2110029 -1- Semiconductor Integrated Circuit Device 5 - The pre
inventi.on relates to a sem - conductor integrated circuit device incl
ECL (Emitter Coupled Logic.). In sem conduct or integrated circ
devices including , EGL (or CWM.: -Current Mbde Logic), is well know
the art from Japanese Patent Laid-QOpen No. 134780 / 1975 that an interhal
| ogi ¢ anplitude may be nmade small er than an external one so as QPlZEB§FQUp
the internal operation 15and reduce the power consunption of tT -
cleaductor integrated circuit device. Suchia semiconductor integrated
circuit device has its output circuit formed by a conventional |ogic
circuit which operates at a nor I ic a e. 20 As a result, the
operating margin of t B @Wﬁﬁﬂiﬁ %gi z§§£ ?ég%égﬁ;F%HkqueYkﬁﬁbe fed out to
external wiring outside the rntegrated circuit whi ch has a hi.gh noise

i nduction or the like. On the contrary, an internal ECL circuit inside the
Integrated circuit is formed 25 by a mnor anplitude ECL circuit (i.e. one
which - -2-

5 The present invention relates to a semi~
conductor integrated circuit device including

ECL (Emitter Coupled LogicJ;

In .semieonductor integrated circuit

10 devices including ECL (or CML: Current Mode
Logic), it rs well known in the art from Japanese
Patent Lei&—Open No. 134780 / 1975 that an internal
logic amplitude mey be made smaller than an external
one so as to speed up the internal.operation

15 and reduee the power consumption of the semi-~
conductor integrated circuit device. -

Such a semiconduétor integrated circuit device
has its output'circuit formed by a conventional logic
circuit which operates at a normal logic empiitude.

20 As a result, the operatlna margln of the output sxgnal
is enlarged and it can be fed out to external wiring
outside the integrated circuit whlch has a high noise
induction or the like. On the contrary, an internal
ECL circuit inside the integrated circuit is formed

25 by a minor amplitude ECL circuit (i.e. one which



operates at a smaller anplitude) so as to ensure the aforenentioned
speed-up and reduction in the power consunption because it is hardly

. =d by the noises or the like. 5 In the sen1conductor
‘integrageld circuit thus far described, the inside ECL circyit is nade to
_have\iftd /S ower logic signal level set at a relatively high voltage |eve
Accordimgly the integrated circuit device is equipped with an input CIrCUIt
for 10 receiving an external input Si.gnal having a normal .| evel. The input.
circuit is has a con- struction,simlar to that of the usual ECL circuit,
such that it has a threshold 15 voltage when it is supplied with a suitable
reference voltage which is suitable for the external input signal

Moreover, the input circuit solves the follow ng problens which are caused
when the external input signal is fed directly to the 20 inside ECL
circuit. Specifically, the inside ECL circuit has its logic threshold

vol t age setopEratesIatlaebmaller3ampﬂghuﬂevebo Ascaondienglye the difference
betmeen

aforementioned speed-up and reduction in the power
consumption because it is hardly influenced by the
noises or the like. |

5 In the sémiébnductor.integrated circuit

thus far described, the inside ECL circuit is

made to have'its lower logic signal level set at a
relatively high voltage level. Acmmxﬁngh(theinﬂanaﬂaichxmiﬁ
device is equipped,with an input.cifcuit for
10 receiving An external input signal having_a
normal level. |
The.inpﬁt circuit is has a con-
struction, similar to-that_of the_nsﬁal ECL circuit,
such that it has a threshold
15 voltage when it is supplied with a suitable
reference voltage which is suitable for the external
input signal. Moreéver, the input circuit solves the
following problenis which are caused when the .
external input s;gnal is fed directly to the
20 inside ECL circuit.
Specifically,_the.inside ECL.circuit

has its logic threshold voltage set at a relatively




the high. level of the external input singal and the logic threshold
of the inside ECL circuit is made relatively small whereas 5 the
di fference between the low | evel of the external input signal ang /
threshol d voltage s made |large. As a result, both the response t™4r¥ of
the inside ECL circuit when the externak3input signal is changed fromthé
10 high level to the low |l evel and the response tine of the inside ECL
circuit when the external input signal is changed fromthe |ow |l evel to the
hhgh | evel arenyghi 8dvelVbr AXEIrditidISs, e & RiiR hastwrasm the high

| evel of the 15 external input signal "and the threshold voltage of the

i nside ECL cirehet highsevdl lof Whe rxiternadr dinpud diigadi rcuit device is
reduced. This problem conerning the noise nmargin is considered serious
because generaahgd thealiogdky threshgildoicdsnge ©f e tisditde t he out si de
mnrlngs t hrough which the external input signal is fed. The input circuit
is all owed to BELveirgudtpisbmedebyrelariivelyn smaklesth@neasl t age 25 set at
a pr.oper Iegel However, this_input

he difference between the4 low level of the

external input signal and the logic threshold
voltage is made.lafge. +AS a result, both the
response.éime of the inside ECL circuit when
the external input sigoal is changed from the

10 high level to the‘low level and the response
time of the inside ECL circuit When.the external
input signal is changed from the low level to
the high level are varied. Moreover, since
the difference between the high level}bf the

15 external input sional and the threshold voltage
of the inside ECL circeit is so small, the |
noise margin of the circuit device is reduced.
This problem conerning the noise margin is
coneidered serious because_generally relaﬁively

20 high noises are imparted_to the oQtside wirings

through which the external input signal is fed.

The input circuit is allowed to solve
that problem by hav;ng its threshold voltage

25 set at a proper level. However, this input



itself establishes a relatively large signal delay. It becones

ANgly difficult to shorten the response tine of the integrated

device as a whole. 5 ' In order to solve the new probl em
invited by the provision of the input circuit, we, the Inventors,

m ned the inside ECL circuit which has such a relatively | ow | ogic

t hreshol d voltage that the external input 10 signal may be fed to the m nor
anplitude inside ECL circuit. In this-¢ase, however, the nunber of the . .
circuit elenments in each minor anplitude inside ECL circuit is increased, -
as W |l be sirsuiltaiitaelifh esabblishes ng, rebathuelyhbargeegrati on of the
integrated circuit is deteriorated. Especially in a large scale integration
devi ce havi Fd98@te B8l ahousthPerenes ctceprdbrgly| 4188CvAFp, the
deterioratiogn in the 20 .integration | eads Lo, renarkabl e increase in the
occupi ed aré&'&RQHﬁ?QJﬁqFt?é%&ﬂﬁﬁfw%&mﬁiﬂé Eﬁ?eﬁﬁFﬁﬂﬁ?ﬁe i sadvant age. Fi g.

LS Db A Ny Prodpgdot ed chaln |nes. an ECL Integrated
o 5 . In order to solve the new problem which
is invited by thé'provisibn of the input circuitp
we, the Inveﬁto:s, have examined = the inside
ECL circuit which has such a relétively low
logic tﬁreshold voltage that the external input
10 signal may'be fed to the minor ampiitude inside
. ECL circuit. | |
" In ﬁhis'case, however, the number of
the circuit elements in each minor amplitude
inside ECL circuit is increased, as will be
'lS'explained'in the following, éo.;hat the integration
-of'the integrated circuit is detefiorﬁted;
Especially in a large scale integration
dévice having several thousand gates of the
ECLs ih one chip, the deterioration in the
20 integration leads to remarkable increase in
the occupiéd area on the chip thereby producing
a remarkable disadvantage.
Fig. 1 is a block diagram showing, by
two-dotted chain lines, an ECL integrated ciécuit

25 (i.e., ECL LSI) which is constructed without



ncorporating any especial input circuit. In addition to minor anplitude «
ECL cirrclits ECL to ECL , there are provided output circuits n [E to
FERR] for enlarging the logic anplitudes 5 of the inside ECL cir{iii%?'to a
nor mal- | ogi ¢ anplitude.« As the m nor anplitude inside ECL circui ne -,
m ght use a circuit which is shown ip._Fig. 2A. In this circuit, the
ratios [ERR] and [ERR] of a pair of |oad reSistances, 10 which are
connected to the respective collectors of paired differential transistors

[ BRR] and [ ER [ L ng e Lk CMI .0 agt ant-current

resi stance REagﬁégﬁﬁgé?%%Qtﬁ%pcﬁgg%ﬁié%i#%Epkofgf%gggéirgﬁ differenti al

Lransistors arg el dd ab howsk LA¥FL:hansthossrelblesense of the nornal

ECL circuit. By ose settings o e resistance ratios, the constant
current which ¢4 oxgr,t hirenghet 89e2ppbo1a8BNbLEPAE eekbagksr resistance [ERR|
or [ERR] is 20 set a a relatively lowlevel. As a result, the voltage drop-
at the |oad resBstenoes ) ERE enlabfBhgbyhehzoglior amptitaded const ant

current is relattvely reduced so that an output signal [ERR] has its | ower

| ogi c | evel5 sioff tthe hingsbde RCLAsimcunétsl to ahmovmapulogignal [ ERR] or

[ ERR] |

amplitude. As the minor amplitudé inside ECL
circuits, one might use a circuit which
is shown in Fig. 2A. In this circuit, the ratios
| Rcﬁ/RE and: RCO/RE of a pair of load resistances,
10 which are connected to the respective collectors
of paired differential transistors Q, énde4
constructing the ECL circuit to a constant-current
resistance RE connected to the common emittef
of the paired differential transistors: are sect
15 at lower level than those of the case.of the
normal ECL circuit. |
By those settings of the resistance ratios,
.the constant current which flows through the afore?
| mentioned collector resistance RCN or RCO is
20 set at a relatively low level. As a result,
the voltage drop at the-load'resistancé Ry
or RCO by the aforgmentioned-constant current
is relatively reduced so that an output signal
v £ has its lower logic level shifted higher.

ou
25 As a result, the output signal V_ ,¢ OF Vout.



