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Abstract
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Gate Level Representation of ECL Grcuits for Fault Modeling

1 Introduction

Emitter Coupled Logic (KI) devices wing bipolar techmology are generally wed in ap-
plications where swtching speed is tore important than pover dissipation and cost. (on
vertional hipolar KL technol ogy represents the state of the art in silicon speed, providing
systermpropagation del ays of the order of 300 to 500 pico seconds bt the price paid for such
speeds is very high pover dissipation (1.5 nW or rore per gate - vay too mich for VISI
dersities) [1]. Recent advances in technol ogy such as BIT1 [1 | developed by Bpolar Tnte-
grated Bchnol ogy have nade 1t possible to fabricate hipolar KL devices that take about

1/20 th the area of convertional K. devices with speeds comparable to the fastest KI,
consurmmg onl'y 1/10 th the pover. With the achi everant of lowpover, high speed, as vell

as high dersity, KL technology is expected to be wsed wdely in variows hi gh performance

digital circuts. For example, Sparc architecture devel oped by Sun microsystern, i1s being

inpl eranted wsing HT's newhipol ar process |2 ]. The integrated KL mcroprocessor chip
contaims 122,000 tramsistors. Fen more highly integrated hipolar and hi polar/MOS chi ps

are expected in future, further narrowng the gap betveen lowcost vorkstatiors and high
performance servers [2 .

Tarsistor level shorts and opers many of the physical failures and defects in IG5 [3 ].
Analysis of simplelogic circui ts suggest that tramsistor level testing provi des ahi gher coverage
of faults conpared to that at gate level. Inthis paper, ve first describe in Section 2 howve
arrive at the gate level mdel and the tramstormation rules for obtaining the functional gate
level model giventhe KL circut diagram Hinctional gate level nodeling applied to som
complex HL circuits are givenin Section 3. Section 4 deals wth fault mdeling of KL
and concl usiors are givenin Section 5.

The issue of fault modeling of 1-level KL gates has been addressed in [4 | and that
of 2level KL gates in[5 |, vhere avgnanted fault models vere presented provi ding hi gher
coverage of physical failures. Morandi et. al. [6 |, have proposed an KLl ogi ¢ nadel obtai ned
wing a dictionary for tramlating each circuit elerant into a gate level description, vhich
results in a conplicated logic mdel evenfor simple KL circuit descriptiors.

The next section explaims howve arrive at the gate level mdel and describe the trars-
formation rules for obtaining the gate level madel. The 2-inmput KL (R/N(R hasic gate
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Hguwe 1: Greut diagramof a 2-inpt KL (R/NQR gate.

is shom in Hgure 1, vhichis wed as the basic hulding Hock in mst inplerantations of
current day KL logi ¢ desi grs.

2 Gate Level Modeling of ECL

The 2-inpt KL (R/NQR hasic gate is shomin Hgure 1 [7 |, vhichis wed as the basic
building Hlockinnost 1nplemantations of current day KIL1ogic designs. The temperature
and voltage compersated hias retvork comprised of @) 4, Dy, Dy, Rs, R and R g do not

directly contribute to the realization of the output function. The netvork perform the
function of providing stable reference to the differential amplifier.
InHL circuits, the inpat circuit and differential anplifier configuration form the mst
important part in the realization of the logic function and is shown separatel y in Hgure 2.
A equivalent gate level model of the sam is show in Hgure 3a. The inverters U3 and
U4 are obtained due to the resistors B 3 and R 4, vhichtramssformthe currents driven by the
tramsistors into equivalent voltage drops casing the behavior of imverter. The outputs of
the differential arplifers (x and y) are directly applied to the emtter follover (Q 5 and Q) 6)
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Feuwe 3: (a) & (b) Kyuivalert gate level nodel.
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(ate level Fepresentation of HL (rcuits for Fault Mdeling

inputs as shomin Hgure 1. Splified gate level model shown in Hgure 3bis obtained by

corhi ning the inverters U3 and U4 into the (R and N(R gates. A open on the source

or drain termmals of nM /MY gates lead to the sam otput behavior. Hovewer, the
otpit behavior of a hipolar KL circuit [4 , 5] is different under open collector and open
emtter conditions (o and 3 of Hgure 2). The emtter follovers perfornthe functionof huffer
betveen input (hase) and output (emtter) without any inversion whichis equivalert to a
norti nverting huffer. Addition of trarsistors in parallel to the input side of the differential
anplifier vould caise correspondi ng increase in the mber of inputs to the (R and N(R

gates. 'The gate level madel of H gure 3a can be redrawn as shown in H gure 3b by conhi ning

the inverters U3 and U4 into the (R and N(R gates for obtaining a simplified gate level
model .

