselation and salf-aligning gates gives the pracess
major spesd arvl packing-dentity advantages ovsr
matal gate CMOS. While maintaiming similar
powaer dissipation characteristics to metal gate
CMOS, packing densitiss approach those of
NMOS in similar geometries and speeds are com-
parabe with low-power-Schottky technology.
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other hand, only the basic steps are covered in our discussion. In reality almost ev-
ery step is followed by several minor or routine procedures such as annealing and
wafer cleaning so as to maximize yield.

1. Wafer Preparation and Gettering. The process starts with a p-type wafer
(substrate) with <100> orientation, The <100> orientation generates a
minimum number of surface states. After scribing and initial cleaning, the
wafer is subjected to gettering.

Gettering is the process of introducing impurity traps in the substrate
to absorb mobile ions that cause leakage currents. It can be accomplished
by applying Ar* (argon) ion implant or focused laser beam to the back
side of a wafer. Damages caused by this impact process will atiract
impurities from the surface in subsequent hot processes.

2. N-well Definition. In CMOS processes the n-well mask defines the n-well
regions. The subsequent P (phosphorus) ion implant and drive-in creates
the n-wells in which the p-channel devices will be formed (see Figure 1).
The photoresist (PR} is an effective mask for ion implantation.

p+

b

p— SUBSTRATE

Figure 1(a). N-well ion implantation.

\ N-WELL /

’ p— SUBSTRATE

Figure 1(b). N-well formation.

3. Gate Oxide Growth. To grow gate oxide on devices, a layer of pad SiO: is
first grown on the surface of the whole wafer, followed by a layer of
SisNs. A mask, called ROX or FOX, is used to remove the Siz N,
selectively as shown in Figure 2(a). The n-well mask is then used once
more to apply photoresist covering all n-well regions. With the photoresist
still on top of the Si;N,, a blanket B* (boron) implant is carried out. This
is called field tailoring or channe! stopping . It raises the threshold voltage

of the parasitic n-channe! transistors to be formed underneath the thick
oxide.

—3 =g
: 1 + 1 I - | .
\ N-WELL / l T
SigN, Si0,

p— SUBSTRATE

Figure 2(a). ROX definition.
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Figure 2(b). Charinel stap implant.

After the PR has been stripped the wafer is subjected to oxidation.
Areas covered by Si; N will remain undisturbed. Areas not protected by
Siy N, will be oxidized to form a thick layer of SiO,. Siz N4 has very high
tensile stress, so the pad SiO: helps relieve tension during the oxide
growth. Since oxidation consumes silicon, the profile of the thick oxide is
half-way “underground” as shown in Figure 3. This is called semirecessed
oxide (SROX or simply ROX} or field oxide (FOX). The thick ROX forms
parasitic MOS transistors with very high threshold voltages that can
isolate active devices. This isolation technique is called the LOCOS (local
oxidation of silicon) process. The semirecessed oxide also makes the
wafer surface more planar.

v —
SisN,

p— SUBSTRATE

Figure 3. ROX formation.

The Sis N4 layer is subsequently removed by hot Hi PO, and the pad
oxide removed by BHF (buffered HF) until bare silicon is exposed as
shown in Figure 4. Right after the ROX etchback, a high-quality oxide
layer.is grown thermally over the whole wafer. This will be the gate oxide
for all devices. The thickness and uniformity of the film must be carefully
controlled. i

4 ROX »

N-WELL

p~ SUBSTRATE

Figure 4. ROX stchback.

The wafer profile is now shown in Figure 5. Notice the bird's beak
shapes extending from the ROX to the thin oxide. These formations and
the boron’s out-diffusion underneath the ROX are largely responsible for
the large parasitic capacitances around the source/drain of the device and
the so-called narrow-channel effect on threshold voltages.

Now that the gate oxide is formed, channel doping profiles of
different devices such as the low-threshold enhancement mode and

~J43-
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Figure 5. Gate oxide growth and channel tailoring.

depletion mode devices can be achieved by ion implantation with
appropriate kinds of dopant over areas selected by device masks. For
example, the B* implnntinFigurcSadjusmthethresholdvoltagesofall
devices. The formation of depletion mode devices is described below.
Depletion Mode Device Channel Tailoring and Buried Contact Openings.
Asdiscussedin,Chapterl,thechmelofadcpleﬁonmodcdeviceis
formed by a shallow n-type layer underneath the gate. As shown in Figure
GthepleﬁmmskgeneMaPRpmwmwithopeningsovuthem
where the devices are to be formed. A subsequent As* (arsenic) ion
implant drives the threshold voltage of these regions to the required below
zero level.

Ast

o

< p— SUBSTRATE

Figure 6. Depletion mode device channel talloring.

. A buried contact is a contact between polysilicon and diffusion. The
buried contact mask defines the areas where the thin oxide will be
removed as shown in Figure 7. After the buried contact etch, a layer of
polysilicon is grown across the whole wafer with a low-pressure chemical
vapor deposition (LPCVD) process.

< p— SUBSTRATE

Fgure 7. Buried contact opening.

Polysilicon Gate Definition. A layer of polysilicon oxide is then grown
over the first polysilicon layer by LPCVD to define device gates. Both
layers are then doped by P* ion implant as shown in Figure 8. The gate

../4....
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Figure 8. Polysilicon deposition and doping.

mask allows selective etching of the polysilicon oxide and polysilicon to
define the gates. After that, the wafer is oxidized and a thin layer of SiO;
covers the bare silicon areas as shown in Figure 9. Since the oxidation
rate of polysilicon is three times faster than that of silicon, sidewalls of
SiO; are formed around the gates. In a double polysilicon process, another
polysilicon layer can now be deposited on top of the sidewalls. In practice
up to three layers of polysilicon—P1, P2, and P3—have been used in
some dynamic RAM cells.

$i0,

POLYSILICON

p— SUBSTRATE

Figure 9. Polysilicon gate definition.

Source/Drain (S/D) Formation. After the device geometry has been
defined, blanket implants of appropriate dopant form the S/D of devices.
Since implants are stopped only by gates, the S/D of a device is actually
defined by the gate itself. The process is therefore called self-aligned
silicon gate process.

- In CMOS technology two implants are required. A blocking mask
blocks the p-channel device areas when the S/D of n-channel devices are
formed by As* implant. Similarly, 2 complementary mask blocks the n-
channel devices when the p-channel S/D are formed by B* implant. See
Figures 10(a) and (b).

The wafer is then heated to 1000°C for S/D drive-in. The dopants
out-diffuse toward the center of the channel, covering the gap
overshadowed by sidewalls in previous ion implant. The high temperature
also drives dopants in the polysilicon into the silicon through buried

p— SUBSTRATE

Figure 10(a). S/D implant for n-channel devices.
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Figure 10(b). S/D implant for p-channel devices.

oontactopenings.lntheend.thcpolysilioonisoonnectedtomemof
the depletion mode device. After drive-in, a layer of PSG (phosphosilicate
glass)isdepositedovuﬂ:ewholewafet.'rthSGaoﬁmandﬂowsat
high temperatures. It covers the sharp steps of the polysilicon gates,
creaﬁngammhsmothumfweformbseqwntmﬂﬁhns.mm
layernlsouapsimpmityiomsuchasNa*,prevenﬁngtbemﬁ-om
' contaminating the devices from above.