-6- can have its anplitude nmade snmaller than that of an input signal [ERR|
Moreoyer, the circuit under consideration is especially provided with a
levelfssyizNfting 5 resistance [ERR]. This |level shifting resistance [ ERR| .
is reguingjed, as will be described hereinafter, for naki-ng the center |evel

of the_m nor anplitude-output signal [ERR substantially equal to that of

the normal anplitude input signal [ERR] 10 Fig. 2B is a diagram
illustrating the input/output transmtting characteristics of the ECL .

circuit of Kath hdfre Atd rm%ipa&@etméaangﬁniéentaaar gaberistic curve [ERR™
i ndi cates the rel ationship between the 15 normal anplitude input signal

[ ERR] and tloF ol lierngwd sdriapev] ERR] of the transistor [ERR]. An
| nput / out put transm ssion charac RBristic curve [ERR]. indicates that in the
~case without the | Meatecesfitiye resistiatcenf&RRFonbeédephtdohor 20 vol tage
[ERR] "of the aforenentioned transistor. [ERR] is shifted to the high Ievel
side until iis especitdy previde®vith anpgvebuspiftingnsni ssion
characteristic o - '
. 5 resistancé Ry. This level'shiftxng resistance Ry is
required, as will be_described_hereinafter, |
for making the center level of the minor amplitude

output signal V__ ' substantially equal to that

t
of the normal amplitude input signal Vin'
10 Fig. 2B isla diagram illustrating the
input/output transmitting characteristics of
the ECL circuit of Fig. 2a.
An input/output transmission ch;raéteristic
curve V__ ihdicates thé rébationship beéwgen the
15 normal amplitude input signal Vin and the collector
voltage V_  of the transistor Q4}
An input/outpﬁt transmission characteristic
cﬁrve Vco' indica#es that in éhelcase without
the level shifting.resistance Ry the collector
20 voltage Veo of the aforementioned transistor
Q, is shifted to the high level side until it
takes the value Véo"
An input/output transmission characteristic

curve Vo ' ihdicates the relationship between

ut
25 the normal amplitude input signal V., and the



“curve [ERR] indicates the relationship between 25 the normal anplituges
i-nput signal [ERR] and the -7- mnor anplitude output signal [ERH
~i.nput/out transm ssion characteristic curve [ERR] indicates that in
“case without the Jevek shifting resistance [ERR] the minor anplitude 5
out put signal [ERR] is shifted to the high level side until it takes the
val ue Thanks to the provision of the level shifting resistance [ERR] in
t hat way, the output signal of the ECL cTfTuit can be shifted to 10 the | ow"
{¢vel side by the voltage drop (e.g., 0.1 V) at that resistance [ERR]. For
~.exanpl e, the minwr amplitude output siignal Vo t.has Its high output |eve
shifted from[ERRI(H)' (- 0.9 V) to [ERR(H (- 1.0vV) 15 and its | ow out put
| evel from[ERR] (L) The inputjfoub FERREMLpsAion]chaypctaristicsult, the
center level [ERR] of the output signal Vout can be deduced fromthe _
fol | owi ng EquatTem {dye 2bndicates that inj Ehe) caspeRAhAPt: [ ERR (L))/2 =

{(- 1.0) + ('tﬁéfgéééi'shifting resistance Ry the minor amplitude-

5 output signallvou is shifted to the high level

t

- 1 ) . . '
side until it takes the value Vbut .

Thanks ﬁo the proviéion ¢f the lével
shifting resistance R£ in that way; the output
signal.of'the ECL circuit can be shiftéd.to

10 the low level side by the.voltage drop (e.g.,
0.1 V) at that resistance Rg. -

For example, the minor éﬁplitude'oﬁtput |

signal Vbut has its high -6utput level shiﬁted

from Vout

15 and its low output level from Vout(L)' (- 1.5

(H)"(— 0.9 V) to V_ . (H (- ;.QV)

V) to V

out(L) (- 1.6 V).

As a result, the center level Vtho of
the output signal V.t €an be deduced from the

following Equation (1):

20 | Vino = (Voupt (H) + V i (L)) /2
= {(- 1.0) + (- 1.6)} /2
=-1.3(V) == ===~~~ (1) .

Thus, the minor amplitude output signal

tho (- 1.3) made.

25 Voﬁt can have its'cehter level v



(V) ------------ - (1) Thus, the m nor anplitude output signal 25

) have its center level [ERR (- 1.3) nmde substantially equal to
fer level [ERR] (i.e., a logic threshold voltage: e.g., - 1.32 V) of
t'he nof.mal anplitude input signal V In this case, however, there arises a
.defect’5 in that the integration of the integrated circuit is |owered
because each m nor anplitude inside ECQgcircuit requires a |evel shifting
resistance [ERR], as has been described in the above. Fromthe vi ewpoint Othi
| owering the [{Eyer ; u L on o] bSaqvant age ari ses because
usel ess power 15 ég#gﬁ%§g§b§8%%g_g g?éﬁeﬁgﬁgﬁgdikgggl%ghﬁfting resi stance
[ERR]. In the£d | FEeﬁéé‘i@dtﬁkéQHbiddGMR.E&?éECE_.bS',) -havisagva | over
internal |ogic anplitude 15 than an external |ogic anplitude, as has been
descri bed hersf rdied diezmAD QfpECtadel Dpputckignall f7Qr .receiving the input
signal of the fornmer is required separately of the rfnor anplitude inside
ECL circuit. 20 In thoins ¢casepxhewewent sthetet Beisesecat @iefdttve reveal ed

that the transm ssion delay tine . _
5 in that tleintegration of the integrated circuit

is lowered because each minor amplitude inside
ECL circuit requires a level shifting resistance
Ry, as has been described in the above. | |
from the viewpoiht of.lqwering the powér-
10 consumption, moreover, a disadvantage arises because
useless power is consumed by the aforementioned -
level shifting resistance Rp.
In the ECL integrated circuit device
(ECL LSI) hawving a lower ipternal log£; amplitude
15 than an external logic amplitude, as hés been
described hereinbefore, an especial inpuﬁ_circuit
for receiving the input siQnal of the former
is required separately of the minor amplitude
inside ECL circuit.
20 . Now, the experiments. of the Inventors
have reveaied that the transmission delay time
of that input circdit is'innegligibly high in
comparison with the time required for the logic
operations in the ECL LSI. . The operating speed

25 of this ECL LSI as a whole is considerably restricted.



of that input circuit is innegligibly high in conparison with the tine o
required for the logic operations in the ECL LSI. . The operating speed.?25

of this ECL LSI as a-whole is considerably restricted. -9- For ex e,
where-t he input circuit is constructed of the normal ECL circuit, S
been described in the f oregoi ng JapanesegPatent Lai d- Open No. 1347

1975, its-trans- 5 nmission delay tinme iS°about 0.3 nano secs. On the other
hand, the transm ssion. delay tine of the m nor anplltude inside ECL circuit

f\ar one gate i s about pQ.3axhA 98 NGRASECH he ALOUL 154E1 are connected
in cascade to -perform one Pbglc operation. Therefore, t time necessary

for the logic QQG&GBhQBubEEHdSEOEh%h%okﬁh1!%dﬂﬂaﬂréhfk(laéf 0.35 x 4 =
1.4) nanosecs at the minimum In the worst case, therefore the time 15

(e.g., 0.3 nanpascbiencquistedbly tihe thep\fortigoivid JRmese a val ue as high
as 21 (0.3/1.4 0.21) %of the tine (e.g., 1.4 nanosecs) necessary for
t he actual IogPateptrB&EdﬁOtheNetodéA7BWe[rédMMiJ(ﬂtsltndnsftransnission
| 5 mission delay time is about 0.3 nano secs.
On the other hand, the transmission delay
time of the minor amplitude inside ECL circuit
for one gate is'about 0.35 to 0.8 nanosecs. About
four gates are connected in cascade to perform
10 one logic operation. Therefore; the time neeessary
for the logic operation inside of the LSI is
about 1.4 (i.e., 0.35 X 4 = 1.4) nanosecs at.
thelminimum. |
In the worst case, the:efbre,-the time
15 (e.g., 0.3 nanosecs) requifed by the input circuit
reaches a value as high as 21 (0. 3/1 4 & 0.21) 8.
of the time (efg., 1.4 nanosecs) necessary for
the actual logic'oéeration.
Therefore, the reduction in the tfansmission
20 delay time of that input circuit is indiépensable
for the improvement in the operating'speed of
the ECL LSI as a whole.
It is, therefore, deSLrable to provide an
ECL semiconductor integrated circuit device which is

25 intended to have its operating speed ihproved.



. #time of that input circuit is indispensable for the inprovenent in:
aMati ng speed of the ECL LSI as a whole. It is, therefore, desirable

o de an ECL semi conductor- integrated circuit devi ce which is 25
|ntended to have its operating speed i nproved. -10- It is also desirable
to provide an input circuit having a high speed. An ECL seniconduct or

I ntegrated circuit device according to the present-invention has 5 its

input circuit including a first transistd@-having its base fed with an.

i nput signal, a second transistor coupled to said first tran- sistor for .
current switching operations therewith, a |oad el enent connected with the
coll ector .| Cof said second transistor, and a bias circuit for generating a
bi as voltage, which is to be fed to the base of said second transistor, in
response to the collector output of said second transistor. In accordance
with this construction, 15the capacity between the collector and base of

t he af orenentioned second transi stor can be substantially neglected. As a
result, the

It is also desirable to provide an input circuit
L _having a high speed. | .
An ECL semiconductor integrated circuit
device according to the present invenﬁioh has
5 its input circuit including a first transistor
having its.base fed with an input signal, a
second“transistdr coupled to said first tran~
sistor for current sWitching'operations therewith,
a load element connected with the collector'
1l0of said second transistor, énd a bias ¢ircuit
for generating a bias voltage, thch is to be
fed tg the base of said second transistor, in
‘response to the collector output of said second
transistor. 1In accordancé with this construction,
15the capacity between the collector and b&Se
of the aforementioned second transistor can
be substantially neglecﬁed. As a result, the
operating speed (i.e., the transmission delay
time) is improved.

