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»)  A  flip-flop  arrangement. 

(53)  A  delay  type  flip-flop  arrangement  using 
transistor-transistor  logic  receives  a  clock  signal  (CP) 
and  input  data  (D)  and  outputs  a  logical  output  (Q)  in 
accordance  with  the  logic  level  of  the  data.  The 
arrangement  includes  a  master  flip-flop  (1)  for  trans- 
mitting  a  change  in  the  logic  level  of  the  data  to  a 
pair  of  output  ends  (N1  ,  NT  )  when  the  clock  signal 
is  at  a  predetermined  logic  level;  a  slave  flip-flop  (2) 
for  latching  the  data  transmitted  via  the  pair  of  output 
ends;  an  output  buffer  (3)  for  effecting  a  buffering  of 
the  data  latched  in  the  slave  flip-flop;  and  a  drive 
circuit  (4)  for  driving  the  output  buffer.  The  drive 
circuit  responds  to  logic  levels  of  data  (Q1,  GTT  ) 
appearing  at  the  pair  of  output  ends  of  the  master 
flip-flop  and,  based  on  the  logic  levels,  drives  the 
output  buffer  to  determine  the  logic  output  (Q)  to  be 

^4  output  from  the  arrangement.  This  reduces  the  total 
^propagation  delay  time  and  realises  a  high  speed 
"̂ f  operation  without  increasing  the  power  dissipation. 
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A  Flip-Flop  Arrangement 

The  present  invention  relates  to  a  flip-flop  ar- 
rangement  and,  more  particularly,  to  a  delay  type 
flip-flop  (D-F.F.)  arrangement  using  a  transistor 
transistor  logic  (TTL).  The  D-F.F.  arrangement  ac- 
cording  to  the  present  invention  can  be  used,  for 
example,  as  an  output  flip-flop  in  a  programmable 
read  only  memory  additionally  having  a  function  of 
an  output  register. 

A  known  typically  D-F.F.  arrangement  includes 
an  input  buffer,  a  master  F.F.  responding  to  a  clock 
signal  fed  via  the  input  buffer  and  input  data,  a 
slave  F.F.  responding  to  an  output  of  the  master 
F.F.,  and  an  output  buffer  responding  to  an  output 
of  the  slave  F.F.  According  to  the  arrangement,  the 
master  F.F.  carries  out  its  flip-flop  operation  when 
the  clock  signal  is  at  a  predetermined  logic  level 
and  transmits  a  change  in  the  input  data  to  the 
slave  F.F.,  where  the  data  is  latched.  The  output 
buffer  effects  a  buffering  of  the  data  latched  in  the 
slave  F.F.  an.d  outputs  the  buffered  data  as  the 
logic  output  of  the  arrangement. 

That  is  to  say,  each  of  three  gates  from  the 
master  F.F.  through  the  output  buffer  is  activated 
by  the  output  of  the  preceding  gate.  Therefore,  the 
total  propagation  delay  time  required  from  when 
the  clock  signal  is  changed  in  logic  level  until  when 
the  logic  output  has  settled  to  its  logic  level  is 
indicated  by  the  sum  of  propagation  delay  time  in 
each  of  four  gates.  It  is  desirable  to  reduce  the 
total  propagation  delay  time  as  far  as  possible. 
However  to  increase  the  operation  speed  of  such  a 
D-F.F.  arrangement,  it  is  necessary  to  decrease  the 
resistance  in  each  gate  and,  accordingly,  to  in- 
crease  the  amount  of  current  flowing  in  them.  This 
increase  in  current  however,  leads  to  the  increase 
in  the  power  dissipation,  which  is  not  desired. 

According  to  this  invention  a  drive  circuit  is 
operatively  connected  between  the  master  flip-flop 
and  the  output  buffer,  for  driving  the  output  buffer 
to  output  the  logic  output  in  response  to  logic 
levels  of  data  appearing  at  the  pair  of  output  ends 
of  the  master  fiip-flop. 

An  advantage  of  the  present  invention  is  the 
provision  of  a  flip-flop  arrangement  which  can  re- 
duce  a  propagation  delay  time  to  realise  a  high 
speed  operation  thereof  without  increasing  a  power 
dissipation. 

