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[57] ABSTRACT 

A bus-switch which permits data-transmission with 
ampli?cation therethrough in a predetermined one of 
two directions. Transmission in the established direc 
tion is maintained regardless of conditions at the out 
put side of the switch until data applied to the switch 
from such direction ceases. This is achieved by a logic 
network which includes memory means for remember 
ing the direction of transmission which has priority. 
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BLDIRECTIONAL AMPLIFYHNG BUS-SWKTCH 

The present invention relates to a bi-directional am 
plifying bus-switch. 
There are many instances in the data-transmission art 

when it is necessary or desirable to transmit data in op 
posite directions and with ampli?cation along a bus 
line. This requires two amplifying functions — one for 
amplifying data transmitted in one direction and the 
other for amplifying data transmitted in the opposite 
direction. This use of two ampli?ers in a single loop 
gives rise to a serious oscillation problem, and it is this 
problem which the present invention seeks to avoid. 
According to the present invention there is provided 

a bi-directional bus switch circuit having first and sec 
ond terminal means for series connection into a bus 
line, ?rst amplifying gate means having its input con 
nected to said ?rst terminal means, second logic gate 
means having ?rst, second and third inputs, its second 
input connected to the output from said ?rst amplifying 
gate means, enabling means and memory means for 
said circuit, the ?rst and third inputs of said second 
logic gate connected to said enabling means and said 
memory means respectively, the output from said sec 
ond logic gate means connected to said second termi 
nal means, third amplifying gate means having its input 
connected to said second terminal means, fourth logic 
gate means having ?rst, second and third inputs, its sec 
ond input connected to the output from said third am 
plifying gate means, said ?rst and third inputs of said 
fourth logic gate connected to said enabling means and 
said memory means respectively, the output from said 
fourth logic gate means connected to said ?rst terminal 
means, whereby, when the direction of data transmis 
sion is established from one of said ?rst and second ter 
minal means to the other, said memory means applies 
and maintains an input to the respective logic gate asso 
ciated with said direction of data transmission such that 
the output level thereof corresponds to the input level 
at said one terminal means when an enabling signal is 
applied to the ?rst input of said respective logic gate, 
said memory means further applying and maintaining 
an input to the other said logic gate such that the out 
put thereof is constant regardless of the data input level 
at said other of said ?rst and second terminal means, 
said memory means so functioning untilv the flow of 
data transmission in said established direction ceases. 

In a preferred embodiment of the invention, said 
memory means comprises seventh and eighth NAND 
gate means each having ?rst and second inputs, said 
?rst input of said seventh NAND gate means connected 
to said first terminal means and said second input of 
said seventh NAND gate means connected to said sec 
ond input of said fourth NAND gate means, said ?rst 
input of said eighth NAND gate means connected to 
said second terminal means and said second input of 
said eighth NAND gate means connected to said sec 
ond input of said second NAND gate means, the output 
of said seventh NAND gate means connected to a ?rst 
inverting input of a fifth OR gate means, the output of 
said ?fth OR gate means connected to a second invert 
ing input of a sixth OR gate means, said sixth OR gate 
means having its output connected to a second invert 
ing input of said ?fth OR gate means and said sixth OR 
gate means having a second inverting input connected 
to the output of said eighth NAND gate means, the out 
puts of said ?fth and sixth OR gate means being con 
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2 
nected to the third inputs of said fourth and second 
NAND gate means respectively. 
By De Morgan’s theorem, the invention also encom 

passes the obvious logical equivalents of the foregoing 
circuit elements and combinations thereof. 
According to yet a further embodiment of the inven 

tion, a bi-directional bus-switch circuit comprises first 
and second terminal means for series connection into 
a bus-line, each of said ?rst and second terminal means 
resistively coupled to means for connection to a power 
supply rail, said ?rst terminal means connected through 
a fifth controllable switch means to means for connec 

tion to a reference ground potential rail and said sec 
ond terminal means connected through a seventh con 