20 -In the accompanying drawings:



operating speed (i.e., the transm ssion delay tine) is inproved. 20
In the acconpanyi ng draw ngs: Fig. 1 is a block diagramshow ng tz
Lntegrated circuit device which has been conceived prior to the preggl
i nvention; Fig. 2A;is a circuit diagramshow ng 5 one exanple of th
ECL circuit of that circuit device; Fig.. 2BjLs a diagram show ng the

I nput/ out put transm ssion characteristics of that inside ECL circuit; 10
Fig. 3 is a block diagramshowi ng a sem - conductor integrated circuit .
devi ce according to one enbodi nent of the present invention; Fig. 4Ais a
circuit di agram showi Bggond dpeai bilockndd@ioram sbowimg &hecuit device; 15
Fig. 4Bis a dia ran1shomﬁng the input/ output transm ssion characteristics
of the input cEFEuintegretgd gircmiy deyice yhichybhas S88R ng the i nput/

out put transnission_chsracteristh of the Qytput %9 circuit of Fig. 4A
Fig. 5A is a cPPRGPEVEFaBFaRFskOwi present lInventlon;

Fig. 2A is a circuit diagram showing

5 one'exémple of the inside.ECL circuit of that
circuit device;’

Fig. 2B is a diagram showing the input/
output transmissien'characteristics of that
inside ECL circuit; |

10 Fig. 3 is a block diagram showing a semi-
conductor inteérated circuit device according
to one embbdimenthf the present invention; -

Fig. 4A is a circuit diagram showing-
one séeéific-embodiment of the circuit device;

15 ~ Fig. 4B is a diagram showing the input/
output transmission characteristics of'the input
circuit of Fig. 4A; | |

Fig. 4C is a diagram showing thé input/
output tranémiésion characteristics of the output

20 circuit of Fig. 4A;

Fig. 5a is a circuit diagram showing
another embodiment of the output circuit;

Fig. 5B is a diagram showing the inqu/
output transmission characteristics of the circuit

25 of Fig. 5A; and



er enbodi nent of the output circuit; Fig. 5B is a diagram show ng the
£/ output transm ssion characteristics of the circuit 25 of Fig. 5A
-12- Figs. 6 to 9 are circuit diagranms show ng other enbodi nents of
nput circuit. 5 The present invention will- be described in
detaill in the followng in connection wth the enbodi nents thereof. Fig. 3
is a.block diagram showi ng one enbodi pgnt of the ECL sem conduct or-

i ntegrated 10 circuit device accordiﬁgsfo the present invention. In this

: : ~
< formed on'a si ngie el dabarts SHEREHE SiagteRd SEPE u  "

sem conduct It Wé dipet qee J‘ mnals [ERR] to [ERR] and
term nal s [Ekﬂfgio égéénwed as the extef%a terminals of that portion
ECL LSI. - There are al so provided power - termnals [ERR] (at 0 V),

[ERR] (at 20 - 4.5 V) and [ERR] (at - 2.0 V) for supplylng t he
sem conductor integrated circuit device

5 The present invention will,be described
in detail in the following in connectioq with
the embodiments thereof.
Fig. 3 is a.bLock diag:am showing one
embodiment of the ECL semiconductor integrated
10 circuiﬁ device according to the present invention.
. In this Figure, the portion ECL LSI,
which is enclosed by two-dotted.chain lines,
is formed on a single semiconductor éubstrate by
the well-known semicdhductor integrated circuit
15 technigue.
Terminals T; 1 to Tink_énd terminals
Toutl to ToutL are used as the external'terqinals
of that pgrtion ECL LsSI. There are also provided:

power terminals VCC (at O V), V (at

EE

20 - 4. S'V) and V, (at - 2.0 Vi for supplying

TT
the semiconduqtor integrated circuit device

ECL LSI with the supply voltages (although they .
are not shown).
The aforementioned terminals T, , to

25 are used as external input terminals, which

ink



ECL LSI .with the supply voltages (although they are not shown). The

af orenentioned termnals [ERR] to 25 [ERR] are used as external input s
termnals, which -13- are to be fed with input signals at the norggéggbL'
e

1evel. The input signals to be fed fromthose termnals [ERR] to'[ER
applied to the input termnals of input circuits [ERRl to 5 [ ERR] according
to the present invention, respectively. <fifgse input circuits [ERR] to [ ERR]
generate output signals, which have their |ogic anplitudes reduced by

PBITLIn0 Lhe Low LEVelL Bl 0! SLemSinal S g Godianal Lo, Lhe i o

| evel side whi eavi ng e sane signal as it is, and

transmt thos Ui QUkiSi g S h { ' Eafet erm nal s of m nor
anpl i tude ins?%% %%fééfrcgﬁksinﬁk]%E%B?%%R%%n$ﬁggg%¥%ﬁ#&anplitude_inside

ECL circuits ¢Ro5ERBErienhERRr are+gper anﬁ(ﬁﬁﬁ@y a»p19@E dhreshol d vol tage
[ERR] according to that cent er 124l ue oft™%he internal ECL signal, which has

its |evel conuleét.eﬂpﬁat-eet—mnﬁﬂsobfantpjpimwmmﬁﬁwmli gaut circuits [ERR]

to LERY. 5 IBk ac¢ording'to the present inVéntion) fespectively.
These iﬁput circxiits'IBl to IBk generate output
signals, which have their logic amplitudes reduced
by shifting the low level of the aforementioned
normal ECL signal to the high level side while

10 leavinq the high level of the same signal as
it is, and transmit those'output signals to
the pre&étermined input terminals 6f minqr amplitude
inside ECL circuits.ECLl‘ to ECL'.

- These minor amplitude inside Ecﬁ circuits
15 ECLl' to ECLn' are operated by a logic threshold

voltage V h' according to that center wvalue of

t
the internal ECL signal, which has its level
' converted into the minor amplitude by those
input circuits IB1 to IBk‘ |
20 Moreover, the circuit'for generating
the signal to be fed out of that ECL LSI is
constructed of the output-éircuits OBl to OBL..
These output circuits OB; to OBy perform the
predetermined logic operationé in response to

25 the aforementioned minor amplitude internal

HE



- Moreover, the circuit for generating the signal to be fed out of

| ECL LSl is constructed of the output circuits [ERR] to [ERR]. These

ptit circuits [ERR] to [ERR] performthe predetermned | ogic operations

M response to 25 the aforenenti oned nlglr anpl i tude internal. -14- ECL
signal and anplifies and converts that gnal into the aforeénentioned

normal ECL signal |evel until they feed the converted signal out of

external termnals [ERR] to [ERR]. 5 Fig. 4A shows the circuit o
di agr am of dﬂﬁleﬂbnmihemndoamphéfaeérénénFPBH@Gtﬁnﬁbﬁtcﬁﬁsaﬁﬂ [ ERR], m nor -
anplitude inside ECL circuit éERR and output circuit E The i nput '
circuit [Eﬂﬁnﬁﬁxﬁh%h¢£P¥%m%h iqpedr BSEMRLl| FeEnfilgRals 1e¥8dt ruct ed of a
differenti al nsistor_circujt of negatlve f eedback type soas to

especi al |y JheneE 8P r EREoRORREFESH. SHABALORYEARE current resistance
ERR] is connected between onmon tter of differential 15

Eranglgtors %%ﬁﬁ %iz ?ﬁ%@;gﬁdfohelp n#oueihlnall[ERR] %he col | ector
reS|stor35[ERm zﬂu%iéﬁwﬂAaéﬁoﬁgngﬁgtggrgg&@eagahgg gklectors of those

tran-

one embodlment of the aforementioned input CLrCULt
IBl, minor amplitude inside ECL circuit ECLl
and output circuit OBj.
The input circuit IB, according to the -
10 present invention is constructed of a differential
transistor circuit of negative feedback type
so as to especiaily epeed up the=opere£ion'thereof.
‘The constant cqrrent resisfanee RE is
cennected between the'common emitter of différential
15 trahsistors'Qlo and Qli and the power terminal
Veg® The'coileetor resistors RCN and Rcb are
connected between the collectors of those tran- -
sistors Qlo and,Qll and the power terminal VCC'
respectively. '
20 The aforementioned treneistor Ql0 is
used as an.hmmt transister'ahd has its base
connected with the external terminal Tlnl‘
On the other hand, the-aforementloned

transistor Qil is use& as a reverse input-tran-'

25 sistof and has its collector output voltage



its Pase connected with the external terminal [ERR]. On the other hano“,;
*af or enent i oned transistor [ERR] is used as a reverse input tran-. 25 sistor
~and has its collector out put voltage . [ERR] ‘transmitted to the base of an
emtter follower transistor [ERR]. Bbividing resistances [ERR] and [ERR] are
connect ed between the enmitter of -that tradsistor [ERR] and the power . '
ternminal [ERR]. The 5 output voltage [ERR], obtained fromthe enmitter of
the af orenentyQnedransmstebar tbERRE basd Wfdadx ittt raffiaedd oned :
dividing resis Gnces [ERR] and [ERR], and the divided voltages are fed back
to the base otrazlﬂe:.aﬁoreqigtl on&du.a&ngr e sigtancE: ®,arndstor [ ERR]. The, :
rel ati onshi p between the | I ect or output voltage [EIi’R] of the reverse

i nput transi skoravedcannectagebpER@pnt chiee eimddtearioft dhialte base of the same

I s, expressed by the follow ng 15 Equations (2) and %?) [EHN
transistor le and the power terminal

“sistors [ERR] and [ERR] and the power term nal [ERR] respectively. 20
The aforenentioned transistor [ERR] is used as an input transistor - an

5 output voltage .V outl obtained from the emitteér
of the aforementioned'tf?nsistor le is divided
by the aforementioned dividihg resistances Rl

“and R,, and the divided voltages are fed back
to thé base of the aforementioned reverse input
_.1o_t:ansistor Qll' |
The relationship :between the collector

output voltage V of the reverse input transistor

CcC
Qll and a voltage VFl

base of the same 1is expressed by the following

to be fed back to the

15 Equations (2) and (3):

. . Ry .
"Vm:vo_u'rx—'-————(Voum"v,r,r)
t + Rz
Ry R :
=Vout: (1 — ) + « Voq
Ri+ Rz Ri+ Ra
Rz Ry
= *Voogr: + -V
Ry+ Ra- Ri+ R, Tt
| : _ + Ra2 - . .. Ru .
20 = ' (VCO__",'VBE)"E *Vop +..2)



[ERR] and [ERR]. 10
difficulty resulting fromthe f eedback ratio bei ng excessi vely high.

More speci fi

cally,

I nput vol tage Vinl

at the high

or low | evel thervol (age

~-16- [ERR] As is apparent fromthe Equation (3)
-. ck ratiro) [ERR] of the change [ERR] of the base feedback vol tage 5
av po the change [ERR] of the collector output voltage [ERR] of the

traasi/stor [ERR] can be controlled by the divided-'voltage ratio-[ ERR] of

the emtter follower transistor [ERR] by the emtter dividing resistances.

it

applied to the base 15 of the inBut transistor [ERR

As a result, it s possible to prevent a
I's possible to prevent the difficulty that when the
| &f examgg FERR}—bet ween t(Bat i nput

vol tage [ ERR] and the base feedback % tage [ ERRIpp#~ Re reverse input
is not so sufficient that the swi tching 20 operations of
the paired differential transistors [ERR] and [ERR] '‘are not conpletely

. effected so that thggOWkPHbpuRlentIEddrhd B¢y € or incapable

(3) the ratio (i.e., the feedback ratio)a V.,/4aV.,

tran- sistor

[ ERR]

of the change av

1 of the base'feedback véltage

F
Vg, to the change 4V, of the collector output
voltage Veo of the transistor Qll can be controlled

by the divided voltage ratio R,/(R; + R,) of

~the emitter follower transistor Qlé by the emitter

10

15

20

dividing resistances R, and R,.