A  particular  embodiment  of  the  present  inven- 
tion  will  now  be  described  and  contrasted  with  the 
prior  art  with  reference  to  the  accompanying  draw- 
ings;  in  which:- 

Figure  1  is  a  circuit  diagram  illustrating  a 
typical  example  of  a  prior  art  D-F.F.  arrangement; 

Figs.  2a  to  2g  are  waveform  diagrams  for 
explaining  an  operation  of  the  circuit  shown  in  Fig. 
1; 

Fig.  3  is  a  block  diagram  illustrating  a  con- 
5  stitution  of  the  flip-flop  arrangement  according  to 

the  present  invention; 
Fig.  4  is  a  circuit  diagram  illustrating  an 

embodiment  of  the  present  invention;  and 
Figs.  5a  to  5h  are  waveform  diagrams  for 

10  explaining  an  operation  of  the  circuit  shown  in  Fig. 
4. 

For  a  better  understanding  of  the  preferred 
embodiment,  the  problem  in  the  prior  art  will  now 
be  explained  with  reference  to  Figs.  1  and  2a  to 

is  2g. 
Figure  1  shows  a  circuit  constitution  of  a  typi- 

cal  example  of  a  prior  art  D-F.F.  arrangement,  and 
Figs.  2a  to  2g  show  waveforms  representing  an 
operation  thereof.  The  D-F.F.  arrangement  of  Fig.  1 

20  is  constituted  by  an  inverter  INV  as  an  input  buffer, 
a  master  F.F.  1  ,  a  slave  F.F.  2  and  an  output  buffer 
3a. 

Initially,  assuming  that  an  input  data  D  of  "H" 
level  is  applied  to  an  input  terminal  Din.  In  this 

25  state,  when  a  clock  CP  is  at  "L"  level,  both  of 
emitters  of  transistors  T14  and  T15  are  brought  to 
"H"  level  via  the  inverter  INV.  Thus,  since  the 
transistors  T1  4  and  T1  5  keep  their  OFF  states,  the 
master  F.F.  1  cannot  carry  out  its  flip-flop  opera- 

30  tion.  Accordingly,  outputs  Q1  and  CTT  of  the  master 
F.F.1  are  maintained  at  "H"  level  (see  Figs.  2d  and 
2e). 

When  the  clock  CP  is  changed  to  "H"  level, 
the  emitters  of  the  transistors  T14  and  T15  are 

35  brought  to  "L"  level.  Accordingly,  in  this  state,  the 
master  F.F.  1  can  carry  out  its  flip-flop  operation  in 
accordance  with  potentials  appearing  at  bases  of 
the  transistors  T14  and  T15,  i.e.,  the  input  logical 
level  of  the  data  D.  However,  the  operation  of  the 

40  inverter  INV  is  normally  accompanied  with  a  propa- 
gation  delay.  As  is  concretely  shown  in  Figs.  2a 
and  2b,  when  the  clock  CP  is  changed  from  "L" 
level  to  "H"  level,  the  output  CP  of  the  inverter 
INV,  i.e.,  the  potential  at  the  emitters  of  the  transis- 

45  tors  T14  and  T15,  is  changed  from  "H"  level  to  "L" 
level  with  a  certain  constant  delay.  The  propagation 
delay  time  required  from  when  the  clock  CP  is 
changed  in  level  until  when  the  output  CP  of  the 
inverter  INV  is  settled  to  the  definite  level  will  be 

so  hereinafter  indicated  by  reference  Td  (INV). 
On  the  other  hand,  the  transistors  T14  and  T15 

start  carrying  out  the  flip-flop  operation  at  a  time 
when  the  output  CP  of  the  inverter  INV  is  changed 

2 
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3  "L"  level.  In  this  case,  since  the  input  data  u  is 
t  "H"  level,  a  transistor  T11  is  turned  ON  and  a 
@ansistor  T12  is  turned  OFF.  Accordingly,  the  po- 
sntial  at  the  base  of  the  transistor  T15  is  lowered 
nd  that  of  the  transistor  T14  is  raised  by  currents 
3d  from  a  power  supply  line  Vcc.  As  a  result,  the 
•ansistor  T14  is  turned  ON  and,  accordingly,  the 
utput  QT  of  the  master  F.F.  is  lowered  to  "L" 
3vel.  Inversely,  where  the  data  D  is  at  "L"  level, 
le  transistor  T15  is  turned  ON  and,  accordingly, 
ie  output  Q1  is  lowered  to  "L"  level.  Namely,  the 
tate  of  the  data  D  or  the  change  therein  is  trans- 
nitted  to  the  node  N1  or  NT  in  response  to  the 
hange  of  "H"  to  "L"  level  of  the  output  CP  of  the 
iverter.  In  this  case  as  well,  as  shown  in  Figs.  2b 
d  2e,  when  the  signal  CP  is  changed  from  "H" 
svel  to  "L"  level,  the  outputs  Q1  and  QT  appearing 
it  the  nodes  N1  and  NT  are  settled  to  their  definite 
Dgical  levels  in  accordance  with  the  logical  level  of 
he  data  D  with  a  certain  constant  delay.  The 
iropagation  delay  time  required  from  when  the 
>utput  UP  is  changed  to  "L"  level  until  when  the 
>utputs  Qt  and  QT  of  the  master  F.F.  are  settled  to 
ogical  levels  corresponding  to  the  logical  level  of 
he  data  D  will  be  hereinafter  indicated  by  refer- 
ence  Td(M). 

