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 New York City, New Nork State, - United
- States of America, "a-Corporation ‘organized
and existing: under: thi ws “of: ‘the’ State
of New York, United:Statestos Anmierica; ‘do
hereby declare the ifwvexti: n, for.which we
pray that a patentmay be
: it-is 10 be- per-

by the following statemiéent;— -
* This invention relates'to flip-flop -arrange-
metns such as for registets for .data pro-
cessing machines, ... u-.
- It is generally not disputed that in p
gram: controlled processofs -execution time
.. /15:at a prentiumy. and: thatitis advantageous
.- .';to perform data’ processing operations with-
- the. shortest possibl e, It is well
known that data ‘may.'b¢ ‘selectively trans.

' rality of registers

nnetcing data bus which-comprises a plur-
- ality’ of : individual:- conidiictors. .~ Further-
' ~more, it is krown thatby the use of the
"+ Proper ‘gate circuits. 4 singfeivire conductor
. may interconnect thetoutput terminals of a

" ally takes' place-by sélectively enabling the
= . output gate of a -sourcei’: gister _and the

;.input. gate of a ‘destination register.-
TR | ) -cqmmercia‘-llyrzadva_l_mageou;;’ to use
. one . type of logic circuity! (ee.. '

- logic) -exclusively throughout: » processor.

- Hawever,..;gertain' problemis! drige .through’
..the exclusive use of ‘ofie:Jogic! citcuit which

* do 1not -arise byithe useboficertair other

logic “cirenits. W ent using SINA; “Togic

. throughout, it must:be izéd that' the

"~ output: produced byia ] ogic gat
its disabled - state- s

- wheh -uosing - NAND:slog

g1
data, transfer;-arrangéfnent:y Setibed in the
- previous-iparagraph.sa bushiconductor. pre.
7. senfs- a-logicdl “17 to.! all input gates ¢y

jits 'in’ the
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register- by trieting of.an inter- -

' i2A2 2B2 2B3 2F1 3]

connected when none of the

output gates’ connected to the bus. is enabléd.

To transfer data from .Ohe register to another

: the: shorte of
s'to- simultaneously’ enable a selected

register ﬁput’.'gate.:=:..Ho_vv_:eVe"r;.jsiné"e the bus
conductor ¢ ical
erroneous data may. be entered in the déstina-

0 flop. i, -becduse of . yariations. in
uit- delays, the' input gate becomes
a: few nanoseconds before - the

The "gating ‘of ‘e
ing- flip-flop may " be - avoided
Ing an. .inverter .gate in- the . bus
g circuit or-by enabling the input
gate of the receiving. register a fixed period
of time after the?‘enabl.in%i?fi_the output gate
of the source register. . 3oth of these solu-
roduce” time delays, which i

[ erroneous’ data

s’ invention to pro-
; ﬂip‘_-ﬂop_ arrange-

i dance with the present invention

is provided .a-flip-flop arranigement
comprising’ first- and-second logic -gate Girs
cuit means; -and output ‘terminal of the first
cIfcuit means: being -connected 'to an input
terminal - of - said -second: iIrcuit means .and
an - output. ‘terminal "of .the second circuit
means’ being connected: 0. an_input terminal
of ;thjé""jﬁij-st;-'..circu_it-.:f-mea 15, .control signal
generating. means, ‘and. con ol gate circuit
means-having:an input’ termirial connected
to."the output: terminal of the first circuit
means, a

. Second input - terminal connected
¢ control signal generating means and
. output terminal connected to the. output’
termainal “of ‘the: second circuit ‘means, the
said .control -'gate - serving. to, control the
second ‘circuit- means-to prevent the flip-
flop” from changing to“a state in which the

st period :of time it is’ advan-,

selected  destination

normally: presents, a logical ““1°7,

utput gite” is
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~ condition at the output terminal of the

second circyit. means would be different
from the condition at the output of the said
controlt'gate, - the said control gate being

. responsive to- the said control signals and
:serving to allow the flip-flop arrangement to

change “state. . -

" In accordance with the preferred embodi- -

ment of the invention, the selective transfer
of binary data between a plurality of flip-
flop registers is accomplished by intercon-
necting, by means. of a single wire - con-
ductor, output gates of a plurality of source
register flip-flops with set input terminals of
a plurality of destination flip-flops, and by
the use of control gates individually associ-

ated. with the destination flip-flops. When

data is to be transferred from a selected
source register to. a  selected destination
register, the output. gates of the selected
source register are enabled by an output

enable pulse and the.control gates of the
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selected destination register are enabled by
an input enabling pulse. “The input enable
pulse may be derived from a clock pulse
which clock pulse also generates the output
enabling pulse. Consequently, the two en-
able  pulses have approximately the same
starting point in time thereby avoiding the
time delay which is introduced when one
pulse must precede the other. The control
gates prevent the flip-flops from responding
to data applied to the set terminals until
enabled by the input enable pulse. _,

