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INC., a cor-  nously with respect to each other all operat- poration
organized and existing under the  ing within the same system environment. A
laws of the State of Delaware, United States  problem arises when it is
required that data of America, of 1303 E. Algonquin Road,  be transferred
between such subsystems. 5  Schaumburg, Illinois 60196, United States  The
problem is that digital information may  50 of America, do hereby declare
the inven-  be mutilated or lost if the time of data tion, for which we
pray that a patent may be  transfer prescribed by the clock of one granted
to us, and the method by which it is  system happens to occur during a
transition to be performed, to be particularly de-  of a clock of the other
data system in such a 10  scribed in and by the following statement:-  way
that a logic element defining digital  55 This invention relates to a
digital logic  information to be transferred is in a logically circuit for
synchronising the transfer of data  indeterminate state. between
asynchronously clocked data sys-    According to the present invention
there tems.                                   is provided a digital logic
circuit for synchro- 15    The majority of modem day data systems  nizing
the transfer of data bits between  60 are synchronous data systems in the
sense  asynchronously clocked data systems, the that the internal operation
of the digital  logic circuit comprising a first register cou- logic
forming systems is paced or controlled  pled to a parallel source of data,
a second by a "clock". The clock is a source of timing  register coupled to
said first register; a first 20  pulses, usually of fixed frequency, from
control means for selectively enabling the  65 which the other digital
signals required to  loading of a plurality of data bits in parallel
correctly control the system can be derived.  from said source of data into
said first The frequency of the clock is typically  register under control
of a first system clock, determined from the frequency of an oscilla-
second control means for initiating the 25  tor internal to the system. The
frequency  transfer of data in parallel from said first  70 and digital
pulse width characteristics of the  register to said second register under
control clock used in a given system vary widely,  of a second system
clock, said second depending upon the system requirement to  register being
a shift register and said be fulfilled. In systems in which the speed of
second control means further initiating the 30   operations is dependent
upon this speed of a  transfer of data in serial fashion from said  75
human interface, for example, a manually  register to an output under
control of said operated keyboard, or in systems where  second system
clock, and said first means other physical limitations affect speed such
inhibiting further data transfers from said as the frequency limitations
imposed by  source of data to said first register. 35  transmitting audio
information over a tele-    Briefly described, the present invention is  80
phone line, a very low speed clock may be  a digital logic circuit which
synchronizes desirable. In other systems, such as microp-  data transfers
between asynchronously rocessor systems, where it is desirable to  clocked
data systems through the use of perform a large number of program execu-
three logically interlocked storage elements 40  tion cycles and memory
cycles during the  which function interdependently to record  85 time
interval between two events, a high  and control the time when data is
available frequency clock is required. Thus, a corm-  for transfer, the
time when data transfer mon situation is to have a set of digital  begins,
and the time when data transfer is subsystems having high and low frequency
complete such that transfer is accomplished 45  internal clocks which are
timed asynchro-  without a loss of data independent of the  90    
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2 clock pulse width and frequency relation-  1 couples to the D input of
buffer register ship of asynchronously clocked data sys-  flip-flop 74 via
conductor 82. The input data tems.                                  bit N
couples to the D input of buffer The invention will now be described by
register flip-flop 76 via conductor 84. The Q 5  way of example only with
particular refer-  output of buffer register flip-flop 72 couples  70 ence
to the accompanying drawings  to an input of         gate 86 via conductor
wherein:                               88. The Q output of buffer register
flip-flop Figure 1 is a logic diagram of the data  74 couples to an input
of AND gate 90 via transfer synchronizing circuit of the present  conductor
92. The Q  output of buffer 10  invention and
register flip-flop 76 couples to an input of  75 Figure 2 is a timing
diagram useful in  AND gate 94 via conductor 96. The output explaining the
operation of the digital logic  of AND gate 52 couples to an input of AND
circuit of Figure 1.                   gate 86, 90 and 94 via conductor 98.