The  slave  F.F.  2  includes  a  pair  of  transistors 
l"21  and  T22  interconnected  to  each  other  to  carry 
jut  a  complementary  operation.  The  transistors 
l"21  and  T22  carry  out  the  flip-flop  operation  in 
iccordance  with  the  levels  of  voltages  applied  to 
heir  bases,  i.e.,  the  levels  of  voltages  appearing  at 
he  nodes  NT  and  N1,  respectively.  For  example, 
when  the  node  NT  is  at  "L"  level,  a  potential  at  the 
Dase  of  the  transistor  T21  is  lowered,  resulting  in 
:he  OFF  state  of  the  transistor  T21  .  Accordingly,  a 
potential  at  the  collector  of  the  transistor  T21,  i.e.,  a 
DOtential  at  the  output  end  N2  of  the  slave  F.F.  2 J s  
Drought  to  "H"  level.  Inversely,  when  the  node  N1 
s  at  "H"  level,  the  transistor  T21  is  turned  ON,  so 
that  the  output  Q2  appearing  at  the  node  N2  is 
orought  to  "L"  level.  In  this  case  as  well,  as  shown 
in  Figs.  2d  to  2f,  when  the  output  Q1  (  QT  ) 
appearing  at  the  node  N1  (  NT  )  is  changed  in 
level,  the  output  Q2  appearing  at  the  node  N2  is 
settled  to  its  definite  logical  level  with  a  certain 
constant  delay.  The  propagation  delay  time  re- 
quired  from  when  the  output  Q1  (  QT  )  is  changed 
in  level  until  when  the  output  Q2  is  settled  in  level 
will  be  hereinafter  indicated  by  reference  Td  (S). 

The  output  buffer  3a  carries  out  its  buffering 
operation  in  accordance  with  the  level  of  the  output 
Q2  appearing  at  the  node  N2  and  outputs  the 
buffered  signal  to  its  output  end  OUT  as  the  output 
Q.  For  example,  when  the  output  Q2  is  at  "H" 
level,  a  transistor  T31  is  turned  ON,  so  that  a 
transistor  T32  is  turned  ON  and  a  transistor  T34  is 
then  turned  ON.  As  a  result,  the  output  Q  is 

Drougnt  to  u  level,  inversely,  wnen  me  uui(jui  w<i 
is  at  "L"  level,  a  transistor  T33  is  turned  ON,  so 
that  the  output  Q  is  brought  to  "H"  level.  Namely, 
the  output  buffer  3a  functions  as  an  inverter.  In  this 

i  case  as  well,  as  shown  in  Figs.  2f  and  2g,  when  the 
output  Q2  at  the  node  N2  is  changed  in  level,  the 
output  Q  at  the  output  end  OUT  is  settled  to  its 
definite  logical  level  with  a  certain  constant  delay. 
The  propagation  delay  time  required  from  when  the 

o  output  Q2  is  changed  in  level  until  when  the  output 
Q  is  settled  in  level  will  be  hereinafter  indicated  by 
reference  Td  (OUT). 

Therefore,  the  total  propagation  delay  time  Td1 
required  from  when  the  clock  CP  is  changed  from 

5  "L"  level  to  "H"  level  until  when  the  output  Q  is 
settled  to  logical  level  corresponding  to  the  logical 
level  of  the  data  D  is  indicated  as  follows: 
Tdi  =  Td  (INV)  +  Td  (M)  +  Td  (S)  +  Td  (OUT) 

In  order  to  increase  the  operation  speed  in  the 
o  D-F.F.  arrangement  shown  in  Fig.  1  ,  it  is  necessary 

to  take  measures  to  decrease  a  resistance  in  each 
of  four  gates  INV,  1,  2  and  3a,  for  example,  to 
decrease  values  of  resistors  R21  and  R22  em- 
ployed  in  the  slave  F.F.  2.  However,  since  the 

is  currents  flowing  in  each  of  the  gates  are  increased 
in  quantity  due  to  the  decrease  in  the  resistance, 
the  power  dissipation  is  accordingly  increased. 
Therefore,  the  measures  to  decrease  the  resistance 
are  not  preferable. 

