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SERIAL/PARALLEL CONVERTER 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a serial/parallel 
converter that enables fast processing with low current 
consumption. 

0003 2. Related Arts 
0004. A serial/parallel converter is frequently employed 
in an integrated Semiconductor circuit. Such a Serial/parallel 
converter is, for example, one by which a plurality of Serially 
input address Signals from a System are output in parallel 
internally. This converter is employed for a System having 
an extremely high transfer rate, such as 800 Mbps or 1.6 
Gbps, and a plurality of address Signals are transmitted at an 
extremely high transfer rate. It is, therefore, necessary for 
the internal Serial/parallel converter to latch, in a short 
period of time, address Signals which are input at high Speed 
and to output them in parallel with the same phase. 
0005 FIG. 35 is a diagram illustrating a conventional 
serial/parallel converter. FIG. 36 is a timing chart for the 
serial/parallel converter in FIG. 35. In this example circuit, 
a clock CLK is amplified by a clock amplifier C36 and an 
internal clock S55 is generated. The internal clock S55 is 
divided by 4 by a frequency divider C45, and a clock S64 for 
final latching is generated. Input data DATA is amplified by 
a data amplifier C37, and is transferred to corresponding 
flip-flop circuits C38 through C44 at the leading edges or 
trailing edges of the internal clock S55. That is, the flip-clop 
circuits C38, C39, C40 and C41 latch the input data DATA 
at the leading edges of the internal clock S55, while the 
flip-flops C42, C43 and C44 latch the input data DATA at the 
trailing edges of the internal clock S55. 
0006 AS is shown in FIG. 36, the data DATA is trans 
mitted Synchronously with the leading edges of the clock 
CLK (internal clock S55), and is synchronously latched by 
the flip-flops with the leading edges and the trailing edges of 
the internal clock S55. In this example circuit, at time T1, 
where data Dn, Dn+1, Dn+2 and Dn+3 are latched by the 
corresponding flip-flops C38, C39, C40 and C41, these data 
are latched by the flip-flops C46, C47, C48 and C49 at the 
leading edge of a final latch clock S64. During a period 
equivalent to four times the cycle of the clock CLK, the 
flip-flops C46 through C49 latch the data and output in 
parallel a set of four data (S65-S68)to four output terminals 
S65 through S68. 
0007 AS is described above, the conventional serial/ 
parallel converter converts four Serial data Sets into four 
parallel data Sets in Synchronization with the leading edge of 
the 4 frequency divided clock S64. 
0008. The above serial/parallel converter requires eleven 
flip-flop circuits for 4-bit serial/parallel conversion. In addi 
tion, since the flip-flops C38 through C44 perform data 
latching four times and the flip-flops C46 through C49 
perform data latching one time, a total of 32 operations by 
the flip-flops are required for one conversion process, and 
the current consumption is increased. According to this, for 
the conversion of 8-bit serial data, the number of required 
flip-flop circuits and the number of operations will be 
increased and the current consumption will be also 
increased. 
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0009 Further, when the frequency of the input clock is 
increased, the operation Speed of the flip-flop that performs 
Synchronous latching with the input clock has to correspond 
to that Speed. Thus, the circuit must be So designed that it can 
be operated at a high Speed with a higher current consump 
tion. Therefore, when a large number of flip-flops are 
operated for one Serial/parallel conversion, the current con 
Sumption will be further increased. In addition, for faster 
processing, a Serial/parallel converter is required that can 
cope with the input of data Synchronized with the leading 
edge and the trailing edge of the input clock. 
0010. The serial input data is supplied in synchronous 
with a flag signal indicating the head of the Serial data, 
therefore it is required that a fetching of the Serial input data 
should be initiated using the flag Signal as a trigger, and a 
parallel data output should be output at a certain timing 
Signal. However, it is not easy to generate the timing Signal 
for parallel data output after the last Serial data has been 
fetched. Especially difficult, while taking into account an 
operating delay time for a flip-flop circuit for fetching the 
last Serial data, is generating a timing Signal for parallel data 
output at the shortest timing. 
0011. In addition, a circuit is required which generates a 
control clock for fetching Serial data using an externally 
Supplied flag signal as a trigger. Since this circuit has its own 
operating delay time, the input of Serial data Synchronized 
with a fast clock is affected accordingly. Therefore, a circuit 
is required which can fetch Serial data without being affected 
by the timing of a flag signal. 

SUMMARY OF THE INVENTION 

0012. It is, therefore, one object of the present invention 
to provide a circuit which requires a Smaller number of 
flip-flops and which performs Serial/parallel conversion by 
using a Smaller number of latch operations. 
0013. It is another object of the present invention to 
provide a Serial/parallel converter which can even latch 
Serial data Synchronously with a faster input clock, and 
which consumes only a Small amount of current. 
0014. It is an additional object of the present invention to 
provide a Serial/parallel converter which can provide an 
optimal relationship between the timings for the termination 
of a Serial data fetch process and the output of parallel data. 
0015. It is a further object of the present invention to 
provide a Serial/parallel converter which can Synchronize the 
fetching of serial data with a clock without being affected by 
the timing of a flag signal indicating the head of Serial data. 
0016 To achieve the above objects, according to one 
aspect of the present invention, a Serial/parallel converter, 
outputting, with the same phase and in parallel, a plurality of 
data which is input Serially in Synchronization with an input 
clock, comprises: 
0017 a pulse generator for generating a plurality of latch 
clocks Synchronized respectively with input timings of the 
plurality of data; 
0018 a plurality of holding flip-flops for latching in order 
the plurality of data in response to the plurality of latch 
clocks, and 
0019 a plurality of output latch flip-flops for, in response 
to the last latch clockSynchronized with input of the last data 
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of the plurality of data, latching, in parallel, the plurality of 
data held by the holding flip-flops and the last input data. 

0020. According to the present invention, the number of 
required flip-flops can be reduced, and each flip-flop need 
perform latching only once for a single Serial/parallel con 
version, So that the amount of current consumption is 
reduced. 

0021 Further, to achieve the above objects, according to 
the Second aspect of the present invention, a Serial/parallel 
converter, outputting, with the Same phase and in parallel, a 
plurality of data which is input Serially in Synchronization 
with an input clock, comprises: 
0022 at least two input latch flip-flops for latching the 
plurality of input data in Synchronization with the input 
clock; 
0023 a pulse generator for generating a plurality of latch 
clocks Synchronized with timings at which the plurality of 
data are held by the input latch flip-flops; 
0024 a plurality of holding flip-flips for latching in order 
the plurality of data held by the input latch flip-flops in 
response to the plurality of latch clocks, and 
0.025 a plurality of output latch flip-flops for, in response 
to the last latch clock synchronized with the latching of the 
last data of the plurality of data to the input latch flip-flops, 
latching, in parallel, the plurality of data held by the holding 
flip-flops and the last data held by the input latch flip-flops. 

0026. In the above circuit, when the input latch flip-flops 
have a first latching Speed and the holding flip-flops have a 
Second latching Speed lower than the first latching Speed, the 
Serial data transferred at high Speed can be latched, and the 
total amount of current consumption can be reduced. The 
above circuit also needs only a Small number of flip-flops 
and the amount of current consumption is Small as the first 
invention. 

