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:.· .. 
3
S · .. ·· , ~s co. erCI. r!"'~ ag~U$ .o us~. tennpi , o sai . secon ~ circui,. iµeans .. an. 

. •· ; on~ . type o~ logic ;circ~t_S! (e.g;~· .. NA@ 4t1 outp1J~.: terinmaI of . ti).~: ;~~cond Cif?Uit 
. logic) ·~xclus1vely througb.ou.t: a processor. m~ns· being connected: to, ~ .. input termmal ;,_ 

-~ . . .. ri: Howe\rer,. certain :j>robleriisi arise through: of· 'the ·firsL circuit.· means;: ·:control signal. 
·, · . the exclusive use of:oiieJ~gi~ltitcUit whiCh gene.ratiµg· means~. and,: C:on'tfol :g~te circuit SS 
l dp !notJ,arise b}'i'.·~e useh:of'4lcettairi.' othef. mearis having .an input tertµirial connected } ·• : : :40 . ~~~ugi::~i~i ~~~~s~~,N~~:p~~ ~~ ~u~~n~infuf ~rin~:ai~Jnri%~~~ .. outnutt produeed .by'!a : . ogic gate fu tc{'i:b,e :.cciritrol signal generatiitg. m~ns· an.d 

its ~saNed : state·:.i&-1w.iqgi~ ._¥~r·. ''Thus, ai(OutJ?ut ,tenninal co~necte,d ·to the. output 90 
wheh ·using·,NAND'.si:lO~it'eUits 'iri>'the terininal. of the: second circuit means, the 

: 45 da.~ .. traIJ,sferr:al'fangemen&'de.ictibed•·iIJ ·the said ·.CO)Jtrol :;gate·.:. serviIJg, to, .~ontrol ·£he· 
· · pre.vJo~,1paragi;a.j)h.~a "busb~cornlu~r: pre- second 'circuit means ·. tO ptevei:tt the flip· 
.. ·.·.,. senlS·a:,Jagicitl "F~ ;t9.i all ':1nplif gates' tO flop from changing_to·a: state in which the [Price25p] · .· · ·· ·· , ··' ·. ,· . 

. . :::·:·. 
.. ·.. . ., .. · .. ·:. \<: 

\.· ._ ... ·•. :· 

. .. · .· 

. : .. : . ~ . 

. . ·.: 
...... 

/ 
/ 



·· .. 
2 1,354,717 2 

condition .at the output terminal of the 
second cir~tdt, __ means would be different 
from. t¥ coriditio.n at the output of the said 
control~''gate;>tb,e said control gate being 

S respo!'.)Sive to., the said contJ:"ol 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 

10 of bipary :data between a plurality of flip­
.flop registers is accomplisJied by intercon­
necting. by means of a single wire · con­
ductor, output gates of a eiurality of source 
register flip-flops with set mput terminals of 

15 a plurality of destination flip-flops. and by 
the use of control gates individually associ­
ated with the destination : tlip•flops. When 
data is to be transferred from a selected 
source register . to a ~elected destination 

20 register. the output gates .· of the selected 
source register are enabled by an outp11t 
enable pulse arid the oontrol gates of the 
selected destiriat:lon register are enabled by 
an input enabling pulse. The input enable 

2S pulse may be derived frolll a clock pulse 
which clock pulse . also geilenJ.tes the output 
enabling .pulse. Consequently, the two en­
able. pulses· .have approximately the sanie 
starting point in time thereby avoiding the 

30 tiine delay whk:h is introduCed when one 
pulse must precede the other. The cont.roJ 
gates prevent the fl.ip~fl.ops fro:p:i respondmg 
to data applied to the set terminals .until 
enabled by the input enable pulse. . 

35 1Ii the embodiment the control gate com-
prises a NANO gate designe<J to. operate in 
conjunction with a NANP ·flip-fl.op and 
after the. flip-fl.op is placed in the teset state, 
the control gate serve$ to keep it in. the 

40 reset state until enabled ·by the input enable 
pulse. The ip-ftop can be set only when 
data in the form of logical .. 0., appears on 
the bus conductor dur~ the period of tiine 
. that the control . gate lS enabled. C0nse-

4S quentJy. the order of appearance. or dis­
appearance of the data an:d enable pulses 
is not significant as long as there is a 
minimum period of overlap between the 
pulses. · · · . 

SO For a better. understanding of the inven-
tion,; reference is· made to the accompanying 
drawings, in which: . . 

. Fig. 1 is a ~ymbolic r~presentation of a 
NANO gate 'fhp-flop ha:vmg a control gate 

SS connected in parallel with one of the NAND 
gates of the flip-fl.op; . . . 