As a resalt, it is possible to prevent .

a difficulty resulting from the feedback ratio

being

- excessively high. More specifically,

it is possible to prevent the difficﬁlty that

when the input voltage Vl 1 applied to the base

of the input transistor Q10 is at the high or

low level the voltage difference [Vi 1 - Fll

between that input voltage Vinl and the base

feedback voltage V Fl of the feverse input tran-

sistor Q11 is not so sufficient that the switching

operations of the paired differential transistors

the output voltage Ve

QlO and Qll are not completely effected so that

o_is unstable or incapable

of acquiring a desired level.

i's

the ratio (i.e., the

-~



-

of acquiring a desired |evel. -17- The input circuits [ERR] to [Emm .
~accor.ding to the present invention use the differential transistor c Jts
of negative feedback type, as has been described hereinbefore. To t
base of the reverse input transistor [ERR] nore specifically, there ot
applied a fixed ref erence vol tage but the voltage which corresponds to the
col | ector output voltage [ ERR] of the 1lekerse i nput transistor [ERR]. 10
As a result, as illustrated in the input/ output transm ssion

6haracter|st|c dlagrag1of Fig. 4B, the voltage dlffere e [ERR] betmeen t he
base and coIIector ?hénPB eF%EcPﬁEﬁt IBpakSi TPpr 3F 1P held at a

substanti al | stant 15 her ef or aras capaci t ERR
“bet ween t he % dPE%??% t ?VS?t ﬁtuffaﬁglspgﬁ %&8§n bg equ?vglenlly

baras tic capac.ésef%# rhetdLHRCS ?eﬁégﬁ?ééé'ée%%%ﬁﬁﬁﬁﬁ] tp8G"0r br eaks.
" Thus, it is Fw%ﬂeoé@ns&&é&fﬂb&aeh&amﬁbemal onpdekgy time, i.e., the

time from when
5 base of the reverse input transistor Qll’ more

specifically, there is not applied a fixed reference
voltage but the voltage which corresponds to

of the reverse

the collector output voltage Veo

. input transistor.Qil.

_ 10 -~ As a result, as illustrated in the input/
output-tﬁansmission characteristic diagfam of
Fig. 4B, the voltage difference IVCO - VFl’ between
the base and collector of the.reverse input
transistor Qll is held at a substantiaily_coﬁstant '

15 level. fherefore, the parasitic capacitylcC

between the base and collector-of'that transistor
Qll can be equivalently neglected. 'As a result,.
it is unnecessary to charge or discharge that
parasitic capacity_when the collector voltage

20 v rises or breaks.

Cco
Thus, it is possible to shorten the trans-

mission delay time, i.e., the time from when
the input signal Vihl rises (or:breaks) to

when the output signal Vv ' accordingly rises

out
25 (or breaks).



t he~qput signal [ERR|] rises (or breaks) to when the output signal [ERR|
ngly rises 25 (or breaks). A high effect is obtained especially

t he nor

7, ely
the eXxperinments of the Inventors, the input circuit [ERR of t
enbodi nent has a transm ssion del ay-ggae of about 0.1 nanosecs.

mal

dering thée fact that the capacity which can be neglected nay be the

hi gh parasitic capacity of a bipolar transistor., 5 According to

10 ECL circuit (having its reference voltage fixed)

he present
When
is used as

that input circuit, the transm ssion delay tine is about 0.3 nanosecs, as
has been descri bedAhBighnBEfeFE. 1?h8?tabye§pﬁﬁ?ﬁﬁgaiﬁ¥ EPBSdfAeringcuit, 15

the tine re

prior art.

that i nput glg' Giid » it 30 m%gg,aﬂaasq & (Yol 58P (ﬁésew%l 0,5t ur bances

such as
el enent

10

T Eoq SRS S oA oY (D g % CRAIRAE TRy

l'uct uat'i ons 1
transistor.

wer source

Accerding to the experiments ©f the
Inventors, the_input circuit IB; of
the present embodiment has a'transmission delay .
time ef about 0.1 nanosecs. When the_normal
ECL circuit (having its reference voltage fi#ed)
is used as that input circuit, the transmiss;on__

delay time istabout_0.3 nanosecs, as has been

described hereinbefore. Thus, by applying the

15

20

25

present circuit,

rd of the

persiton of the

the time required in the input circuit is shortened

to one third of the prior art.

Thanks to the provision'of the negative
feedback loop, moreover, that input circuit
has another advantage that it can stand
disturbances such as fluctuations in the
power source or the. dlsper51on of the element
characteristics, in other words, that it is
hardly'subjected to those influences. |

In ease, still moreover, the input voltage

\'4 to be applied to the base of the input

inl

-

nor eover ,



characteristics, in other words, that it is hardly subjected to those

I nfl uences. In case, still noreover, the input voltage 25 V to be ' 1*{
~applied to the base of the input -19- transistor [ERR] takes the (N

val ue' [ ERR] between the high level [ERR] (H) and the.low | evel [ERR]

the output voltage [ERR] can be set at the center value [ERR] between the
high level [ERR(H and 5 the |low level [ERRI(L). The effect obtained from
satisfying that relationship is as follows: en the input voltage [ERR] is
atthe low (or -high) level side fromthe center value [ERR] between its
high 1evel [ERRIngiptandql gwthkesl the CERREI( Iveluehd Qlutbfattweﬁ@l tage [ ERR]

Is |ikewise shifted to the | ow (or high) level side fronlthe center val ue
[ERR] bet veenthe shhghhlpueed| V[ ERRE) HRndngheowavedevele®y) ()., As a
result, the signal. to--be iUd ged to be at the low (or 15 high.) level side
from t he stahﬁ%%lﬂﬁtBFttH@ Fag6t 5u¢e°?§ 5@e§@ﬁté§ FPEmASEE®F i sj udged as

being at the h| | evel 0 and f the out put
side. In shdY? ?h h0|§%tWﬁFB| ﬁlgé ﬁé &t Fﬁgt |
5 the low level V (L). The effect obtained
£rom satisfying that'relationShip is as follows:
When the input voltage V. , is at the
low (or high) level side from the center value
Veh between its high level Viﬁl(H) and low level
10 Vihl(L)' the output voltage V

out
shifted to the low for high) level side from

1 is likewise

the center value-'vth

outltH) and low level Vo tl(L).

the signal to--be ‘judged to be at the low (or

J between its hlgh 1evel

As a result,

lS_hith level side from the standpoint of the
input side is prevented from beiné'misjudged
as beinglat'the high (or low) level side from-
the standpoint of the output-Side.' In short,
the noise margin can be made proper so that
20 malfunctions =~ due to . ﬁpisee can be reduced.
Although not limitative, the signal level
conversion (i.e., to the minor amplitude) at
the afdrementioned input circuit IBl is so set
as is illustrated in the input/eutput transmission

25 characteristic diagram of Fig. 4B.



20 pedkfunctions due to .. noises can be reduced. Although not

| i gy ¢\ ve, the signal |evel conversion (i.e., to the mnor anplitude)-at
yienentioned input circuit [ERR] is so set as is illustrated in the

. out put transm ssion 25 characteristic diagramof Fig. 4B -20- The
external ECL signal [ERR] has a high level [ERR] (H- of - 0.9 V, a |ow
level [ERR] (L) of - 1.75 V and a centepkgval ue of about - 1.32 V. In
response to that signal [ERR], as shown in 5 thick solid line in the sane

ol Cude such | nofhe, axtonril SIS Y Lo Ta ' hith og e hrechol 4
o292 (EL) o) ov, o v Lo, A Eerd), [FE (20 15 - 0.9 v
;:hlatpaf:?grisg_ | cEl:glr'J'\?g’svz)Pﬁt d;g‘f %%ég%é}gga{% -%vf'glr ag‘glt}é&l%]ej%ﬁg{]htehi; ngerse
out put  vol oo ERPR s SR S R B LR F 2 0T o

5 thick solid line in the same Figure, there is

generated the output signal vbutl which has
such a minor ampliiude such that its center
value (i.e., the-intefnal logic threshold voltage
Vep') is - 1.2 V., such that its.high level Voutl(H)
10 is - 0.9 Vv and such that its low level Voutl(L)V
is - 1.5 V. | o . : o .
In the same Figure, the difference in
the gradients between the the characteristic
curves of the bhase feedback voltage V?{ of the
15 reverse input transistor, as shown in a thin
solid line, and the aforementioned output voltage
Voutl’ 23S indicated in the thick solid line,
Iis détefmined by the aforementioned dividing
resistance ratio R,/ (R; + R,).
20 - The signal Voutl'havihg had its level
converted by the aférementioned input circuit
IBl is transmitted to the input terminal Tl
of the inside ECL circuit ECLl.
The construction of this inside ECL circuit

25 ECL, is similar to that of the well-known ECL



~is determned by the aforenentioned dividing resistance ratio [ERR
[ERR] having had its | evel .converted by the aforenenti ¢ghg§

The signa

circuit [ERR] is transmitted to the input term nal [ERR] of the

“circuit [ERR].
simlar to that of the well-known ECL

The construction of this inside ECL circuit 25 [ERR] is
-21- circuit except the follow ng

points so that its explanation i's omtted here. This inside ECL circuit

[ ERR]. receives a signal which has its'aﬁﬁ
~af-orenentioned input circuit.

coicident with those of the aforenmentioned m nor anplitude signal
maki ng t he rdttisoexpl FERjomnks [BRRtted heérepaired | oad resistances [ ERR]

and [ ERR],

differential transi ors ¥

|itude nade mnor 5 by the ..
The circuit according to the enbodi nent

Under consi derixtcwirt lfexscepts the pfnlkowiag pophtsuse thatsi gnal | evel nmade

[ ERR] by

whi ch are _connected to the respective collectors of paired
e Fel [HrFutbn8ebucreFgiYR® ECL | ogi ¢ bl ock,

to the constant current resistance RE, ich 15 s connected with the
iéh has its ampf%%uge maée

conmmon enitt@r%ﬁgqﬂﬁawh

5

10

15

20

25

R.,, and Ra

. signal Vb

minor _
by the aforementioned input circuit. The circuit
according to the embodiment under consideration
has its output signal amplitude and signal levél
made coicident with those of the aforementioned

minor amplitﬁde'signal Vs by making the ratios

utl
RCN/RE and RCO/RE of the paired load resistanqes
CN 0,'which are connected to the respective
collectors of paired differential transistors
Q,5 and Q,, constructing the ECL iogic_block,
to the conétant current resistance Rﬁ)f%hich_
is connected with the common emitter of the
éfbrementioned péired differential transistors
Qs and Q16,1rather smaller than théée of the
normal ECL circuit. |

