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2T4 4E1N 4E2N 5E HX         (72) Inventors JACK LEE ANDERSON, FRANK JOHN
SWIATOWIEC MARVIN ALAN GLAZER (54) LOGIC CIRCUITS INCORPORATING A DUAL
FUNCTION INPUT (71)   We, MQTOROLA, INc, a corpora-  would have a dual
function capability. tion  organised and  existing under the   :In
accordance with one aspect of the laws: of the State of Delaware, United
invention there is provided a logic circuit States of America, of 1303 East
Algonquin  comprising first input means for receiving 5 Road, Schaumburg,
Illinois 60196, United  a digital signal, the digital signal having at 55
States of America .do hereby declare the  least three discrete logic
levels, second input invention, for which we pray that a patent  means for
receiving at least one binary may be granted to us, and the method by
signal, at least one enabling means coupled which it is to be performed, to
be par-  to said first input means and responsive to 10 ticularly described
in and by the following  the digital signal for generating at least one 60
statement: -                             enable signal, and logic. means
coupled to This invention relates to a logic circuit,  said first and
second input means and re- and more particularly to an emitter coupled
sponsive to the digital signal and to the at logic circuit (ECL).
least one binary  signal for selectively 15   A widely used dual-in-line
package for  generating a binary output signal repre- 65 logic integrated
circuits is limited to four-  sentative of one of a plurality of logic
func- teen or sixteen pins. As a result the number  tions, said logic means
being responsive to of inputs and outputs to a 'logic circuit the at least
one enable signal for determin- used with that packageis limited by the .
ing which logic function of the plurality 20 pins 'on the package. Thus the
integrated  of logic functions is represented by the 70 circuit designer
also is pin limited; that is, binary output signal. his circuit design is
constrained by the    According to a further aspect of the number of inputs
and outputs allowed by  invention there is provided a logic circuit the
package type selected. Often the availa-  comprising first means for
receiving a 25 bility of an extra input allows the inclusion  digital
signal, the digital signal having at 75 of an additional logic function to
be in the  least three logic levels, first switching means same package.
for implementing a first binary logic func- Moreover,two different users
may re  tion  said  first switching  means being quire similar functions in
an integrated  coupled to said first means and being re- 30 circuit; but
these functions are- often dif- sponsive to the digital signal such that
the 80 ferent enough to: prohibit a manufacturer  first binary logic
function is dependent from  meeting both users' demands with  'upon whether
the digital signal is in a first the same integrated circuit due to the  or
in a second logic level, second switching limitations of the. package.  A
solution in  means for implementing a second binary 35 the past has been to
incorporate both func-  logic function, said second switching means 85
tions on a single integrated circuit ship, but  being responsive to at
least bne binary to change the metallization on the chip  input. gnal, the
second  binary logic fun- for the two different users to modify the  tion
being independent of the digital signal, function to satisfy the user
requirements.  enable meeans coupled to said first means 40 However this.
solution has the undesirable  and responsive to the digital signal for 90
effect of requiring separate device types, generating an enable signal,
said enable separate inventory, separate testing pro-  means being
effective to discern the first grams and separate processing steps for the
and second logic levels of the digital sighal two device types. It can be
appreciated  that from  at least a third. logic levels of the 45a dual
funption input which would allow a  digital signal such that the enable
signal   95 logic circuit to perform the separate and  is in a first state
when the digital signal is distinct functions required by two separate in
the first or second logic levels and in a  users would be highly desirable.
second state when the digital signal is in the It is therefore an object of
this invention at least third logic level, and is therefore an object of
this invention  at least third logic level, and output jnea#n 50 to provide
a logic circuit in which an input  coupled to said first and second
switching 100    2IE)402 



means for selectively generating a binary output of  OR - gate 22
which_:formsv':-the 65. outpu :igil'sid output means being
re-A+Bfucinscope.tthotut?' "sponsiv  to6 the enable sigiial such that the:
gate'23 and thereby to the output terminal binary ddpit  siga
isrepresentative of the  26. When ~theS  inputis' inth'low state S first  r
secondbinary logic function :in  or the"0'V logic level, inverter 14 net
a~odnce w"ith the enable signal being  the "0" level to a""lvlt   nbe7 'in
ihiefirst-or'sebnd state, respectively. -  heinvention will now be
'described: by  AN    ae.6wihm  urn psssth way  o   exaple   nly   ith
artiularfunction appearing at the output of inverter 10 re7ference- to the
accompanying drawigv        0truhteotpt  Rgt  3ado wherein: -
- ~~~~~to- the output terminal 26. Figs. IA, lB and iC show a logic dia-
Fig. lB is an electrical schematic diagram 75 gram.i, circuit: diagram,
and' truth table 'of a w  of an -emitter coupled, logic zcircuit ' corn-
logic -function implemented by a prior at'manly employed to implement the
logic 15 emitter coupled logic circuits.             diagram  of Fig. IA.