trollable switch means to means for connection to said 
reference ground potential rail, ?fth and sixth diode 
means series connected between said ?rst terminal 
means and the control electrode of a third controllable 
switch means, second and third diode means series con 
nected between said second terminal means and the 
control electrode of a fourth controllable switch 
means, ?fth resistive means connected between means 
for connection to said potential supply rail and fourth 
diode means, the junction between said ?fth resistive 
means and said fourth diode means being connected 
through said third controllable switch means to the 
control electrode of an eighth controllable switch 
means, said junction between said ?fth resistive means 
and said fourth diode means beingfurther connected 
through ?rst and sixth controllable switch means to 
means‘for connection to said reference ground poten 
tial rail, sixth resistive means connected between 
means for connection to said potential supply rail and 
firstdiode means, the junction between said sixth resis 
tive means and said ?rst diode means being connected 
through said fourth controllable switch means to the 
control electrode of said sixth controllable switch 
means, said junction between said sixth resistive means 
and said ?rst diode means being further connected 
through second and said eighth controllable switch 
means to means for connection to said reference 

ground potential rail, the side of said fourth diode 
means remote from said ?fth resistive means connected 
to the control electrode of said second controllable 
switch means and the side of said ?rst diode means re 
mote from said sixth resistive means connected to the 
control electrode of said ?rst controllable switch 
means, the junction of said ?rst and sixth controllable 
switch means connected to the control electrode of 
said ?fth controllable switch means and the junction of 
said second and eighth controllable switch means con 
nected to the control electrode of said seventh control 
lable switch means, third and fourth resistive means 
connecting the junctions between said ?fth and sixth 
and said second and third diode means respectively to 
means for connection to said potential supply rail and 
means connected to the control electrodes of said third 
and fourth controllable switch means for connection to 
a pulse potential supply means for selectively enabling 
and disabling said third and fourth controllable switch 
means. i 

in yet a further embodiment of the invention the 
aforesaid controllable switch means are bipolar transis 
tors, the diode means are diodes and the resistive 
means are resistors. 
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The invention will now be described further by way 
of example only and with reference to the accompany 
ing drawings, wherein: 
FIG. 1 shows a bi-directional circuit with amplifica 

tion according to the prior art; 
FIG. 2 shows the prior art circuit of FIG. 1 with logic 

gates inserted therein according to the present inven 
tion; and 
FIGS. 3, 4, 5(a, b and c), 6, 7 and 8 show bus-switch 

circuits according to various embodiments of the in 
vention. ' 

Referring now to the drawings, and particularly FIG. 
1 thereof, there is shown a bus line having terminals A 
and B and two ampli?ers l0 and 1 I connected in paral 
lel and inserted in the line, ampli?er 10 for amplifying 
data transmitted from B to A and ampli?er 11 for am 
plifying, data'transmitted from A to B. Immediately it 
will be seen that the loop formed by these ampli?ers 
will quickly cause oscillation, effectively blocking ac 
curate data transmission in either direction. 

In they present invention, amplifier 11 is e?‘ectively 
disabled while data is being transmitted from B to A 
and amplifier 10 is disabled while data is being trans— 
mitted from A to B. This is accomplished by inserting 
a logic gate 12 or 13 in series with each respective am 
pli?er, as shown in FIG. 2. One input to logic gate 12 
is connected to terminal B and the other input to a ter 
minal C. Similarly, one input to logic gate 13 is ‘con 
nected to terminal A and the input to a terminal D. Ter 
minals C and D are connected to memory means for re 
membering which direction data transmission has been 
established and for ensuring that the logic gate control 
ling data flow in that direction remains enabled and the 
logic gate controlling data flow in the opposite direc 
tion is disabled until data flow in the originally estab 
lished direction ceases. 

In FIG. 2, gates 12 and 13 are shown as AND gates, 
but they may be any of the well known logic function 
gates depending upon the nature of the signals applied 
to terminal C and D from the memory means. 