7. Mesalization. To connect devices with metal, contacts defined by the
oontactholemaskareetdwdﬁ'omtlwwrfncetothepolysﬂioonand
diffusion regions below. A subsequent Al (aluminum) vapor deposition
covers the surface and fills up the contact holes. A mask for metal
inmoonnectpatternsisthenusedtoremoveallunusedmctal.lncase
thereismorethanmemetallayerreqﬁred.'addiﬁomllayerscanbe
formed in the same fashion with composite dielectric layers of Sis N and
polyimide as the insulating material. Up to three layers of metal—MI,
M2, and M3—have been used in practical applications.

Acontactholetimtconnectsmetalindiﬁercntlayersisealledavia
(hole). A via hole placed on top of another contact hole is a stacked via.
Dependingonthemtalprocessastacked via may or may not be allowed
in a particular technology. Figure 11 shows profiles of devices completed
with M1 contacts.

o —— )
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FRgure 11. PSG and metaiization.

8. Passivation. Finally, the wafer is coated with a layer of passivation
material such as SiN or polyimide for protection.

2. PROCESS AND DEVICE DESIGN CONSTRAINTS

To optimize circuit performance, various requirements are demanded of device
parameters. This, in tarn, imposes constraints on the process. Since, in practice, cir-
cuitopﬁmizaﬁondoesnmleadwacmsistmtsetofdevicepamm,meﬁmlse-

lection of a process is always a compromise among conflicting factors.
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Four-terminal device: source (the referen;:e point}, drain, and gate (the input)

Source and drain are completely interchangeable physically

Source and drain &xist at opposite ends of the “"channel”

Whether the chanriel conducts or not depends on the gate (input) voltage relative tc the source voltage
Source and drain can be shared with adjoining XRs if done properly

Vg, drain voltage; V , source voltage; V, drain-to-source voltage: S, source: D, drain; XR, transistor

{a) w

e n-Channel string”": the series connection of two or Drawn
more NMOS transistors (X Rs) Gate L .‘m—’|
Poly Gate
_,l / Gate Oxide
Source L Drain

__~+

Figure 2.11 Thwee-dimeasional pictire of NFET showing width aod
[ E::uwdluum.Eﬂbnqg.gehnmhﬂxnuumdunn)hanuﬂunu;:?:;;;
hmhmmim.&xmmmhmw.w.
L.MBGLI!_WM- BGL depends on W and gate leagth. Current flows from
umnzlnt@nf;ﬂ!wﬂug:kmmuwﬂrununnofMDsuunmﬁunlnaunm
®) usage, effective gate length normally denotes clectrical length.

& Analogous statement holds for “'p-channel string”’

Figure 2.9 (a) Properties of MOS transistors; (b} the term “string.”
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Figure 19. A typical family of Ips as a function of Vps with Vgs as a

parameter. The solid curves are obtained from the model. The
dashed curves represent actual data.
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The total current I, is the sum of Is and Ig:

Lo= Y Ly B
Ry

- A A A 8|, = -

_ Vasion) _l_ L
B Bip:— 1 [st' + DB+ RN»"BI(B2 + 1)]

= Iy (5)

Thus Iy, called the holding current, is the minimum current generated from the
power supply to sustain the on state.
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tricity if the air is dry enough. Similar voltages can be developed in a variety of
other circumstances.
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of S-um (drawn) gate length devices are only typically 750 A thick. Those of 2-um
devices range from 150 to 250 A in thickness. The tetrahederal radius of
the silicon atom is 1.18 A. Thus the gate oxides of current CMOS and other MOS
devices are only 100 or more atoms thick and can casily be scverely damaged by
clectrostatic discharge (ESD).

For this reason, virtually ail MOS devices have some form of ESD protection
built into them, Typically, this takes the form of diode voltage clamps in conjunction
with & resistance of some kind. A cross-sectional view and a schematic of a typical
input protection are shown in Fig. 2.24(a) and {(b), respectively.
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Figure 2.24 Input protection circuit: (a) cross section; {b) schematic.



Fvmaroplaroriiniife VN

.Z > Wr?é’/S" @ /7 o /7)4/;;/77/35‘ /&3 2 Gea s

The snver?er /s one of 74F 5/};7//’57‘ s Yruetureés £ro 77

The cirw/?’/ow'ﬂfcpf v, so /e?fg’ AFve o Sook a7 rhver-

Ters, Thecr /Ofoﬁerf/é’s and cAarac7eresTiés

Tnverters
yo O
Tu 7he ﬂjare qj /'t'fl{f q CUDOS
syverter is ghown o be compo- s | ,
ged of an WN-channe/ and d ¢ 4l pchkanne

P-channe —fmnﬁfsfﬂfs. JL. b | oo’
Nete 744); for each one of T4E b
& 8 /U-cﬁanne/

fransistors 176 SubsTrae dermrinal
/5 connected Zo 175 SoursC, <

G0 Uas=o ano/ 7ﬁ?l‘é’fg Ne éa//é

e feel.

W/leﬂ Vi = O The A/—a{aﬂﬂg/-—/)'pu;'/.sfor s caf‘ff; whelf
The P-channel s O, TS5 means Thal a/AMough

' steady stafe 7heres no currea”, Vour Fises

Verr near VDD, s a-f‘/fr 0”7 capace Tance c/rhyfﬂf i
14e 0¢L7'f947 ’s cﬁary&/ o cwrren? Plows.

When Vi = hy 7he p—c/mnne/ Ss  cuTorr and TAL

n-cﬁanne/ ‘fm;«:/.é?ﬁo(‘ (s O/l/) go Vopur 2 0.
. A V
lm{)ﬂf-ﬁﬂ‘r \/72 ﬂd7é.‘ f%f’ff /5 7O C'C(I'/'L’ﬂf f/U&U f/?)f’? 0o

‘o GaD I.Vl 37‘661(/7 57&-_.7(5.

Buj I-V]T;lf’ /’.)I‘cD cess 07&' %Dfmi ‘Ffr)rn
both A and P—7'7f’€ Sransis 205 will da/]a/aé_;/ Thas ﬁ/}yr
a direc? /)a,'f/ Lor Wp o 9mcmo/-

Uso o GUD Lurhy Fransii0AS  mus
deslyning 7he (nverr a/op/ap?ajel?,. e

yaur EdP) 7‘() f/oa'r’l’%b

[ 4is ceorrésn? fro

7 bo decreased é;-(



Im/oarfaﬂf 7‘1’94'7[_5' o7 as? /};1/(’/?@'('

L 7he smer’er re/3r€$é‘n/€c/ a7 r/‘yéf The Jriver
and load deyp.ices mizy b a/an7 7‘//05/' 'ﬁﬁr.exa”/o/é’

\f‘e C{I‘/'Va?f MM é? a7 /’/-7‘7% 4,74?,7‘-(,77‘,"/’7‘
devic€ and 746 Joad an /_,7/5?9‘9 a{,/aé,;d;” oéw/':é
/4/7%049/1 no? /7/1/57’/079// 746 necrssa sy