Aset of tramsformation rules have been devised as shown in BHe 1, for tramslating a
given L circut intoits equi valent gate level madel. Using the set of trarmsfornation rules,
KL circuits

Bsed on the tramsformtion procedure performad above for comverting the circuit de-
scriptionof Hgure 1 into gate level nodel of Hgure 3b, a set of tramsfornation rules can be
formad as shownin BHe 1.

The sub-circuit description and its equivalent gate level models as shown in Bble 1 is
descri bed by foll owng rul es:

(a) The differential anplifier forma the basic circuit description for KL logic. (onfig-
wing tramsistors in parallel resuts inan (R/NQR gate wth corresponding increase in the
muber of inpits to the R/N(R gate at the gate level nodel.

(b) When the input tramsistors and di fferential anplifiers are inseries wth corresponding
reference vol tages to each of the differential amplifiers, the resulting gate level mdel is an
AND/NAND gate. This mthodof configuring transi stors inseries is known as series- gating,

(c) Whenthe differential anplifiers are inseries withthe first level of input and di fferential
anplifeer trarsistors, the resulting gate level mdel is a decoder.

(d) Resistors performng the function of load resistors for differential amlifiers convert
currents into vol tages. Inthe gate level mdel, it is equivalent to inverters [6 ].

(e) Emtter follovers performthe function of huffer betveen input and output resul ting
in non-inverting buffer [6 .
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Eguwe 4: To-level implemrtationof (A + B)(C + D) and (A+ B)(C+ D).

(f) Tarsistor otputs conected together is equivalent to an (R gate with corresponding
murher of inpits [6 .

The tramsformation of HL circuit description into final gate level model imvol ves tvo
steps. In the first step, the KL circuit description is transformad into gate level model
wing the trarsformation rules. The second step i nvol ves 1 n mini zi ng the gate level mdel
wing standard logi ¢ mini mzation procedires.

The gate level mdel obtained wsing the transformation rules is called functional gate
level nodeling as the KL circuit descriptionis being tramsformed into an equivalent gate
level mdel whichis functionally equivalent describing the function that the HL circuit

perform.

3 Gate level modeling of 2-level Complex ECL circuit

Having obtai ned the above rules for trarsformng the circuit level descriptioninto functional
gate level mdel, ve apply the rules to trarsfornthe 2-level complex Kl circuit description
shom in Hgure 4 to obtain the functional gate level model. The differential amplifier

configuratiors formad by ) 1, (o, Q3 for inpts ABand Q 4, @5, s for inputs CD are
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Fgwe 5 (a) & (b) Kpuuivalert gate level mdel for tvo-level inplemantation of
(A+ B)(C + D).

in series gating configuration. According to tramsformation rule (b), ve get AND/NAND

gates in the gate level madel for the series gating configuration. Since the input tramsistors

for ABas vell as GD are in parallel, (R/(R gates are obtained in the gate level model
according to transformation rule (a) wth the set of (R/R (for series gating KL circuits)

gate outputs comected to the inpits of the AND/NAND as show in Hguwe Ba. Inwerters

are obtained for the resistors of the differential amplifiers at the otput of the AND/NAND.
Logi ¢ mni mzationis done inthe next step by noving the imerters to obtain the final gate

level model as shown Fgure Bb. The mmimzed gate level nodels obtained for 1-level and

2-level KL are the sam as the faul t models in [4 , D] that provide hi gher coverage of physi cal

{ailures.

3.1 Functional Gate level modeling of ECL AND/NAND

Aplying the rules to trarsformthe KL AND /NAND circuit descriptionshowm in K gure 6

to the obtain the functional gate level mdel. The series gating configuration fornad by the
tramsistors @ 2, @3, Qy and @) 5 is simlar torde (b). Tasistor @ 1 form the input tramsistor
and hence acts as a huffer. TFansistor () g and () ¢ formemtter follover outpits resulting in
huffers according torule (e). Qtput resistors R 5 and R g result as inverters at the gate level.
This results in the AND/NAND gate vith otput imverters as show in Hgure 7a. logic
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Fguwe 7: (a) & (b) Ky valert gate level mdel for tvo-level AND/NAND.
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Fguwe 8: Kl series gating implemartation of decoder.

mnimzationis done in the next step by noving the inverters to obtain the final gate level
nodel as shown in K gure 7h.