0027. To achieve the above objects, according to a third 
aspect of the present invention, a Serial/parallel converter for 
converting N bits (N is a plural) of serial data, which are 
Supplied in Synchronization with a clock from a timing of a, 
flag Signal, into parallel data comprising: 

0028 a pulse generator for serially generating first to Nth 
timing pulses in Synchronization with the clock, 

0029 a flag signal latch circuit for latching said flag 
Signal in response to Said first timing pulse and for output 
ting a Strobe Signal corresponding to Said flag Signal in 
response to Said Nth timing pulse, 

0030 a first-stage latch circuit for latching first to 
(N-1)th serial data in response to said first to (N-1)th timing 
pulses; 

0.031) a second-stage latch circuit for latching, in 
response to Said Nth timing pulse, the Serial data latched by 
Said first-stage latch circuit as well as an Nth Serial data; and 
0.032 final-stage gate circuit for outputting in parallel N 
bits Serial data latched by Said Second-stage latch circuit in 
response to Said Strobe Signal. 

0.033 According to the present invention, since the strobe 
Signal is output in parallel to the latching of the Serial data 
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in the Serial/parallel converter, the Strobe Signal can be 
generated at an optimal timing. 

0034. Also, to achieve the above objects, according to a 
fourth aspect of the present invention, a Serial/parallel con 
verter for converting N bits (N is a plural) of serial data, 
which are Supplied in Synchronization with a clock from a 
timing of a flag Signal, into parallel data comprising: 

0035 a pulse generator for generating first to Nth timing 
pulses Serially in Synchronization with a clock; 

0036) a flag signal latch circuit for latching said flag 
Signal in response to Said first timing pulse and for output 
ting a Strobe Signal corresponding to Said flag Signal in 
response to Said Nth timing pulse, 

0037 a first-stage latch circuit f-r latching a (2M-1)th 
Serial data in response to a (2M-1)th (M are all integers of 
1s Ms N/2) timing pulse; 
0038 a second-stage latch circuit for latching, in 
response to 2Mth timing pulse, said (2M-1)th Serial data 
latched by said first-stage latch circuit as well as 2Mth serial 
data; and 

0039 final-stage gate circuit for outputting in parallel N 
bits of Serial data latched by Said Second-stage latch circuit 
in response to Said Strobe Signal. 

0040 According to this aspect, the strobe signal can be 
generated at an optimal timing. 

0041. In addition, to achieve the above objects, according 
to a fifth aspect of the present invention, a Serial/parallel 
converter for converting N bits (N is a plural) of serial data, 
which are Supplied in Synchronization with a clock from a 
timing of a flag Signal, into parallel data comprises: 

0042 a pulse generator for repeatedly generating first to 
Nth timing pulses Serially in Synchronization with a clock; 

0043 a flag signal latch circuit for latching said flag 
Signal in response to a (2I-1)th (I are all integers of 
1s Is N/2) timing pulse and for outputting first to (N/2)th 
Strobe Signals corresponding to Said flag signal in response 
to a (2I-2)th (or Nth if I=1) timing pulse; 
0044) a first-stage latch circuit for latching first to Nth 
Serial data in response to Said first to Nth timing pulses; 

0045 N/2 groups of second-stage latch circuits for 
respectively latching, in response to a (2I-2)th timing pulse, 
(21-1)th to (21-3)th ((N-1)th if I=1) serial data latched by 
Said first-Stage latch circuit; and 
0046 N/2 groups of final-stage gate circuits for respec 
tively outputting in parallel, in response to Said first to Said 
(N/2)th strobe signals, (N-1) bits of serial data latched by 
Said Second-stage latch circuits as well as Nth Serial data 
latched by said first latch circuit. 
0047 According to the fifth aspect, when the leading 
edge of a clock corresponds to the flag Signal, appropriate 
Serial data can be latched and output regardless of which 
leading edge of the clock it is at which the flag signal is 
Supplied. 

0048. Furthermore, according to sixth aspect of the 
present invention a Serial/parallel converter for converting N 
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bits (N is a plural) of Serial data, which are Supplied in 
Synchronization with a clock from a timing of a flag Signal, 
into parallel data comprising: 
0049 a pulse generator for repeatedly generating first to 
Nth timing pulses Serially in Synchronization with a clock; 
0050 a flag signal latch circuit for latching said flag 
Signal in response to an Ith (I are all integers of 1s Is N) 
timing pulse and for Outputting first to Nth Strobe Signals 
corresponding to said flag signal in response to an (I-1)th (or 
Nth if I=1) timing pulse; 
0051 a first-stage latch circuit for latching first to Nth 
Serial data in response to Said first to Nth timing pulses; 
0.052 N groups of second-stage latch circuits for respec 
tively latching, in response to Said Ith timing pulse, Ith to 
(I-2)th (N-1)th if I=1 and Nth if I=2) serial data latched by 
Said first-stage latch circuit; and 
0.053 N groups of final-stage gate circuits for outputting 
in parallel, in response to Said first to Said Nth Strobe Signals, 
(N-1) bits of Serial data latched by said second-stage latch 
circuits as well as Nth serial data latched by said first latch 
circuit. 

0.054 According to the sixth aspect, regardless of 
whether a flag Signal is Supplied at a leading edge of a clock 
or at a trailing edge, all the available Sets of Serial data can 
be latched and appropriate Serial data can be output. 
0.055 Moreover, according to a seventh aspect of the 
present invention, a Serial/parallel converter for converting 
N bits (N is a plural) of serial data, which are supplied in 
Synchronization with a clock from a timing of a flag Signal, 
into parallel data comprising: 
0056 a pulse generator for repeatedly generating first to 
Nth timing pulses Serially in Synchronization with a clock; 
0057 a flag signal latch circuit for latching said flag 
Signal in response to a (2M-1)th (M are all integers of 
1s Ms N/2) timing pulse and for outputting first to (N/2)th 
Strobe Signals corresponding to Said flag signal in response 
to a (2M-2)th (or Nth if M=1) timing pulse; 
0.058 a first-stage latch circuit for latching a (2M-1)th 
Serial data in response to said (2M-1)th (M is an integer of 
1s Ms N/2) timing pulse; 
0059 a second-stage latch circuit for latching, in 
response to a 2Mth timing pulse, said (2M-1)th Serial data 
latched by said first-stage latch circuit as well as a 2Mth 
Serial data; and 

0060 N/2 groups of final-stage gate circuits for output 
ting in parallel, in response to said first to said (N/2)th Strobe 
Signals, N bits of Serial data latched by Said Second-stage 
latch circuit. 

0061 According to the seventh aspect, when the leading 
edge of a clock corresponds to the flag Signal, appropriate 
Serial data can be latched and output regardless of which 
leading edge of the clock it is at which the flag signal is 
Supplied. 