In the following description logic gates are exten 
sively involved. Therefore, before proceeding further, 
a de?nition of' such gates is given at this point. 
A NAND gate is one wherein a LOW output is ob 

tained only if all inputs are HIGH — otherwise the out 
put is HIGH. ‘ 

An OR gate is one wherein a HIGH output is ob 
tained only if one or more inputs are HIGH. 
A realization of the circuit of FIG. 2 is shown in FIG. 

3. The ampli?er 10 and gate 12 of FIG. 2 are replaced 
in FIG. 3 by a NAND gate G4 and an amplifying in 
verter G3. Similarly, the ampli?er l1 and gate 13 are 
replaced by a NAND gate 702 and an amplifying in 
verter 0,. An enabling input signal source for gates G2 
and G, is connected to terminal T1. The third inputs of 
gates G2 and G4 are connected to a memory means M1, 
M2. 

In FIG. 4, the memory means comprises a. flip-?op 
comprising two cross-coupled inverting input OR gates 
G5 and G8, the output node I of G5 being connected to 
an input to G, and the output node II of G8 being con 
nected to an input to G2. The second input of inverting 
input OR gate 0,, is connected to the output of a 
NAND gate (3-,, one input of which is connected to ter 
minal A and the other is connected to the output of G3. 
Similarly, the second input of inverting input OR gate 
6,, is connected to the output of a NAND gate G8, one 
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4 
input of which is connected to terminal B and the other 
is connected to the output of G1. 
The circuit operates as follows. Initially, both termi 

nals A and B are pulled to a potential HIGH rail 
through resistors R1 and R2 and terminals T2 and T3. 
Let terminal B now be pulled to LOW condition by ap 
plication of data thereto. Now G7 inputs are HIGH (de 
rived from the output of G3) and HIGH (derived from 
terminal A). The output of G7 is therefore LOW, which 
is applied to the inverting input of G5. The output of G5 
-—- and therefore node I -— is HIGH, and node II is con 

sequently LOW. The inputs to G, are now HIGH (de 
rived from node I), HIGH (derived from G3) and — 
when'T1 is fed- with a HIGH enabling signal — HIGH. 
Therefore, an ampli?ed LOW signal is obtained at the 
output of G4. Checking G2, the input derived from node 
II is LOW and the output is therefore HIGH — i.e., G2 
is disabled. ‘ 

Regardless of terminal A now going LOW, the input 
to G8 derived from terminal 8 is LOW until the condi 
tion of this terminal changes. Therefore the output 
from G, remains HIGH, ensuring two HIGH inputs to 
G6 and ensuring a LOW output therefrom at node II. 
Thus, the switch maintains its transmission of data from 
B to A, regardless of the state of terminal A, until ter 
minal B returns to a HIGH level. 

It will be appreciated that the logic circuit of FIG. 4 
may equally well be represented in terms of its logic 
equivalents. For example, gate 6, could be an AND 
gate and the input of gate G5 made non-inverting. Tak 
ing this variation further, gate G5 could have both in 
puts non-inverting and the output inverting, whereupon 
the input to 6., connected to node I would be inverting. 
The second input to G, can also be inverting if the input 
to G1 connected thereto is inverting and G3 is non 
inverting. The third input to G4 can be inverting if the 
enable input from T1 is LOW instead of HIGH. Now we 
have three inverting inputs to G, and an inverting out 
put‘. This is, of course, by De Morgan’s theorem, an OR 
gate. Exactly equivalent substitutions and modi?ca 
tions to the remaining gates in the circuit can be made 
having regard to the symmetry of the circuit. Also, ac 
cording to De Morgan’s theorem, the logical inverse 
function with HIGH and LOW states interchanged may 
be constructed. 
FIG. 5A shows each of gates G1 to G8 inclusive of 