The circuit operates Figs& 2A,.2B and 2C show a logic dia-  between. a
positive DC voltage, VCC, of gram, circuit diag~ramn, and truth table of
0- volts' or- ground potential, and a negative 80 the.logi  function of
Fig. 1I 'utilzinifg the -supply voltage, VlEE,. of - 5.2 volts.  A first
dual function input.                        logic stage 2.8 contains
-transistors-.30, 32 20   F
..igs. 3A, 3li and 3C show .alogic dia-  and .34. coonnected. in a
differential manner gram, circuit' diagrami,and.' truth table of a  to.
forinxthe' 'A or-' B logic function as. is pa rity checker circuit- which
utilizes a dual  common in emitter; coupled' 'logic circuit&' 85 function
input. '-                           The bases'-of .the three transistors
30, 32 Figs. 4A -and 4B -show a. logic' diagram   and 34,:are connected to
the A input,.B 25 -and truth table of.:a, conventional three  iniput, .and
VBB respectivdly-w-herein VBB iptmultiplexr                            and
VBB" a re bias -voltages o      .3   n Figs. 5A, SB and SC show. a logic
dia-  -2.8Y  respectively generated inside te9 gram,- circuits dagram,
-and' truth table of  logic: circuit by; a -biasing: network (ot the loic
funtion o 'Fig.4 utilzing te  shown). Block- 36 contahins a.: second :logic
30,diial 'unction inpht.    '' sage werein the B input: is, coupled 'to' A
''Referring now  to Fig. '1, a' prior art  d~~~~~~~~ifferential pair of'
rAnsistors 38.and:'4.0 emitter copled"loicfuiiaton is shown  and toehrWith
collector' resistor 42:and 95 symbo-lically. in''the logic diagram  of
Fig., "                           -' lA,,. electrically in'- the --circuits
diagram. of  0isn  votg   BBfr   h  Bfnto 3Fi.ID, and logically'`i
the'tru'th table 'OfinacvetolmnerAnnbig Fig.. IC.- The. logic circuit' a
an outputstg43rciethSinuat1ad which is one of two functions,: either' the
Volaesit.h   nu  truhtasso                      s4and diode. 46 onto the
dfeetaltil         0 A+'B functionor. the, B function as  de-  istor pair
48 and SO. iThese thr~ee~ transstr termined by the S: input In. 'Fig. l A,
the  and the diode together with ~biasing resistor1 40 logic S input
terminal 10 ' is. connected to52 and current source 54fomtenalg one input
of...a dual input AND..gate 12,  stage in;a. conventional mani~rfir tointui
andx also to an inverter 14,.'w whc  n turn  fr    nbigsgasa  tecl~ti.6   o
connects -the inverted S input to. another  transistors 48. and 50. to
selecti'velIy_.'ei-l dulinput AND.-gate 16. The other input  eihrthe A+B
fun~ctio  of bloc :28or 45 of AND gate 16 s the B fnctio  whic  h  B
fucinof -block--'36 by:' allown is generated  y - coupling,~ the. B "input
at0,  currents  to  fow  trough. th respetiv terminal 18 tlgough'an,
'invtet '2.Te'irnilpi.This, enablifr  or series 110 Binput at termnl18. is
-also. fed into. one ~aigi  omni  iitrcoupleloi input of.' a, ua  input
:OR' gate; 22.' The  an    elkont   noeskilled, in. the SO; sec~ond 'input
of the 'OR' gte22 is the  atOuptsge5rcivshelogic sig- A  input. at input.
tetmial 24. The output  nsfrmbok28ad3itohebase of of OR gate 22, which is
the A+LB funiction,  a trnsistor 58 to in turn taser-h  oi  1 js n ,urn
fedninto-the ieicond'-input of  funictioni generated. onto biasing
resistor -60 ANDgate 12. Theb output -of AND  'gates  and output termtinal
26. 55 .12. and 16 are: fed Iinto. te inpts of 'a dual    The ruth table
of. Fig. AIC shows- the ouit- :; input OR gate 23.- The! .output of 'the OR
ptfrbhteloidagram of Fig. I gate 23sis connected6 td heout'Put terminal
hau'.d the "circitdagamt   Fig. lB  for 120        < of ithe logic, gat 26
aho e       posbl~e'tates of the S inpt In, operaion, stl reern-oFi.lteA
inu, 'and the BAnpt. 60 either. A ND -gate 12. or AND, gate Id6 is.  Fig. 2
sows` -an ezlutter'cquplePd 'lbgie en~abled, depeding onth~e lgic stateof
crut thtprom al'f h  function~s the S inptppaig  at5 tem l1.of the
con~ventional'd cici                    AFg  1'adI2 When the S inut is high
to 'th  logial  also is capable" 'of. accommodatinga  ua "1l" state,.~
ae12i  nbe  an  the  functin iput sig~nal.heAa"fcto    
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input has been substituted for the' S and  stage 84, and the output stage
86, -atre the A  input of Fig. 1 to 'eliminate the  identical to stages 28,
36 and 56 respec- 65 requirement for the two separate inputs  tively of-
Fig.- lB. -The enabling stage -88 and thus save one input. pin for a corre-
of -Fig. 2B is also similar to- the enabling 5 sponding logic circuit
package. This dual siage 43 of Fig. IB in that a differential function or
multiple-valued input will be  pair of transistors 90 and.92 together -with
teferred to as the A input. The coirrespond-  current source 94 provide
enable 'signals 70 ing logic is shown in the logic 'diagram of  for stages
82 and 84 which select either 1 Fig. 2A; the electrical realization is
shown  t   A   f       or t 10 in Fig. 2B,. and the corresponding truth
table is shown in Fig. 2C. The logic diagram  Instead of the separate S
input of Fig. -Bi of Fig. 2A has an A input at terminal 62  however that A
input is passed through which is connected to' one input of a dual
transistor 96 Qf Fig. 2B and into the base 75 input OR gate 64 and also to