Conpneclions are 8« /oa;ec/ Ao oxsst beT- TVDD
ween The load and 74€ res? of The Tonn
cirewsT aslo allow \F'o(,gfa/opr L _0;"7/"‘”
ﬁon/ng, Tnpa?
"T"I”Qr Voot

In 4he nex? -P:éur? a Franster Ulm

cha fac’ft?r.;sf‘/'c‘ (@r‘ cqrv@)} §¢(/JP0.S'C’-":/- —:;:—

/ corréspon d it to The card #7-

7 /P g "
verlec, 5//2/'/7 ﬁé/ﬂ/oaﬂffé' Save b
beer Wd/.ééa/, 2z UJE// “= //ﬂ//y Garn
714€ /)7/0447( 0#1({ 04/7}74/7‘ (\V/gu;:; '

/ay/'c levels. Bear o7
e 7hal Thes Cler&l

‘5
docsn’l pave any
[nfor ma7 ron /“!’?ﬂ /-

VouT

C[fﬁf 7‘//47@. v . '

Moise Margins (V4 (Vo) L L -

bhave alse beer 1 Vm)/ Vo Vil
lfra,r,(LH)

ypdicated as gou caw ossee - (Plase s pAT) '
b4 P

A T kg I For o FRren7 7}?@5 of so ver7ers Frans e

characTeristics look more or less alibe ey Saove oS-

Srnc? o oresre s

—35-



- s A= e e TR e

. E A B s £

Carresr?7 Ips i an MOS Franses BT oaemnlS on % Hr
(B cohich Wwas Aefimed LerRre Fo b efaa/ o !
y,
ﬁ-” & __M_/__ LHEB! b= tarriEr m&//%}‘,
‘ / A Co = ayxa'#ﬂ(f'/,,,'fam (Gate)
W = ghamnne! twidif
L = céd/mre/ ﬁ’lfjff .

(ﬁﬂSf‘Jér;nf Zhat W and L (frnal values) afrer
fabrication are ho longer whal we had i 7He
mas ks a'f7ﬁ?é€7/)m/'/fﬂ/ THss W and L pn lees
used o ova luale ﬁ yusT b twderstood 7o e

7L4€ ‘Pr;ta,{ or ef{‘ec‘/l'v’e Qi PS, /';r‘ 745’ sa,ée of
Sim/o//t/'ff 746 Samme gy”,/o/s u/////P wsed

furlher on For These e ffective v e &5 .

| o156 dedfine e folowrng roteo

Bo é’A ohore ! ﬂo%é‘"é@ Lrrver
:-—(;: et ncl ﬁ,_ +o 7he loz o/

R = fbl_
Joorews. Also Pp 724 (rfM/yeA

A 227 S for clgrn [ FOrSTHE Tl He

Also nole o 74he
SransiYoon Lo rer %ﬂ o Va,ﬁ) afAer a certarsr valee
of Vsw s altarmed Is accomphibed 157 @ aore

or less step Fashion. Since 7he sbpe ‘91[ 745
curveé 15 polheng S 7 THhe 0o/ 72g€ fd’h "7[, ke
deav‘ce/ care chould be wxercised 70 prake JxE
Céa’”fe e Vyn SfasT .?/wajé o)y avord b€rng

(v Thes 7[/4/152/'74'&/7 mf’f/'on for a /6”?;7 S r77 2 ,’fﬁaf
Sy e Ter beraves 17 Jike 4o ampier! -5



fferey )7 1a/ervers

/4 cdm/an'soﬂ a)ﬂﬂ/?ﬁ (4
-Lver'fé’@ c/;#ﬁ'f 70(‘0’" 0s1€ A 70 ?‘/c"r aé’/oen a//}azy
of 7w fwa&s o The Hauseshr neacér JAs

QD Fermrnal (catled deiver) and 7h4e Hrueas-
/sTor 5!\7‘7(;!/1‘? on Top of /7 (called load).
Le“/é Céﬂ_‘p"/c/é‘r' a Vt’r'7 COr27 pp70s7 CRSE &J'/é'/‘(-' 7{8
Lrver /5 an N-chamne/ £ hawcesnsenl Qevce.,

& /87(% dam/oa.re 74& s verlers ‘érmé‘z/ aMsﬂﬂ 444”7/"{7
74e Joad Jeo—:'ce./‘eyar'diuy Db s7aFrc Froge Fer

oharaclerrs?cs .

4 LE Lnver®r

7%is 1mverlel, & bhere E/L stands Be o/ anzeﬁpﬁféﬂéﬂ@w

w7 15 /'//4/.57/22‘7{‘& (N FA e -/;7'0/?‘5 HFba7 So Sows oo
aC(c)mpaﬂ/eo/ by j 75 Fanster chzrac7errsic

25 |

25 3.0

Figure 3. An E/E inverter with a typical transfer characteristic.

~37-



A 5 m AR .=

Aele 747 Vow obesnZrise 7o Wu (3V/y 7% mm,d'/ejj
bul only Yo some 2250, THis ss due 7o THe

bolt offect (V;— /}fcn_%_{c") por Srgorsesto 1, A«€
Yo Vou+, Eecal/ 7#a] T4Cres a corrmors Sark

or subsTrate cenmecton Por boF 4 T, and 4 ,f
Vout shirfs to foll oud wrlh o discoritinuous c/{anye of Sfope

a1 Viy=Vro (1a), A mran)nffu/ Vrs can an/y be cetfined hr
the Frangson o m  Low ) /%yff (sce *ﬁjare)-

2 E/D Juverler
F';yr Qa cJeP/e'f'idﬂ load we eV/ZF 7‘/‘47/4574’# C/zd/dé?é'z;lsﬁ.c
bolow, Note Tiad when Viw< Vio () Vou? rises «p 7o
3V, 7he power SulaP/7 colue. For V:w>*f§/a(ﬁ) ?_x_a draws cu_rrmf
fron, 1o u//l;'tj Vo7 Foward grownd. chang® /{; SV0,O$ 4}; .
[’Jrocfuc&" ap.ﬁ‘gr The s“feep c@uff’ i Voal Lot D ve

off-

Figure 2. An E/D inverter with a typicai transfer characteristic.

—38—-



.

CAOS jopsor Tor:

.Iu‘?qf CHOS inverler slfow/; st 74?" ﬂf’K-f ﬁﬁur‘P 74?‘06&7;0&1
W/réye rises Q/o To Vhe power Sr-f/op/y and Ffalls Fo groend

w“e« /-/ or Z resfoe’c?[fc/e/;/. leernenrd/ér‘” 7%:7/7‘ ’70 S’fa'/f'c Cuﬂ‘ﬁlj
‘F/UWS/.S/;'ICP erlher Tq and I, condell TogeZher on/7 a/cer'/;/rf

_f_FanS('?L['D/’IS, MI'S AT S 7‘/@_7// L.i—{ (M&S; SM;C ﬁaw [P&“/Pf"
diss ijecf uhe S-tjmt/s ha ve Sfab///geJ) (< sery somall -7 facf
r-é’r)'f 7/"&(11/’4
nj anc/ OZI'S-

t and de-

15 n?flt‘at'b/e- bt (J?pgm)c- pewer, Lo Fo cur
w74 72 amd [ »ffﬂm pr 7o GO, ano/ 70 cﬁfa'/?/

N 12
d"“f;”j O-f cr‘fau‘fcaoaa'Tan(fS/ /s /mfﬂf:fa’l

/
fDé’mfs on gw:‘fdfhj —ﬁbegfaenc;a-

Vo 15

1] 0.5 1.0 2.0 25 3.0

o Yo 0.5
o Y
TA o 1 1 %l $ L 1
t.5

Vi

Figure 4. A CMOS inverter with a typical transfer characteristic.