FIG. 4 in circuit block form. Each gate comprises a 
controllable switch means 8,, having multiple inputs 1,, 
I2, I3 . . . etc. The number of inputs provided is depen 
dant upon the number of inputs required —- i.e., G1 and 
(3:; only have one operative input, G2 and G4 have three 
operative inputs and G5 to G8 inclusive have two opera 
tive inputs. All operative inputs must be HIGH before 
an output from S9 is obtained. The control electrode of 
S9 is connected through resistive means R1 to a poten 
tial supply rail PSR. The output of S9 is connected to 
the control electrode of a controllable switch means 
S10, the input of which is connected through resistive 
means R8 to potential supply rail PSR and the output 
of which is connected through resistive means R9 to ref 
erence ground potential. The output O/P from the gate 
is derived from the input of S“). The circuit operates as 
follows. When all inputs 1,, I2, 1:, . . . are HIGH an output 

is derived from 8,, which enables Sm. The output node 
0/? derived from the potential supply rail PSR and 
which would normally be HIGH is now pulled down to 
LOW condition since S m is draining current to ground. 
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Therefore 0/? is LOW when all of 1,, 12, I3 . . . etc. are 
HIGH. ’ 

The circuit of FIG. 5A may be conveniently realized 
in two TTL (transistor-transistor-logic) forms, the ?rst 
of which is shown in FIG. 5B and is applicable to gates 
G1, G3 and G5 to GB of FIG. 4 inclusive. Switch 5,, of 
FIG. SA is now realized by transistor Q15, which has 
multiple emitters connected to inputs I1 and I2. Obvi 
ously, as many emitters as are required may be pro 
vided. The second switch means of FIG. 5A is realized 
by the network comprising transistors Q16, Q" and Q18, 
diode D9 and resistors R8, R9, Rm and R“. When all of 
I,, I2 . . . etc are HIGH, an output is derived from Q15 
which is applied to the base of Q16 enabling 0,6. The 
values of resistors R8 and R10 are such that when Q16 is 
conducting, sufficient charge is applied to the bases of 
Q" and 0,8 to enable them. Now the output node is 
connected to the PSR rail through resistor R9 and diode 
D9 and to the ground rail through resistor R1,. The ratio 
of the series combination of R9 and D9 to R11 is so 
chosen that in this condition, the output node will be 
nearer ground, i.e., LOW. Suppose now that any or all 
of l1, l2 . . . etc. are LOW. Now the output from Q15 Will 

be LOW and Q16 will be disabled. In this situation 
charge will be applied to the base of Q17 and Q11 Will be 
enabled. Clearly, Q18 will be disabled. Now, the output 
node swings HIGH as current is drawn from PSR 
through R9 and D9. 
Turning now to FIG. 5C, an open-collector TTL gate 

which may be used for switches G2 and G, if FIG. 4 is 
shown. Transistors Q15, Q18 and Q15 are similar to those 
of FIG. 5B and are likewise designated. However, bear 
ing in mind the function of each of gates G2 and G4 is 
to selectively pull the nodes of respective terminals A 
and B LOW (see FIG. 4), the circuit of FIG. 5C has an 
open-collector configuration for output transistor Q18. 
Thus, when all inputs 1,, I2 . . . etc. of Q15 are HIGH, Q16 
is enabled and with resistors RE and R10 appropriately 
ratioed Q19 is also enabled. As a result the output node 
O/P is connected to ground and related terminal A (for 
G4) or B (for G2) is also connected to ground. If now 
any or all of I,, I2 . . . etc. are LOW, Q16 is disabled and 

as a result, Q18 is also disabled, thereby allowing output 
node 0/? to rise. 