the input of  of transistor: 90 of the enabling stage dif- 15 a special
logic.gate shown as gate 66. The  ferential pair Thus the A input passes
output of gate 66 is connected to one -input  thtough one   emitter
junction into of a dual input AND gate 68 the other  the base of transistor
90 and is:. compared input of which is connected to the output  against the
VBB" bias voltage .connected 80 of OR gate, 64. The qutput of gate 66 is
to the base of: transistor 92. Since the VBB" 20 also coupled through an
inverter 70 into  vias voltage is -2.8 volts; the differential  - one input
of a dual input AND gate 72. transistors 9(1and 92 will either become The
other input of AND gate 72 comes  conducting -or nonconducting depending
from an invetter 74 which in turn has its  whether the base of transistor
90 is greater 85 than or less than -2.8 volts. Because the input connected'
to the B input apearng   aeeitrdo    ftasso    6i 25 at terminal 76. 'The B
input is also con- b$ or 9.s nected to the second 'input of OR gates64.
approximately .7 volts, an A input greater The outputs of AND  gates 68 and
72  than (more positive than -2.1 volts. causes form  the two inputs of a
dual OR gate  enable stage 88 to be in a first state while go 78 whose
output in turn is connected to  an A ifput: less than r-2.1 volts will
;cause 30' the' output terminal 8Q.' . .        the enable stage 88 to be
in a second, state. ':In operation the logic diagram  of F'   More
specifically if the A input is -greater 2A receives an A input at terminal
62 and  than -2.1 volts, transistor 90 will, be eon- is QRed  with the B
input at terminal-76  ducting thereby enabling the A or1 B func- 95 via OR
gate 64 to form the A+B function tion of logic stage 82. If the A input at
35 and fed into one input of AND gate 68.  terminal 62 is less than -2.1
volts, then transistor 90 will be nonconducting and Also the B function is
formed at the out-  transistor 91 will be conducting to enable put of
inverter 74 and fed into one.input    - of AND gate 72. The other.inputs of
AND  the               0 fuhction of logic stage 84. Thus the 100 gates 68
and 72 are controlled by the output  ,A input is a dual. function input
which 40 of the special logic gate of gate 66. Gate  operates, either r as
Snrmal binaty legic 66 receives the.A input and provides a one  input, or
as abatrol input to select- an level output: if the A input.is- either in
the  alternate function fot the logic gate. More- logic "1" state or the
logic "0". state. This  over tht function of, the logic gate is pro- 105
:-logical-""'output thereby enables AND  grammable via onie of the data
inputs to 45 gate 68 to. pass the A+B function through  the circuit.
Tvhusthe Veisatility ot the logic OR gate 78 to the output terminal 80. If
package whicb incoworated in a multi- the'A input to gate 66 is in a third
state  plexor would be incretaosedsinct two inputs 'f-logical "2" state,
*hich for this circuit is  aWre perforniing. tht ifAndtioh require4 by i10
any voltage less. than (more negative.than)  th.ee inputs of -he
cgtventlohpl logicir- 50 -2Idvolts, theft the output of block'66 will c~ut.
Two separate vsprs would kb ai.e tp be a logical "0". This is. iverted
byiinvertbr  ,u4I1.i the same loic; icu.it ie.ven tlough .thpfunctibns
requirtd.by both' lwoalbe 70 to enable 4ND gate 72.-o pas the.B  difident.
-          -                     115 function' .through theAutpt OR  gate
78    A user wishing, the A +    hfufttion wot7d toethe output terminal
80.- Thus, the ,lgic  apply nprm  emitter..cppled logic  Ivels 55 gate 66
has an; enabling gate. .hkh dif-  to the A. and B inputs. The ustr re44.ina
fereitiates. normal logic levels fiom -a third-- ox=spec~ial logric 1*1
which .itpy appear at th6e B function Wbuld  pnniect-. the;.A, input -,
1he.A~~~utnuE'.  -         td VEE (-S~~.2V)", or leat C"the A -nput 120
Fig. '  is -a circuitfdiagram of an electri- open-to p110w the - puldown
resister 98 60 ca1~crcuit whch realies the lgic -fun tion  to  cuple VEE
t'heAinput; - And apply of0 Fi.2    rTeairceit of Fi.?hsvr    ormbal ECL
logic 16vels' to th6 B itiput.7 simiai~ o tb  ciruit f t4  1B~Tm rg.  -A
coxftpatisofi ofj thcotivefftio'nal circuit 60pf-Fg.' l  aD  dthe "circdit
'd :Fig  2B 125 



2i ' the A-B -l6gic stag: 12, thet Dlgi       h whibh hfinrporktes o'ne,
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*         X         4- invention- shows that realizing the invention  the
data parity status and the parity of the involves only       changes to the
con-  address bits would be ignored. ventional circuit. -Further the
process steps   :Fig, 31 shows a circuit diagram of thp involved in
manufacturing the ECL. logic  address pa*rity checker which incorporates 5
circuits 'incorporating a duel function input  a dual function input. The
Exclusive OR 70 are the same as show used to manufacture  stage. 132 is
used to form the exclusive OR conventional ECL circuits.  .:            of
A  and Al (AO"AJ). Two similar cit- Fig. 2C is a truth table indicating the
cuitsG(not shown) formthe.. ExclusiveOR logical output at terminal 80 for
the  of A2 and A3, 'and A4 and AS. These Ex- 10 various combinations of the
A and B in-  clusive OR  circuits are commbn in the 75 puts.- '    -.