io  On  the  other  hand,  the  portion  at  which  the 
greatest  propagation  delay  occurs  among  the  four 
gates  is  the  portion  at  which  data  is  transmitted 
from  the  slave  F.F.  2  to  the  output  buffer  3a.  The 
reason  is  that,  in  the  slave  F.F.  2,  the  transistor  T21 

!5  (T22)  is  supplied  with  its  base  current  from  the 
power  supply  line  Vcc  via  the  resistor  R21  (R22), 
and  its  ON/OFF  operation  depends  upon  the  value 
of  the  resistor  and  is  normally  time-consuming.  The 
propagation  delay  time  Td  (S)  in  the  slave  gate  2 

io  occupies  a  good  few  of  percentages  among  the 
total  propagation  delay  time  Td1,  although  it  de- 
pends  upon  a  value  of  each  element  in  the  circuit, 
a  condition  for  the  design  of  the  circuit,  or  the  like. 
According  to  the  simulation  of  the  circuit  illustrated 

45  in  Fig.  1,  the  delay  time  Td  (S)  occupies  approxi- 
mately  one  third  of  the  total  delay  time  Td1.  Thus,  it 
would  be  preferable  to  reduce  the  propagation  de- 
lay  time  Td  (S)  in  the  slave  gate  as  short  as 
possible,  or  to  realize  the  state  in  which  the  delay 

so  time  Td  (S)  can  be  substantially  disregarded. 
Figure  3  illustrates  a  constitution  of  the  flipflop 

arrangement  according  to  the  present  invention. 
In  Fig.  3,  reference  1  denotes  a  master  F.F., 

which  responds  to  an  input  data  D  and  a  clock 
55  signal  CP  (preferably,  a  clock  signal  CP  fed 

through  an  input  buffer)  and  carries  out  its  flip-flop 
operation.  Concretely,  the  master  F.F.  1  has  a 
function  of  transmitting  a  state  or  change  in  the 
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data  D  to  a  pair  of  output  ends  N1  and  N1  when 
the  clock  signal  CP  (  CP  )  is  at  a  predetermined 
logical  level.  Reference  2  denotes  a  slave  F.F., 
which  latches  the  data  Q1  and  Q1  transmitted  from 
the  master  F.F.  1.  Reference  3  denotes  an  output 
buffer,  which  effects  a  buffering  of  the  data  latched 
in  the  slave  F.F.  2. 

Reference  4  denotes  a  drive  circuit,  which  re- 
sponds  to  logical  levels  of  data  Q1  and  Q7T  appear- 
ing  at  the  output  ends  N1  and  NT  of  the  master 
F.F.  1  and  drives  the  output  buffer  3  to  output  a 
logical  output  Q.  The  drive  circuit  4  includes  a 
switching  means  4A,  which  is  constituted  by  at 
least  one  transistor  in  the  present  example  and 
enable  to  be  turned  ON  or  OFF  in  response  to  the 
logical  levels  of  the  data  Q1  and  Q7T  ,  thereby 
determining  the  logical  output  Q  to  be  output  via 
the  output  buffer  3. 

Next,  a  concrete  circuit  constitution  of  the  ar- 
rangement  in  Fig.  3  will  be  described  with  refer- 
ence  to  Fig.  4.  Figure  4  illustrates  a  circuit  constitu- 
tion  of  the  D-F.F.  arrangement  as  an  embodiment 
of  the  present  invention. 

The  D-F.F.  arrangement  illustrated  in  Fig.  4 
possesses  a  form  integrated  on  a  semiconductor 
substrate  and,  besides  the  master  F.F.  1  ,  slave  F.F. 
2,  output  buffer  3  and  drive  circuit  4,  includes  an 
inverter  INV  effecting  a  buffering  of  a  clock  signal 
CP  of  TTL  level  received  at  a  clock  input  terminal 
CLK  and  feeding  an  inverted  clock  CP  to  the  mas- 
ter  F.F.  1.  Note,  in  the  description  below,  a  term 
"transistor"  indicates  an  NPN  Schottky  diode 
clamp  type  transistor  and  a  term  "diode"  indicates 
a  Schottky  barrier  diode,  so  far  as  a  special  defini- 
tion  is  not  added  thereto. 