The Figure 1 s ows a particular embodiment output of AND gate 86 couples to
the D 15  of a data transfer synchronizing circuit 10  input of shift
register flip-flop 100 via  80 according to the present invention. Conduc-
conductor 102. The output of AND gate 90 tor 12 which is the write enable
input to  couples to a D input of shift register flip-flop circuit 10
couples to the input of the inverter  104 via conductor 106. The output of
AND 14 and also couples to one input of AND   gate 94 couples to a D input
of shift register 20  gate 16. The output of inverter 14 couples to
flip-flop 108 via conductor 110. Conductor  85 an input of two input NOR
gate 18 via  112 which is the transmitter clock (CTX) conductor 20. The
output of NOR gate 18  input to circuit 10 couples to the C input of
couples to an input of OR gate 22 via  shift register flip-flop 100, 104
and 108 conductor 24, a second input of OR gate 22  which form shift
register 114. The Q output 25  couples to the output of NOR gate 26 via  of
shift register flip-flop 100 couples to a D   90 conductor 28. The output
of OR gate 22  input of shift register flip-flop 104 via couples to the D
input of a first control conductor 118. The Q output of shift regis- means
comprising flip-flop 30 via conductor  ter flip-flop 104 couples to a D
input of shift 32. Conductor 34, which is the E clock input register
flip-flop 108 via conductor 120. The 30  to circuit 10 couples to an input
of AND   Q output of shift register flip-flop 108  95 gate 16 and to the C
input of flip-flop 30.  couples to conductor 122 which is the data The Q
output of flip-flop 30 couples to  output terminal of data transfer
synchroniz- conductor 36 which is the buffer register full ing circuit 10.
output of circuit 10. Conductor 36 also    The mode of operation of the
data trans- 35  couples to an input of NOR gate 18, an  fer circuit of the
present invention is ex- 100 input of NAND gate 38 and to the R input
plained by considering the logic diagram of flip-flop 40. The Q output of
flip-flop 30  shown in Figure 1 in conjunction with the couples to an input
of NOR gate 2  via  timing diagram shown in Figure 2. The logic conductor
42. The output of NAND gate 38  circuitry shown in Figure 1 illustrates a
40  couples to the direct reset input of a second  portion of the interface
between two clock- 105 control means comprising flip-flop 44 via  ed data
systems. A data word of N bits conductor 46. The Q output of flip-flop 44
originating in the first data system is parallel couples to the input of
inverter 48 via  loaded into buffer register 78 via data bit conductor 50
which also couples to an input  conductors 80, 82 and 84. Parallel loading
is 45  of AND gate 52. The output of inverter 48  accomplished by a logic 1
on conductor 70 110 couples an input of NOR gate 54 via  which couples in
common to the clock conductor 56. The output of NOR gate 54  inputs of
buffer register flip-flops 72, 74 and via conductor 56. The output of NOR
54  76. Logic 1 on write enable conductor 12 couples to the S input of
flip-flop 40 via  and on clock conductor 34 are combined by 50  conductor
58. The Q output of flip-flop 40  AND gate 16 to produce logic 1 on conduc-
115 couples to an input of NOR gate 26 via  tor 70. Shift register 114 is a
transmitting conductor 60. The Q output of flip-flop 40  shift register
which serially transmits data couples to an input of NAND gate 38 via  via
data output conductor 122 under control conductor 62. Conductor 64, which
is the  of the transmitting clock CTX on conductor 55  data transfer (TFR)
input to circuit 10  112. Shift register flip-flops 100, 104 and 108 120
couples to the input of inverter 66 and to an  are negative edge clocked
delay flip-flops input of AND gate 52. The output of  which are
interconnected to form a shift inverter 66 couples to an input of NOR gate
register. Data can be loaded into flip-flops 



54 and the S input of flip-flop 44 via  104 and 108 at either of the two D
inputs as 60  conductor 68. Conductor 70 couples from   a logical "OR"
function. Each successive 125 the output of AND gate 16 to the clock  logic
1 to logic 0 transition on clock conduc- inputs of flip-flop 72, 74 and 76
which form  tor CTX  (node 112) causes data to be buffer register 78. Input
data bit zero  shifted by one bit in the flip-flops of shift couples to the
D input of buffer register  register circuit 114 to produce the next bit 65
flip-flop 72 via conductor 80. Input data bit  time of serial output data
on conductor 122. 130    3                                      1 579 626
3 The timing diagram of Figure 2 illustrates N   application Serial Number
540,752 pre- successive bit times as defined by the logic 1 viously
mentioned. to logic 0 transitions of the CTX  clock.    The logic circuitry
of the present inven- Control logic in the second data system (not  tion
provides a sequential circuit which 5  shown) determines when the serial
transmis-  transfers data transfer control from a first  70 sion of one
data word of N bits is complete  clock system (the E clock, node 34) to a
and generates a logic 1 level transfer pulse  second clock system (TFR,