'    i        emitter coupled logic and well known to Turning now to Fig.
3, an address parity  anyone skilled in the art. A three input checker
circuit which incorporates a dual  Exclusive NOR gate comprses the logic
function input is--used in conjunction: with  circuitry of block 134 in
which the, Ex 15 a data parity checker to provide system   clusive OR
functions AOEDA, A2@A3, 80 parity status. The logic diagram of Fig. 3A
and. A4@A5 are. Exclusively NORed to shows an address parity input AO and
five  gether tq form  the address paiity status. address inputs Al, A2,
'A3,' A4, and A5,  Note that the,  jAOA1 output  comes appearing on input
lines 102, 104, 106,  directly from the ottput of -block 132, but 20 108,
'110, and 112 respectivelyp. InPuts AO  the A,2A3 and.-the A4GAS have been
85 and 'Al are connected to the two- inputs  voltage shifted: one
base-emitter drop for of a dual input Exclusive OR gate 114 and  A 3A3- nd
'two --base emitter-drops for inputs A2 and: A3 form- the -inputs to the
A4S3A5 as'indicafted by. the prime- and dual input- Exclusive -OR  -gate
-116 and  double prime notations. Againithe circuitry 25 inputs A4 and A5
form the inputs -to the  of bldck4 1  isW common in emitter coupled go dual
input Exclusive OR gate, 118. The  logic and wel known to'anyone skilled in
three outputs from  these three Exclusive  the art. Block 136 is the enable
circuit .of' OR gates are in turn fed into the three  the parity  checker
which  receives the inputs of an Exclusive NOR gate 120, the  multiple
valued'input of Attand differenti- 30 output of which forms the address
parity  ates the normal binary "I" and .'.0" -logic 95 status of inputs AO
through AS.: Input AO  states from  a third -logic' state' via dif- is also
connected to the input of special ferential transistors 138 and 140: which
logic gate 122. Output -of gate 122 is  operate in conjunction with the
current ANded with the output gate 120 via AND   source 142. Also an input
biasing resistor 35 gate 124. The- output- of gate '124is fed  144Ais
connected to a bias voltage, in this 100 into one input of dual input OR
gate 126.  case VEE. The enable signal from the en- The other input of the
dual input OR gate  able circuit of block 136 is: collector dotted 126 is
data pant . status appearing at input  with the output of the Eidusive NOR
gate terminal 128.       output of the OR gate  of block 134 and connected
to.the- base 40 126 is. connected the output terminal 130  of one
transistor of--7-the output- stage 146. 105 and represents the systeimpanty
status.  The data .parity status is ,ORed in the.-out- In .operation, the
party AO and'address  put stage 146 in a conventional manner to inputs
A~l-AS oAf. FIG.:3' .are Exclusively  produce a system parity status
at:output OR'd together ii gates 114, 116, 118, and  terminal 130.
-         : 45 120 to form the' normal parity 'tatus of    In operation,
the circuit of Fij. 3B pro- 110 the. address inputs. ' If the address
parity  vides a system parity, status output at ter- status is to be
refilected in the system parity  minal 130 which is a function. of the
status, then normal ECL binary logic levels  address parity status whenever
the. AO in- are applied to theAP. parity bit input. The  put' at terminal:
102 is in: the logical "1" 50 SOlogical "1" or "0",AD input into the
special  or the logical "0" state. That is, whenever 115 logic gate 122
would result in- a  "l" level  the. AO: input is -higher than the VBB" at
the output'of gate' 122 to, in turn, en-  bias voltage of;-2.8 volts,
thenfthe-output able 'AND gate 124  The address' parity  of the
differential pair. of transistors 138 : status would be coupled to. OR gate
126  and 140  ill be 'a high impedance to the 55 to. be OR'd wih the data,
parity status' to output of the NOR gate of-'block-134 tq 120 provide .the
overall system parity status at  allow block 134 in conjunction with block
-  R output'' terminal 130. :,If, however, 'the  132 and the two blocks
similar tobblock system parity status is to be indefpendent  132 to
function as a normal Exclusive NOR 'oaddress parity; then the pA input
would  parity checker - circuit. I  'the AO input 60 be connected to the
minus supply voltage,  drops. below the VBB" bias voltage,'then 125 VEE, of
-:5.2 volts. -This would,- in turn,  the. output of the differenialpait'.of
trans- .. cause..special logic--gate 122: to become a  istors 138 andd 140.