3.2 Functional Gate level modeling of ECL Decoders

Mplying the rules to tramssformthe KL decoder circuit description shown in Hgure 8
to obtain the functional gate level mdel. The series gating configuration formad by the
tramsistors to performthe decoding functionis simlar to the configuration showninrule c.
Hence, according torule ¢, the KL decoder circuit transform to the gate level mdel shown
inlgre 9. The resistors tramsformto imerters according to rue d Togic mnimzationis
dore in the rext step by noving the inverters to obtain the final gate level mdel as showmn

in Hgure 10.

3.3 Functional Gate level modeling of D-type Flip-Flop

Mplying the rules to trassformthe KL D-type Hip-Hop circuit description shom in
Hgure 11 to obtain the functional gate level mdel. The series gating configuration fornad
by tramsistors ) o, (4 and Q) 5 results ingate G | and tramsistors () 3, (s and () 7 results in gate
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Hegue 11: HLimplerartationof an KL D Hip Hop.
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Fegue 12: (a) & (b) Kjuivalert gate level model of the KL D Hip Hop.

(5 at the gate level shownin Hgure 12a. Since tramsistor () 5 and () ¢ outputs are connected
together and is fed back as inpit to tramsistor () 7, the feedback at the gate level comnecting

gate G' 4 owtpt to G 7 inpit is obtained A the gate level, inpit imerters GG 5, Gg and G 7
are obtained according to rule ¢ for KL decoders. The final gate level madel as shown in

Hegure 12b is obtai ned by noving the input inverters to the next level.

3.4 Functional Gate level modeling of D-type Flip-Flop with @
and ()

Mplying the rules to trassformthe KL D-type Hip-Hop circuit description shom in

Fgure 13 to obtain the functional gate level mdel. The series gating configuration fornad

by tramsistors () 1, ()5 and () 4 results ingates G 1 and G 5 at the gate level as shomin Hgure

lda. Tamsistors ) 2, s and () ¢ results in gates G 3 and G 4 at the gate level. (R gates G 5

and G ¢ are formad dve to the collectors being tied together. Tamsistor ) 7 emtter being

comected to the base of () 5 form the feedback path comrecting outpit @ fromgate G 8

otpit toinpt G 4. Smlarly gate G 7 otput comectionto G 3 input 1s dve to the feedback

formad by tramsistor () s emtter to trarsistor () ¢ base. The final gate level model as shomn

in Hgure 12b is obtai ned by moving the inpit inverters to the next level.
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Eguwe 14: (a) & (b) Kuuvalent gate level model of the KL D Hip Hop with @ and
ot puts.
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4 Faudt Modeling of ECL OR/NOR

The issue of fault mdeling of KL (R/N(R gate is addressed separately [4 , 9], hovever,
the rel evance of functional gate level mdel as an optimmmfault mdel is addressed here.
Ior fau t modeling of KL circuits, classical stuckat fault model was shown to be 1nad
equate [4 , 5] to represent most of the physical failures. A augmanted stuck-at fault nodel
vas proposed, provi ding hi gher coverage of physical failures for 1-level [4 , 5] and 2-level HL
circuits. The augranted stuck-at fault model proposed is the sam as the functional gate
level mdel obtained for 1-level and 2-level complex KL circuit descriptiors.
Ths, it is encouraging to note that the functional gate level models obtained for KL
R/NQR and 2-1evel complex KL circuit description wsing the procedure for transformng
the circurt description into functional gate level mdels not only provide gate level nodels
but the gate level mdels obtained are also fault nodels which provide full coverage (100
%) of all detectable physical failures of the circuit description. With the above results, it is
expected that the functional gate level mdels obtained for the KL circuit description also
provi de maxi mncoverage of all detectable physical failures of the KL circuit description

5 Corxlusiors

Aset of trarsfornationrul es have been devisedfor trarsl ating a gi ven KL circut description
intoits equival et gate level mdel. The gate level mdel obtained wsing the transformation
rules for 1-level and 2-level KL gates are the fault nodels that provide higher coverage of
physical failures.
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