-39~



- A M A /s s — & &/ /|-

I

l"‘f[elé’nce 0'f ﬁe
Pe wus /)n?V/'aas/y defined o L e;am/ To .

&
Fe= &

Bebses 4o m?ﬂzw«,c,e qf@'e on He Fraasfer chizracorisTic
OXM ‘éy‘D joverfer and a CMOS igver7er are S /s —

7‘/21722( I"‘W'ff @e 1071 Cr€a sEs 74? jd?&’ azfac./%ﬂ(e af
hc’rfcz_f/.nj e ac/ucz'//}/t? Joad. for CAOS

T,_ FAus ¢
7

and arny 07‘/45’/’ 7‘/7/?6‘ o-/ /;7V€f7ef‘ Thes /"‘6’1{'/6‘6‘7[5' czf

f/tfu'qpaj as an /‘ncz-fa_fd’a/ capac}‘"fﬁna"/ .Y a//'nf 74 e

pre vious 87&9&? .

Vi Figure 12. The TC piots of a family of CMOS inverters.
jure 5. A family of TC plots of E/D inverters of different g ratios.

~40



B A B(TA) — ,BA
T B(MTY B
NMO |
30 - >
I
25 - :
|
|
20 -
| /
Yy =3 vo 15 F l/ 4
o N Thrashol vuttag €
/o
T or Ve :
4 i
S
vy fe! 05 Vs l R
7 v |\\=Vu
Ta o] 1 1 —t‘! :&A— 1 1
0 0.5 10 154 20 25 3P

MM i

Figure 4. A CMOS inverter with a typical transfer characteristic,

Woise margins WM ° and A#H 7 are FhE albwab/E
aécmyf,-; in Yy Sar oJ-/az'm}aj a certarn 0a4pa7 Vo.
Ny 73«5‘ represes 7s 74e J0SS/ b8 varmain of Vr
wﬁejn /‘/ Adf;u ez r7 a/o/a/é’df xero (0),7haiisTo say, 7o
maintam a ‘17 b U, CHPS = Gocd Awvise Alargins

The Hhrechold po /tage U (ete figure abos) car de

3
calewlaled re C“///.’ff Thal ser SHha] /-e'//'/ﬂ So 74 WMU

are saﬁr; Yeel , so
IC«SAI:?{ (l/I-Vr,V)Z dl’ld Ipsp:"_gl?('/”'_yl_vﬂ’)z

s |
o (B SaiVe g Y lostepsthu |
VI - ‘/TA/ [+ ’ @d}l
. kr .
16’7‘\; S f’JS(" '€ a)mt/c{ /,ép 7@/ 7%8 7‘(2144&‘:75'0/7 u’??/%!ff
were i Getaeen Uy and GUD, ust af Mt Shey, i f @4,=(9P¢ac/
V’TU ;(/TP we 96’7 72{’ P C/QW\CC’ Sfau/c{ be Twe '//;ﬂf’_-g as

larg€ as Thp A devtee Kecall Tht ﬁzfg , W M‘p/lfyﬁy}?
.

- 97-



el

/;‘4/75/;7/_'55/5 27 Gates

4 very usetel ¢;rae 7 ofpsmeer 7 S5 THE So-calded Fransrris—
s on 9@7?) hich is f2rmed éj o PHOS tormecsod weld

an WHOS as showa

pote That EWA=T" Furns OF &
both 7'rans¢s75fs} while ewr=0" Vet __T_ WALDS
+urns them OFF. Q__J:{__o VooT
7—4(" /"(5:2// /'S' /0455'/,'7} S Vour _—I PAIS
The value ce7 a7l Viw, st

TAF /raﬂsm/ss/a,y y¢fe /s é/éx//he.r?fa'dnd /, as cars P Yo

cas/ly seern. Jhe con %’yumf;w atove /s f//?z'az/ or
CADS. o NAMOS (and wrrts/aono/;n'j-/7 /9//&5') e S/nj/é’

transs?or m/;iféf’ wsed !

/Ae Srawback of THis a /‘Mc,{ ENA
Which Ahas &Heé€n u;é’ﬁn i _I_ )
t4e sa-ca//fcf g?ua.sf-, cta ,':: M o0
/ogic, (s That for Veu® 1

Fod 7/5*—85/{.:) /J

a_f |/0u7' S V,IAJ )?7/'/705 o7

'ILAE g&/?‘a.fe
[ btk offed),

vo [tage drop
_‘Z‘P you connec? several Fraunsmr §S10A

adeguale “Fas-/fl'o“ 7014 ca # make /ojz'c 0/00:*4.7‘/2945.

This i called \;7(59,7',7/,/07/2'. Due Fo bulk

E‘f\feﬁ; zfou- cannst connect meveral one—Frawsalor
cron ga®s s ceries. & one, mHoducirg
7s oan)uJ mr'géf srake Thal THe rsnator-
A v al Viw Fewns auj/ rwjf/‘/,

S5 THE e

9&72’5 101 @7

Fraws M0 s
a Ur drop /a7
mation ot Vrw be losT.
bl Vour & Vzw — NV
(94‘ geries ONE- %ans}sﬁr 9@795-
4z~

where 77



Cha g€ Sha r//}f K

Bos ves ot/ mwer 7022 &boc? Frasms mriSSed s Fates

746’/’8_/5 7 dg{://?‘/&ﬂd//_arpé/é’fﬂ /-féi"/?é c’fe/';e’
redsstrrbutsorr whea 7He gaZe s oM.

/:a‘r' /;;57&/7{(7, /f%g‘ Q//ﬂ/‘f e @W G C’ﬁ_fac;)?&;fgf

C01 , TH¢ Ca:/ma‘%znce Corrrrec X2 Fp T 0“3/0“7’07(0”

I\M U’Qf‘?é’f /' C/u C/flzy /)afd.f/ I da é’/"ﬂ:ﬂw% . ga/ofpd:e 7%&5

n&/ﬁ/-a//d,‘fg assvcra’ed bz pace feme® are Fob€ Conmec—

~r[€c’ “to The /}z/du?'o‘lo a c«frafqz w:zfA //;/aa]iaxy,&-

c}‘fzw:e’ (('2 Sl g W&-Miﬁgléﬂyd_?%’ as shoecdu.
/ Wkt finalrsllige ool Usns

1 LeaAC’;Z%CMasM
& Vo1 7
_——— —p - -
Co1 — l —_ Cis N = UOICD‘f
-;J_: == (hey The gale s o

@: V‘Fmaj ((Olf‘(t-d)

and  Vpiad = Vo1 &7
CostCie

S‘J‘K&w M/&Mmhxj’ U;LMQfM—p MT&TPM
less Thau Vo1 /

43—



- A s L A =sRn ¥

,4542/5547(/'&/75 T A4 sﬁrT_mh/

4, Tntoduction

e

Some classi FeaFon ras] b& rrode "efmr;tf

(1) . . ,
bdQ(/((r'aa?’f'y, /4/‘649&/)&6/6' o€ u-ca7 se

-~ S'/Q f‘lC 4 fr‘Cm'?'py
~Quacs-static

- D7ma mcI C.