will' causetheoutput logical !"Q'0 at: the output, of- the gate and  from
the Exclusive NOR blkck 134 to be a 



disable AND  gate 124. Thereby the system  low level irrespective of the
other inputs 65 parity status would only be a function of  of the address
paritynstatus-ncircuit. In this 130.    ..                     1586140
5 case the system  parity. status will be a  166. Finally the St input is
ANDed together function. only, of the data parity status;  with the inverse
of the S2 input by a dual Note that if the bias resistor 144 is con- input
AND gate 172 the output of which nected to VEE and there is a-fault in the
enables a dual input AND gate l174 to S input to the AO line such that the
AO  couple the C input to the third input of 70 input becomes disconnected,
then  the  OR gate 166. system  will disregard the address parity    The
operation of the logic diagram in status while in fact there. may actually
be  Fig. 4A is illustrated in the truth table.of parity errors occurring in
the address in-  Fig. 4B. The A input is passed to the out- 10' puts. Thus
'it may be more appropriate to  put at terminal 148 whenever the S1 and 75
connect the bias resistor 144 to a level S2 inputs are both! in the low or
logical above VBB" such as VBB' (-2.1 volts) so  "O" state. Under this
condition the AND that an inadvertent disconnection of the  gate 160 has a
high or logical "1" output AO input will indicate a series of address  to
enable AND gate 162 t6 pass the A data 15 parity errors to alert the user
to a fault in  through output gate 01 166 onto the out- 80 the system.
put terminal 148. In a. similar manner the Note that the multiple valued
input of  B input is enabled wherievet the S1 input Fig. 3B allows the user
to either take  is low and the S2 input is high in which advantage of the
address parity status func-  case AND gate 168 is enabled providing a ZQ:
tion built into a logic -integrated circuit or  logical "I" 'to -AND gate
170 to in turn 85 to bypass the address parity status function  couple the
B input through the OR gate by selecting the appropriate AO input. More
166 to the output terminfial 148. The C specifically if the user wishes to
incorporate  input is coupled to the output whenever the address parity
status into his system  the SI input is high and the 52 input is low 25
parity status, the AO input is driven as a  since AND gate 172 hIts a
logical "1" out- QQ normal parity bit. If on the other hand the  put which
enables AND gate '174. usbr -wishes to ignore the address parity    Fig. -5
shows a third embodiment of the status, he would connect the AO input to
dual function input wherein the logic funt- the VEE power supply of -5.2
volts which  tion shown by the convenioqal logic dia- io would disable the
address parity function.  gram of Fig. 4 is.realized with a reduction 95
Thus it is possible to supply the needs of  in the ndmber of input
terminals from five two users without having to increase the  to three. The
novel circuit is ihown sym pin count on an integrated circuit package.
bolically in the logic diagram of Fig. SA, Conversely it is possible to
include both  electrically in the circuit diagram of Fig. 35 functions in
*a pin limited package by  SB, and logically in the truth table of Fig. 100
taking advantage of a dual function input.  SC. The A input bf Fig. SA. at
terminal Thus the versatility of the logic functions  176 is connected to
three logic gates. The inside the integrated circuit package is im-  first
gate is a three input AND gate 178, proved upon.                  .
the second is a first enable gate 180 and 40 ' The truth table of Fig. 3C
shows the  the third connection is 4a'second enable 105 system parity
status as a function of data  gate 182. The B input appearing at ter-
parity status and the address parity' status  minal 184 is connected to bne
input of a of the AO through A5 inputs.             dual input AND gate 186
and a (C inputt at * Fig. 4 shows a logic diagram and truth  terminal 188
is connected to one input of 45 table' for a one of three data selector. In
another. dual input AND gate 190. The 110 Fig. 4A the output-at terminal
148 is either  output of- the first enabling gate 180 is the A input at
terminal 150, or the B input  coupled to the second of three inputs to at
152, or the C input at 154 depending  AND :gate 178: and is also inverted.
by on the states of the'two select inputs S1, inverter 192-and subsequently
coupled to So at terminal 156, or 52, it teriinal 1S8.'The  the secohd-
input 'of AND gate 186. The 115 S1: and S2 inputs are inverted and ANDed
output of the second enable gate 182 is together -by. a dual input
inverting AND  connected to the third input of the three gate 160 the
output of which in turk 'is  inputt 'AND gate* 178,''&nd 'lto inberted
coupled into one -input of a dual input ANED  by: inverter .194 and
'subsequently CouP led 55 gate 16;2. :-The second -input of AND gate  to
the stcond inplt;bf ANDzgate 190. T   120 162 is the A input tt:rimnal
!150. The but-  out#.its of the three AND gates 178, 186, Out;.of' AND gAte
162 is in turn fed into  and' 190 form the three inputs of the thret bat
of-' three inputs 'of OR gate 166, the  input -OR 'gate; 19' which in turn
drives output bf which is connected to the output the' otAut terminal
198.i:i; 60 tenninal 148. The SI input is inverted and   'T'ooperation; tWe
selection of A or B 125 ANDed together with the S2 input br ia  or C: is
performed by the A ipput. Thus dual Input AND gate 168; :the output of  if
the' A' inpht has a normAl ldgical "0' 



which is fed intb the one input of a dual or logical- 'll"' afid the first
enable 'gate input-AND gate 170 to enable the D input  lIO will havb a "1"?