0062) To achieve the above objects, according to an 
eighth aspect of the present invention, a Serial/parallel 
converter for converting N bits (N is a plural) of serial data, 
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which are Supplied in Synchronization with a clock from a 
timing of a flag Signal, into parallel data comprising: 
0063 a pulse generator for repeatedly generating first to 
Nth timing pulses Serially in Synchronization with a clock; 
0064 a flag signal latch circuit for latching said flag 
signal in response to an Mth (Mare all integers of 1s Ms N) 
timing pulse and for Outputting first to Nth Strobe Signals 
corresponding to said flag signal in response to a (M-1)th 
(or Nth if M=1) timing pulse; 
0065 first-stage latch circuits for respectively latching an 
Mth serial data in response to said Mth (M are all integers 
of 1s Ms N) timing pulse; 
0066 a second-stage latch circuit for latching, in 
response to an (M+1)th (first if M=N) timing pulse, said Mth 
Serial data latched by Said first-stage latch circuit; and 
0067 N groups of final-stage gate circuits for outputting 
in parallel, in response to Said first to Said Nth Strobe Signals, 
N bits of serial data latched by said first-stage and said 
Second-Stage latch circuits. 
0068 According to the eighth aspect, regardless of 
whether a flag Signal is Supplied at a leading edge of a clock 
or at a trailing edge, all the available Sets of Serial data can 
be latched and appropriate Serial data can be output. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0069 FIG. 1 is a diagram illustrating a serial/parallel 
converter according to a first embodiment of the present 
invention; 
0070 FIG. 2 is a circuit diagram illustrating an example 
of a pulse generator C3 in the Serial/parallel converter in 
FIG. 1; 
0071 FIG. 3 is a timing chart showing the operation of 
the serial/parallel converter in FIG. 1; 
0072 FIG. 4 is a timing chart showing the operation of 
the serial/parallel converter in FIG. 1; 
0073 FIG. 5 is a diagram illustrating a serial/parallel 
converter according to a Second embodiment of the present 
invention; 
0074 FIG. 6 is a detailed circuit diagram illustrating a 
pulse generator C13 in FIG. 5; 
0075 FIG. 7 is a timing chart showing the operation of 
the serial/parallel converter in FIG. 5; 
0076 FIG. 8 is a diagram illustrating a serial/parallel 
converter according to a third embodiment of the present 
invention; 
0077 FIG. 9 is a circuit diagram illustrating a pulse 
generator C25 in FIG. 8; 
0078 FIG. 10 is a timing chart showing the operation of 
the serial/parallel converter in FIG. 8; 
007.9 FIG. 11 is a circuit diagram illustrating a flip-flop 
for performing a slow latch operation; 
0080 FIG. 12 is a circuit diagram illustrating a flip-flop 
for performing a comparatively fast latch operation; 
0081 FIG. 13 is a circuit diagram illustrating a flip-flop 
for performing a faster latch operation; 
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0082 FIG. 14 is a diagram illustrating a serial/parallel 
converter proposed by the previously Submitted patent appli 
cation; 
0.083 FIG. 15 is a timing chart showing an operation 
performed by the serial/parallel converter in FIG. 14; 
0084 FIG. 16 is a diagram illustrating a serial/parallel 
converter according to a fourth embodiment; 
0085 FIG. 17 is a timing chart for the serial/parallel 
converter in FIG. 16; 
0.086 FIG. 18 is a diagram illustrating a modification of 
the fourth embodiment; 
0087 FIG. 19 is a diagram illustrating another modifi 
cation of the fourth embodiment; 
0088 FIG. 20 is a timing chart for the modification in 
FIG. 19; 
0089 FIG. 21 is a diagram illustrating a serial/parallel 
converter according to a fifth embodiment; 
0090 FIG. 22 is a timing chart for the serial/parallel 
converter in FIG. 21; 
0.091 FIG. 23 is a diagram illustrating a serial/parallel 
converter according to a Sixth embodiment; 
0092 FIG. 24 is a timing chart for the serial/parallel 
converter in FIG. 23; 
0.093 FIG. 25 is a diagram illustrating a serial/parallel 
converter according to a seventh embodiment; 
0094 FIG. 26 is a timing chart for the serial/parallel 
converter in FIG. 25; 
0.095 FIG. 27 is a diagram illustrating a serial/parallel 
converter according to an eighth embodiment; 
0096 FIG. 28 is a timing chart for the serial/parallel 
converter in FIG. 27; 
0097 FIG. 29 is a timing chart for the serial/parallel 
converter in FIG. 27; 
0.098 FIG. 30 is a diagram illustrating a serial/parallel 
converter according to a ninth embodiment; 
0099 FIG. 31 is a timing chart for the serial/parallel 
converter in FIG. 30; 
0100 FIG. 32 is a timing chart for the serial/parallel 
converter in FIG. 30; 
0101 FIG. 33 is a diagram illustrating a pulse generator 
according to the Sixth to the ninth embodiments, and 
0102 FIG. 34 is a circuit diagram illustrating a flip-flop 
at a rear Stage for latching a flag signal FLAG. 
0103 FIG. 35 is a diagram illustrating a common, con 
ventional Serial/parallel converter; and 
0104 FIG. 36 is a timing chart showing the operation of 
the serial/parallel converter in FIG. 35. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0105 The preferred embodiments of the present inven 
tion will now be described while referring to the accompa 
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nying drawings. These embodiments, however, do not limit 
the technical Scope of the present invention. 
0106. In the description of the following embodiments, a 
flip-flop is employed as a latch circuit and a flip-flop or 
NAND gate is employed as gate means. 
0107 FIG. 1 is a diagram illustrating a serial/parallel 
converter according to a first embodiment of the present 
invention. This example circuit is constituted by a Smaller 
number of flip-flops than those for the prior art in FIG. 35. 
A fast input clock CLK is amplified by an amplifier C1, and 
an internal clock S1 is generated. Data DATA to be supplied 
serially is amplified by an amplifier C2 and internal data S2 
is produced. In a pulse generator C3 to which the internal 
clock S1 is supplied, latch clocks S3 through S6 for flip 
flops C4 to C10 are generated. 
0.108 FIG. 2 is a specific circuit diagram illustrating the 
pulse generator C3 of the serial/parallel converter in FIG. 1. 
The pulse generator C3 comprises a first frequency divider 
1110, including NAND gates 1101 to 1109 and an inverter 
1105, and a second frequency divider 1125, including 
NAND gates 1116 to 1124 and inverters 1120 and 1126 to 
1129. A Switch 1111 located between the frequency dividers 
1110 and 1125 is constituted by NAND gates 1112, 1114 and 
1115 and an inverter 1113, as is shown in FIG. 2. 

0109) The operation of the switch 1111 is as follows. 
When a signal dvdex is at level H, the clock CLK is input 
via the NAND gates 1112 and 1115 directly to the second 
frequency divider 1125. Since the input from the inverter 
1113 to the NAND gate 1114 is at level L, the NAND 1114 
does not transmit to the second frequency divider 1125 a 
signal received from the first frequency divider 1110. This 
operation occurs in a case where data DATA is provided at 
both the leading (rising) and trailing (falling) edges of the 
clock CLK. On the contrary, when signal dvdex is at level 
L, the output of the first frequency divider 1110 is transmit 
ted via the NAND gates 1114 and 1115 to the second 
frequency divider 1125. This operation occurs in a case 
where the data DATA is provided only at the leading (rising) 
edge of the clock CLK. 
0110 FIGS. 3 and 4 are timing charts showing the 
operation of the serial/parallel converter in FIG. 1. The 
example shown in FIG. 3 is for a case where the data DATA 
is transmitted Serially at the leading edge of the input clock 
CLK. The example shown in FIG. 4 is for a case where the 
data DATA is transmitted serially at both the leading and 
trailing edges of the input clock CLK. The operations in 
FIG. 3 and 4 are switched from one to the other by the 
Switch 111 in FIG. 2. 

0111 First, while referring to FIG. 3, an explanation will 
be given for an operation performed when the data DATA is 
provided Serially at the leading edge of the input clock CLK. 
The length of the Serial data is four bits, as an example. 
Therefore, data Dn, Dn+1, Dn+2 and Dn+3 are input at the 
leading edges of the internal clock S1, obtained by ampli 
fying the input clock CLK. Latch clocks S3, S4 and S5 are 
generated by the pulse generator C3, as is shown in FIG. 3, 
and the data Dn, Dn+1 and Dn+2 are latched by correspond 
ing holding flip-flops C4, C5 and C6. The latch clocks S3, 
S4 and S5 are synchronized with the timing at which the data 
Dn, Dn+1 and Dn+2 are input, and each have a pulse length 
approximately equivalent to an effective interval. 
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0112 Synchronized with the timing when, the final data 
Dn+3 is input, the last latch clock S6 is transmitted, and the 
data Dn+3 is latched by the output latch flip-flop C7, while 
the data Dn, Dn+1 and Dn+2, which are latched by the 
holding flip-flops C4, C5 and C6, are latched respectively by 
the output latch flip-flops C8, C9 and C10. As a result, the 
data Dn, Dn+1, Dn+2 and Dn+3 are output in parallel, and 
with the same phase, by the output latch flip-flops C8, C9, 
C10 and C7. 