In the embodiment the control gate com-
prises 'a NAND gate designed to operate in
conjunction with a NAND flip-flop and
after the flip-flop is placed in the reset state,
the control gate serves to keep it in the
reset state until enabled by the input enable
pulse. The ip-flop can be set only when
data in the form of logical “0” appears on
the bus conductor during the period of time

that the control.gate is enabled. Conse-

quently, the order of appearance or dis-
appearance of the data and enable pulses
is not significant as long as there is a
minimum period of overlap between the
pulses. =~ = - L L
For a better understanding of the inven-
tion; reference is made to the accompanying
. Fig. 1 is a symbolic representation of a
NAND gate flip-flop having a control gate
connected in parallel with.one of the NAND
gates of the flip-flop; _ L _
Figs. 2A and 2B are schematic repre-
sentations defining the logic symbols em-
ployed in the drawing; and . =
Fig. 3 shows a plurality of multibit
registers having like numbered Dbits con-
nected by means of a single conductor data
bus. . ' _ o
Fig. 1 shows NAND gatés 101 and 102
connected in a flip-flop configuration. One

input terminal of NAND gate 101 com-
prises the reset terminal of the flip-flop and

a low going pulse (logical “0”) applied to .

the reset terminal causes the output of
NAND .gate 101 to ‘go to a high voltage

any logical “0’s” applied to the set terminals

of the flip-flop, causes the output of NAND

- gate 102 to go to-a near zero voltage level

(logical “0”). Once having been placed in
the reset state the flip-flop retains this state

~ until the appropriate set signals are applied.

The reset state of the. illustrative flip-flop
is defined as a logical “1” at the output
of NAND' gate 101 and logical “0”*"at the
output of NAND gate 102, and the set state
is the convérse thereof. As shown in Fig.
1, a two-input NAND gate 103 is con-
nected in parallel with flip-flop gate 102.
One input terminal of NAND gate 103 is

connected to the output terminal of NAND-

gate 101, which is the “0” output of the
flip-flop. The other - input terminal of
NAND .gate 103 is connected to an EN-
ABLE conductor which applies a’ negative
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going pulse when activated. The output .

terminals of NAND gates 102 and 103 are
connected. together, in. the manner shown
in Fig. 2B and their combined output
represents logical “0” whenever logical “1”

_is. presented to all the input terminals of

NAND gate 102 or to the input terminals
of NAND gate 103 or to all input terminals
of both of these gates. .

As mentioned earlier, it is desirable to
gate information into. the flip-flop simuiltane-
ously with appearance of data on a data
bus to which the flip-flop is connected. The
flip-flop. of Fig. 1 may be connected to
several data bus.conductors, each bus con-
ductor being connected to one of the input
terminals of NAND gate 102. It is under-
stood that the number of data bus con-
ductors: connected to NAND gate 102 is not
material to the concept being taught herein,

When the flip-flop is in the reset state, as.

discussed in the prior paragraph, the input
terminal of NAND gate 103 connected to
the “0” side of the flip-flop will represent
a logical “1”. The state of the ENABLE
conductor is a logical “1” prior to ‘the

. occurrence . of an enable - pulse thereon.

Consequently, the output' of NAND gate
103 is “0” causing-the combined output of
gates 102 and 103, which is the “1” output
terminal of the flip-flop, to be “0” inde-
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pendent of the data applied to the SET

terminals of the flip-flop. In case ‘data in
the form of a logical “0” is applied on one
of the SET terminals of the flip-flop before
an enable pulse occurs on the ENABLE
conductor, the combined output of NAND
gates 102 .and 103. will remain unchanged.
However, the occurrence of an enable pulse
in the form of a logical “0”, during the
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continued presence .of a logical “0™ applied
to one of the SET terminals, causes the
combined output of NAND gates 102 and
103 to change to logical “1”. This “1” is
present to -ofie of the input terminals of
NAND gate. 101, the other input terminal
being the RESET terminal which normally
presents a logical “1” to the NAND gate
101. As a consequence of two logical “1’s”
being applied to the inputs of NAND gate
101, the output terminal of this last named
gate assumes the logical ‘0™ state and the
logical “0™ is applied to input terminals of
NAND gates 102 and 103. As a result of
this applied logical *‘0”, the combined out-
put of the two last named gates will retain
the logical “1” state even after the data
and the enable pulse have disappeared.
Assuming again that the flip-flop is in
the rest state, consider the case in which
the timing is'such that the enable pulse is
applied to. NAND gate 103 before any data
in the form of logical “0” is applied to
NAND gate 102. The combined output of
the NAND gates 102 and 103 does not
change from the presence of the enable
pulse alone; however, it will change as soon
as data in the form of logical ““0” has been
applied to NAND gate 102 and has pro-
pagated through this gate. The flip-flop
will change state as explained above.
the flip-flop changes state as soon as the
data-is applied to it. It is clear that no