First,  referring  to  the  master  F.F.  1,  the  input 
terminal  Din  for  the  data  D  is  connected  to  one  end 
of  a  resistor  R11  and  a  base  of  a  transistor  T11. 
Other  end  of  the  resistor  R1  1  and  an  emitter  of  the 
transistor  T1  1  are  connected  via  a  resistor  R1  2  to  a 
base  of  a  transistor  T12  and  connected  to  an 
emitter  of  the  transistor  T12,  and  grounded  via  a 
forward-connected  ordinary  diode  D1  .  A  collector  of 
the  transistor  T11  is  connected  to  a  cathode  of  a 
diode  D10,  an  anode  of  which  is  connected  via  a 
resistor  R13  to  a  power  supply  line  VCc  and  con- 
nected  to  a  base  of  a  transistor  T13.  An  emitter  of 
the  transistor  T13  is  connected  to  the  base  of  the 
transistor  T12  and  a  collector  thereof  is  connected 
via  a  resistor  R14  to  the  power  supply  line  Vcc.  A 
collector  of  the  transistor  T12  is  connected  via  a 
backward-connected  ordinary  diode  D2  and  a  re- 
sistor  R1  5  to  the  power  supply  line  VCc- 

Also,  the  collector  of  the  transistor  T12  is  con- 
nected  via  a  backward-connected  diode  D11  to  a 
base  of  a  transistor  T14,  and  the  collector  of  the 
transistor  T11  is  connected  via  a  backward-con- 
nected  diode  D12  to  a  base  of  a  transistor  T15. 

Both  of  emitters  of  the  transistors  T14  and  T15  are 
connected  to  the  output  end  of  the  inverter  INV. 
The  base  of  the  transistor  T14  (T15)  is  connected 
via  a  backward-connected  diode  D13  (D14)  to  one 

5  end  of  a  resistor  R16  (R17)  and  an  anode  of  a 
diode  D17  (D18)  and  connected  via  a  forward- 
connected  diode  D15  (D16)  to  a  cathode  of  the 
diode  D17  (D18)  and  a  collector  of  the  transistor 
T15  (T14).  Other  end  of  the  resistor  R16  (R17)  is 

w  connected  to  the  power  supply  line  Vcc. 
Next,  referring  to  the  slave  F.F.  2,  both  of 

emitters  of  transistors  T21  and  T22  are  grounded 
via  a  forward-connected  ordinary  diode  D20.  A 
base  of  the  transistor  T21  (T22)  is  connected  via  a 

75  forward-connected  diode  D21  (D22)  to  the  output 
end  NT  (N1)  of  the  master  F.F.  1.  Also,  the  base  of 
the  transistor  T21  (T22)  is  grounded  via  a  resistor 
R23  (R24),  connected  via  a  backward-connected 
ordinary  diode  D23  (D24)  to  an  anode  of  a  diode 

20  D25  (D26),  and  connected  via  the  diode  D23  (D24) 
and  a  resistor  R21  (R22)  to  the  power  supply  line 
Vcc-  A  cathode  of  the  diode  D25  (D26)  is  con- 
nected  to  a  collector  of  the  transistor  T22  (T21  ). 

Next,  referring  to  the  output  buffer  3,  a  cathode 
25  of  a  diode  D31  is  connected  to  the  output  end  of 

the  slave  F.F.  2,  i.e.,  a  node  N2,  and  an  anode 
thereof  is  connected  via  a  resistor  R31  to  the 
power  supply  line  VCc  and  connected  to  a  base  of 
a  transistor  T31  .  A  collector  of  the  transistor  T31  is 

30  connected  via  a  resistor  R32  to  the  power  supply 
line  VCc  .  and  an  emitter  thereof  is  connected  to  a 
base  of  a  transistor  T32  and  connected  via  a  resis- 
tor  R33  to  an  emitter  of  the  transistor  T32.  A 
collector  of  the  transistor  T32  is  connected  via  a 

35  resistor  R34  to  the  power  supply  line  Vcc  and 
connected  to  a  base  of  a  transistor  T33,  and  the 
emitter  thereof  is  connected  to  a  base  of  a  transis- 
tor  T34  and  grounded  via  a  resistor  R35.  A  collec- 
tor  of  the  transistor  T33  is  connected  via  a  resistor 

40  R36  to  the  power  supply  line  VCc  ,  and  an  emitter 
thereof  is  connected  via  a  forward-connected  diode 
D32  to  the  output  terminal  OUT.  A  collector  of  the 
transistor  T34  is  connected  to  the  output  terminal 
OUT,  and  an  emitter  thereof  is  grounded. 