0113. In the pulse generator C3 shown in FIG. 2, the 
control Signal divideX is set to level L and the two frequency 
dividers 1110 and 1125 are coupled together. In the fre 
quency divider 1110, the outputs of the NAND gates 1103 
and 1104 are changed, as inverted pulses, at the leading edge 
of the internal clock S1, and the outputs of the NAND gates 
1108 and 1109 are changed, as inverted pulses, at the next 
leading edge of the internal clock S1. Therefore, the outputs 
of the NAND gates 1103 and 1104 are clocks obtained by 
dividing the internal clock S1 by two. 
0114. The internal clock S1 is divided by two by the 
frequency divider 1110, and the divided signal is transmitted 
via nodes 1 and 3 of the Switch 1111 to the frequency divider 
1125. The leading edge of the internal clock S1 is transmit 
ted via the NAND gates 101 through 104 and 116 or 117 to 
the output terminal S3, and the latch clock S3 is generated 
and is output in Synchronous with the leading edge of the 
internal clock S1 at time t1. The length of the pulse S3 is 
adjusted by the frequency divider 1110 so that it is equal to 
the length of one cycle of the internal clock S1. Similarly, 
the latch clock S4 is output in Synchronous with the Suc 
ceeding leading edge of the internal clock S1 at time t2, and 
its pulse width is also equal to the length of one cycle of the 
internal clock S1. 

0115) A latch clock S5 rises in synchronous with the 
leading edge of the internal clock S1 at time t3, and a latch 
clock S6 rises in Synchronous with the leading edge of the 
internal clock S1 at time ta. Each of their pulse widths is 
equal to the length of one cycle of the internal clock S1. 
0116 FIG. 4 is a timing chart when input data DATA 
changes at the leading edges and trailing edges of the input 
clock CLK. In the pulse generator C3 shown in FIG. 2, the 
nodes 2 and 3 of the Switch 1111 are connected together by 
setting control signal dvdex to level H. An internal clock S14 
is transmitted unchanged to the frequency divider 1125 at 
the following stage, and latch clocks S16 to S19 rise at times 
t1, t2, t3 and tA, as is shown in FIG. 4. At time t.A., where the 
final data Dn+3 is input, and in response to the latch clock 
S19, the final data Dn+3 is latched by the output latch 
flip-flop C7, and the data Dn, Dn+1 and Dn+2 are latched by 
the respective output latch flip-flops C8, C9 and C10. 
0117 Therefore, by using the control signal dvdex, the 
serial/parallel converter shown in FIGS. 1 and 2 can handle 
Serial data, regardless of whether they are Synchronously 
input with the leading edge of the input clock CLK or with 
both the leading edge and the trailing edge of the input clock 
CLK. The most important thing is that Since only Seven 
flip-flops are employed to enable conversion of 4-bit Serial 
data to parallel data, this converter can be designed to 
operate with a Smaller number of flip-flop circuits than the 
conventional converter in FIG. 14. In addition, as each 
flip-flop performs a latch operation only once for Serial/ 
parallel conversion, accordingly, the amount of current 
consumption is reduced. 
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0118 FIG. 5 is a diagram illustrating a serial/parallel 
converter according to a Second embodiment of the present 
invention. In this embodiment, the Serial/parallel converter 
comprises nine flip-flops: input latch flip-flops C14 and C15, 
which can perform a comparatively fast latch operation, and 
flip-flops C16 to C19, which perform a slower latch opera 
tion than the flip-flops C14 and C15. A pulse generator C13 
generates latch clocks S31 to S34 in synchronization with an 
internal clock S27, which is produced by amplifying to an 
input clock CLK in an amplifier C11. These latch clocks S31 
to S34 are synchronized with the timings at which the input 
latch flip-flops C14 and C15 latch four data sets. 
0119 FIG. 6 is a detailed circuit diagram illustrating the 
pulse generator C13 in FIG. 5, and FIG. 7 is a timing chart 
showing the operation of the Serial/parallel converter in 
FIGS. 5 and 6. In this embodiment, the serial data have a 
length of four bits. 
0120) The pulse generator C13 is constituted by circuits 
for dividing the frequency of the internal clock. NAND gates 
1116 to 1119 constitute a latch circuit at the first stage, and 
NAND gates 1121 to 1124 constitute a latch circuit at the 
Succeeding Stage. Since this circuit has the same arrange 
ment as that of the second frequency divider 1125 of the 
pulse generator C3 in FIG. 2, the same reference numerals 
are used to denote corresponding gates. Also, in this circuit, 
the outputs of the NAND gates 1116 and 1117 change, as 
inverted pulses, in Synchronization with the leading edge of 
the internal clock C27; and the outputs of the NAND gates 
1121 and 1122 change, as inverted pulses, in Synchroniza 
tion with the trailing edge of the internal clock S27. There 
fore, as is shown in FIG. 7, latch clocks S31 to S34 output 
via respective inverters 1126 to 1129 are pulse signals which 
synchronously rise with time t1 to ta. 
0121 The operation in FIG. 5 will now be described. In 
this example, the input clock CLK has a pulse width of 5 
nSec, for example, and Serial data DATA Synchronously 
changes with the leading edge and the trailing edge of the 
input clock CLK. Therefore, the input latch, fast flip-flop 
C14 latches data Dn and Dn+2 at the leading edge of the 
internal clock S27 (time t1 and t3); and the input latch, fast 
flip-flop C15 latches data Dn+1 and Dn+3 at the trailing 
edge of the internal clock S27 (time t2 and tA). Thus, the 
flip-flop C15 performs a latch operation in response to the 
inverted logic of the internal clock S27. While a circular 
inversion Symbol is placed at the input terminal of the 
internal clock S27 at the flip-flop C15 in FIG. 5, actually, a 
latch clock S27 is transmitted via an inverter (not shown) to 
the input terminal of C15. 
0.122 The input latch flip-flops C14 and C15 are so 
designed that they can latch data in a period equivalent to the 
pulse width of the internal clock S27. When the pulse width 
of the internal clock S27 is very short, their latch operation 
must be performed at high Speed. The Structure of Such fast 
flip-flop will be described later. 
0123 The pulse generator C13, which receives the inter 
nal clock S27, produces latch clocks C31, S32, S33 and S34, 
which are synchronized with the timings t1 to ta for the 
leading edge and the trailing edge of the internal clock S27. 
In the pulse generator C13 in FIG. 6, first, the output of the 
NAND gate 1117 goes to level L., in accordance with the rise 
of the internal clock S27, to set the latch clock S31 at level 
H. The L-level output of the NAND gate 1117 is latched by 
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a latch circuit constituted by the NAND gates 1118 and 1119. 
Then, in accordance with the fall of the internal clock S27, 
the output of the NAND gate 1122 goes to level L and the 
latch clock S32 goes to level H. Similarly, in accordance 
with the next rise of the internal clock S27, the latch clock 
S33 goes to level H, and in accordance with the following 
rise of the internal clock, the latch clock S34 goes to level 
H. 