node 64 derived on conductor 64 during the last half of the  from clock
CIX, node 112) to allow data Nth bit time. The logic one pulse on the
transfer to occur. Control is then returned 10  transfer input controls the
parallel loading  back to the first clock system when data  75 of the next
data word of N bits from buffer  transfer is complete. The data transfer
register circuit 78 to shift register circuit 114.  sequence is initiated
when buffer register The logic 1 transfer pulse on conductor 64 is  full
flip-flop 30 is set indicating that a word coupled to one input of AND gate
52. If the  of data is present in buffer register 78 and is 15  other input
of AND gate 52 is also logic 1, a  available or transfer. When buffer
register  80 logic 1 pulse will be produced at the output  full flip-flop
30 is set, the occurrence of a of AND gate 52 which couples via conduc-
logic 1 pulse on the transfer input TFR tor 98 to the inputs of AND gates
86, 90 and  initiates the sequence which transfers con- 94 thereby gatmg
the logic levels present on trol to the CTX clock system. When the 20
buffer registeroutput conductors 88, 92 and  buffer register full flip-flop
30 is reset, a  85 96 to produce appropriate logic levels on  logic 1 pulse
on the transfer input can not conductors 102, 106 and 110 which couple to
initiate the sequence as is illustrated at time data inputs of shift
register flip-flops 100,  200 in Figure 2. Since buffer register full 104
and 108 respectively.                flip-flop 30 is reset, node 36, which
couples 25    The basic requirement for data transfer  to the input of NAND
gate 38 is at logic 0.  90 circuit 10 is that data be transferred from
This results in logic 1 at the output of buffer register circuit 78 to
shift register  NAND gate 38 which is coupled to the reset circuit 114
without the loss or mutilation of  direct input of the initiate data
transfer data. A potential problem associated with  flip-flop 44 via
conductor 46, jamming 30  this data transfer is that the timing signal or
flip-flo 44 in the reset state so that node 50  95 clock E on conductor 34
is not in time is held at logic 0. This logic 0 at node 50 synchronism with
signal TFR on conductor  blocks AND gate 52 so that the logic 1 pulse 64.
The logic circuit of the present invention on the transfer input which is
coupled to an which prevents such loss or mutilation of  input of AND gate
52 via conductor 64 can 35   data comprises buffer register full flip-flop
not cause a change in the output of AND  100 30, data transfer initiate
flip-flop 44 and  gate 52. data transfer complete flip-flop 40 together
When buffer full register flip-flop 30 is in with the logic gates and
conductors by which  the reset state, the resulting logic 0 on buffer they
are logically interconnected. Flip-flop  register full conductor 36
indicates to the 40   30 is a negative edge clocked delay flip-flop  first
data system (not shown) that the buffer 105 so that whatever logic level is
present at the  register 78 is available for the parallel D input (node 32)
at the time of a logic 1 to  loading of another data word. This loading
logic 0 transition on the C input (node 34) is  is initiated by the first
data system (not stored in the flip-flop and appears at the Q   shown)
which produces a logic 1 pulse on 45   output (node 36). Flip-flop 44 is a
negative  write enable input conductor 12 as is shown  110 edge triggered
set-reset flip-flop. A logic 1  at time 202 in the timing diagram of Figure
to logic 0 transition on the S input (node 68) 2. This results in a logic 1
pulse at node 70 sets this flip-flop such that the Q output  when the E
clock (node 34) goes to a logic 1 



(node 50) becomes logic 1. A logic 1 on the  at time 204 resulting in the
parallel loading 50  reset direct input (node 46) jams flip-flop 44  of a
data word at the buffer register 78 as 115 in the reset state such that the
Q output  described above. The logic 1 pulse on write (node 50) is held at
logic 0. Flip-flop 40 is  enable input 12 is inverted by inverter 14 to
also a negative edge triggered set-reset  produce logic 0 on conductor 20
which flip-flop. A logic 1 to logic 0 transition on  couples to an input of
NOR gate 18. The 55  the S input (node 58) sets flip-flop 40 such  other
input of N OR gate 18 is coupled to  120 that its Q output (node 60) is at
a logic 1  conductor 36 which is also at logic 0 result- state and is Q
output (node 62)is at a logic   ing in logic 1 on conductor 24 which
couples state. A logic 1 to logic 0 transition on the R   to an input of OR
gate 22. This results in input (node 36) resets flip-flop 40 such that
logic 1 on conductor 32 which couples to the 60  its Q output (node 62)is
at a logic 1 state  data input of buffer register full flip-flop 30 125 and
its Q output (node 60) is at a logic 0  so that the flip-flop is set by the
occurrence state. Additional information on negative  of a logic 1 to logic
0 transition on E clock edge triggered set-reset flip-flops of the type
conductor 34 at time 206 causing node 36 to exemplified by flip-flop 44 and
flip-flop 40is  change from a logic 0 level to a logic 1 level 65
provided in assignee's copending patent  as shown in Figure 2.