change of state will take place if no data

in the form of logical “0” is applied to.the
flip-flop during the period that the enable
pulse is applied thereto. It can be seen
from the above explanation that the flip-flop
will change from the reset to the set state as
long as there is some minimum period of
overlap between data applied to the flip-flop
and the enable pulse. The result will be

the same independent of whether the data

or the enable pulse appears first in time.
Fig. 3 shows a register arrangement com-
prising register A to N. Each register com-

prises 16 bits labelled bit O to bit 15. Each

bit of the register consists of a flip-flop as
shown in Fig. 1, including the control gate,
and an output gate. A bus conductor 305

is shown as interconnecting the output ter- -
minals and ‘input terminals of bit 15 of -

each of the registers A to N. The register
arrangement shown is intended for the
parallel transfer of data from any of the
registers of the group A to N to any other
register of that group. Individually associ-
ated with each register is a RESET con-

ductor which is employed to simultaneously -

reset all of the bits of the register to which
it is connected, a ‘conductor labelled QUT-
PUT for controlling the gating of data from

the register, and an ENABLE conductor -

for controlling the gating of data into the
register.

Thus,

As.-an example of the operation of this
arrangemeént, consider that data is to be
gated from register A to register N. In
anticipation of the transfer of data, the
control circuit 301 generates a reset pulse
on the RESET-N conductor during a first
time period thereby resetting all the bits of

‘register N. During a succeeding time period

the control circuit simultaneously generates’
an enable pulse on the conductor OUTPUT-

A, to gate the data from register A, and-

on conductor ENABLE-N to gate the data
into register N. Assuming for the sake of
illustration that bit 15 of register A con-

‘tains-a logical “1”, the transfer of this data

bit to register N will be as follows. The out-

put gate 303 of bit 15 of register A is en-
-abled by the pulse on the conductor OUT-
“PUT-A, and since the flip-flop is in the “1”

state; activation of gate 303 causes the data
bus conductor 305 to assume the logical *‘0”
state. The symbol 310 simply represents

-the interconnection of all the outputs of

the output gates of the various bits 15 of
registers A to N. The circuit representation
of this symbol is shown in Fig. 2B. Since
the output of the output gate 303 is directly

_connected to gate 306 of bit 15 of register N,
‘no time delay is introduced in the data
" transfer path other than that introduced by
.gate 303 and the transmission delay on con-

ductor 305. Gate 307 is activated by an
enable pulse on conductor ENABLE-N con-
temporaneously with the activation of gate
303 and the combined output of gates 306
and 307 will assume the logical ‘1” state
after the data and the enable pulse have
propagated through gates 306 and 307, re-
spectively.

Advantageously, as shown herein, data
may be selectively transferred from a first
register to any of a plurality of other
registers by gating pulses generated from
a common clock pulse. The only delay that
is introduced between the flip-flop of the
source register and the flip-flop of the sink
register is that introduced by the output gate
of the source flip-flop and the conductor
interconnecting this output gate with the
destination flip-flop.-

. WHAT WE CLAIM 1IS:—

1.. A flipflop arrangement comprising
first'and second logic gate circuit means; an
output terminal of the first circuit means
being connected to an input terminal of said

‘second - circuit means and an output terminal

of the second circuit means being connected
to an input terminal of the first circuit
means; control signal generating means, and
control gate circuit medns having an input
terminal connected to the output terminal
of -the first circuit means, a second input

“terminal connected to the control signal

generating means and an output terminal
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Assuming -again ;that: e |

20 the rest state,-considef: the ca
the timing is such that the
-applied to- NAND gate103

in the form’ of logica
__NANDg’at‘e_lOZ. The combined: output-o
25 the NAND gates 102 and 103 does Aot

al-*0”’. is ‘applied  to
ND gates '102:and-103::

L 'ihe operation - of this
that - data. is_t0"be
to. segister TV I

§im
' an énable pulse on the conductor OUTPUTY
- A, to gate the data from' register’ A, and
_of cff;ondilctor"--ENABEE'-' Nt ‘gate the data -
into: register. N X f: the sake of