0.124. In response to the H-level latch clock S31, the 
holding flip-flop C16 latches the data Dn held in the input 
latch flip-flop C14; in response to the H-level latch clock 
S32, the holding flip-flop C18 latches the data Dn+1 held in 
the input latch flip-flop C15; and in response to the H-level 
latch clock S33, the holding flip-flop C17 latches the data 
Dn+2 held in the input latch flip-flop C14. At time ta, in 
response to the H-level latch clock S34, the output latch 
flip-flop C19 latches the data Dn+3 held in the input latch 
flip-flop C15, and the output latch flip-flops C20, C21 and 
C22 latch the data Dn, Dn+1 and Dn+2 held in the holding 
flip-flops C16, C17 and C18. 
0.125 AS is apparent from the above operation, since the 
input latch flip-flops C14 and C15 hold data during a period 
of one cycle of the internal clock S27, the holding flip-flops 
C16, C17, C18 and C19 do not need to perform high speed 
latch operations. Therefore, the pulse generator C13 can be 
changed to Set a long pulse width for latch clockS S31 to 
S34, as is indicated by broken lines in FIG. 7. This alteration 
is possible by changing, for example, the inverters 1126 to 
1129 in FIG. 6 to a circuit which includes a NAND gate 
1300, a delay circuit having a resistor R and a capacitor C, 
and inverters 1301 and 1302, which are provided at the front 
and rear stages of the delay circuit R.C. When the latch 
operations of the holding flip-flops C16 to C19 can be 
performed at a low Speed, this means that the amount of 
current required for this operation can be reduced. Similarly, 
the latch operations of the output latch flip-flops C20, C21 
and C22 can be performed at a low speed. 
0.126 AS described above, the serial/parallel converter 
shown in FIG. 5 employs nine flip-flops; however, fast latch 
operations are required only for the input latch flip-flopSC14 
and C15, and the other flip-flops need only perform com 
paratively slow operations. Therefore, the total amount of 
current consumption is Smaller than that in the first embodi 
ment in FIG. 1. 

0127 FIG. 8 is a circuit diagram illustrating a third 
embodiment. FIG. 9 is a circuit diagram illustrating a pulse 
generator used for the third embodiment, and FIG. 10 is a 
timing chart showing the operation of the Serial/parallel 
converter of the third embodiment. The serial/parallel con 
verter in this embodiment has basically the same Structure as 
the serial/parallel converter in FIG. 5. The serial/parallel 
converter comprises input latch flip-flops C27 and C28, 
which have a high processing Speed, and holding flip-flops 
C29, C30 and C31 and output latch flip-flops C32 to C35, 
which have a comparatively low processing Speed. The input 
latch flip-flips C27 and C28 alternately latch serially 
received data Dn, Dn+1, Dn+2 and Dn+3. The holding 
flip-flops C29, C30 and C31 latch corresponding data in 
response to the rise and the fall of latch clocks S46 and S47, 
which are generated by a pulse generator C25. Further, the 
output latch flip-flops C32, C33, C34 and C35 latch data 
Dn+3, Dn, Dn+1 and Dn+2 in response to the rise of the 
latch clock S47. 
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0128. The difference in the circuit in FIG. 8 from the 
circuit shown in FIG. 5 is that the pulse generator C25 
generates a lower frequency than that of the internal clock 
S42, i.e., a latch clock having a longer cycle. The flip-flops 
C30 and C32 to C35 perform a latch operation in response 
to corresponding L-level of the latch clocks (falling edge of 
the clocks) C46, C47. The pulse widths of the latch clocks 
C46 and C47 are longer than that of the internal clock S42, 
and the latch operations of the flip-flops C29 to C35 can be 
performed at a comparatively low speed. Since the flip-flops 
C30 and C32 to C35 perform latch operations at the L-level 
latch clock, a circular inversion Symbol is placed at their 
input terminals to indicate that the phase of the latch clock 
is inverted. Actually, an inverter is inserted thereto. 
0129. The pulse generator C25 in FIG. 9 has the same 
arrangement as the circuit in FIG. 6, and the same reference 
numerals are used to denote corresponding components. The 
differences from the circuit in FIG. 6 are that the outputs of 
the NAND gates 1119 and 1124 are employed for respective 
latch clocks S46 and S47, and that the pulse widths are 
longer. 
0130. The serial/parallel converter in FIG. 8 employs 
nine flip-flops, a Smaller number than are employed for the 
prior art. While one of the input latch flip-flops C27 and C28 
requires a large amount of current in order to perform a fast 
latch operation, one of the other flip-flops can perform a 
latch operation at a low Speed, and the amount of current 
consumption can be reduced. 
0131 FIG. 11 is a circuit diagram illustrating a flip-flop 
performing a slow latch operation. In this flip-flop, NAND 
gates 1203 and 1204 constitute a latch circuit, as in general, 
and NAND gates 1201 and 1202 perform gating for input IN 
upon receipt of a clock CLK. When, for example, the clock 
CLK goes to level H while the input IN is at level H, the 
inputs of the NAND gate 1201 go to level H, and the output 
goes to level L. In addition, the inputs of the NAND gate 
1202 go to level H and level L., and the output goes to level 
H. In response to the L-level output of the NAND gate 1201, 
the output of the NAND gate 1203 goes to level H, and the 
inputs of the NAND gate 1204 go to level H and the output 
goes to level L. The latch operation is then completed. 
Therefore, for the latch operation, processing at a gate 1205, 
and at the NAND gates 1201 and 1202, and 1203 and 1204 
must be completed, So that a comparatively long period of 
time is required for latching operation. A large amount of 
current is not consumed for this operation. 
0132 FIG. 12 is a circuit diagram illustrating a flip-flop 
performing a comparatively fast latch operation. A transistor 
with a circular inversion Symbol placed at its gate indicates 
a P type. In the flip-flop, a CMOS differential amplifier and 
a latch circuit are provided at the front Stage, and the latch 
output is held by a latch circuit constituted by NAND gates 
1203 and 1204 at the rear stage. 
0133. In the differential amplifier and the latch circuit at 
the front stage, an N type transistor N5 is rendered conduc 
tive by an H-level clock CLK, and the differential amplifier 
constituted by N type transistors N2 and N4 is activated to 
render conductive either transistor N2 or N4 in accordance 
with input IN. Then, a current according to the conductive 
transistor is supplied to transistors P2 and N1, or P3 and N3, 
of the latch circuit at the front Stage. As a result, a node n1 
or n2 goes to level L., and in response to this, the P type 
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transistor P3 or P2 is rendered conductive to raise the 
opposite node n1 or n2 to level H. The latch output n1 and 
n2 are held by the latch circuit constituted by the NAND 
gates 1203 and 1204 at the rear stage. When the clock CLK 
goes to level L., the transistors P1 and P4 are rendered 
conductive and the nodes n1 and n2 are raised to level H and 
are reset. In this condition, there is no current consumed at 
the front stage. The latch circuit constituted by the NAND 
gates 1203 and 1204 holds the data. 
0134. In this circuit in FIG. 12, a comparatively large 
current can be supplied from the transistor N5 to the 
differential amplifier and the latch circuit at the front Stage 
to perform a fast latch operation. Although the amount of 
current consumed is larger than that of the flip-flop in FIG. 
11, a faster latch operation can be performed. 
0135 FIG. 13 is a circuit diagram illustrating a flip-flop 
performing a faster latch operation. In this flip-flop, in 
addition to the differential amplifier and the latch circuit in 
the front stage in FIG. 12, the latch circuit at the rear stage 
includes CMOS inverters P10 and N10, and P11 and N11, 
which are Set to a high impedance State at the reset when the 
clock CLK is at level L and both nodes n1 and n2 are at level 
H, and inverters 1208 and 1209, which are driven by the 
above inverters for the latch operation to hold data. The 
inverted Signals of the nodes n1 and n2 are fed back via the 
inverters 1206 and 1207 to N transistors N6 and N7. 