In accordance with this, the logic threshold
voltage Vth‘.is set at-the'Ceﬁter value (i.e.,
- 1.2 V) of the aforementioned mifnor amplitude
atl’ which is differgnt‘from the logic
threshold voltage Vth (e.g., about - 1.32 V)
of the aforgmentioned'éxternal'ECL signal. The

output signals of the Inside ECL circuits ECL,



entioned paired differential transistors [ERR] and [ERR], rather
[/&r than those of the normal ECL circuit. In accordance with this,
‘'threshold 20 voltage [ERR] is set atthe center value (i.e., - 1.2
ie, af orenenti oned m nor anplitude signal [ERR], whirch i.s different

the logic threshold voltage [ERR] (e.g., about - 1.32 V) of the
af or enent i oned external ECL si gnal . IQQ.ZS out put signals of the Inside

circuits [ERR]

-22-

shifting theg Ig&tle
hi gh | evel S|de wn

as it is. Ihﬂstlhaethasué%'ﬁgvél'aﬁﬂéﬁé[éﬂﬁﬂr& [ iﬁ%ﬁ?l”Ot be

provided with the I'evel shifting resistance [ERR],

be fod out 15°

to [ERR] have their anplitudes made.m nor by
o) %§]m or the like to
Ieeg-'\?lterr% %{épghi ¢ eve @%qﬁn&ﬁlﬂ% 9 V) of the 5

n Fig. 2A

UbRUthel 14kid tioFRRle f}ﬁrgl'gq.réiféﬂ 'sﬂjgié hmrmé mal ECL si gnal
f the LSI is constructed of an ECL circuit. which has an

addi tional leavingnthe ailghr Jevele (dnad.tuwdd & Wheod ey naI ECL si gnal

[ERR] to that of the external ECL signal [ERR].
5 same as It is. Thus, the lnslde ECL circuits

ECLl to ECLn need.not be prov1ded with the level

shifting resistance Ry, as shown in Fig. 2A.

Moreover, the output circuit OB, for

generating the normal ECL signal to be fed out

10 of the LSI is constructed of an ECL circuit.

which hes an additional function to enlarge

the amglitude of the'internal ECL signal V,

to that of the external ECL signal V

in2

ut2'

This output.circit OBl is operated by

15 the internal logic threshold voltage Vth' because

it receives the aforementioned minor amplitude

internal ECL signal.

Still moreover, in order that the center

value and the low level of that output signal

20 v_ ., may be shifted (or enlarged) to the low

out

¥evel side, as illustrated in Fig. 4C, the ratios

(R

CNl
collector load resistances (R

+ R

CNZ)/RE' and (RC01-+ RCOZ)/RE'-of the

cnl * Royp! and

(Rcol * Rog,) of paired differential transistors

25 sz and Q23 to the constant current resistance

t he
V)

from

ECL
the“"i
sane

to

-



“This output circit [ERR] is operated by 15 the internal |ogic threshold- s
vol tage [ ERR] because it receives the aforenenti oned m nor anplitude
internal ECL signal. Still noreover, in order that the center value and t he
1ow | evel of that output signal 20 [ERR] may be shifted (or -enlarged) t

the low |l evel side, as illustrated in Fig._4C, the ratios [ERR] and |

of- the collector |oad resistances [ ERR] aﬁ@’[ERR] of paired differential
transistors 25 [ERR] and [ERR] to the constant current resistance -23-
[‘ERR] which is connected to the common enitter of those transistors are set

at rel athG'Yﬂ%'thHiQé’f?'ﬁ @Sk OEPaE oW h8 £HRE6n Obmi BeepoOr mal ECL
circuit. Incidentally, the reason why the collecgtor |oad

resi stances arf MafgRsttvalyisityislesre nset[ SRRbedadif&ERR highd [ ERR] and
[ERR] is to enable the use of the divided voltages, which are generated by
t hose divi di nd eveslisst s esompesresd ginbtls thoséOof hehensodwaECL circuits. The
di vi ded vol tages thus generated .are applied to the bases of emtter

ECL circuit.
S Incidentally, the reason why the collector
load resistances are respectively divided into
- Renp
use of the divided voltages, which are generated -

and QCNZ’ and RCOl and R.CO2 is to enable the

by those dividing resistances, as signals for
10 the inside ECL cireuits. The diQided voleages
thus generated are applied to the bases of emitter
follower trahsistors Q24 ahdhozs, respectively,
- from which the minor amplltude signals V—;-—-

t2
and V ' for the inside ECL circuits are cbtained at

out2
15 the emitter output terminals Tgland Tlo of.those
transistors Q24 an& st. That . signal Vv ut2
- is illustrated in a thin solid line in Fig. 4C.
The semiconductor integrated circuit
(ECL LSI) thus far described uses the differential
20 tfansistor circuits of negative.feedback'type
as its input circuits IBlltd IBk.eo that its
fabrication speed can be remarkably improved.
More spec1f1cally, the tlme from when

the input signal is applled to the input c1rcu1t

25 of that ECL LSI to when the signal correspondlng



. transistors [ERR] and [ERR], respectively, fromwhich the, m nor
ang de signals [ERR] and [ERR] for the inside ECL circuits are obtained

_ e emtter output termnals [ERR] and [ERR] of those transistors

{ERR] and [ERR]. That signal [ERR] is illustrated in a.thin solid line in
Fig. .4C. The seniconductor integrated=-@édrcuit (ECL LSI) thus far described
uses the differential 20 transistor circuits of negative feedback type as.

its input circuits [ERR] to [ERR] 'so that its fabrication speed . can be ,
remar kabl y i tkpr &dchad. ibput spiemdl cis |appliedt toethe ooutpet t he i nput signal
Is applied to the-input circuit 25 of that. ECL LSI to when the signal '
corr espondi ngircuirioft dhehamamepis aboptalli§ bPpliedlid the output circuit

of the sane is about .1.5 (0.1 + 1.4 = 1.5) nanosecs, as has been descri bed
her ei n- bef ofel-5) nanoseqsy 3f hagdean tdeseribed hereirtuit, on the

ot her hand, Lh% time corresponding to the aforenenti oned one is about 1.7
(0.3 + 1.4 1P®¥PTRanosecs, as-has al so.been described. As a result, the

oper ati ngg speed Of_&ﬁethé case of the prior art circuit,
"on the 6ther hand, the time correspbnding to
the aforemeh#ioned oné is about 1.7 (0.3 + 1.4
= 1.7) nanosecs, as has aiso.been described.
'As a result, the operating speed of the
10 ECL LSI“canubé.improved by at least about 12%
(1.7 = 1.5)/1.7 ££.0.12), |
Thanks to the provisions of the input
'circuiﬁs_IBl to IBk, fufthermore, the signal ©
amplitude is reduced by shifting the center
15 value V- .

th
ECL signal to the high level side while leaving

and thé low level Vinl(L)_of the external

the high level V, , (H) the same as it is.
As a résult,_the'ﬁihor.amplitudé'internal ECL
circuits ECL, té ECLA can.generate the output
20 signals; which aré coincident with the afore-
mentioned minor ampliﬁude internal ECL signals,
without any provision of the level shifting
resistance Rp. Thus, it is possihie-to realize
the remarkable . improvement in the integration

25 because the level shifting resistance Ry for



10 ECL LS
0.12). Than
furthernore,
val.ue [ERR]
high | evel
i As are

can be inproved by at | east about.12% ((1.7 - 1.5)/1.
ks to the provisions of the input circuits [ERR] to |

3

the signal anplitude is reduced by shifting the cen
and the lowslevel [ERR] (L) of the external ECL sign #0 the .
side while leaving the high level [ERR] (H) the sane as it

sult, the mnor anplitude |nter§§ ECL circuits [ERR] to [ERR]
e

e the out put 20 signals, which

coi-ncident with the afore-

gener at
ahtfloned m nor . anplitude internal ECL signals, wthout any provision of
the | evel shifearnh ofsithieamumeraRRECITyate idireuikssidn e o real i ze the
| nprovenent in the integration 25 because the |level shifting
[ ERRLimdnated.25- each of the nunmeral ECL gate circuits can be
Furthernore, the power consunption can al so be reduced by
reduci ng the usel ess EWW%h Ghees RRWAF GARTHRREIRA 1971 | evel

remar kabl e
resi st ance
el i m nat ed.

resi-stors [

circuits can r

5 which has been consumed by the level shifting
resistors_Rz. Incidentally, it goes without
saying that the inside EdL circuits can realize
the speed-up of the operations by reducing their
signal amplitudes. |

10 In the inside ECL Circuits, inc1dentally,
the circuit of the present embodiment can have
its power consnmption reduced by the'elimination
of the aforementioned level shifting resistances
le If the power consumption is made;éimilar

15 to that when the aforementioned resistances
Ry are provided, however) the oPerating current ,
of each inside ECL circuit can be increased.