 NAN fes 102:and- \s afesult ‘of illustration that of ‘register _
 this applied logical “07, the combined ot i “the fransfer of this'data 80
:put of the two last Hame gates will retain bt fou¢ i ollows: The out-

of register A’ isen-

. the coniductor. OUT-

he-flip-flop is in the “17
gaté 303 ‘causes’ the! data 85

flip-fic
| ssume the logical “0”
ymbol: 310 . simply, ‘represents
nnection  of “a1}*the ‘outputs of
itput ‘gates of the various bits 15 of

e combined outp

~ change from the presence of the enable of this symbol is shown in Fig. 2B. Since
pulse alone; however, it will change :as soon. the output of the output gate 303 is directly

as data in the form of logical-“0°” has been connected to gate 306 of bit 15 of register N,
~applied to NAND gate 102 and has pro- no time delay is introduced in the data
30 - pag
" will change state as explained-above: - Thus, gate 303 and the transmission delay on con-

.. the flip-flop_changes state as soon as the ductor 305. Gate 307 is activated by an
data- is applied to_it. It is -clear that' no enable pulse on conductor ENABLE-N con-.

ated through this gate. :The flip-flop  transfer path other than that introduced by 95

- ‘change of state will take place if no. data temporaneously with the activation of gate

. will change from the reset ate ] :
40 long as there is some. minimum_period of - Advantageously, as shown berein, data 105 .

35 in the form of logical “0% i§’ applied to' the ~ 303 and the combined output of gates 306. 100

flip-flop during the. perio i that the enable and 307 will assume the logical ‘1”7 state
-pulse is applied thereto. -Jt can:be-seefl after the data and the enable pulse have

- from the above explanation that the flip-flop - propagated through gates 306 and 307, re-

to:the set state as spectively.

overlap between data applied to the flip-fiop may be selectively transterred from a first
and the enable pulse. The result will: be register. to any of a plurality of other

shown in Fig. 1, inclading the control g

the same independent of whether. the :data registers by gati

ng pulses generated from

or the enable pulse appears first in time. . 2 common clock pulse. The only delay that |

45 ° Fig. 3'shows a register:
prising register A t0 N~
prises 16 bits labelled bit. bit ]

. bit of the register -consists of a flip:

arrangement:com- is introduced between the flip-flop of the 110
ach register.com-  source register and the flip-flop of the sink
0'to bit 15. "Each tegister is that’ introduced by the output gate

y as -of the source ~flip-flop and the conductor
. interconnecting this output gate with the

50 and an output gate. ‘A s conductor 305 destination flip-flop. 115

is shown as interconnecting the ‘output- ter- : : R
minals and input terminals of bit:15 of WHAT WE CLAIM IS:—

60 reset all of the bits of -the. register to"which. . means; control signial generating means, and 125

each of the registers™A t0:N. “The: register 1. A flipfiop arrangement comprising
arrangement shown is ntended for: the first and second logic gate circuit means; an

55 parallel transfer of data from any of the output terminal of the first circuit means 120
*. Tregisters of the group A to N to-any: other being connected to an input terminal of said
. register of that group. - Individually associ
" ated with each register is'ai R
ductor which is employed ‘to simulta)

dually associ- second circuit means and an output terminal
RESET. :con- of the second circuit means being connected
cously :to -an input; terminal of the first circuit

it is connected, 2 conductor labelled ‘QUT-  control gate-circuit means having an input

PUT for controlling the-gating of data from © terminal connected to the output terminal
the register, and an BN

.- for controlling the gating

‘65 register. R

ABLE conductér  of the first. circuit means, a second input

of. data into the . terminal connected to the control signal
" . generating means and an output terminal 130

TS

“registers A to N. The circuit representation 90 .
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connected to the output terminal of .the
second circuit means, the said control gate
serving to control the second circuit means
to prevent the flip-flop from changing to a
state in which the condition at the output
terminal of the second circuit means would
be different from the condition at the out-
put of the said control gate, the said control
gate - being responsive to the said ‘control
signals ‘and serving to allow the flip-flop
arrangement to change state.

2. An arrangement according to claim 1,
wherein the said second circuit means com-
prises a plurality of other input terminals
for receiving respective input signals.

3. A flipflop arrangement according to
claim 1 or 2, wherein the said circuit means
are NAND circuits, - -

4. A flipflop arrangement accordmg fo
clann 1, wherein each NAND circuit has at

least two input terminals and one output
terminal, each of the NAND circuits. being
responsive to the application of a signal
répresenting a logical “0” to any of its
input’ terminals to generate a signal repre-
sentative of a logical “1” on its output ter-
minal, and responsive to the concurrent
apphcatlon of signals representative of
logical “1”” to all of its input terminals to
generate a signal representative of logical
“0” at its output terminal.

5. A flipflop arrangement substantially
as hereinbefore described with reference to

the accompanying drawings.
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Agent for the Applicants.

Printed for Her Majesty’s Statlonery Office by Bnrgess & Son (Ab:ngdon), Ltd.—1974.

Published at The Patent Office, 25 Southampton Buil

mgs, London, WC2A 1AY,

from which copies may be obtained

——_—____________________'___'_—

A

25

30