0136. When the clock CLK goes to level H from the reset 
condition where the nodes n1 and n2 are at level H, the 
transistor N5 is rendered conductive, and in accordance with 
the data at input IN, either transistor N2 or N4 is rendered 
conductive to drop the node n1 or n2 to level L. If the input 
IN is at level H, the transistor N2 is rendered conducive and 
the node n1 is dropped. By dropping the node n1 to level L., 
the transistor P10 is rendered conductive and output OUT 
PUT goes to level H. The above feedback function includes 
a function for Supporting the latch operation of the latch 
circuit in the front stage. When the output OUTPUT goes to 
level H, the inverters 1208 and 1209 constituting the latch 
circuit hold that condition. Since the latch circuit at the rear 
Stage is not a cross-connection of two NAND gates, as 
shown in FIG. 12, its latch operation is performed at a 
higher speed. 

0137 Generally, in the latch circuit wherein the NAND 
gates 1203 and 1204 are crossed and connected together as 
shown in FIG. 12, when, for example, the condition where 
the nodes n1 and n2 are at level His changed to the condition 
where node 1 is at level L., the output of its NAND gate 1203 
is changed to level H. The inputs of the NAND gates 1204 
are changed to level H, and the output is changed to level H. 
As a result, the level L of the output of the NAND gate 1203 
is changed to the level H, regardless of the level L of the 
node n1. The latch operation is thereafter terminated. In 
other words, Since the latch operation is completed after the 
period for the operations of two gate Stages, the operation is 
performed comparatively slowly. 

0138. In the circuit constituted by the inverters 208 and 
209 shown in FIG. 13, when the condition where the nodes 
n1 and n2 are at level H is changed to the condition where 
node n1 is at level L., the output OUT goes to level H by the 
transistor P10, and the output (node na) of the inverter 1208 
goes to level L. The latch operation is thereafter terminated. 
The change of the node n1 to level L alters the node n3 to 
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level H via the inverter 1206, and the node na to level L via 
the transistor N11. Therefore, the operation is completed in 
two gate Stages by the inverters, and can be performed at a 
higher speed than is the operation in FIG. 12. 
013:9) The fast flip-flops in FIGS. 12 and 13 are 
employed for the input latch flip-flops For the serial/parallel 
converters in FIGS. 5 and 9, and the flip-flops in FIGS. 11 
that require only a Small amount of current, even though 
they perform the processing comparatively slowly, are 
employed for the other flip-flops. 
0140 AS is described above, according to the present 
invention, a Serial/parallel converter can be constituted by a 
Small number of flip-flops, and accordingly, the amount of 
current consumption can be reduced. 
0.141. In addition, according to the present invention, an 
input latch flip-flop is So designed that it consumes a large 
amount of current and that can perform a fast latch opera 
tion, while a flip-flop for latching previously latched data to 
enable parallel output is So designed that it performs com 
paratively slow processing and consumes only a Small 
amount of current. As a result, the total amount of current 
consumption can be reduced, and data Serially input at a high 
Sped can likewise be latched at a high Speed. 
0.142 FIG. 14 is a diagram illustrating a serial/parallel 
converter similar to that shown in FIG.1. The serial/parallel 
converter is an example one for four bits, as the length of the 
Serial data. The Supply of Serial data is initiated at the leading 
edge of a clock, and the Serial data are Sequentially Supplied 
both at the leading edge and at the trailing edge of the clock. 
A clock CLK, a command Signal CMD and a flag signal 
FLAG, for example, are Supplied externally. 
0143. The serial/parallel converter in FIG. 14 comprises: 
a pulse generator 10 for receiving a clock CLK and gener 
ating timing pulses F1 to F4; flip-flops 11 to 13 for fetching 
externally Supplied Serial command Signals CMD in 
response to the timing pulses F1, F2 and F3; a flip-flop. 17 
for fetching a fourth command Signal CMD in response to 
the timing pulse F4; and flip-flops 14 to 16 for also fetching 
the data latched by the flip-flops 11 to 13 in response to the 
timing pulse F4. With the double structure of the flip-flops 
11 to 13 and 14 to 17, a small number of flip-flops can 
constitute a Serial/parallel converter. In addition, Since a 
fast-operating circuit is employed for the flip-flopS 11 to 13, 
it can cope with Serial data Supplied in Synchronization with 
the fast clock. 

0144. The serial data are fetched by the flip-flops 14 to 17 
at the final timing pulse F4, and are Supplied at an internal 
gate 20 to an internal circuit in response to a data Strobe 
Signal DS. The operational timing for the gate 20 is con 
trolled by the data Strobe Signal DS generated at a prede 
termined timing from a flag signal FLAG designating the 
head of the Serial data. 

0145 FIG. 15 is a timing chart, which is similar to FIG. 
4, showing the operation of the Serial/parallel converter in 
FIG. 14. A command signal CMD is supplied in synchro 
nization with the leading edge and trailing edge of the clock 
CLK. Of the 4 bits of serial data D, to D, the head data 
D, are Supplied in Synchronization with the flag signal 
FLAG, which designates the head of the command Signal for 
the Serial data. Then, the remaining Serial data D, to D, 
are transmitted in Synchronization with both edges of the 
clock CLK. 
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0146 The first serial data D, are latched by the flip-flop 
11 in response to a timing pulse F1, which is generated at the 
leading edge of the clock CLK when the flag signal FLAG 
is Supplied. In response to the Successively generated timing 
pulses F2 and F3, the Serial data D, and D, are latched 
by the flip-flops 12 and 13, respectively. The last serial data 
D, are latched by the flip-flop 17 in response to the last 
timing pulse F4, and at the same time the data D, D, and 
D, are latched by the flip-flops 14, 15 and 16. As a result, 
outputs D1 to D4 of the flip-flops 14 to 17 are parallel data 
D, to D, as is shown in FIG. 15. 
0147 When the latched signals D1 to D4 are output in 
parallel by the gate circuit 20 at the timing of the strobe 
Signal DS, which is generated from the flag signal FLAG at 
a predetermined timing. 

0148 AS is described above, since the data strobe signal 
DS is generated independently of the Serial/parallel con 
verter, it is difficult to match the phase to the timing at which 
the Serial data are latched by the Second-stage flip-flops 14 
to 17 of the serial/parallel converter. Therefore, the data 
Strobe Signal DS is generated at the time delayed with a 
Specific margin, which becomes an obstacle for fast opera 
tion. 

Fourth Embodiment 

014.9 FIG. 16 is a diagram illustrating a serial/parallel 
converter according to a fourth embodiment of the present 
invention, and FIG. 17 is its timing chart. The same refer 
ence numerals are used as are used in FIG. 14 to denote 
corresponding components. Also, in the fourth embodiment, 
a command Signal of four bits is Supplied in Synchronization 
with the leading edge and the trailing edge of a clock CLK. 
The first Serial data are Supplied in Synchronization with the 
leading edge of a flag signal FLAG. 
0150. In the serial/parallel converter in FIG.16 flip-flops 
11 to 17 have the same structure as those in the circuit in 
FIG. 14, and their operations for latching Signals in response 
to timing pulses F1 to F4 are also performed in the same 
manner. Initially, the first serial data D, is latched by the 
flip-flop 11 at the first Stage in response to the timing pulse 
F1, which corresponds to the leading edge of the flag Signal 
FLAG and is generated at the leading edge of the clock 
CLK. Then, an output signal SS1 is employed as the first 
Serial data D, and in response to the timing pulse F1 the flag 
signal FLAG is latched by the flip-flop 18 at the first stage. 
0151. Similarly, the second serial data D, is latched by 
the flip-flop 12 at the first stage in response to the timing 
pulse F2, which is generated at the trailing edge of the clock 
CLK. The third serial data D, is latched by the flip-flop 13 
at the first Stage in response to the timing pulse F3, which is 
generated at the leading edge of the clock CLK. In response 
to the timing pulse F4, which is generated at the Subsequent 
trailing edge of the clock CLK, the fourth Serial data D, is 
latched by the flip-flop 17, and signals SS1 to SS3 outputs 
by the flip-flops 11 to 13 at the first stage and a signal SS8 
output by the flip-flop 18 are latched by the flip-flops 14 to 
16 and 19 at the second stage. 
0152 The serial data D, to D, which are latched in 
response to the timing pulse F4, are output as Signals SS4 to 
SS7 and latched in parallel by flip-flops 111 to 114 of gate 
means at the final Stage, in response to the leading edge of 
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a data strobe signal DS (timing ts in FIG. 17), which is 
output by the flip-flop 19 at the second stage. The data D, to 
D., generated at the parallel output terminals D1 to D4, are 
employed by an internal circuit provided at the following 
Stage. 