As a result, if the power consumption is made

shifting

L b Bt Slldol ot AR 4 Y S8 e e Trside B

equal td that in case,the 1eve1'shifting resistances

20 Ry are provided, the operating speed of the
inside ECL circuit can be further accelerated.
Fig; 5a is a circuit diagram showing |
another examéle of theaoutput'circuit.
In this embodiment, the output circuit

25 is intended to have its operation speeded up -



the speed-up of the operations by reducing their signal anplitudes. 10
pe inside ECL circuits, incidentally, the circuit of the present

enbpgdi xrent~ can have its power consunption reduced by the elimnation of the
' ~ =nt|oned | evel shifting resistances [ERR]. [If the power -consunption
“similar 15 to that when t he af orenentioned resistances [ERR] are
ded, however, the operating currenig-of each inside ECL circuit can be
i ncreased. As a result, if the power consunption is made equal to that in

case the Ie Q éayf {ﬁgi I é%é# 3 ng{gtgfogiggghtthegopera;ing -~;

speed of the~insi CIrCUI accel erate 5Ais a
circuit di a%am@wwﬂwﬁ ! Simi14 A Phe CiAgykt - In this
enbodi ment, the output circuit 257 s |ntendedﬁ¥oaiave |ts oper ati on speeded
up -26- bYredapti the differential transistor circuit of negative

f eedback type sinilardy to the input circuit [ERR]. In the present

enbodi ment, specifilnaldhe pgresertcdiivokiment AgepédiBicallypplied to the
base ' ' ' '

5 a feedback voltage Vp, is applied to the base
of the reverse-input transistor Q23, as is different
from the outpu£ circuit OB, of Fig. 4a, which
is operated by'the fixed reﬁerenee voltage Vth"
The dividing resistances R,y and R.,, are connected
10 with the collector of the reverse_inéut tran-
sistan.Q23; ‘Moreover, the divided voltage V.,
prepared by those dividing resistances is applied
to the base of an emitter foilower transistor o
Q,5'. Dividing resistances R,' and R, areé | - |
15 connected between the emitter of thae eransistor
Q,5' and the power terminal.ViT; The emitter
output voltage V l' ‘of that emitter follower
. transistor st' ls'divided by the dividing .
resistances RI‘.and Rz' and is applied as the
20 feedback voltage V F2 to the base of the reverse
. input transistor Q23.
Incidentally, that normal amplitude output
signal V at3 for the outside ECL circuit, which
is to be fed out of the external terminal T

_ outl’
25 is generated through an emitter follower transistor



A

of the reverse ihpht transistor [ERR] as is different fromthe output

of an emtter follower transistor [ERR]. -Bipui di ng resi stances [ERR] and
[ERR] are 15 connected between .the emtter of that tran3|stor [ ERR] and the
power ternina

' [ ER em.t 0 t hat 1 tt
]EE:Q:?]O\AH dt ransP§|ﬁor %'s maéit rfq%%jf‘f%eé%l Vi d| ng. reg st aﬁcegm[ ERE]r and
and is a & the t f th
| RBhkadeds Fﬁ) lncﬂ&tﬁﬁkel e ﬁtyf&?e& Efletde tigpbase of the

reverse i nput tran5|stoﬁxFE , that normal anplitude out put
signal [ERR] teankhate# g.de ECL circuit, which is to be fed out of the
external termnal [ERR| 25%%;generated through an emtter foll ower '
transi stor -27- [ ERbe Wiituits ohdshieoabodimerit tden ddvect or vol t age
[ERR] of the aforenentioned reverse input transistor [ERR]
5 its output signal Vout3.converted into the normal
ECL signal by suitably setting the aforemen-
_ tioned'reSQective-dividing-reSistance ratibs.
Specifically, in order that the output

signal V may be the normal ECL signal, as

out3d
10 illustrated in the input/output transmission
characteristic diagram of Fig. 5B, the center
value and the low level are shifted to the low
level side while leaving the high level as it
is. This reduction in the levei can be controlled,
15 as will be described hereinafter, by the resistance
ratios of the callector load resistances 3c01
and R

"C02
to the resistances'Rl' and.Rz'.

of the reverse input transistor Q,3

The relationéhip between the collector

20 wvoltage V of -the reverse'input transistor

Cco2

023 and the feedback voltage Vpo

of the same is expressed by the following Equations

fed to the base

(4) to (7).



The circuit of this enbodinent can have 5 its output signal [ERR
convepted into the normal ECL signal by suitably setting the aforenen-

: spective dividing resistance ratios. Specifically, in order that - ,
the‘,‘ >y signal [ERR] may be the normal ECL signhal, as 10, illustrated in

’ U/ out put transm ssion characteristic diagramof Fig. 5B, the center
value and-the low |l evel are shifted to +2&-|ow | evel side while |eaving the
high level as it is. This reduction in the level can be controlled, 15 as '
wi |l be described hereinafter, by the resistance ratios of the collector
| oad resistances [ERR] and [ERR] of the reverse input transistor [ERR] to
the resistances [ERR] and [ERR]. The relationship between the collector 20
voltage [ERR] of the reverse ipput transistor [ERR] and the feedback
voltage [ERR] fedygto the base ©fc bhe sane is expressed by the foll ow ng
Equations (4) to (%Q! = 78— TERR— * Voo - - (4)
. - Roos +Rgq, | | |

Veor" =Vgo, =V




‘l
.

-29- [ERR] Fromthe Equation (7), it is apparent 5 that the ratio (i.e.
t he feedback ratio) [ERR] of the change [ERR] in the base feedback voltage
to the change [ERR] in the collector output voltage [ERR] of the revetse
i nput ‘transi stor [ERR] *can be controlled by both the voltage dividing 10
ratio [ERR] of the emtter resistances [ERR] and [ERR] of the emttey
foll ower transistor [ERR] and the voltag%ad|V|d|ng ratio [ERR] [ERR]
col llector | oad resistances [ERR] and | As a result, it is pos
tbfprevent 15 the aforenentioned dlfflculty that the feedback ratio is
excessively high. -30- As illustrated in Fig. 5B, noreover, if t he
vol tage of the mnor anplitude inside ECL signal to be applied to the base
of .an input transistor [ERR] orgthe like s at the center lue 5 (i.¢
.the logic threshold voItagg) b‘%ﬁeen Jhe TiedH | evel. [ ERR] %ﬁﬁ andvthe Iow
| evel [ERR] (L) the output vol e Vo be sel cae TNE, center ' BE

[ERR) (L) T B ALY

coz2
Ry’ . ) L _
+ .VTT . 'o'-..oo.-..o.ooco-o (6)
RI’ +R2’ :
- Ry’ R o
A Asz =A.Vcoz . - * -

R(’+Rz’ RCO‘ +RC°2

cecceccccascass (7)

From the Equation.(7), it ie apparent
5 that the ratio (i.e., the feedback ratio)‘AV 2/4 co2 °f
the change¢SVF2 in the base feedback voltage

V2

-voltage VCOZ

Q,3 can be controlled by.both'the voltage dividing

to the change 4V in the collector output

. coz °
of the reverse input transistor

10 ratio Rz'/(Rl' + Rz') ef the emitter resistances
R,' and R,' of the eﬁittet follower transistor
st.and the voltage dividiag rat#°_Rcol/(RCOl
+ RCOZ)_of the eollector load resistances R.Col '
and R

coz2°
15 the aforementioned difficulty that the feedback

As a result, it is possible to prevent

ratio is excessively high.



value Vth between its high level [ERR] and |low |l evel [ERR]. The effect
obt ai nable from 10 result of satisfying the above-relationship is simlar
to dgere case of the aforementioned input CIrCUIt [ERR]. On the other hand,

'tor [ERR] fed at- its base wi th3tke feedback voltage [ ERR]
ited'in Flg SB as is different fromthe case in which the reverse"

i nput—transi stor ggs its bgse fE mﬁ%h the fixed reference voltage _
[ERR] as in the out WSEFRERE FBRRE90f BirgMOFROVeRS a result, the ~tyyt

b d
ol | ector offhe #%%ﬁé’%%%su?i‘f HBRChFgF P k&]‘%t B BaHiaos. "
resul t, S'r“§t£;§}§$%fet8f &hgpggagélgbctﬁgpggkgy EEQ ]i%? et ween t he base

and collector e af ransi s R] can be
apparently rgehices tépa?rlsbggtﬁgdlgkgaggngtsQﬁgdg a%egh@aqgglector out put
9

signal [ERR], accordin of the output -signal can be accelerated so
that thessigpgle5, tE19@ SI&§ £ OBhElabAY1 &l %lahghb‘eb@&%@h &heCUi t

high level VinS(H)'and the IOW'level'Vin3(L).

the output voltage V can be set at the! center

ut3
value V th between its high level V t3(!-1) and

low level.Vout

10 result of satisfyihg the'abeve-relationship is

3(L). The effect obtainable from

siﬁilar to the case of the aforementioned input
. Circuit IBl' _.
On the-other hand, the output circuit
ogi of the present'embodiment.has itsireverse
1$'input transisto; Q4 fed'at its base wibh.the

feedback voltage V., illustrated in Fig. 5B,

F2
as is different from the case in which the reverse
' input_transistbr.023 has its base fed with the
fixed reference voltage Vth" as in the oﬁtput
20 circuit bBl of Fig. 4A. As a result, the var&ing
range of the voltage difference [Vcoz.- Ve, |
between the base and collector of the reverse
input bransxstor Q23 can be reduced. As a result,

since the value of the parasitic capacity Cc

25 between the base and collector of the aforemen-



[ ERR] can be shortened. As a result, | f the output circuit [ERR] of
the present enbodi nent is used in place of the output circuit [ERR] of Flg
4, those speeds 10 can be further accel erated. Likew se the afore-

menti oned input ci.rcuit, noreover, ‘there can be ‘attai ned anot her- adva

that the circuit of the present enbodlnent Is less influenced by &
di'st urbances such as fluctuatlons_§§ I n the power source and '

di spersions in the el ement characteristics. As the output. circuit, there
can be prepared the circuit elements as of the output circuit [ERR] of Fig.
4A, and the c&AABEE; 6ﬁ§n$ﬁ§§%&13zs=aé’a@%égﬂﬁﬁj@d- yeduaedier slice
systemin accogdance wth the ap Ilcatlons 5%Iher rds, if the m nor

anpl i tude i nsFAe EEElgggﬁ&# P CIrCUIt t he
circuit elenments_are_so._c cted_as t t|t 2..Qut put CIFCUIt
[ ERR] shown iﬂuﬁPBi ﬁ#gna9n§202’ f°r§ﬁ giot 3 u% i s unnecessary

t te t t |, th
hf’gﬁeggreg deougggﬁég[ﬁg‘;&' FE&R}"@ %Q:"ce&@?aééad%d '?:%a‘ie e s%.'ggx@ﬁ €

S transmission delay time at the output circuit
OBl' can be shortened. -
As a result, if the output circuit
OBl‘ of the present embodiment is used in place
of the output circuit OB, of Fig. 4, those speeds
10 can be further accelerated. Likewise the afore-
mentioned input circuit, moreover, there can
be attained another advantage. that the circuit
of £he pfesent embodiment is less influenced
by distu:bances-such as fluctuétions
15 in the poﬁer source and diépersions in thé
elemen; characteristics.- | o
As the output circuit, there can be prepared
the circuit elements as of the output circuit
OBl of Fig. 4A, and the connections inbetween
20 can be changed by a master siice system in agcordance
with the applications. In'other words, if
the minor amplifude inside ECL signal is to
be generated by the output circuit, the circuit
elements are so connected as to constitute the

25 output c'ircuit'OB1 shown in Fig. 4A. If,



i'n Fi.g. 5A can be constituted by changing the 5 connections by the master
& system To the output circuit [ERR] of Fig. 5A furthernore,

th ny be added an emtter follower circuit for generating the m nor .
am e i nside ECL signal. 10 The present inventian should not be

li dJto the enbodi nents thus far descyjibed. For exanple, in the input

circ of Fig. 4A, the collector resistance [ERR] of the input transistor

[ERR] may be omitted if it is necessary 15 to reduce the nunber of the ,9;
[ it el : er,_ il i desi i | st ERR] by*
The ol | owi B s SORRY rapids rieas yioiatSr Rl S et Snes & 0
: I I : Ny _ h : _

signal voltqge aleed HlldeAfed flod Qs Cohd eElO1ag%ket the transistor

[ ERR] thereby to est a sul capacity 1n the transistor

[ERR] . Thanks chat, Nty drah ddie Ut St pfch FRROB NeSsiv NpUt  capaci ty

corresponding™to the mrror capacity, the high-freqdbncy.noises whi ch m ght

25 ot herwi senb@iign®a @ bd Rvrisyituted by athawding tRS- be attenuated to
an excellent extent. As a result, '
5 connections by the master slice system.