And now 7A€ ?u&sﬁbﬂ arises as 70, wiat r's ‘Z””.(& --

sfaadc'ug for ?

Firstof all, logic 94
Static circedTry  and guw'—sfaﬁ'c cirecu7ry foo K sirmdlar
Fo oach oTher as wel se€ i a shorl while .

Dynam/c c:'raa'?‘r7 ‘s g i/l mor€ “/'fcﬁy ” reyara//nf opel

o F e s It Bt €
e quency and. most? of all, 175 7 4077 S
‘/, serton l / wsed 7o r-z_g/#)/c’ /}779!"1’”4/7-463"?’ 7&;;‘

/0§7 Ja(’ 2 /F&éaf(’ caz/dd—f&".

725'/ ‘P///D--fé)fvjj @'7‘:‘

ating 1€
Rotieshing (s cor
otherwise, wow ld be

Stitic circal70Y

Ba sic, Lo Ahrs con Fex], ST EG7S ClomtTary FEHES
Javer 7Er /‘/ﬂﬂf o Thers m;gﬁf be alse
and CWSfé{Grec/ bes/c , but 7%65/ ‘re
or boemed by combraations of

:j’:,a/ Fhese Tew gates J1sTed af
The [ed?.

. and-()f"/fm/@f'-f _ , ,
\?a'fe rtfl»{/o/E'Mﬁff?é??{’ﬂlf 7S /ydf.q

diFEicalt maller ;o CHE as
/ i /
e see i The Flswigy pag
281 A GeY .
" y P



Inverler !

In Vf/h‘/etf‘s diftec £rom cach olber s Theor Specsfoe
Ca/’ab’/fﬁ!@ To a((ﬂ”r/oéé/{

. a cerFari cléfézfr}S-%'é"
Fbr /ns7mwc’j P,vgﬁaﬁdﬁ'aﬂ c{€/¢y.s, FZU?-&:? and So o
might be differen? a morng ok Fferedt Foverters, Jhss

ma; s'e’e/ﬂ?zoﬂ &j:'/bz/_s remar ke, ba? AT e ‘/rf 74)/74/}//
ou 7

[ s € fac? Th) 7[42? m,yéfje M v fferen'?,
The basic mverler 15 shown . He Frgure 27
Hgh7 Please nofe 7#al Fhe Ptype

Lransistor ;;/‘7'5” or7 7‘”/" of 7he ”_7(7/0(’
one, and THal 175 cubsta e /S com-

peclod Fo /75 source (and Yo 74e OS5~ -
(4 ve poer S“/D/D/7 m//) __4':_]"
Mam charasforisties are ! — Out
__|
_1”7/( “//’ [")/— f/('?éj &ﬂ?‘/od(f /{a/(_o/ Ef

-loy/k "0/’ (ar‘ [0«/5 0405047‘ fevel ¢

- Pra/oa,ja%'dff 04’/177 Serrre awnd
relate 14 and HL Frawsy /o orz

£ mes E—b—oﬂ
- Stahic curresn7 ofrawn Lro vee W

e power 5"/0/’//
- /é/axh?')um 49/069/‘4 7.4{:7 fﬁc?uéwcy.

Fc;r a }zweﬂlc?f‘ [i ke Jhe one shown 1 THE -ffyure
phove we have !

—_

Out =z A Oult

- Oln

4
o

45



LA B2 SSaAF - =488 4

/O Gales

In 7he Frqure a?‘r/'glﬂ
a 3-/)7,04«)‘ HMAVD gale /5

shown wiZl THe Jollo- T
w-,},j Frulh Table _ : _
A & C ou A'—_—_—‘% G—TH%- 0—1—1%—
o o 0|7 ! -
o o 1|1 .
:' .; s' ; 4%—

(f1é %E__

‘04!'6/: ca #l se rt’pn."ft’ﬁfé‘cl _—IEJ__—
by Aon

Out= A-8:C =D

)

[ease nole 74@% Jrke 177
any CMOS ga?‘c’/ Jhere’s
ho aTatic co rreal Trom
Voo fo Ves . Gerren? only
or vrceversa . Corren? & lso
and out of T4t Out Yéfmf'ﬂtb(,

¢ a,oaa' t,ve loads.

Llows d uring S 5070045 Srom H AL

-‘f'-/au):s/ Jrke /ot any 7&)’?/
;n ordec To dzslcée/yeﬁ/fmye

7

would have @ .s/‘mv‘/drjd///faayé 2

A 5-mpal WM AYD
e c&mﬂ//'{aﬁ’/ syfru(_?‘czré.

[(ttle o1 T mol€

ALD ga,"fés can be eas’ls /‘M/D/eménfea/ r‘ea///}zy

Tha't

AB.C = A 6. C
,4(7‘4&”7, Tnverters, #AMD Gales aund HOE gates are 7he ‘bricks”

74&)‘ 4 Ju uSé€ for /hf/:/exﬁf/né}y_ e cwzf,aé*x f uﬂ(?’? 0}75 .
—dE—



NoL Gades

Cede rr/nj To The miger-
ted figure Wwe can
note distinct ofifecon-
ces  betwee, q NOL
and a 440 94 Te.

Rist, note Zhat al/
l/—/y/)p 7(2"&”53/5'79"5
e sn para b/ anyg

10T tn series §e(mz//y, )

)'77/-‘5? 7"’%5/'57(9/-3 are
Seora Mlel.

Voo
A—|
.—f

=10
H% H‘T H,%

Figure 2.26 CMOS NOR gates.

cd/;/fé{?:f(’c/ 707 SCr125 @ 0 F

gb,we 7e‘f fo r The Fret4 Ya 4 /e :

A b C ﬁu'f
o oo | 1
ofo,1 O
S
1 © 0| O
1 1110

Ou_'f = A+8+C

7\49/‘6_/5‘ a .?.w‘ff’ Pd/oa&f 7/7/99 of j(/?‘f’ LIArchd ¢
called And-Or- I.. ver?, Fha7 we "N oo ss next, b
betrre 7%4,71': «dow can Qchieveé an oK jﬂ»’e /—6:4,///'/{7

Zhad" s

A+B = A+B .

Thact iS  using an inverkr and a HOE ga

s o7

5&79{21//7 s‘/oea é»’-‘y/ ANDS C(/Id[ 0/(?5 can Le tﬂw/o/emc?ﬂ?/e&lw-czz
/VA'”Af af)c/ /Vﬂej' U.S/‘I’Z?’ aq 7 W?‘T&L /hy’g,—?‘er.