0153. As is described above, since a circuit for latching 
the flag Signal FLAG in response to a timing pulse used for 
the serial/parallel conversion is additionally provided for the 
Serial/parallel converter, the data Strobe Signal DS can be 
output at the timing t|DS whereat the flip-flops 14 to 17 have 
latched all the Serial data at the Second Stage. Since the delay 
time required for the latching of the flip-flop 19 matches the 
delay time required for the latching of the flip-flops 14 to 17, 
the data Strobe Signal DS carries the shortest timing ts, and 
as a result, appropriate Serial data D, to D, can be output 
in parallel at an appropriate timing. 
0154) The flip-flop at the second stage 19 is a self-clear 
flip-flop which can clear its output following the elapse of a 
predetermined delay time At. This circuit will be explained 
in detail later. 

O155 FIG. 18 is a diagram illustrating a modification of 
the fourth embodiment. The Same reference numerals are 
used as are used in FIG. 16 to denote corresponding 
components. In this modification, a data Strobe Signal DS 
latched by a flip-flop 19 is output at a timing whereat 
flip-flops 111 to 114 latch data, so that the data strobe signal 
DS can be employed by an internal circuit (not shown). The 
other Sections in this circuit are the same as those shown in 
FIG. 16. 

0156 FIG. 19 is a diagram illustrating another modifi 
cation of the fourth embodiment, and the same reference 
numerals are used as are used in FIG. 16 to denote corre 
sponding components. In this modification, the flip-flops 111 
to 114 at the final stage are replaced by NAND gates 121 to 
124. Signals SS4 to SS7, output by flip-flops 14 to 17, are 
transmitted to input terminals of the NAND gates 121 to 
124, and a data strobe signal DS is supplied to their other 
input terminals. 
0157 FIG. 20 is a timing chart for the circuit in FIG. 19. 
A difference from the timing chart in FIG. 17 is that data D, 
to D, are output at terminals D1 to D4 of the NAND gates 
121 to 124 in synchronization with the leading edge of the 
data Strobe Signal DS, and that the output of the data D, to 
D is continued only while the data Strobe signal DS is at 
level H. The other operation is performed in the same 
manner as the like operation in FIG. 16. 
0158 AS is described above, in the fourth embodiment, a 
flag signal FLAG is fetched in response to a timing pulse F1, 
and further is latched in response to a timing pulse F4 in the 
Same manner as in the Serial/parallel operation. The latch 
output is then employed as a data Strobe Signal DS, So that 
it is possible to generate a data Strobe Signal DS, the output 
timing of which matches the operation timing of the Serial/ 
parallel converter. Therefore, the parallel output of data can 
be performed by using the data Strobe Signal DS having the 
matching timing necessarily. As a result, after the generation 
of the flag signal FLAG 4-bit Serial data can be output in 
parallel as appropriate data at the optimal timing. 

0159. The fourth embodiment can be applied for 8-bit 
Serial data. In this case, Seven bits are latched by the 
flip-flops at the first stage, while the eighth bit is latched by 
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a flip-flop at the Second Stage; and in response to the data 
Strobe Signal, the Serial data are latched by the flip-flops at 
the final Stage. Or, else first three bits of the Serial data are 
latched by the flip-flops at the first stage, while a fourth bit 
is latched by a flip-flop at the Second Stage, and after this 
latching process has been repeated, all the Serial data are 
latched by the flip-flops at the final Stage. 

Fifth Embodiment 

0160 FIG. 21 is a diagram illustrating a serial/parallel 
converter according to a fifth embodiment of the present 
invention. In this embodiment, as well as in the fourth 
embodiment, a circuit for latching a flag Signal FLAG is 
provided for the Serial/parallel converter, and the timing for 
the generation of a data Strobe Signal DS, which is a timing 
Signal for parallel output at the final Stage, matches the 
serial/parallel conversion. In the fourth embodiment, of 4 
bits of serial data, the first three bits are fetched by three 
flip-flops, and the fourth bit and three bits that were latched 
previously are fetched at the same time by four flip-flops. In 
the fifth embodiment, however, serial data are fetched two 
bits at a time. 

0.161 Specifically, as is shown in FIG. 21, the first serial 
data D, is latched by a flip-flop 201 at the first stage in 
response to a timing pulse F1, which is the edge of a flag 
Signal FLAG and is generated at the leading edge of a clock 
CLK. In response to the following timing pulse F2, the 
Second Serial data D, and the data D, latched by the 
flip-flop 201 are respectively latched by flip-flops 203 and 
202 at the Second Stage. Similarly, in response to a timing 
pulse F3, the third Serial data D, is latched by a flip-flop 
204 at the first stage. Then, in response to the following 
timing pulse F4, the fourth Serial data D, and the data D. 
latched by the flip-flop 204 are latched respectively by 
flip-flops 206 and 205 at the second stage. The latch opera 
tion for the flag signal FLAG is the same as in the fourth 
embodiment. 

0162 Therefore, at the first stage there are only two 
flip-flops, which is fewer than the three employed in the 
fourth embodiment. 

0163 FIG.22 is a timing chart for FIG. 21. As is shown 
in FIG. 22, in response to the timing pulse F1, which is the 
leading edge of the flag Signal FLAG and is generated at the 
leading edge of the clock CLK, the first Serial data D, of a 
command signal CMD is latched by the flip-flop 201 at the 
first Stage, and at the same time the flag Signal FLAG is 
latched by a flip-flop 207 at the first stage. Then, in response 
to a timing pulse F2 generated at the trailing edge of the 
clock CLK, the Second Serial data D, is latched by a 
flip-flop 203 at the Second Stage, and the first data D, 
latched by the flip-flop 201, is also-latched by a flip-flop 202. 

0164. In response to a timing pulse F3 generated at the 
following leading edge of the clock CLK, the third Serial 
data D, of the command Signal CMD is latched by a 
flip-flop 204 at the first Stage. Then, in response to a timing 
pulse F4 generated at the trailing edge of the clock CLK, the 
fourth serial data D, is latched by a flip-flop 206 at the 
Second Stage, and the third data D, latched by the flip-flop 
204, is also latched by a flip-flop 205. Also, in response to 
the timing pulse F4, the flag Signal FLAG, latched by the 
flip-flop 207, is latched by a flip-flop 208 at the second stage. 

Jan. 17, 2002 

0.165 A data strobe signal DS is generated at the timing 
ts by the flip-flop 208 at the Second Stage, whereat the third 
and the fourth Serial data, D, and D, are latched by the 
flip-flops 205 and 206 and are output at the output terminals 
SS5 and SS6. Therefore, at an optimal timing, the data D, to 
D. at the output terminals SS2, SS3, SS5 and SS6 are 
latched in parallel by flip-flops 211 to 214 at the final stage. 