Correspondingly, the  130    4                                      1579
626                                       4 complementary output of
flip-flop 30  1 on conductor 46 which then jams data changes from a logic 1
level to a logic 0 level  transfer initiate flip-flop 44 to the reset state
and this level is fed back and inverted by  so that further data transfer
operations are NOR gate 26 and OR gate 22 to hold a logic  inhibited until
a new sequence of operations 5  1 level at conductor 32 thereby
guaranteeing  is generated by the loading of a new data  70 that flip-flop
30 stays in the set state for  word into buffer register 78. The logic 1 on
successive E clock cycles after time 206  conductor 60 at time 210 couples
to an input pending completion of the data transfer  of NOR gate 26
producing logic 0 on sequence. The logic 0 to logic 1 transition of
conductor 28 which couples to an input of 10  node 36 at time 206 is
coupled to the input  OR gate 22, thus producing logic 0 on  75 of NAND
gate 38 resulting in a logic 0 at  conductor 32 which couples to the data
node 46 which couples to the reset direct  input of buffer register
flip-flop 30. This input of flip-flop 44. Flip-flop 44 is thus no  logic 0
conditions data input of flip-flop 30 longer jammed in the reset state and
is  such that flip-flop 30 is reset at the next logic 15  thereby free to
function in the initiation of  1 to logic 0 transition of the E clock as is
80 the data transfer sequence. This initiation of  shown at time 212 in
Figure 2. The resetting the data transfer sequence is shown at time  of
flip-flop 30 produces a logic 1 to a logic 0 208 in Figure 2 when the
transfer input  transition on conductor 36 at time 212. This (node 64)
changes from a logic 0 level to a  logic I to logic 0 transition is coupled
via 20  logic 1 level indicating that the serial data  conductor 36 to the
reset input of flip-flop   85 transmission of a previous data word is  40
such that flip-flop 40 is reset at time 212 complete. The logic 0 to logic
1 transition on  indicating the completion of the data trans- node 64 is
inverted by inverter 66 to produce  fer sequence. The logic 0 present on
conduc- a logic 1 to logic 0 transition on conductor 68  tor 36 subsequent
to time 212 provides an 25   which couples to the S input of data transfer
indication to the first data system that buffer  90 initiation of flip-flop
44. As described above  register 78 is once again available for load-
flip-flop 44 is a negative edge triggered  ing of the next data word to be
transferred set-reset flip-flop so that this logic 1 to logic  such that
the data transfer sequence pre- 0 transition set flip-flop 44 resulting in
a  viously discussed can be repeated. Since 30  logic 0 to logic 1
transition on conductor 50  conductor 36 couples directly to an input of
95 at time 208 as is shown in Figure 2. The logic  NAND gate 38, logic 0 is
coupled to this 1 level on conductor 50 and the logic 1  input of NAND gate
38 before the logic 1 on transfer pulse on conductor 64 are coupled
conductor 62 resulting from the resetting of to the inputs of AND gate 52
resulting in a  flip-flop 40 is coupled to the other input of 35  logic 1
level at its output which couples to  NAND gate 38. Thus the logic 1 level
which  100 conductor 98. The logic 1 level on conductor  is present on
conductor 46 and which jams 98 enables AND gates 86, 90 and 94 and  data
transfer initiate flip-flop 44 in the reset thereby transfers the data word
present in  state as previously discussed is sustained and 



buffer register 78 in parallel to the data  control of the data transfer
sequence has 40  inputs of shift register 114 such that the data  once
again been returned to buffer register 105 word is loaded into shift
register 114 at the  full flip-flop 30 and data transfer circuit 10 is next
logic 1 to logic 0 transition of the CTX   ready for the initiation of a
new  data clock (node 112) at time 210 shown in  transfer sequence which
will repeat the Figure 2.                                sequence of
logical operations which has 45     The logic 1 to logic 0 transition of
the  been described.                       110 transfer pulse at time 210
denotes the end of    Although the operation of the data trans- data
transfer and initiates the final sequence fer circuit of the present
invention has been of logical operations by which control is  described for
one possible relationship of transferred from the CTX clock system back
the asynchronous clocks of a first and a 50  to the E clock system. This
transition is  second data system as illustrated by the  115 inverted by
inverter 66 to produce a logic 0  timing diagram of Figure 2, its operation