Referring now to FIG. 6, a circuit in block form ac 
cording to a further embodiment ‘of the invention has 
terminals A and B for connection into a bus-line. Nor 
mally, each of terminals A and B is held HIGI-I, being 
pulled to the value of a potential supply rail PSR 
through a resistor R, or R2 respectively. Terminal A is 
also connected through a controllable switch means S5 
to a reference ground potential rail. Series connected 
between the potential supply rail PSR and a reference 
ground potential rail are a resistive means R5, a control 
lable switch means S1 and a controllable switch means 
Se respectively. The control electrode of controllable 
switch means S5 connected to the junction between S, 
and S6. The junction between R5 and S1 is connected 
through a diode means D4 to the control electrode of 
a controllable switch means S2. Series connected be 
tween the potential supply rail PSR and ground are re 
spectively a resistive means Re, the controllable switch 
means S2 and a controllable switch means S8. The junc 
tion between R6 and S2 is connected through a diode 
means D1 to the control electrode of controllable 
switch means 5,. Terminal B is connected through a 
controllable switch means S1 to the reference ground 
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6 
potential rail and the control electrode of S1 is con 
nected to the junction of S2 and S8. The junction of D, 
and R6 is connected through a controllable switch 
means 8., to the control electrode of S6 and the junction 
of R5 and D4 is connected through a controllable switch 
means 5;, to the junction of S8. The control electrode of 
S4 is connected through back-to-back diodes D2 and D3 
to terminal B and the control electrode of S3 is con 
nected through back-to-back diodes D5 and D6 to ter 
minal A. The control electrodes of S3 and 5., are also 
connected to an enable/disable signal supply source, 
designated E,E. The junction between diodes D2 and D3 
is connected through resistive means R4 to the PSR rail 
and the junction between diodes D5 and D e is con 
nected to the PSR rail through resistive means R3. 
Referring to FIG. 7, a realization of the circuit of 

FIG. 6 is shown. Again, each of terminals A and B is 
normally held I-lIGI-l, being pulled up to the potential 
supply rail PSR through a resistor R1 or R2 respectively. 
Typically, the potential supply rail is at +5 volts. Termi 
nal A is also connected through the collector-emitter 
path of a transistor Q5 to a reference ground potential 
rail. The base of Q5 is connected through the emitter 
collector path of a transistor 0, to a diode D4 and one 
end of a resistor R5, the other end of which is con 
nected to the potential ‘supply rail. The base of O5 is 
also connected through the collector-emitter path of a 
transistor O6 to the reference ground potential rail. The 
base of O6 is connected through the emitter-collector 
path of a transistor Q4 and a diode D1 to the base of 
transistor 0,. The base of transistor 0., is connected to 
terminal B through back-to-back diodes D2 and D3, the 
junction between said diodes being connected to the 
potential supply rail through a resistor R4. 
Terminal B is connected through the collector 

emitter junction of a transistor O7 to a reference 
ground potential rail. The base of Q, is connected 
through the emitter-collector path of a transistor Q2 to 
diode D1 and one end of a resistor R6, the other end of 
which is connected to the potential supply rail. The 
base of Q, is also connected through the collector 
emitter path of a transistor O8 to the reference ground 
potential rail. The base of transistor O8 is connected 
through the emitter-collector path of a transistor Q3 
and diode D4 to the base of transistor Q2. The base of 
transistor O3 is connected through back-to-back diodes 
D5 and D8 to terminal A, the junction between D5 and 
D8 being connected to the potential supply rail through 
a resistor R3. 
The base electrode of each of transistors Q3 and Q, 

is connected to a disabling signal input E, E. This is de 
rived from a suitable input buffer accepting standard 
input logic signals and delivering current outputs into 
Q3 and Q4 base electrodes when it is desired that no 
transmission of data in either direction shall occur. This 
current turns on Q3 and Q4 and, hence, Q6 and Q8, en 
suring that Q1, Q5, Q2 and Q, are all disabled. This in 
hibits transmission of data in either direction. 
Suppose now however, that the disabling current is 