output, and the secoaid '-5 ats-l52 to -be transferred to the OMing gate
enable gate 182 will fhave a "'1.i" output 130    5/ 6
1 586140                          *: which- will in turn enable the three
input  ated by. biasing networks inside the circuit AND gate 17.8 and also
disable AND gates  but' not shown in the: circuit diagram. 186 and 190 to
in turn: transfer the A      The operation of-the A*buffer of block 20&
function to the output terminal 198. The  of Fig. SB is conventional in
-.dperation and 5 B  input is transferred: to  the. output  provides the
buffered A  input on the .Y 70 terminal  198  whenever  the' A. input
interconnect line. The first enable circuit is: in  a  logical "2"  state
:or  -5.2V.  of block 204. recognizes either voltages on When the A  input
is in the:. logical "2?' the A input which: are greater than -.2.:1 state,
then the first enable gate 180: has a  volts - to enable the buffer of.
block 200; 10 logical "0" output which in turn disables  or voltages on
the: A input which are.less 75 AND gate 178 and also enables AND gate  than
-2.1 volts to disable ~the buffer of 186 via :inverter 192. The' second
.enable  block 200 and also provide a lowlevel'on gate. 182 still has .a
logical "1" output  the Z-interconnect line. The second enable which, after
being inverter 194, disables  gate: of block 218 differentiates A inputs
-15 AND  gate 190. Thus the output at 1ter-  wh -h are greater or less than
-.7 'volts. 80 minal 198 is the same as the output of  When the A input is
greater than -. rvolts, AND gate 186 which.in turn is.the same  the X
interconnect is'pulled low to in turn as the- B input. Finally :the C input
is  allow the C input to be transferred to the selected whenever :the A
input is in the  output. terminal 198. However when the 20 logical "3"
'state or ground  potential.  A input drops below -..7 volts, transistor
85: Under these conditions the first enable gate  220 ceases to conduct
which -provides a 180 has a logical: "l" output which via in- high, input
on the X line thereby disabling vertert 192 disables AND  gate- 186. The
the.C input.. The'output gate of block 202 second enable -gate 182 has. a
logical ;'."0"  combines' the B and C inputs and' the :X, 25 output which
disable's AND gate -178 but  Y  and .Z interconnects of: circuit blocks 90
enables AND. gate. 190. through the in-  200 'and 204; :after the X. Y and
Z inter- verter 194..: Thus -the: C input is'coupled  connects have been
voltage level shifted by through AND gate 190. and OR.gate 196  one
base-emitter drop to- form I',. Y', and onitothe output terminal 19$.     '
Z' respectively asiconventional in. emitter: 30  - Fig. 5B is a circuit
represtntaiton of the  coupled logic, to provide the' appropriate :95
logic: diagram  of Fig; SA. The: logic cir-  data on the output
terrminal.-l98; cuitry -of block 200 is an input: buffer:as is    Fig. 5C
is a truth table of the output for conventional in; the :.art,: while the
circuitry  each 'state of the A; 'B and C inputs of the of block
202'performs the functions of  logic eircuit'of :Fig. 5A and jFigJi 5B. -35
AND gates 178, 186- and l90a-nd OR gate   -The,. circuit -of: Fig. a5
incorporates- .a 10 196 of Fig. 5A. 'Again: the circuitry in
multiple-valued input which: accepts 'fur block 202 is' cdnventional
emitter coupled  logic' states;- two of whichi are'-the normil logic gating
'and well known to anyone  EQ.. logic'l'v"'0" andt logical "1". levels
skilled in the art. What is unconventional  The: other two states are a
high level *'40 is the filst enable gate of block 204 'which  greater than
-.7 volts which a user wduld 1,05 comprises a voltage shifting transistor
206  realize by; tieing. the input -to. VCC;-or the- emitter of which isi
connected ;to a  ground; potential, and  a fourth level -of
biasing'resistor 208. and also' to the -base of  less than -2.1 volts:
which a user would a first 'transistor 210 of a differential;pair  realize
by tyingthe input toNVEE or--5.2 45 of 'transistors;- Transistor 210 is
differentially  volts. The advantage -of the- circuit of Fig. 110 conn
cted: to a second transistor 212 the  5 is that :a five:input
logic.circuit~has bee base of which' is .connected to. bias v~oltage
repIaced by a threer input. logic -circuit VBB" of.:-2.8 volts. The
transistor pair  thereby saving twvo.lnout.'pins on a logic 210 and 212 are
in turn? connected to a  integrated circuit package   - -'    :  ,5'6
current 'source '214' and the. collector' of  : WEiHAT WE CLAIM  IS:' -
'. It transistor 212 '-i connected to a pull-up re-  ':1s A logic .circuit
comprising first input sistor 216 thevother end of whicfr is-con-  meahs
for receiving a. digital'signal,' the hected- to- VCC. - The input shifted
voltage  digital sighal'having at- least three:!discrbte appearing: at' the
emitter. of transistor 206  logic levels','second.input mneans fot rtcbiv-
55 is'also connected 'to block 21& which iom-  ing at'ldast 'one bijaty'
signal; at seast 'mie 120 prises the second enable gate. The A-shifted
enabling: means. coupled' to -;aid first 'in'* input is'connected to the
base: of'transistor  means and responsive.'to.the digital ,sighAl 220
:which forms: az! differential pair with  for generating. at least; one
enable: signWi transistor 222 and' urrent' source 224.' The  and logid
means :coipled' to 'said~'firstvand 666 tollector of transistor 220 is'