Figs. 2A and 2B are schematic repre­
sentations defining the logie symbols em-
ployed fu. the drawing; an:d. . . . , . 

60 Fig. 3 ·· shows . a plurality of . multib1t 
registers . having like 1}-UID.bered bits con­
nected by niearts. of a slllgle conductor data 
bus .. ·· . . .•. 

Fig. 1 s~ows ~AND gates 101. and 102 
65 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 Qogical "O") applied to 
the · reset terminal· causes the output of 
NAND .gate 101 to 'go' to a high voltage 70 
level (logical ~' l ") · and. .in . the absence· of 
any logicaJ. ''O's" applied to the set terminals 
of the ftip.'.ftop. causes the output of NANO 
gate 102 to go to· a near zero· voltage level 
(logical "O"). Once having been placed in 75 
the reset state the flip-flop . retains this state 
until the appropriate set signals are applied. 

The reset state of the-. illustrative flip-fl.op 
is defineci as a logi<;a.J "'I" at the output 
of NAND gate 101 and logiCal ''0'' at the 80 
output of NANO gate 102, and the set state 
is the converse thereof. As shown in Fig. 
1. a two-input NAND gate 103 is con­
nected in parallel with flip-flop gate 102. 
()ne input terminal of NAND gate 103 is 85 
connected ta the output terminal of NAND · 
gate 101, which is the "O" output of the 
fl.ip~:llop... The other input terminal of 
NANO gate 103 is connected to an EN­
ABLE: condq.ctor which applies a' negative 90 
going ptdse . when activated. The output 
terrilinals c;>f NAND gates. 102 and 103 are 
conilected together. in the manner shown 
in Fig. .2B and their combined output 
represents logical "O" whenever logical "1" 95 
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 100 
gate iriformation into the flip"fl.op sim\iltane­
ously with appearance of data on a data 
bus to which the flip-flop is connected. The 
ftip"fl.op. of Fig. l may be connected to 
several data bus conductors, each bus con- 105 
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. 110 
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 "O" . side of the ftip-ftop will represent 
a logical "l''. The state of the ENABLE llS 
conductor is a logical "l" prior to ·the 
occurrence . of an enable pulse thereon . 
Cons~uently, the output· of NAND gate 
103 is ''O" causing the combined output of 
gates 102 and 103, which is the "l" output 120 
terminal of the flip-flop. to be "O" inde- · 
pendent of the ··data applied to the SET 
terminals of the flip-flop. · IIi ~ase ·data· in 
the fol'.lll of a logical "O" is applied ort one 
of the SET term~nals of the flip-fl.op before 125 
an enable pulse occurs on· the: ENABLE 
conductor,: the ·combilied output of NAND 
gates J02 and 103 will remain unchanged. 
However, the occurrence of an enable pulse 
in the form of a logical "O". during the 130 
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cQntinued presence :of a logical "O" 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 

5 present to one of ·the input terminals of 
NAND gate lOI, the other input terminal 
being the RESET terminal which normally 
presents a logical "I" to the NAND gate 
101. As a consequence of two logical ••rs" 

10 being applied to the inputs of NAND gate 
101, the output terminal of this last named 
gate assumes the logical "'o•• state and the 
logical ••o" is applied to input terminals of 
NAND gates 102 and 103. As a result of 

15 this applied fogical .. O". 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-fl.op is in 
20 the rest state,· consider the case in which 

the timimlis such that the enable pulse is 
applied to NAND gate 103 before any data 
in the form of logical ••o" is applied to 
NAND gate 102. The combined output of 

2S the NAND gates 102 and I03 ·does not 
change from the presence of the enable 
pulse alone; however, it will change as soon 
as data in the form of loe:ical "O" has been 
applied to NAND gate l02 ·and has pro-

30 pagated through this gate. The flip-flop 
will change sfate as explained above. Thus •. 
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. 

35 in the form of logical "O" is applied to. the 
flip-flop du.ring 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 

40 Jong 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 tim·e. 

45 Fig. 3 shows a register arrangement com-
prising register A to N. Each register com­
prises 16 bits labelled bit 0 to bit 15. Each · 
bit of the register consists of a flip-flop as 
shown in Fig. l, including the control gate, 

SO and an output gate. A bus conductor 305 
is shown as interconnecting the output ter­
minals arid input terminals of bit · 15 of · 
each of the registers A to N. The register 
arrangement shown is intended for the 

SS 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 

60 reset a11 of the bits of the register to which 
it is connected, a ·conductor labelled OUT­
PUT for controlling the gating of data from 
the register. and an ENABLE conductor 
for controlling the gating of data into the 

65 register. 