~gF—



Anc/-dr-jn verl [/40]) and AL ! /:up-/puf’/ /oy/( bb ks

7—46' /4nc/-0r-zm/er7 /s a u;evéjwm besiaZion af4/VDs and
or, A ‘/*Ii?f)uj' A01 and ;7S cofresf;o»ﬂo//nf Frh Fadle
and CMOS lmla/emea‘&‘//bn are showwu belrwr,

Vob
A
5 — oul A P_B
c D
D — c
. ouvt

Out= A-B+C-D

‘L'O-m:h-
A~ 0 ~ip
LN oo
-\-\Ob
~

@ >

A 1

T T

< O

NOfe 7[4,?‘ 7&'-9 2n /7 /)4,0(47‘ Camé/'r/d%'aﬂ‘g mn/k’ﬁ C’u‘f:.“{”

art Those codere @ Blf D] ace 7
Please, nole also Thal 7he CHOS im plomenTation prduces 74€

dey'negf resfamse /77 Vaé?‘,w&;‘cA Caet se eaJ/'/y fa] ecéea/—oq_j
tu Tbr {:‘awre,

40-75 aré 72/4&/—‘4 boe? 4 s T ,/_._ou-g/ /fj;, c faﬂ[%c'»/-e/
locke. Ar exa 7% e O ewolher o -feve) Jo gre S c /=

onal bhck ;s THe OF7 e CriAod-Zaver] wAhAicd /s
6400(//2 s Tl ﬁ//&’of//ﬂf ‘)p/“f}"/"(,",

Plase, check out HaF — y= 04+xD) (8 +X7)

_fg —_—



} Our

On——~<| —_— —— |_‘0?2

o]

. B_UJ[ I[o, o]
O] [a} o =k T [a [&]
E [u} : 0 D@[D o 0] = &) o DE
. T g B 5
B o Oio :][D o]
otz 5 Dl@@ 0]
—=0 Out : - — —
[o o|

o 0 o]
[m)
o= —=t—on [=3 i ol ol
B a 5 5
o = a fa) ol o d
B 5] 5 , 5
Oz — [+ — ] = 0x Dp-—-«—‘_ _f'—._i-\.c.].. o 0 UI |

(b)

.|+__‘

Figure 9.14 Symmetrical OR-AND-INVERT OAL: (a) FET structure (b) layout.
{a} (Courtesy of International Microcireuits, Inc.)

Some “ILa,;é5 AT and OAL cau do are AfU¥es (ﬂw/ﬁ}o:@mrs)

XORs XAMOKS e OF cowrse [ sorm€ .cﬁ‘ﬁﬁ,‘/wﬂfe m:ﬁﬁ)‘ be
vy ik chown o The Sizures Thet ol

wecegsaty 1K€ showdn o Geures h(cr

A B Vuul
0 o] 1
A o ! a
8 ::)Do—o Vou 1 0 0
1 1 1
fe) d)

Figure 9.19 EX-NOR made from degenerate OAl (degencrate QAL is encircled):
(a) logic circuit; (b) circuit diagram; (c} symbol; (d) uth wble. (Courtesy of Inter-
design; modifcations to FET symbols by the author.)

() 49— i) o



& -

L

Figure 9.16 (a) FET diagram of asymmetrical AOI in Figure 9.15; (b) corre-
sponding FET structure.
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D—_‘ Figure 9.15 Asymmetrical AOT

9.9.4 Importance of Tying Node Capacitance
to Power Supply Rails

Figure 9.16 has been drawn with the PFETs in the form of a “‘treg” in order to better
exhibit the layering effect of the PFETs. In reality, the structure would be laid out
with the PFETs in an inverted tree. The object is to tic as much source/drain capaci-
tance as possible to the power supply rails. Taking the output from where it is shown
would slow the signal considerably because of the high driving-point capacitance.

When laying out asymmetrical OAls, the NFET layer containing the most NFETs

would have its common source connected to V.. 5O~
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Figure 9.43_ (a) Tristate output buffer configuration; {b) layout; (¢} layouts of various other
buffer combinations. Student exercise: one of the NOR gates should be a NAND gate. Which

one is it?
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* Inverter
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Figure 9.45 Driving output buffers: (a) inverting; (b} noninverting. (Note Third-generation
gate arrays have drivers for the buffers built into the macros, Check with vendor.) Each buffer
inverter pair is 12 unit loads. Drive each buffer FET with at least two paralleled inverters. The
buffer shown in part (b} is 2 10 5 ns slower than the buffer shown n pant {a).
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8.4.4

E-type Flip=fiop

The Enabie or E-type flip-fiop (efin), aiso known as a multipiexed fip-tiop. 15
made from a D-type and & multipiexer. See Figure 8.23 for the principle of the
circut. ang Figure 8.25 for an optimised version. The multipiexer in Figure B.23
uses the ANDNOR part described in Section 8.1.2. The Enable input chooses
whether to gate 8 new data input into the latch, or 1o hoid the previous data.

Note that the E~type flip-fiop described here is not the same as & transparent
latch, where the input is strobed directly 10 the output.

Rese! O

D G O Qout

Dfftn

Din O

|

|
| Enable D—b————

> Ck

- bO—q

.Eock 0O-

Figure 8.23: E-type Flip-fiop

The cperation of the circuit 15 as foliows:

Enable Rese! Qout

o] 0 0]

1 o) 0

o 1 Cout (previous clock]
1 * 1 Cin (previous clock)

Reset is active low. when it is low the next output is low,

Enable is active high: when it is low, the outpu! data state is maintained from
one ciock cycle to the next. When Enabie is high, the data input passes 10 the
data cutpul after one ciock cycle.
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The asynchronous RS fhip-flop is not suited for inclusion intc an integrated Cir-
cuit for & number of reasons. in particular its state is unknown when R and S
are high. However, its form may be agapted o the synchronous version shown

in Figure 8.31.

Reset &
{active low) ‘DL

o) Q | Qout

{active tugh}
D
E Ck

!

Clock @—

This form of the fip-flop 1s synchronous, and there is no ambiguity over i1s
state. Reset takes prionty over Set.
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TABLE 8.1 ASSESSING FEASIBILITY

INFORMATION NEEDED

Maximum clock/data transfer frequencies; through how many levels of logic?
Critical timing paths

Norcritical timing paths—how loose?

Loads that have 1o be driven, including expected PCB runs

Avatlable input drivers

Restrictions on pin-outs

Prioritized list of technical, economic, and timing factors

Any analog circuitry needed

Are there especially difficult parts that can be put outside the gate array chip?
Max./min. temperature

Yoltages

ANALYSIS AND PARTITIONING:
THINGS TO LOOK FOR AND CONSIDER

High frequency clocks: often are divided down into manageable frequencies

Take slices out of 8 memory so that parts of it can be put on & common chip with random logic
Can two similar circuits be made into one composite design with mode select options?—decreases
development costs

What is roughly the ratio of “global” path lengths (fong chip runs) to local path lengths ( < 2 cells
distant)? Will selected armay accommodate this?

Where should function cell {macro) paralleling be used, if at all?

High-fan-in and high-fan-out gates

Loads that must be driven

Number of [/0Os

What arc the prioritized reasons for using a gate amray—speed, power, cost, efc. . . .

Where arc the clocks? What do they drive? Must they be regenerated locally? How will they be
distributed?

Are there one or two 1Cs that if left off the gate armay can make the gatc amay chip feasible? Result
might be one or two standard ICs plus onc gate array IC replacing, say, 150 standard ICs.