conmected to a  second 'input means'and tespoxisive toh h  7125 first
pull-up resistfor 226 and the collector  digithl signal and to the
rateIdast on6'bihr'y 



of transistor 222. is connected, to VCC and  signal, for selectively
'genbIating a-bihvr, the bate of transistor .222 is' 'connected to  butput
'sign' representativ! ,ojie i'o 1a bias. voltdg6 fVBB' of- -1L3 volts. The
bias  plurality of logic fufcticis, said Iegic means 65 voltages 'indicated
in the circuit are genere bbeing.Mrtsponsive toAhec't; leastM'bnC 6iIbW
130    6                                   '   1586140
6 l which will in turn enable the three input ated by biasing networks
inside the circuit AND gate 178 and also disable AND gates  but not shown
in the circuit diagram. 186 and 190 to in turn transfer the A    The
operation of the A buffer of block 200 function to the ou~tput terminal
198. The  of Fig. SB is conventional in operation and 5 B  input is
transferred  to  the  output provides the buffered A input on the Y 70
terminal  198  whenever  the  A  input  interconnect line. The first enable
circuit is in  a logical "2" state or -5.2V.  of block 204 recognizes
either voltages on When the A input is in the logical "2"  the A input
which are greater than -2.1 state, then the first enable gate 180 has a
volts to enable the buffer of block 200; 10 logical "0" output which in
turn disables  or voltages on the A input which are less 75 AND gate 178
and also enables. AND gate  than -2.1 volts. to disable the buffer of 186
via inverter 192. The second enable  block 200 and also provide a low level
on gate 182 still has a logical "1" output the Z interconnect line. The
second enable which, after being inverter 194, disables  gate of block 218
differentiates A inputs IS AND gate 190. Thus the output at ter-  which are
greater or less than .-.7 volts. 80 minal 198 is the same as -the output of
When the A input is greater than. -.7 volts, AND gate 186 which in turn is
the same  the X interconnect is pulled low to in turn as the B input.
Finally the C input is  allow the C input to be transferred to the selected
whenever the A input is in the  output terminal 198. However when the 20
logical "3"  state or ground potential  A input drops below -.7
volts,,transistor 85 Under these conditions the first enable gate  220
ceases to conduct 4hich Provides a 180 has a logical "1" output which via
in-  high input on the X line thereby disabling verter 192 disables AND
gate 186. The  the C input. The output gate of block 202 second enable gate
182 has a logical "0"  combines the B and C inputs and the X, 25 output
which disables AND gate 178 but Y  and Z interconnects of circuit blocks 90
enables AND. gate 190 through the in- 200'and 204, after the X. Y and Z
inter- verter 194. Thus the C input is coupled  connects have been voltage
level shifted by through AND gate 190 and OR gate 196  one base-emitter
drop to form X', Y', and onto the output terminal 198.            Z'
respectively as conventional in emitter 30 - Fig. SB is a circuit
representaiton of the  coupled logic, to provide the appropriate 95 logic
diagram'. of Fig. 5A. The logic cir-  data on the output terminal 198.
cuitry of block 200 is an input bugfr as is   Fig. 5C is a truth table of
the output for conventional in the art, while the'circuitry  each'state of
the A, B and C inputs of the of block 202 performs the 'functions of logic
circuit of Fig. 5A and Fig. 5B. 35 AND gates 178, 186 and 190 and OR gate
The. circuit *of Fig. 5 incorporates a 100 196 of Fig. 5A.-'Again the
circuitry in  multiple-valued input which accepts four block 202 is
conventional emitter coupled  logic states, two- of which are the normal
logic gating 'and well known to anyone  ECL'logicalI:- "0". and' logical
"1" levels. skilled in the art. What is unconventional  The other two
states are a high level -40 is the first enable gate of block 204 'which
greater than -.7 volts which a- user would 105 comprises- a voltage
shifting transistor 206  realize by tieing the input to VCC or the emitter
of which- is connected to -a  ground -potential, -and a fourth level of
biasing resistor 208.and also -to the base of  less than -21- volts which a
user would a first transistor 210 of a differential pair -realize.by tying
the input to VEE or -5.2 45 of transistors. Transistor 210 is
differentially  volts. The advantage of the circuit of Fig. 110 connxcted-
to a second transistor 212 the  5 is that- a five input logic circuit has
bedri base of which is connected to. bias'voltage  replaced by a three;
input logic circuit VBB" of. - -2.8 volts. The transistor pair  thereby
saving two input pins on a logic 210 and 212 are in turn': connected to a
integrated circuit package.   : 506 current 'source 214' and the collector
of    WHAT WE -CLAIM  IS:             i. t traxieistor -212 is connected to
aL pull-up re-   U 1. A logic 'circuit: comprising first input sistdr 216
the: othbr end of which is con-  means for receiving a -digital signal, the
hected-- toe VCC.. The 'input shifted. voltage  digital signal having at
least three discrete appearing at -the emitter of transistor'206  logic
levels, second -input means for receiv- '55 is -'also connected'to block
218 -which dom- ing atleast'one binary signal, at least one 120 prises the
second enable gate. The A shifted  enabling means. coupled to said first
inpht input is connected to the base. of 'transistor  means and responsive.