not fed to Q3 and Q4. The circuit then operates as fol 
lows. Let both the inputs at A and B be I-IIGI-l. Suppose 
the input B now goes LOW. Current is now drawn 
through resistors R2 and R4. Assume that LOW level is 
reference ground potential and that one diode potential 
drop VD is approximately equivalent to one base 
emitter potential drop in any conducting transistor, i.e., 
VBE. When B was HIGH, the potential at the anode of 
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diode D3 was'3VBE (one diode drop across D2, and one 
V85 drop across each of Q4 and Q6)- When B goes 
LOW approaching zero the potential at the anode of D3 
is now only VD -— i.e., the drop across D3. Thus, the po 
tential at the base of Q, is essentially at ground'and Q, 
is therefore disabled. Thus, no potential appears at the 
base of Q8‘ and O6 is disabled. Because Q, is disabled 
current in Re can now flow into the path comprising 
diode D1 and the base-emitter junctions of Q, and Q5. 
Transistor 0,, now conducts, pulling terminal A down 
to reference ground potential. Since A is now at refer 
ence ground potential —- or LOW —- the potential at 

the base of Q3 goes to approximately ground, disabling 
Q3 and hence Q8. However, since there is still a current 
path through diode D1 and the base-emitter junction of 
Q, and Q; to ground, the junction of resistor R5 and the 
collector of 01 are only one VBE drop through Q5 above 
ground potential. Thus, the potential appearing at the 
base of Q2 is essentially zero, since there is a diode drop 
across D4. Thus, no current path is established through 
02 and Q1 remains disabled, maintaining point B in iso 
lation from the reference ground potential rail. There 
fore, transmission of data through the circuit from B to 
A is established regardless of the state of terminal A, 
until either a disabling signal is inputted or terminal B 
goes HIGH again. ~ 

Turning now to FIG. 8, there is shown a further em 
bodiment of the invention wherein the novel bi 
directional bus switch is in circuit form particularly 
suitable for integrated circuit fabrication techniques. 
The circuit, is similar to that of FIG. 7 and like elements 
in FIGS. 7 and 8 are designated by like references. 
The circuit of FIG. 8 contains the following elements 

which do not appear in FIG. 7. Schottky diodes SD1 
and SD2 connected between the reference ground po 
tential rail and terminals A and B respectively are anti 
ringing devices which clamp the input line to one 
Schottky diode drop below reference ground potential. 
Transistors Q13 and Q“ are used in place of diodes D5 
and D3 respectively, reducing the input current re 
quired. The only input current required is the base cur 
rent drive on each of (I)11 and Q12. Transistor Q, and 
diode D1 in H6. 7 are replaced by transistors Q11 and 
O8 in H6. 8. Similarly, transistors Q10 and Q12 replace 
transistor Q2 and diode D4 in FIG; ‘7. ‘The purpose of 
these substitutions is to provide Darlington pairs Q9, 
Q1, and Q10, 012, which are faster switching, easier to 
fabricate in integrated —- circuit form and have'better 
gain characteristics than the transistor -—_ diode combi 
nation. Each of resistors R9, R10, R“ and R12 are to em 
sure that the transistors with which they are associated 
— i.e., Q9, Q10, Q4 and Q3 —- are more rapidly and com 
pletely disabled by pulling their base towards to refer 
ence ground potential. Finally, it will be noted that the 
majority of transistors used in the circuit of FIG. 8 are 
Schottky clamped transistors, which provide faster 
switching than conventional types. 
Various alternatives and modi?cations to the em 

bodiments disclosed herein will be readily apparent to 
those skilled in the art without departing from the spirit 
and scope of the invention as described by the disclo 
sure and de?ned by the claims appended hereto. 
What is claimed is: 
ll. A bi-directional bus switch circuit having ?rst and 