45  Finally,  referring  to  the  drive  circuit  4,  a  cath- 
ode  of  a  diode  D41  is  connected  to  the  node  N1  of 
the  master  F.F.  1,  and  an  anode  thereof  is  con- 
nected  to  the  emitter  of  the  transistor  T31  and  the 
base  of  the  transistor  T32.  Both  of  cathodes  of 

so  diodes  D42  and  D43  are  connected  to  the  node  NT 
of  the  master  F.F.  1,  and  an  anode  of  the  diode 
D42  is  connected  via  a  resistor  R41  to  the  power 
supply  line  VCc  and  connected  to  an  anode  of  an 
ordinary  diode  D45.  A  diode  D46  is  connected  in 

55  series  with  the  diode  D45  in  the  forward  direction, 
and  a  cathode  thereof  is  connected  to  a  base  of  a 
transistor  T41  and  an  anode  of  the  diode  D43  and 
grounded  via  a  resistor  R42.  An  emitter  of  the 

4 
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-ansistor  T41  is  grounded  via  a  forward-connected 
liode  D44,  and  a  collector  thereof  is  connected  to 
;  base  of  a  transistor  T42  and  connected  via  a 
esistor  R43'  to  the  power  supply  line  VCc>  An 
imitter  of  the  transistor  T42  is  connected  to  the 
lase  of  the  transistor  T34,  and  a  collector  thereof 
3  connected  to  the  base  of  the  transistor  T33.  The 
ransistors  T41  and  T42  correspond  to  the  switch- 
ig  means  4A  shown  in  Fig.  3. 

Next,  the  operation  of  the  arrangement  shown 
n  Fig.  4  will  be  explained  with  reference  to  the 
vaveform  diagrams  shown  in  Figs.  5a  to  5h. 

Initially,  assuming  that  the  data  D  is  at  "H" 
svel.  When  the  clock  CP  is  at  "L"  level,  both  of 
smitters  of  transistors  T14  and  T15  are  brought  to 
'H"  level  via  the  inverter  INV.  Thus,  since  the 
ransistors  T14  and  T15  keep  their  OFF  states,  the 
naster  F.F.  1  cannot  carry  out  its  flip-flop  opera- 
ion.  Accordingly,  outputs  Q1  and  Q7T  of  the  master 
:.F.1  are  maintained  at  "H"  level,  as  shown  in  Figs, 
id  and  5e.  When  the  clock  CP  is  changed  to  "H" 
evel,  the  emitters  of  the  transistors  T14  and  T15 
ire  brought  to  "L"  level  with  the  constant  delay 
ime  Td  (INV).  Accordingly,  in  this  state,  the  master 
:.F.  1  can  carry  out  its  flip-flop  operation  in  accor- 
dance  with  potentials  appearing  at  bases  of  the 
ransistors  T14  and  T15,  i.e.,  the  logical  level  of  the 
data  D. 

In  this  case,  since  the  data  D  is  at  "H"  level, 
:he  transistor  T11  is  turned  ON  and,  accordingly, 
currents  flow  from  the  power  supply  line  Vcc  via 
:he  resistor  R13,  the  diode  D10,  the  transistor  T11 
and  the  diode  D1  to  the  ground.  As  a  result,  the 
ransistor  T13  is  turned  OFF  by  the  decrease  in  its 
case  potential,  and  the  transistor  T12  is  also  turned 
OFF  by  the  decrease  in  its  base  potential.  Since 
the  base  of  the  transistor  T14  is  supplied  with 
currents  by  the  power  supply  line  VCc  via  the 
resistor  R16  and  the  diode  D13,  the  transistor  T14 
is  turned  ON.  On  the  other  hand,  the  base  potential 
of  the  transistor  T15  is  lowered  to  approximately 
zero  level,  because  currents  flow  from  the  power 
supply  line  VCc  via  the  resistor  R17,  the  diodes 
D14  and  D12,  the  transistor  T11  and  the  diode  D1 
to  the  ground.  As  a  result,  the  transistor  T15  is 
turned  OFF.  The  transistors  T14  and  T15  carry  out 
the  flip-flop  operation,  so  that  data  Q1  appearing  at 
the  node  N1  is  maintained  at  "H"  level  and  data 
Q7T  at  the  node  NT  is  lowered  to  "L"  level. 

Inversely,  when  the  data  D  is  at  "L"  level  while 
the  clock  CP  is  at  "H"  level,  the  data  Q1  at  the 
node  N1  is  lowered  to  "L"  level. 

Next,  the  operation  of  the  drive  circuit  4  will  be 
explained  in  contrast  to  the  prior  art. 

First,  assuming  that  the  drive  circuit  4  is  not 
provided  (see  Figs.  2d  to  2g). 