If two or more PCBs are being combined onto a few gate array chips, partitioning across PCB
boundaries can be done because now all PCBs arc on chips on the same board

Any A/Ds or DACs or other analog circuit embedded?

What percent of array cells will be used?

Where are the critical timing paths? What possibilities exist for races and spikes? Do certain paths’
timings have to track?

Can certain signais be multiplexed to save pin coum?

What package type is required? Will the die selected fit it?

What cooling is available? What is maximum power dissipation? What arc ambient temperatures
{max./min.)? What is maximum junction temperature?

What voltages are available?

Must certain package pins be predetermined signals? {affects layout)

Any unusual EMC {ciectromagnetic compatibility) or other environmental conditions?

- 73



- . * & & 4 & R A - - - - = . | T

A & M - A E = Bl s i

a2 A .

- 7%~

Feasit, /// Yy assessmenl B

Fe 6444/‘/‘4} @ SSCScmenl fas Furo majbf a:/oecfs > o srider
ECLr2ormsC 7%’%5//7? ard 745'04”«:':&/( f(eﬁﬁér//fy 'EJ)LA

0‘[7‘/195? 4sfé'c7:/s 1¢s]  shake hands wor7h each o7her . /V?:&-
‘l’l;?j ax:70n€ o F Fhom m/‘iéf IEZet cA’aas/ édﬂé/?f/cy and

bet'ny Ouj &7[' 5:15/'/1?:5\

Le‘/g Aaoe some words  on Eco 1D r73eCES | /VO ﬂﬂy/‘/?@r/‘?
Foask 15 divorced from  Scorromics. 1t /S mramcbihr
Sorecal] That 11/7)mree o) P/voécﬁﬁ'oﬂ polesmmeos  are m‘ze.zd-
ry 1o ST dor a VIST desigr 45 b arried si.
/”/‘/H‘Mwm VOl rres will é%y g decs e @77 0,75
GaJ@Armys , Steudarl it or a Full-lastom cz/of,aa_a(.

An analysis cacried <7 b 7% Lnstoe < r
; o Ly Fod a st /
ca S€ 157 a’t"/”?f?‘e/ éé’éa}.y ¢ e e e

(‘os,'fém/wngnj 40};/17,6@7‘0»4#447 &9 LS S'S.J/ﬂ.{_r
(877 used gales) (477 wed gayes)
- cam/gonem‘f ¢ 2v00 g r# 0
- Inger‘f}vﬂ
Buji nq o, (0 $0,03,.4 — 137
In. 7es?s o, 29" fa,o?/am“f — 472
Inveator o, 10 $ 60 uni] —— S30
PCB test ©,28 $£0,00)unit —— 85,90
PcR nedf;zjo ©,55 $ 009 Jumt — - 53/
Luserfion Sub Tote] 2,00 47,20
— PcB  3inta o 1,50 88,5 u’E 0,238 21,12
— Energq o,5wWE g3 ' /.50 TORE S {ico
Ieiw!:i:af R'B-f—&wryy 3,00 22,72
- Keliabr ity (osts 00
o007y //95;11 & ’rf’o’/f%owé €20

4 weo/k ¥ 5,00 el Fo/62



The resu/te of 7he CompariSon are guile elenr

Don't Gou Fhink co 7 Eivrprnic -fézz;,'é,‘/,'%? answer /4e
raestion ! Does £t Pay Yo b c7 0rna VLSI baris 7

Tecénfica./ -yfea.c/é/'//'??} O 7H P W%zu‘f, Cewseoers ZAe %uesff'v’n,’
Can i F be done ?

%a m:¢57/ AQM Ce;—?"d[,? ,}776;"‘,”4%?/7 avasrlable 7%/‘ o//'.sz«r_r/}y

The issue e ,,,nypdfp ahors a AT ,:9'/ fﬁ:ﬁf»«,ﬁfpn

Needed " ano “74,, s P b0k «f and coxsdor ”
Amé/g's a/.;c/ Pa/rff‘llfonc'nj :

~— K/eepfﬂ el Thtad POU  Shseldn'? 7(,_7 Yo wuse imore Thes
5}5% of The fotaf ja)ﬂc’ Coers7 oOf The @rray  gow choose.

TA"S,M/' course, aé:/wo/s of whf o deer memm_,ef-az%i

racrrea/ ey order Yo be free

from

%v“"'aéf, “//4’77'4/ SO 772 rrcfeche o s

a/a[}ﬂ % be a bk To “SC more 7%44,, 9@?}/ YAhe,
‘fD‘faj 94{,‘/6 o nls re7 a y;‘gfé’q ya:)%-a //'-4,7.

/PCfﬂﬂzk&é?(' 707( MJ 7 F7 C/gaép i C/Q((‘yéo'ﬂa_j /07!C'
ra 7&1,&1‘ c/u;/_) (ar‘mcnd 25%74, 30%' o trozer

ates o rthe desizn) For d

7 v / a"’ur 016&:5;7 /76’6’(/_%
A 000 (?a)ﬂé’s/ u)ﬁ.('cﬁf well regec: r€ arowund 007 a.,,(;&?‘q\,“ﬂ
760%’5 b r M%Mj, S0 Tm'// eV r7 7L/‘7[u.j w2ld g
-.Crf‘d-—tj §f \’m/ﬂ,f = 62V ﬁ?&u\ﬁwy% o wb‘d@()ﬁ{‘

weartr,

!ﬂ?‘ercanné’c?ﬁ'én

nsVence |

_-.?5".—-



A?wJ c/e_c«:jm mus]  Fnke rate accoun severa/ fec/ﬂ/?ae_r [

Hetarchy: Lo implici 7 in 7he Though? of haviag o fforent
fevels O‘F aécfm:?ﬁbﬂ- 4’&’/&/‘549 HER IS éreaéz}zf Lo e rr

Cd’”/)/?/f paf‘75 or modules OF yoer a/é.f(:yd 1027 fess
c0m,o/€x blocks or sabmodules, THs 707 0oty €aSEs

Uﬂo/evs'faucﬁ'ry of The whole bal suakes 1 7 casser
for You o c{esz'yﬂ, fzxeryf/iwe you divide /n¥o .sv;w/al"f‘
blocks you Ferrdd Yo a/aloroao{ well- bwowrn am
basy-To-use s/m/o/(’ Slocks w/{,‘cé for sure are
ufa/'f/hj( o r o a7 gour CAD I bra ro
{1'_/0&‘/4‘“'_7/_7 i Once gyou

CéOOS(’ as c{ ‘&frﬂ T/I( u/‘(.'féf ~

moo(e/fs (c-détdf are no'f a{nz'?c(é’ 700/"‘ aQ j;‘(/err 0/5'5‘;‘9’7)/

7heir lractons w74 4o rest o £ Thp modeefes cau
be well . ha rae Ferr zed . ('A’.ir@(%;n'.s‘??c'"s/ frzo/oer'?/-'ﬂs

and whal cacs module does shoeld be well ‘;/aea"ﬁé’c/.