As)l~:, example of the operation of this 
arrartaem:ent. 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 70 
on the RES~T-N conductor during a first 
time period thereby resetting all the bits of 
register N. During a succeeding time period 
the cgn~tQ.L~ircuit simultaneously generates· 
an enable pulse on the conductor OUTPUT- 75 
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 IS ·of register . A con-
·tains' a logical "l ". the transfer of this data 80 · 
bit to register N will lie as follows. The out-

.pqt gat~ 303 of bit 15 of register A is en-
abled :by the :eulse on the conductor OUT-

, PUT-A, and smce the flip-flop is in the "l" 
state; activation of gate 303 causes the data SS 
bus conductor 305 to assume the logical "O" 
state. The symbol 3IO simply represents 

· the interconnection of all the outputs of 
the ·output gates of the various bits IS of 
registers A to N. The circuit representation 90 
of this symbol is shown in Fig. 2B. Since 
the output of the output gate 303 is directly 
connected to gate 306 of bit IS of register N, 
no time delay is introduced in the data 
transfer path other than that introduced by 95 
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· am;I the combined output of gates 306 IOO 
and .. 307 will assume the logical 'l" state 
after the data and the enable pulse have 
propagated through gates 306 and 307. re­
spectively. 

Advantageously, as shown herein. data 105 . 
may be selectively transferred from a first 
r~gister 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 110 
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 

5 destination flip-flop.. I l 

·WHAT WE CLAIM IS:-
1. A flip-flop arrangement comprising 

first· and second logic gate circuit means; an 
output terminal of the first circuit means I20 
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 
mea.ns; control signal generating means. and I2S 
control gate circuit means having an input 
terminal connected to the output terminal 
of -the · first circuit means, a second input 
term.inal connected to the control signal 
generating means and an output terminal 130 
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~ 'As'':an'·example 'O.f<th~ operatiol) ··of this; 

arrangement, consid¢t that· data-· ·:is to_ ·be 

gated :· f~9ri1 · ·regist~f ~:'to :~egister ~ N> ·<Jn 

anticipation ·Of r t:h;~. :~ransfer :of,. da~ 'the' 

control circuit 30t:<gene~ates •a ·reset pulse 70 

ori the RESET-N : conductor •<f tiriilg : a: fi.ist' 

tii;ne.' period ttiereby~t,e$etting:ajl the:,bits of 

r'.egister-N. · Diiririg *si1ceeedirigtiri1~ period: 

·:·:. 

the ·confrol circuit'simtilt'arieously•'generates: 

an: ~nab1e 'pulse- olr the_foonductOr -OUTPUT:"' 1s1 

A, t<? gate th~ data "Jrom regi$'tct' A, 'and 

gate 1iS$Umes the :logical }•o·~ state- ·and -the on conductor' ENABEE" N-''to gate the data 

.
•.NloAg.··.iND·c ... ~ ··g~oat·~es·.•.s.·1:.a02_pp·.· .. _·laJedn.·d···.t. l9.0·.-.3~ .. ·.·.•·.P.·._·,·u·,··.·A't.· •5J·ea·wi."r>ea~~?st ... '.·.·

0
0. ff into·: :register N'~.- i':J.\s~~iilg :(or the siike· ,of· 

,,w illustratiOn that oit J~ . of ·:register_ A ;:e;on.;;· 

15 this :•applied:Ic:)gical .. o·.·. the:combhied out- tains a'·fogical "~v·: tli~ fratisfer o(this ~ta 80 

pt)t of the . two.· 'la'.sf nam~; g~te$ Will re~ain .·ppuitt··: .. ~.;g;a;!,_: .. '·IS
3
· ·0

te
3
. ~_.·oNf .. :.:wb• ... 1Jtl>.1:,·~l65~··0#gf fro_eg:·~i?sWSt.:e. r;'. TA:.lle

1
.s· .. oeunt= 

the logical.,~·)" State even\:~er.·: the data . ..., -

and the enable· pulse have disappeared. ableq QY the pul~~ gri, th¢' coriciu~of. OUT-

Assuming ·again. that .. the flip-flop is in l'lJT.::;\;"_and, siri.,ce.·tµe--flip~fl.O,p is fa the '~1" 
85
. 