To the output cidcuit OB,' of Fig. 5A,

1
furthermore:  there may be added an emitter
fol&ower.circuit:for éenerating the minor amplitude-
inside ECL signal.

10 The present invention should not be-limited
to the embodiments thus far described.'

For example, in-the input circuit of Figq.
4A, the collector fesistance_RéN of the inpﬁt
transistor QIn.may_be oﬁitted'if it isfnecessary

15 to reduce the number of the circuit elements.
However, it is desired to provide the resistance
RCN by the following_reasoning.

Specifically, the resistance Ray applies
a signal voltage at a suitable level to the collector

20 of the transistor Q,, thereby to establish a
suitable mirror capacity in the transistor.Qlo.
Thanks to the fact that the transistor Q,, has
an input capacity corresponding to the mirror

capacity, the high-frequency noises which might

25 otherwise be imparted to the input terminal can



.Ehe circuit can be made substantially insensitive to the noises w thout

having its operating speed substantially decelerated. 5

1 f fhe

si.gnal whi ch has heen veversed through the emtter follower circuit

~resistor [ERR] is provided, it is sufficient to generate the inside E%g'ig

receptive of

the collector output signal of that transistor [ERR]

Moreover, the inside ECL circuit may be magified such that a
constant-current transistor is connected with the comon emtter of the
pgired differential transistors constructing the ECL circuit. 15
Still noreovebe &beteneated tol wa ardelllentowxtend). ofast e reswirt ,anpl it ude
inside ECL signal may be shifted to the higher level side in accordance

with the operbtkénginmauginceh beemade sabECantiiadliyt inlsensbiyive have its 20

anplitude further reduced. On the other ) _
Fig. 5A may bEoutke heisps withbautchaying dits epemating

hand, the output circuit [ERR] of
dcircuit

device of Fig. 1 so that_its Q%gh-speed operation can be realized. 25

Figs. 6 to 9 §%BﬁF%FH§?1EﬂbGG

5

10

- 15

20

.25

gretsa- |
If thé.iesistor Rch is provided,
it is sufficient ta genefate the inside ECL signal
which has been reﬁérSed through the emitter
follower circﬁit'made.receptive of ﬁhe collector
output signal of that transistor Q0 |
Moreover, the inside ECL circuit may
be modified such th;t a constant-current transistor
is connected with the common emitter of the |
paired differential'tranéistdrs constructing
the ECL circuit. | | -
| Still moreover, the éentér_value and
the low level of the minor amplitude inside
ECL signal may be Shifted to the higher level
side in aécordance with the operating margin
of the inside ECL circuit thereby to have its
amplitude further.reduced.. o
On the other hand, the output circuit
OBl' of Fig. 5A may be used in the output circuit
of the ECL integrated circuit device of Fig.
1 so that its high-speed operation can be reélized.

Figs. 6 to 9 show other embodiments of



K]

-34- the input circuit according to the principle of the present invention.
gty cuit showmn in Fig. 6 is nodified fromthe input circuit of Fig. 4A
‘mat 5 the dividing resistances [ERR] and [ERR] are replaced by a *

#éqaqe [ ERR] and a constant-current source [ERR]. This .source per se is

own in the art. The constant-current souce [ERR] in the input

"cirrcuit is constructed simlarly to that, in 10 the prior art ECL circuit.

Specifically, the constant-current source [ERR] is constructed of a N~

constant-pgﬁée@hgheaegggggf\gydy}dﬁggégésggglg%%ﬂgiéggmected with the "

~comon emtter of the transistors | and | ‘and its emtter 15

connect ed @wEt hha ngg@nkemmwaﬂtﬂﬁupugh a resistance having a suitable
val ue. The base of the constant- current transistor is fed with the
reference vol t ageThki eircaigeshoanednf RiY.A 6SUid adddifisddr ence vol t age
~generating circuit. A constant-current 20 source [ERR] is al'so nade to have
a simlar foom theudnpwt cdrcwitt off e -f dPegialy td@atst ant - current source.

Since, in this circuit, the current I to flow through the resistance [ ERR]
i s consPanthesdividing resistances R, and.R2 are replaced

by a res;stanée Rlo and a constant-current source
'Il. This source per se is well khown in the.
art. The gonétant-current souce IO in the.input
circuit is constructed.similarly ﬁb that in

10 the prior art ECL circuit. Specifidally, the

constant-current so.urce'I0 is constructed of
a constant-curreat transistor which has its
collector connected with the commonremitter
of the transistors Qo ﬁnd Q,, and its émitter
is'éonnected with a power terminal through a resistance
having a suitable value. The base of the constant-
current transistor is fed with the reference
voltage which is genérated from a suitable reference
voltage generating.circuit. A constant-current
20 source il i$ also made to have a-éimilar-conr
struction to that of the foregoing cbnstant-
current éource.
Since, in £his circuit, the'currgnt I,
to flow through the'resistance.R is constanf

10
25



“.35- the voltage drop at the resistance [ERR] is held constant at al

times. As a result, the voltage between the base and the collector o he
reverse input 5 transistor [ERR] takes such a substantially conple'E£§C> .
‘constant value as,is determned by both the constant voltage drop [ At~
the aforenentioned resistor [ERR] and the emtter-base const ant vOttage
of- the enmitter-follower transistor QL2 1635~ As a result, this circuit®
can have its operating speed (i.e., the transnmi ssion delay tine) further

ioproved becaygg %g_tg?ea%!td 5%?3% té’e%ﬁ D tie base, angl col l ector of

the reverse input transistor I's ‘subst antt al 130 15 conpletel y

negl ected. | nghRistagie @4 a1 1MW RRLr, the switching operations of the
paired differential transistors [ERR] and [ERR] can be conpletely perforned
in response to the i pguta He@idlt,| HNd WIHapedewedd if1ge t he 20
af orenmentioned voltage drop [ERR] and the respective elenment constants of
the circuit. Pasehandbothe wrddddtox npfittise gredefddRinpwst at its center
| evel , the_output signal [ERR] can be set at that center |evel

3 - 3 transistor Qll takes such a substantially complete

constant value as is'deﬁermined by both the
constant voltage drop Ilklo at the aforementioned
resistor Rlo-and the emitter-base constant
voltage of the emitter-follower transistor-le.
10 .=+ As a result, this circuit can have its
operating speed (i.g., the transmission delay
time) further'improvea_because the parasitic
capacity between the base and collectqr of the
' reverse input transistor Q) is substantially
15 completely neglected.
In this circuit, moreover, the switching
operations of the pairéd.differential transistor§
Qlo and Qll-can be completely performed in responsé

to the i_nput signal Vv by properly setting the

in
20 aforementioned voltage drop I;R;, and the respective
element constants of the circuit. Furthermore,
when the input signal Vin is at its center level,

can be set at that center

the output signal Vout

~level.

25 The circuit shown in Fig. 7 is modified



25 . . The circuit shown in Fig. 7 is nodified -36- such that the

C ant-current source [ERR] of the input circuit shown in Fig. 6 is

r ced by a specific circuit. In this circuit, specifically, the afore- 5

ned constant-current source [ERR] is con- structed of ,a

c ant - cur
const ant.- cur

t he vol t age

[ rent transistor [ERR] and an emtter resistance of the latter.
A sui-tabl e reference voltage [ERR] is feglgto the base of the aforenentioned
rent 10 transistor [ERR]. The input circuit shown in Fig.-8 is -
modi fi ed such tP‘aL the gresi stan%eE_ I%RR can be cqnnect ed in parallel with
di & I he input circuit shown

aRFRaRG & £08s CRREEST LI (S

di'vi i ng v oo RPaRREEY EARPUR N 4 IS 36 PR 8T 1 oG

system for
resi stance [

a (S af orenenti oned connection 20 of the
%gR?PEFﬁcIQQEk%iE%uHFE

| ower transistor [ERR] can have its

e emtter-fo

conposite enitter reg thacedreduasd syediFilcdllls, drind NESAPaci ty

5

10

- mentioned constant-current source Il is con-

structed of a constant-current transistor Q9
and an emitter resistance of the latter. A
suitable reference voltage VR'is fed to the
base of the aforeméntidned constant-current
transistor Q27.

The input circuit shown in Fig. 8 is
modified such that the a resistance R,, can

be connected in parallel with the voltage dividing

‘résistances R, and R, of the input circﬁit shown

15

20

25

in Fig. 4A.

The résiStance R17 is connected in parallel
with the dividing resistances Rl'and R,, if
desired, by the master siice system, for example.

Thanks to the aforementioned connection
of the resistance Rl7' the eﬁitter-follower '
transistor Q,, can have its composite emitter
resistance réduced so that its driving capacity
can be improved. |

As a result, this input circuit can be

prevented from having its operating speed decreased

i



can be inproved. As a result, this input circuit can be 25 prevented from
‘having its operating speed decreased -37- even | f It drives a - .
Jelatively high load. The input circuit shown in Fig. 9 is nodified such'*
that there is disposed in the input circuit of Fig. 4A an emtter-follower
5 transistor [ERR] which is made receptive of the collector output signal
~of. the input transistor [ERR] thereof. Th%~circuit is enabled to gepérate
the minor anplitude signals [ERR] and [ERR] having 10 opposite phasg
reSponse to the input signal [ERR]. Incidentally, a pair of input
transi stors neyehe diisposedt drives rpelduvictely miglsiiomadn Fig. 9. 15
These plural input transistors [ERR] and [ ERR] have their collectors and
emtters comonly cofhectipgpuli hirsadit cthown aid Rigei 19 bisses fed with | nput
signals [ ERR] and %ERR}. Thanks to the provision of such plural input
transi stors, Bedifdefnsuchcithati these He glisnesed dgt thauncti on.

input circuit of Fig.'4A an emitter-follower

5 transistor Q28 which is made receptive_of'the
collector output signal of the input transistor
Qlo thereof.