second terminal means for series connection into a bus 
line, ?rst amplifying gate means having input and out 
put parts, its input part connected to said ?rst terminal 
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8 
means, second logic gate means having an output part 
and first, second and third input parts, its second input 
part connected to said output part of said first amplify 
ing gate means, enabling means and memory means for 
said circuit, said ?rst and third input parts of said sec 
ond logic gate means connected to said enabling means 
and said memory means respectively, said output part 
of said second logic gate means connected to said sec 
ond terminal means, third amplifying gate means hav 
ing input and output parts, its input part connected to 
said second terminal means, fourth logic gate means 
having an output part and ?rst, second and third input 
parts, its second input connected to the output from 
said third amplifying gate means, said first and third in 
puts of said fourth logic gate connected to said enabling 
means and said memory means respectively, said out 
put part of said fourth logic gate means connected to 
said first terminal means; 
whereby, when the direction of data transmission is 

established from one of said ?rst and second termi 
nal means to the other, said memory means applies 
and maintains an input to the respective logic gate 
associated with said direction of data transmission 
such that the output level thereof corresponds to 
the input level at said one terminal means when an 
enabling signal is applied to the ?rst input part of 
said respective logic gate, said memory means fur 
ther applying and maintaining an input to the other 
said logic gate such that the output thereof is cons 
tant regardless of the data input level at said other 
of said ?rst and second terminal means, said mem 
ory means so functioning until the flow of data 
transmission in said established direction ceases; 

2. The invention as de?ned in claim 1 wherein the 
?rst and third amplifying gate means are inverting 
gates, and wherein the second and fourth logic gate 
means are NAND gates. 

3. The circuit of claim 2 wherein said memory means 
comprises seventh and eighth logic gate means each 
having ?rst and second input parts, said ?rst input part 
of said seventh logic gate means connected to said first 
terminal means and said second input part of said sev 
enth logic gate means connected to said second input 
part of said fourth NAND gate means, said ?rst input 
part of said eighth logic gate means connected to said 
second terminal means and said second input part of 
said eighth logic gate means connected to said second 
input part of said second NAND gate means, said mem 
ory means also comprises a ?fth and sixth logic gate 
means cross connected as a storage element or flip 
?op, the output part of said seventh logic gate means 
connected to a ?rst input part of the ?fth logic gate 
means, the output part of said ?fth logic gate means 
connected to a second input part of the sixth logic gate 
means, said sixth logic gate means having its output 
part connected to a second input part of said fifth logic 
gate means and said sixth logic gate means having a 
?rst input part connected to the output part of said 
eighth logic gate means, the output parts of said fifth 
and sixth logic gate means being connected to the third 
input parts of said fourth and second NAND gate 
means respectively; 

4. The circuit as de?ned in claim 3 wherein the sev 
enth and eighth logic gate means are NAND gates and 
wherein the ?fth and sixth logic gate means are OR 
gates with inverting input parts. 
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5. The circuit as de?ned in claim 3 wherein the sev 
enth and eighth logic gate means are NAND gates and 
wherein the ?fth and sixth logic gate means are AND 
gates with inverting input parts. 

6. The circuit as de?ned in claim 3 wherein the sev 
enth and eighth logic gate means are NAND gates and 
wherein the ?fth and sixth logic gate means are NAND 
gates. 

7. The circuit as de?ned in claim 3 wherein the sev 
enth and eighth logic gate means are NAND gates and 
wherein the ?fth and sixth logic gate means are NOR 
gates. 

8. The invention as de?ned in claim 2 wherein said 
memory means comprises seventh and eighth logic gate 
means, each having ?rst and second input parts, said 
?rst input part of said seventh logic gate means con 
nected to said ?rst terminal means and said second 
input part of said seventh logic gate means connected 
to said second input part of said fourth NAND gate 
means, said ?rst input part of said eighth logic gate 
means connected to said second terminal means and 
said second input part of said eighth logic gate means 
connected to said second input part of said second 
NAND gate means, said memory means also comprises 
a ?fth and a sixth logic gate means cross connected as 
a storage element or ?ip-?op, the output part of said 
seventh logic gate means connected to a ?rst input part 
of the ?fth logic gate means, the output part of said 
?fth logic gate means connected to a second input part 
of the sixth logic gate means, said sixth logic gate 
means having its output part connected to a second 
input part of said ?fth logic gate means and said sxith 
logic gate means having a ?rst input part connected to 
the output part of said eighth logic gate means, the out 
put parts of said ?fth and sixth logic gate means being 
connected to the third input parts of said second and 
fourth NAND gate means respectively.‘ 