is to logic 1 transition at the input of NOR   in no way limited to this
relationship. The gate 54. The logic 1 on conductor 50 is  fact that the
data transfer circuit of the inverted by inverter 48 to produce logic 0 on
present invention makes use of three logic- 55   conductor 56 which
previously coupled to  ally interlocked storage elements which  120 another
input of NOR gate 54 as an enable  respond to a particular sequence of
logic thus allowing the TFR input to produce a  transitions and which
thereby function inter- logic 1 to logic 0 transition at the output of
dependently to record and control the time NOR gate 54 which couples to the
S input of  when data is available for transfer, the time 60   data
transfer complete flip-flop 40 via con-  when data transfer begins and the
time 125 ductor 58. This logic 1 to logic 0 transition at  when data
transfer is complete makes it the S input sets flip-flop 40 producing logic
1  possible for data transfer to be accom- on conductor 60 and logic 0 on
conductor  plished without a loss of data independent 62. The logic 0 on
conductor 62 couples to  of the clock pulse width and frequency 65   an
input of NAND gate 38 resulting in logic  relationship of the asynchronous
clocks of 130    5                                           1 579 626
5 the first and the second data system. WHAT WE CLAIM IS:- 1. A digital
logic circuit for synchroniz- ing the transfer of data bits between asyn- 5
chronously clocked data systems, the logic circuit comprising a first
register coupled to a parallel source of data, a second register coupled to
said first register; a first control means for selectively enabling the
loading of 10   a plurality of data bits in parallel from said source of
data into said first register under control of a first system clock, second
control means for initiating the transfer of data in parallel from said
first register to 15    said second register under control of a second
system clock, said second register being a shift register and said second
control means further initiating the transfer of data in serial fashion
from said second register to 20    an output under control of said second
system clock, and said first means inhibiting further data transfers from
said source of data to said first register. 2. A digital logic circuit as
claimed in 25    Claim 1 wherein said second control means indicates that
data transfer from said first register to said second register and from
said second register to said output has begun. 



3. A digital logic circuit substantially as 30    hereinbefore described
and as shown in the accompanying drawing. For the Applicants F.J. CLEVELAND
& COMPANY, 35            Chartered Patent Agents, 40-43 Chancery Lane,
London, WC2A 1JQ. Printed for Her Majesty's Stationery Office. b Croydon
Printing Company Limited, Croydon, Surrey, 1980. Published by The Patent
Office. 15 Southampton Buildings. London. WC2A 1AY from which copies may be
obtained.    5                                          1 579 626
5 the first and the second data system. WHAT WE CLAIM IS:- 1. A digital
logic circuit for synchroniz- ing the transfer of data bits between asyn- 5
chronously clocked data systems, the logic circuit comprising a first
register coupled to a parallel source of data, a second register coupled to
said first register; a first control means for selectively enabling the
loading of 10   a plurality of data bits in parallel from said source of
data into said first register under control of a first system clock, second
control means for initiating the transfer of data in parallel from said
first register to 15   said second register under control of a second
system  clock, said second register being a shift register and said second
control means further initiating the transfer of data in serial fashion
from said second register to 20    an output under control of said second
system clock, and said first means inhibiting further data transfers from
said source of data to said first register. 2. A digital logic circuit as
claimed in 25    Claim 1 wherein said second control means indicates that
data transfer from said first register to said second register and from
said second register to said output has begun. 3. A digital logic circuit
substantially as 30    hereinbefore described and as shown in the
accompanying drawing. For the Applicants, F.J. CLEVELAND & COMPANY, 35
Chartered Patent Agents, 40-43 Chancery Lane, London, WC2A 1JQ. Printed for
Her Majesty's Stationery Office. by Croydon Printing Company Limited,
Croydon, Surrey. 1980. Published by The Patent Office. 25 Southampton
Buildings. London. WC2A 1AY from which copies may be obtained.    