When  the  potential  Q1  (  CTT  )  at  the  node  N1  ( 
NT  )  is  changed  from  "H"  level  to  "L"  level,  the 

oase  current  or  tne  transistor  \<l<l  is  puneu 
out  to  the  master  F.F.  side  by  the  diode  D22  (D21), 
so  that  the  transistor  T22  (T21)  is  turned  OFF.  As  a 
result,  the  currents  are  fed  from  the  power  supply 

;  line  Vcc  via  the  resistor  R21  (R22)  and  the  diode 
D23  (D24)  to  the  base  of  the  transistor  T21  (T22), 
so  that  the  transistor  T21  (T22)  is  turned  ON.  The 
potential  Q2  at  the  node  N2  is  settled  to  "L"  ("H") 
level  by  the  flip-flop  operation  of  the  transistors 

o  T21  and  T22,  but  with  the  constant  delay  time  Td  - 
(S)  after  the  change  in  logical  levels  of  the  poten- 
tials  Q1  and  Q7T  . 

When  the  potential  Q2  at  the  node  N2  is 
changed  to  "H"  level,  the  transistor  T31  is  supplied 

5  with  its  base  current  by  the  power  supply  line  Vcc 
via  the  resistor  R31  and,  accordingly,  it  is  turned 
ON.'  Thus,  the  transistors  T32  and  T34  are  brought 
to  the  ON  state  and  the  transistor  T33  is  brought  to 
the  OFF  state.  As  a  result,  the  logical  output  Q  at 

io  the  output  terminal  OUT  is  pulled  down  to  "L" 
level,  but  with  the  constant  delay  time  Td  (OUT) 
after  the  change  in  logical  level  of  the  potential  Q2. 

Therefore,  where  the  drive  circuit  4  is  not  pro- 
vided,  the  propagation  delay  time,  indicated  by 

»5  reference  Ti,  required  from  when  the  outputs  Q1 
and  Q7T  of  the  master  F.F.  1  are  changed  in  level 
until  when  the  logical  output  Q  is  settled  in  logical 
level  is  indicated  by  the  sum  of  the  delay  time  Td  - 
(S)  due  to  the  flip-flop  operation  of  the  slave  F.F.  2 

io  and  the  delay  time  Td  (OUT)  due  to  the  buffering 
operation  of  the  output  buffer  3a.  Namely, 
Ti  =  Td  (S)  +  Td  (OUT) 

Next,  assuming  that  the  drive  circuit  4  is  pro- 
vided  (See  Figs.  5d  to  5h). 

35  When  the  potential  CTT  at  the  node  N1  is 
changed  from  "H"  level  to  "L"  level,  in  the  drive 
circuit  4,  the  currents  flow  from  the  power  supply 
line  Vcc  via  the  resistor  R41  and  the  diode  D42  into 
the  node  N1.  As  a  result,  the  currents  fed  via  the 

40  diodes  D45  and  D46  to  the  base  of  the  transistor 
T41  are  broken  off  and,  accordingly,  the  transistor 
T41  is  turned  OFF.  Thus,  since  the  transistor  T42 
is  supplied  with  its  base  current  by  the  power 
supply  line  Vcc  via  the  resistor  R43,  it  is  turned 

45  ON. 
The  switching  of  the  transistor  T41  to  the  OFF 

state  and  that  of  the  transistor  T42  to  the  ON  state 
are  completed  with  a  constant  delay  time  Td  (D) 
after  the  change  in  logical  level  of  the  potential  Q1 

so  or  Q7T  . 
When  the  transistor  T42  is  turned  ON,  the  base 

potential  of  the  transistor  T33  is  lowered  resulting 
in  the  OFF  state  of  the  transistor  T33,  while  the 
base  potential  of  the  transistor  T34  is  raised.  In  the 

55  state,  since  the  potential  Q1  at  the  node  N1  is  at 
"H"  level,  the  base  potential  of  the  transistor  T34  is 
maintained  at  "H"  level.  Therefore,  the  transistor 
T34  is  turned  ON  and,  accordingly,  the  logical 
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output  Q  is  pulled  down  to  "L"  level.  In  this  case, 
the  change  of  the  logical  output  Q  to  "L"  level  is 
completed  with  a  constant  delay  time  Td  (OUT') 
after  the  switching  of  the  transistors  T41  and  T42. 