9. The circuit as de?ned in claim 8 wherein the sev 
enth and eighth logic gate means are AND gates and 
wherein the ?fth and sixth logic gate means are NOR 
gates. 

10. The circuit as de?ned in claim 8 wherein the sev 
enth and eighth logic gate means are AND gates and 
wherein the ?fth and sixth logic gate means are NAND 
gates. 

11. The circuit as de?ned in claim 8 wherein the sev 
enth and eighth logic gate means are AND gates and 
wherein the ?fth and sixth logic gate means are OR 
gates with inverting input parts. 

12. The circuit as de?ned in claim 8 wherein the sev 
enth and eighth logic gate means are AND gates and 
wherein the ?fth and sixth logic gate means are AND 
gates with inverting input parts. 

13. The invention as de?ned in claim 1 wherein the 
first and third amplifying gate means are non-inverting 
gates, and wherein the second and fourth logic gate 
means are NOR gates. 

14. A bi-directional bus switch circuit comprising 
?rst and second terminal means for series connection 
into a bus-line, each of said ?rst and second terminal 
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means resistively coupled to means for connection to 
a power supply rail, said ?rst terminal means connected 
through a ?fth controllable switch means to means for 
connection to a reference ground potential rail and said 
second terminal means connected through a seventh 
controllable switch means to means for connection to 
said reference ground potential rail, ?fth and sixth 
diode means series connected between said ?rst termi 
nal means and the control electrode of a third control 
lable switch means, second and third diode means se 
ries connected between said second terminal means 
and the control electrode of a fourth controllable 
switch means, ?fth resistive means connected between 
means for connection to said potential supply rail and 
fourth diode means, the junction between said ?fth re 
sistive means and said fourth diode mean's'being con 
nected through said third controllable switch means to 
the control electrode of an eighth controllable switch 
means, said junction between said ?fth resistive means 
and said fourth diode means being further connected 
through ?rst and sixth controllable switch means to 
means for connection to said reference ground poten 
tial rail, sixth resistive means connected between 
means for connection to said potential supply rail and 
?rst diode means, the junction between said sixth resis 
tive means and said ?rst diode means being connected 
through said fourth controllable switch means to the 
control electrode of said sixth controllable switch 
means, said junction between said sixth resistive means 
and said ?rst diode means being further connected 
through second and said eighth controllable switch 
means to means for connection to said reference 
ground potential rail, the side ‘of said fourth diode 
means remote from said ?fth resistive means connected 
to the control electrode of said second controllable 
switch means and'the side of said ?rst diode means re 
mote from said sixth resistive means connected to the 
control electrode of said ?rst controllable switch 
means, the junction of said ?rst and sixth controllable 
switch means connected to the control electrode of 
said ?fth controllable switch means and the junction of 
said second and eighth controllable switch means con 
nected to the control electrode of said seventh control 
lable switch means, third and fourth resistive means 
connecting the junctions between said ?fth and sixth 
and said second and third diode means respectively to 
means for connection to said potential supply rail and 
means connected to the control electrodes of said third 
and fourth controllable switch means for connection to 
a pulse potential supply means for selectively enabling 
and disabling said third and fourth controllable switch 
means. ‘ 

15. The circuit of claim 14 wherein said controllable 
switch means are .bipolar transistors. 

16. The circuit of claim 14 wherein said diode means 
are diodes. 

17. The circuit of claim 14 wherein said resistive 
means are resistors. 

* * * * * 