/Eequ/ar',‘ 7(7.‘ Ar W/,-/e oo A/‘g% ,-ffuéz,ﬁq% ;s a Efbt/
(d'r Qa ’?OM)' Gﬂjf’ Qfﬁ;—?S are also jpoacf 4xam/o/95 of

T/Ie ysé 0'[ r—eﬁu,[a,rffy (‘frﬂm 746 ﬁ/p/offc_a/ﬁa;”)“&f
View Pejcuar SfoC'/urt’Sf lekep PL/‘IS (P/‘a‘-ﬁfdmntwé/?
/-'95:'6 arfa75j should be Savoured durimy Sesigrr.

x /eérﬂé’:wée’f 7ha c/f'zrd¢7‘é//'z/;?f gour sorderfaces .

allbws For @ belfer wnderstem,ol of THe o el
d,nt{ (6 « maST w'hf"f @ degéjn < c//‘c/ﬁy@c{ R 4

severn/ u/é.cagne s,

-..76—.



Jackeging

PMéAﬁwc«/’ ;s Ap be O seleresd as o cnporlen? clep.
B/? cézm'// QJMQ_S‘ /“/,_0 7[7/40 07[)ﬁ£0&‘7€ are //W/MT‘-
';‘;/77/ e mr“;/f Jorove be  retven’.
cerV b

' é’/'/?%’/(o/ y&u w7 o e S€ SOl e, F Sy s
Qpplicater; Do, 4
f‘ 7, ’77{de Y o2 e o ik (F qoee’
me 2 e socke/s wr Bee : yeere
'ga@éQle Y iy youwre scs70 7o <older oy prer

7 ety So The Al I S0, will/t be &

S _
ufﬁ(?—/f/m/ﬂ or 7/@4'?4-/3}7 7‘7/06’-? /94157(;6 or

C€ramric ? [ focr aé,é,-s,g,“ Arm//y Ezrr

| | P /923/78}/
Ql?O/ }731?'47{ Jéa 0/1'7/;@/1977 741' /0/29797[7/0/”? q”o/ 7£§f
Prﬁa[u,a‘ﬁéﬂ—

Power Jl‘ssé’aav‘fan and cﬁ/‘p fem/aemfure

The ﬁm/ofraire al 74e Jun:?lfon of 7%e devrce s

calewlafed by ThE ex presscon
7}' = /-;zmé + (90('.4 ‘P

cwhere Tawss ambieal [ompenHedt |
Gy = Thermas resishemec Trom JunCﬁbw Yo ambion?
D . Pwer diseipation
c%){‘a 1§ given for each paoéauje 7‘7/99 and for e?.“;//,,;,
counts and /M,céa?e 7’7fe o s matler fov cerminic Tlaw
Lor Plas/’f?'c /owééafts-
T4 ¢ exproason for /} can de a//w;éa’ A, The whele C,Q/',o

S'Q/J/)ﬂlfily// 74 Tt Poer Sowerce _/?:5__4 /oaiu,?‘ s D c»&;/g.



carry on an /“m'%b/cduk‘/;m rememder/'nj JheY :

2
- P: CV{“ and a!&f‘jnivy C:z -{FP S tack node .
7-}:; é!"!;?f! ot /Mjér v les 07(’ C 7Hhae THr
re onEsg

— From 10y o 307 of The ATl numder o‘fja?cs
swiltdh iau CMOS af The Sxwre Frmee .

- mej buffer o wer chc.cr;r_.‘)‘ibn 1S cpmssVered
by i)‘SE/f;.c;ncr e may be ?w{)‘e /a—ryé‘.

7—54:6 giu@; an gg’vfmaje a'ﬁ The ﬁ)é.,/ﬁm c[t:;ﬂff»jan}
whech g ugan/V a warsT case one.

/4 éef?‘er an&/rfflk djmcfs 5/0((;6/ ﬁrvfmrrf.r ‘JCD—f‘

eald cu,/d:}«zj power i sFr e ) /gﬁo-&r &SQM‘;?{

and “"bf’ ‘/%-c/m)/wrf’

_.715._.



All gate arrays, regardless of technology and manufacturer,

consist of several basic elements:

+ Pads to enable connection to hand from the “outside world” (package
or hybrid).

+ Buffer devices to drive the higher capacitance of the outside world
+ Distributed power and ground buses.
o Transistors and diodes.

s Underpasses to cross under the power and ground buses without
contacting them or more commonly a second metal layer.

Many arrays dies have in addition to above:

+ Test devices.

« Voltage-level shifters to enable operation from only one external
voltage source (as in the case of ECL and ISL/STL) or to make the
devices compatible with TTL logic levels.
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'

- - Packaging

Some important aspects to consider are th’é.'followihg_: '

Number of pins

| Type of package:

¢ Surface Mount o | ‘.

¢ Through Hole

~ Material:

|

¢ Plastic L
- ¢ Alumina (Aluminum Oxide)

¢ Beryllia (Beryllium Oxide)
Power Dissipation and Chip Temperature: .
Tj=Ta + Gja*P

where Tj = Junction temperature
Ta = Ambient temperature
Oja=Thermal resistance from junction
-ambient | : k
P = Power dissipation

(rg-a)
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FPP ... ... 720 .. .24 .. . Plastscs
LcC - - - - - 432 .49 L Ceramics
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Plastic dual in line packages (suite)

T PIn Count | Package width | Pad size | Min.die Max die
(inch) (mm) (mm) (mmiy. - .1
---------------------------------------------------- o st iy
22 300 3.55x4.32 [1.02x1.78
5.59x5.84 4.57x4.83
e alabeindeb b Batnindededebadebedddede bl Rt el LT TS U S,
24 . 300 4.06x8.38 |1.52x5.84( 3.05x7.37
e T 600 3.05x3.81 [1.02x1.27
3.81x3.81 )
4.57x5.59
5.59x6.10
5.84x5.54
6.35x6.86 5.33x5.84
e | 600 3.81x3.81 |1.27x1.27
5.08x5.08
5.84x5.84
6.60x6.60 5.59x5.59
e | T 600 5.08x5.08 |2.54x2.54
5.33x5.84
6.60x6.76
7.62x8.64 6.60x7.62
--—-;E ----------- EOO 6.60x6.60 |4.06x4.06
7.11x7.11
7.87x7.87 6.8B6x6.86
I.2.2. Plastic leaded chip carriers
Pin Count Package width] Pad size Min.die Max die
(inch) (mm) (mm) (mm)
Y 490 5.08x 5.08{1.27x1.27| 5.59x 5.59
6.60x 6.60
44 690 5.84x 5.8412.03x2.03
7.62x 7.62 6.60x 6.60
68 990 7.62x 7.62[3.81x3.81
: 10.41x10.41 9.40x 9.40
84 1190 9.14x 9.14|5.33x5.33
10.79x10.79 10.03x10.03
-125 VS
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Plastic leaded chip carriers

T D AR AP YT S TR W R NP W W AR W N W WS e W

- 10 =

Pin Count|[Thermal Resist Comments
. O3JA (oC/W)
28 68 Frame material : Copper"
44 58 Die size : 120 x 120
[ 68 42 . "
84 33 " "
Smalll outline packages
Pin Count|Thermal Resist Comments
OjA (oC/W)
16 120 Lead frame material : Copper
20 90 Die size : 100 x 100
24 80 . .
28 70 " "

e e T L M e A S S M e e A A T S e e S A - - - -

Note : These values are given

for the die size shown in comments.
For larger die, values are typically lower.

~ 29~
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