This circuit is enabled to generate the
minor amplitude signals Vout . | .
10 opposite phases in response to the input signal

and_Vout having"

Vin'
Incidentally, a pair of input't:énsistgrs

may be disposed in the input circuit, as shown
in Fig. 9. |

15 These plural input transistors'Qlo'and
Qlo' have their collectors and emitters'commonly
éonnected with each other and their bases fed
with input signals Vin and Viﬁ'.. Thanks to
the provision of such plural input transistors,

20 the input circuit can be given a logic function.



-38-.- CLAIMS: 1. A sem conductor integrated CLLQQLL*QEXLE£T§$SELLSIng 5
n_japut termnal: an input circuit including a first tran- aving

' hase fed with an i nput signal through said inp erm nal, a second

bi5gt or coupl ed to said first transistor for cﬂm mmm?m

atf-ons with said first transistor, a load ele 'Th t he
col l ector of said second transistor, and a bias circuit whith Yeceives the
col l ector-out put of said second tran- -8t or and generates a bias 'vol tage-~
in accordance 15 therewith which is fed to the base of said second ™
transi st offl.AgMSt:nat said i nput circuit nmay generate an output signal which
has its high |level substantially equal to that of said input signal and its
| ow | evel higher than that of said input signal; 20 and an ECL circuit for

recei vingy sai d i BPULyS| %uééyﬂtgne?f&éaﬂm&r diletaén% A

sen1conductor |ntegrate clrcuit devite 25 according to aim1l, wherein
.said ECL gbhp¥ikingr

5 an input terminal:
an input circuit including a first tran- -
sistor having its base fed with an input signal
through said input terminal, a éecond transistor
coupled to said first transistor-for current
10 switching operations with said first transistor,
a load element,conhectéd with the collector
of said second transistor, and a bias.circuit*which T
recei&és the collector output of said éeCOﬁd tfan-
sistor and generates a bias vortagé in accordance
15 therewith which is fed to the base of said sebond transistor, | "
so tnat said input circuit-may generate an output |
'signai which has its-high level.substantially
equal to thgt of said-input signal and ité lo&
level higher than that of said -input signal;
20 and .
~an ECL circuit for receiving said input -

signal through said input circuit._

2. A semicbnductor integrated circuit device

25 according to Claim 1, wherein said E€L circuit



".39- includes: a third transistor havi ng a coLLﬁﬁl__l_jﬁLjﬂﬂllgr and a base
adapted-to be fed with said input signal; and a fourth transistor haV|ng a

.collector, an emtter coupled to the emtter ird transistor;
‘and a. base adapted to-be fed with a threshold EE”H at a 0 er
| evel than such a threshold voltage as woul.d rec h andAon
| evel s of the input signal which the input circuit is adapted ‘tor
fromsaid input terminal. 10 3. ATs€m conductor integrated circd *

devi ce according to aim1 or 2, wherein said bias circuit has a | evel

shift el enent %ggmggged b‘i’:th‘ﬁ%” sCicgtcﬁCtrPiv g.ggi ap fgc d second

transi stor. A sem con UCt or I ntegrat circult deVI ce accordi ng

to daiml orag, ephei@rnand & bHARY addgtld ddirddeFed Redeles an emitter
follower transistor having a base coupled to the collector of said 20

second transi gagd, iApulNisigta 1GoWple G tfoudtth ko Hfs ot thdviingl transi stor,
and a collector, and wherein said bias circuit is fornmed. by a |l evel shift
circuit mhichareokleetothean emitter coupled to the emitter
5 ‘of seid third transistor, and a base adapted
to be fed with a threshold voltage which is at a}ﬁgher.
level than such a threshold voltage as would recognize the high
and low levels of the input signal which the input circuit
is adapted to receive ftom said input terminal. |
10 |
3. A semlconductor lntegrated CerUlt device .
according to Claim 1l or 2, wherein sald blas circuit
has a level shift element connected between
the collector and base of,seid second ttansistor.
15 |
4. A.éemiconductor integrated.circuit device
according to Clalm 1l or 2, whereln said input circuit
further includes an emitter follower tran51stor
having a base coupled to the collector of sald
- 20 gecond transistor, an emitter coupled to the
base of said third transxstor, and a collector,
and wherein said bias c1rcu1t is formed.
by a level shift circuit which receives the

emitter output of said emitter follower tran-

25 sistor and generates a voltage to be fed to



output of said emtter follower tran- 25 sistor and generates a

vol g8 to he fed to -40- the base of said secomd—tranststor. 5. A

' ducter integrated circuit device according to Caim4, wherei.n said
shift 5 circuit has a first resistance el emam"uﬁmlﬁ“lﬁﬂlm tween the

em t ‘of-said emitter follower trangjgtor and th second

tran- sistor, and a second resistance el ement connected bétwker’ the base of

sai d second transistor and 10 one terninal of a power source. 6. .

A. senmi condugh@r baBbegrakaddciseedind dxdma sgmrding to Caim4, wherein a

coll ector |oad resistance el enment is connected between the 15 coll ector of

said first transistor and the other termnal of said power source. 7. A

sem conductor integrated circuit device according to any one of the

precedi ng cbai ns, Ausemdcoodmetior dgtegrated cigewis favide cuit which

recei ves the output signal of said ECL circuit and generates an output

si-gnal whi caceasding kPgRladm towwheraid #d dlaihifity equal to those

of -said input signal, respectively: and .
' 5 pcirc t has a %ﬁrst reéistance element connected

between the emitter of said emitter followei
transistor and the base of said second tran-
sistor, ana.a second reeistanCe element connected
between the base of said second transistor and

10 one terminal of!'a power source.

6. A semiconductor integrated circuit device
according to Claim 4, wherein a collector load |
resistance element is connected between the

15 collector of said first transistor and the other

terminal of said power source.

7. A semiconductor integrated circuit device accerdihg

to any one of the precediﬁg claims;_further comprising:
20 ~ an outéuﬁ'eircuit which receives the

output signal of said ECL circuit and generates.

aﬁ output signal which has its high and'iew

levels made substantially equal to those of said

input signal, respectively; and

25 an output terminal adapted to be fed with



25 . an output termnal adapted to be fed with -41- ‘the out put

signal of said output circuit. 8. emm m rated circuit
deV| ce according to daim7, vvherel n said ” amﬂmlr]?m;l ncl uges™a fifth
“transi stor for current sw tch| ng operatlons* & | ével shifgt el em’aupl ed
to the collector of said fifth transistor, and a collector |oad gt ance
el enent coupl ed between said | evel - sh|f14plenent-and a power supply 10 °
terminal, and neans for generating a signal which is fed to said ECL
‘GLrcuit fromeHyada¥§n¥1 t 5ngg§av5ﬁib§@1gl§@ﬁigctor | oad resistance
el'ement and said level shitt elenent . A sem conduct or integrated
circuit device according to Cla|n18,_mhere|n the level shift elenent of
said output circuit is nade of a resistance elenent. 20 10. A

sem conduct oB.i nt egratsErictorindtate vitte qraped!i abr¢wi €l @déevide or 9, wherein
said output circuit further includes: a first emtter follower tran- sistor
havi ng a bas@csoxdiag ttp tHerimw| 1 eotherein said cutput circuit

5 includes a fifth transistor for current switching

operations, a level shift'element coupled to
the collector of said f£ifth transistor, and
a coliector load resistance element coupled
between said Yevel shift element ahd a power supply
10 terminal, and means for generating a signal which is
fed to said ECL circuit from _ |
ﬁhe common connection between said collector
load resistance element and said level shift
element. |
15
9. A semiconductor integrated circuit device
according to Claim 8, whereinlthe level shift
element of said output circuit_is made of a
resistance element.
20 |
10. A'semiconductor.integréted circuit device
according to Claim 8 or 9, wherein.said output circuit
further includes: a first emitter foilowér tran-
sistor having a base coupled to the collector

25 of =id fifth transistor and an emitter coupled



25 of said fifth transistor and an emtter coupl ed --42- to an outside

term nal,,.and a second emtter follower transistor—having—a—bhase—coupl ed

d col lector load resistance element and said | evel shift elenent
.and ‘an Wnji (er to be coupled to 5 an input node of mﬂ

A sem cW gtor integrated circuit device conpri si n m mm IIE Mlnal 10
-an ECL circCuit for generating an output . signal which*hag its High kevel
made substan- tially equal to that of-%44rinput signal to be fed to said .

I nput ternlnal and its ] ow |l evel made hlgher th n that of Sild I nput B4
signal; 15 to an QHFﬁﬁﬂ?nﬁe¥W¥¥§#i R | BB RGP f??éFtEErF@ %°¥ﬁftch |

i ad ] ed | ;of said ECL
Ci it o [BRNSIHHTR RIS RS (IO VB ERORBYPRRCBI -1 sy frst
curr ent S“‘Eﬁﬂ QQ%nEn éﬁ&&%&é&é@ %f%@&nE'&H&”LaZQ gopageted between

said | evel erm na a power .source; and an out put

termnal adapleqd G ot ekt U t i1 OU PUE Shgnabushibaebs generated at

5 an input node of said ECL circuit.

)

11. A semiconductor inteé;ated circuit device
comprising:
an input terminal;

10 an ECL circuit for generating an output
signal: which has its high'level made substan-
tially equal to that of an.input signal to be
fed to said'inputbﬁerminal and its" low level
made higher than that of said input signal;

¢ 15~ an dutput-ciréuit including a firsﬁ current
switch transistor adapted to be controlled by the output
signal of said ECL circuit, a level shift element
coupled to the collector of said first current
switch transistor, and a-resistancé element

20 connected between said level shift element and
a termlnal of a power source; and

an output terminal adapted to be fed
with the output signal which is generated at-
the common connection between the collector '

25 of said first current switch.trénsistor and

- said level shift element.



“t he common connection between the colleetor 25 of said Tirst current switch

transistor and said |level shift elenent. A sen1conducto
,ntegrated circuit device substantially as H m e|n mnth
reference to Figs, 3 to 9 of the acconpanyl
-43-
12, A semiconductor integrated circuit device

substantially as any described herein with reference to

Figs. 3 to 9 of the accompanying drawingsm