Therefore,  where  the  drive  circuit  4  is  provided, 
the  propagation  delay  time,  indicated  by  reference 
T2  ,  required  from  when  the  outputs  Q1  and  QT  of 
the  master  F.F.  1  are  changed  in  level  until  when 
the  logical  output  Q  is  settled  in  logical  level  is 
indicated  by  the  sum  of  the  delay  time  Td  (D)  due 
to  the  switching  operation  of  the  drive  circuit  4  and 
the  delay  time  Td  (OUT')  due  to  the  buffering 
operation  of  the  output  buffer  3.  Namely, 
T2  =  Td  (D)  +  Td  (OUT') 

In  this  case,  the  delay  time  Td  (D)  is  defined  by 
the  time  necessary  for  the  switching  of  the  transis- 
tors  T41  and  T42  and  extremely  short.  Contrary  to 
this,  the  delay  time  Td  (S)  in  the  aforementioned 
slave  F.F.  2  is  defined  by  the  time  necessary  for 
the  ON/OFF  operation  of  the  transistors  T21  and 
T22,  which  is  dependent  on  the  pull-up  operation  of 
the  resistors  R21  and  R22.  Therefore,  the  delay 
time  Td  (D)  is  much  shorter  than  the  delay  time  Td 
(S).  Namely,  since  the  propagation  delay  time  T2  is 
shorter  than  the  propagation  delay  time  Ti  ,  the 
total  propagation  delay  time  Td2  can  be  reduced 
compared  with  the  prior  art  (Td1). 

As  explained  above,  according  to  the  constitu- 
tion  of  the  present  example,  the  output  buffer  3  is 
directly  driven  by  the  drive  circuit  4  responding  to 
the  data  Q1  and  Q1  output  from  the  master  F.F.  1 
and  determines  the  logical  output  Q.  Accordingly, 
although  the  delay  time  Td  (D)  occurs  in  the  drive 
circuit  4,  the  propagation  delay  time  Td  (S)  of  data 
occurring  in  the  slave  F.F.  2,  which  is  longer  than 
the  time  Td  (D),  does  not  give  any  influence  on  the 
total  propagation  delay  time  of  the  arrangement. 
Namely,  since  the  delay  time  Td  (S)  in  the  slave 
F.F.  2  is  thoroughly  disregarded,  the  total  propaga- 
tion  delay  time  can  be  greatly  reduced  in  compari- 
son  with  the  prior  art  constitution  (see  Fig.  1). 

Also,  since  the  time  required  for  switching  of 
data  in  the  slave  F.F.  2  does  not  give  any  influence 
on  the  total  delay  time  of  the  arrangement,  it  is 
possible  to  increase  the  values  of  the  resistors  R21 
and  R22  in  the  slave  F.F.  2.  By  increasing  the 
resistances,  the  currents  flowing  in  the  slave  F.F.  2 
are  decreased  in  quantity.  This  leads  to  the  de- 
crease  in  the  power  dissipation  and  is  very  prefer- 
able. 

Claims 

1.  A  flip-flop  arrangement  receiving  a  clock 
signal  (CP)  and  input  data  (D)  and  outputting  a 
logic  output  (Q)  in  accordance  with  the  logic  level 
of  the  data,  the  flip-flop  arrangement  comprising: 

a  master  flip-flop  (1)  for  transmitting  a  change  in 
the  logic  level  of  the  data  to  a  pair  of  output  ends 
(N1,  NT  )  when  the  clock  signal  is  at  a  predeter- 
mined  logic  level; 

5  a  slave  flip-flop  (2),  operatively  connected  to  the 
master  flip-flop,  for  latching  the  data  transmitted  via 
the  pair  of  output  ends;  and, 
an  output  buffer  (3),  operatively  connected  to  the 
slave  flip-flop,  for  effecting  a  buffering  of  the  data 

ro  latched  in  the  slave  flip-flop; 
characterised  in  that  it  includes  a  drive  circuit  (4), 
operatively  connected  between  the  master  flip-flop 
and  the  output  buffer,  for  driving  the  output  buffer 
to  output  the  logic  output  in  response  to  logic 

75  levels  of  data  (Q1,  QT  )  appearing  at  the  pair  of 
output  ends  of  the  master  flip-flop. 

2.  A  flip-flop  arrangement  according  to  claim  1  , 
wherein  the  drive  circuit  (4)  includes  a  switching 
means  (4A)  able  to  be  turned  ON  or  OFF  in  accor- 

20  dance  with  the  logic  levels  of  the  data  (Q1,  QT  ) 
appearing  at  the  pair  of  output  ends  of  the  master 
flip-flop,  whereby  the  logic  output  (Q)  is  determined 
depending  upon  an  ON/OFF  operation  of  the 
switching  means  (4A). 

25  3.  A  flip-flop  arrangement  according  to  claim  2, 
wherein  the  switching  means  (4A)  includes  a  first 
transistor  (T41)  and  a  second  transistor  (T42),  the 
first  transistor  being  operatively  connected  to  one  ( 
NT  )  of  the  pair  of  output  ends  of  the  master  flip- 

30  flop,  and  the  second  transistor  and  the  output  buff- 
er  and  being  turned  ON  or  OFF  alternately  with  the 
first  transistor. 
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