20 the rest state,-.consider the ease'~ which sta.fe(activati0n{)f;g~te-303'cau
ses'the•'data 

the timing is such that the enable: pulse>is .. ·bu$ :conducto:t- 305-·fo a5sume the logical "O" 

· -~Pi~ed ~!AJi°io~~j'~9~i?~~:ptI!£3~~~. :;,·-~~
1Fki~~~~Jo~;;-~l9~~~E!Y:~~~~~~~eni; 

NAND gate 102. The co¢}Jin.,edputpu(;pf' ''tfie"outpuf'gates of the various bits 15 of 

25 the NAND gates 102 aii.4 :·103 does ~ot registers A to N. The circuit .representation 90 -

change from the preseru;e· of the enable of this symbol is shown in Fig. 2B. Since 

pulse alone; however, it Will <;hailge ,as soon the output of the oµiput gate 303 is directly 

,. as data in -the· fonn of ldgical :''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 

·JO . pagated through this gate: .The tlip~~op transfer path othe:r than that introduced by 95 

· will change state as explained above. Thus. gate 303 and the tdmsmission delay on con­

Uie flip-fl.op changes Stat¢ as soon as the ductor 305. Gate 307 is activated by an 

data· is applied to it. It ~ clear that.no enable pulse on con<Juctor ENABLE-N con-. 

change of state will take pla~ if no. 'data tempqraneously with the activation of gate 

35 in the form of logical "O~; is· applied t~f the 303 and the combined output of gates 306 100 

flip-flop duririg the period Jhat the 'eI,t~ble and 307 will assU:nie the logical 'l" state 

pulse is applied thereto;· It can '~ ·seen after . the data ancl the enable pulse have 

from the above explanatfon th:afthe flip.fl.op propagated through gates 306 and 307, re-

.will change from the reset'to,the set stat¢ as spectively. . 

40 long as there is some. trl.fufu:tum period of ·:. Advantageously, as shown herein, data 105 . 

overlap between data appUed to the ftip7fiop rnay be selectively transferred from a first 

and the enable pulse. The .. result wµl: be register. to ariy of a plurality of other 

the same independent of whether the ·:data · registers by gating pulses generated from 

or the enable pulse appears ··firSt· in. time. . a common clock pulse. The only delay that · 

45 'Fig. 3 ·shows a regi$ter ~rangementcom- is introduced between the flip-fl.op of the 110 

prising register A to N. · ·~Sfh :r¢gi~tef:<eom- source register and the flip-flop of· the sink 

prises 16 bits labelled bit Oto bifl5. ·:Each register is thati~ttoduced by the output gate 

bit of the register consists of -a::,flip"fi.9.P 1lS tjfthe soitre¢ ,·f:lip-fiop and the conductor 

shown in Fig. 1, includipg the C()ntrol}gate, interconnecting this output gate with the 

SO and an output gate. A bus eon.<J.uctqp: 305 destination tlip~fiop, 115 

is shown as interconnecting the.· output· ter. 

minals and input terminals of bit:;l5 -0f WHAT WE cLAIM IS: -

each of the registers·A to 'N. The:r¢iister 1. A fiip.:ftop arrangement comprising 

arrangement shown· is: · iilteruj¢d fot • the ·first and second•· logic gate circuit means; an 

S,S parallel transfer of ,9ata :froin:)my of the o\ltput termiµal of Jhe first circuit means 120 

registers of the group A to N to: ajJ.y: 9ther being connected to an input terminal of said 

. register of that group. : lriQi:vidrially 'assqci- · .·second circuit :Ql~s and an output terminal 

ated with e.ach register :iS: a;'J:lES:E'J:'. 'con'- of the secon~ c~rquit means being connected 

ductor· whieh is empk>yeo :to si!:n'rilt~tj~tlsly _, to· ·an input t¢i:nlinal of the first circuit 

60 reset all of the -bits;of.the. register tif'whic_h . ~eans; control signal generating means, and 125 

it is connected, a conductor -labelled OUT- . 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 l:!Nt\BL,E cOtjductdr of the first circuit meani;, a second input 

for controlling the gating. ::of. data· :UJ.to the tenninal conn~ed to the control signal 

'<iS register. ·· · · generating means and an output terminal 130 

·--··-·----·-·· ------. --·-------- -·· ·-- ··-
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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 

5 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 

10. 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 

15 for receiving respective input signals. 
3. A flip-flop arrangement according to 

cJaim 1 or 2, wherein the said circuit means 
are NAND -circuits. 

4. A flip-flop arrangement according to 
20 claim 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 
representj.ng a logical "O" to any of its 
input terminals to generate a signal repre­
sentative of a logical "l" on its output ter­
minal, and responsive to the concurrent 
application of signals representative of 
logical "l" to all of its input terminals to 
generate a signal representative of logical 
"O" at its output terminal. 

5. A flip-flop arrangement substantially 
as hereinbefore described with reference to 
the accompanying drawings. 
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