to: the :digital' signal - 220 which forms' a differential 'pair with for
generating at least one enable signal transistor 222 and currbnt` source
224. The  and logic medns coupled' to 'said firsthand 60 collector of
trailsistor.220 is- cmnnected to a 'ecofnd input means and responsive to
the 125 



first- pull-up resistor 226 and the collector  digital signal- and to the
at -least one' binary of transistor '222. is connected to VCC arid  signal
for selectively genetating a binary the base of transistor 222 is connedted
to  output 'signal representative' of one -'o'f a bias-voltage VBB--of -1.3
volts.- The bias  plurality of logic functions, said logic means - 65
voltages indicated in the circuit are jener- being responsive to' the .at
least -bne enable 130 ag
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L   H   S   * t signal for determining which logic function  differentially
coupled transistor switches. of the plurality of logic functions is repre-
8. A logic circuit as claimed in claim 4 sented by the binary output
signal.       wherein said first and second semiconductor 55 2. A logic
circuit as claimed in claim 1  switching means each comprise emitter- 5
wherein said at least one enabling means  coupled logic circuits. comprises
first semiconductor switching    9. A logic circuit comprising first means
means coupled to said first input means  for receiving a digital signal,
the digital and responsive to the digital signal for  signal having at
least three logic levels, 60 causing the at least one enable signal to
first switching means for implementing a 10 indicate an occurrence of the
digital signal  first binary logic function, said first switch- being in a
first logic level among the at  ing means being coupled to said first means
least three discrete logic levels.        and being responsive to the
digital signal 3. A logic circuit as claimed in claim 2  such that the
first binary logic function is 65 wherein said first semiconductor
switching  dependent upon whether the digital signal 15 means is adapted to
receive a reference  is in a first or in a second logic level, signal, said
first semiconductor switching  second switching means for implementing
means being operative to compare the digi-  a second binary logic function,
said second tal signal to the reference signal in order  switching means
being responsive to at 70 to detect an occurrence of the digital signal
least one binary input signal, the second 20 being in the first logic
level.           binary logic function being independent of 4. A logic
circuit as claimed in claim 2  the digital signal enable means coupled to
wherein said logic means includes second  said first means and responsive
to the digital semiconductor switching means coupled to  signal for
generating an enable signal, said 75 said first input means and responsive
to the  enable means being effective to discern 25 digital signal for
generating at least one of  the first and second logic levels of the the
plurality of logic functions, said second  digital signal from  at least a
third logic semiconductor  switching  means  being  level of the digital
signal such that the operative to detect a transition of the  enable signal
is in a first state when the 80 digital signal between a second logic level
digital signal is in the first or second logic 30 and at least a third
logic level among the  levels and in a second state when the digital at
least-three logic levels.              signal is in the at least third
logic level, 5. A logic circuit as claimed in claim 4  and output means
coupled to said first and wherein said second semiconductor switch-  second
switching  means for selectively 85 ing means is adapted to receive a
reference  generating a binary output signal, said 35 signal, said second
semiconductor switching  output means being  responsive to  the means being
operative to compare the  enable signal such that the binary output digital
signal to the reference signal in  signal is representative of the first or
order to detect the transition of the digital second binary logic function
in accordance 90 signal between the seecond and at least  with the enable
signal being in the first 40 third logic levels.                        or
second state, respectively. 6. A logic circuit as claimed in claim 4    10.
A logic circuit as claimed in claim wherein said logic means is adapted to
9 wherein said first and second switching select said at least one of the
plurality of  means and said enable means each comprise 95 logic functions
generated by said second  differentially coupled transistor circuits. 45
semiconductor switching means for repre-    11. An emitter coupled logic
circuit sub- sentation by the binary output signal only  stantially as
hereinbefore described and as when the at least one enable signal indicates
shown in the accompanying drawings. that the digital signal is not in the
first          For the Applicants: logic level.
F. J. CLEVELAND & COMPANY 50   7. A logic circuit as claimed in claim 4
(Chartered Patent Agents), wherein  said  first  and  second  semi-
40/43 Chancery Lane, conductor switching means each comprise
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