0166 Since in the fifth embodiment serial data are 
latched in sets of two bits by the flip-flops at the first stage 
and the flip-flops at the Second Stage, fewer flip-flops are 
required at the first Stage than are required for the fourth 
embodiment. The fifth embodiment can be applied in the 
same manner for 8-bit serial data and for 16-bit serial data. 
In these cases, the output of the flip-flop 207 at the first stage 
need only be latched by the flip-flop 208 at the second stage 
in response to the final timing pulse. 

Sixth Embodiment 

0.167 FIG. 23 is a diagram illustrating a serial/parallel 
converter according to a sixth embodiment of the present 
invention, and FIG. 24 is its timing chart; In the sixth 
embodiment also, Serial data are Supplied in Synchronization 
with the leading edge and the trailing edge of a clock CLK. 
In the fourth and the fifth embodiments, in response to the 
leading edge of the flag FLAG, a pulse generator 10 gen 
erates timing pulses F1 to F4 in order, beginning at the 
leading edge of the clock CLK, which corresponds to the 
Supply of the command Signal. However, when there is a 
premise that the first data of the 4 bits of serial data is to be 
Supplied in response to the leading edge of the clock CLK, 
the condition limiting the generation of the timing pulses F1 
to F4 of the pulse generator 10 can be eliminated. 
0168 Specifically, on the premise that the leading edge of 
a flag Signal FLAG, which represents the first Serial data, is 
Synchronized with the leading edge of the clock CLK, which 
indicates the Start of the Supply of data, the pulse generator 
10 need only generate the timing pulses F1 and F3 in 
response to the leading edge of the clock CLK, and the 
timing pulses F2 and F4 in response to the trailing edge of 
the clock CLK. In the sixth embodiment, a circuit is pro 
vided which latches 4 bits of serial data from the timing 
pulse F1 and 4 bits of serial data from the timing pulse F3, 
and either 4 bits of Serial data are output in parallel in 
response to the leading edge of the flag signal FLAG. 

0169. As is shown in FIG. 23, in the sixth embodiment, 
a pulse generator 30 is provided which generates the timing 
pulses F1 and F3 at the leading edge of the clock CLK, and 
the timing pulses F2 and F4 at the trailing edge of the clock 
CLK. Provided at the first stage are flip-flops 301 to 304, 
which latch a command Signal, which is Serial data, in 
response to the timing pulses F1 to F4; and provided at the 
second stage are flip-flops 305 to 310, which latch the first 
3 bits of data in response to the timing pulse F4 or F2 for the 
final bit of the 4 bits of serial data. In addition, provided at 
the final stage are a first group of flip-flops 321 to 324, which 
latch in parallel 4 bits of data from the flip-flops 305, 306, 
307 and 304 in response to a data strobe signal DS1; and a 
second group of flip-flops 325 to 328, which latch in parallel 
4 bits of data from the flip-flops 308, 309, 310 and 302 in 
response to the data strobe signal DS2. The flip-flops at the 
Second Stage are Sorted into two groups: a first group of 
flip-flops 305, 306 and 307 for latching the 3 bits of data 
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from the timing pulse F1, and a Second group of flip-flops 
308, 309 and 310 for latching the 3 bits of data from the 
timing pulse F3. 

0170 The flag signal FLAG is supplied to a first data 
Strobe Signal generator, which includes at the first Stage a 
flip-flop 311 for latching the signal FLAG at the timing pulse 
F1 and at the second stage a flip-flop 313 for latching a 
signal SS11 output by the flip-flop 311 in response to the 
timing pulse F4; and to a Second data Strobe Signal generator, 
which includes a flip-flop 312 at the first stage for latching 
the flag signal FLAG in response to the timing pulse F3 and 
a flip-flop 314 at the Second Stage for latching a signal SS12 
output by the flip-flop 312 in response to the timing pulse F2. 
Then, in response to first and Second data Strobe Signals DS1 
and DS2, generated by the first and the second data strobe 
Signal generators, 4 bits of data are output in parallel to the 
first and the second flip-flop groups 321-324, 325-328 at the 
final Stage. 

0171 AS is described above, in the sixth embodiment, 
Since the first Serial data is made available in accordance 
with the timing pulse F1 or F3 on the premise that the 
leading edge of the flag signal FLAG representing the first 
Serial data is Synchronized with the leading edge of the clock 
CLK, provided are two groups for the flip-flops at the Second 
Stage and for the flip-flops at the final Stages in the fourth 
embodiment in FIG. 16. The individual flip-flop groups at 
the Second Stage latch 4 bits of Serial data which were 
latched from the timing pulse F1 and the 4 bits of serial data 
which were latched from the timing pulse F3, and the 
flip-flop groups at the final Stage latch these data in parallel 
in response to the data strobe signals DS1 and DS2, which 
are generated in response to the flag Signal FLAG. There 
fore, the pulse generator 30 cyclically generates the timing 
pulses F1 to F4 simply in response to the clock CLK 
regardless of the flag signal FLAG. 

0172 The processing performed by the circuit shown in 
FIG. 23 will now be described while referring to FIG. 24. 
In FIG. 24, at a portion for a flag signal FLAG indicated by 
the Solid line, 4 bits of Serial data, D, to D, are Supplied 
from the timing pulse F1, and at the portion of the flag Signal 
FLAG indicated by the broken line, 4 bits of serial data, 
D to Ds, are supplied from the timing pulse F3. There 
fore, in FIG. 24 the data D, to D, are output at the output 
terminals D1 to D4 of the first group flip-flops 321 to 324 at 
the final Stage in response to the data Strobe Signal DS1, 
which is generated upon receipt of the flag Signal FLAG 
indicated by the Solid line. The data D, to Ds are output 
at the output terminals D5 to D8 of the second group 
flip-flops 325 to 328 at the final stage in response to the data 
Strobe Signal DS2, which is generated upon receipt of the 
flag signal FLAG indicated by the broken line. 
0173 First, an explanation will be given for the process 
ing performed upon the receipt of the flag Signal FLAG 
indicated by the Solid line. In response to the timing pulse F1 
generated at the leading edge of the clock CLK, the first data 
D, is latched by the flip-flop 301 at the first stage, and at the 
Same time, the flag Signal FLAG is latched by the flip-flop 
311 at the first stage. Since the flag signal FLAG indicated 
by the Solid line is at level H, accordingly, the output SS11 
of the flip-flop 311 goes to level H. Following this, the 
second data D, is latched by the flip-flop 302 at the first 
Stage in response to the timing pulse F2 generated at the 
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trailing edge of the clock CLK. Similarly, the third data D, 
is latched by the flip-flop 303 at the first stage in response to 
the timing pulse F3. Although the flag signal FLAG is also 
latched by the flip-flop at the first Stage in response to the 
timing pulse F3, in this example it has already been driven 
to level L., and the output SS12 of the flip-flop 312 is 
maintained at level L. 

0.174. In response to the timing pulse F4, the final data 
D is latched by the flip-flop 304 at the first stage, and at the 
Same time, the data D, to D, latched by the flip-flopS 301, 
302 and 303, are respectively latched by the first flip-flops 
305, 306 and 307 at the second stage. In addition, the flag 
signal FLAG which was latched by the flip-flop 311 is 
latched at the second stage by the flip-flop 313 at the second 
Stage in response to the timing pulse F4. The Signal output 
by the flip-flop 313 is the first data strobe signal DS1. 
0175. The first data strobe signal DS1 output by the 
flip-flop 313 rises in response to the timing pulse F4, and in 
synchronization with the timing when the first flip-flops 305 
to 307 at the second stage have latched the data. In response 
to the leading edge of the first data Strobe Signal DS1, the 
first group flip-flops 321 to 324 at the final stage latch the 
data D, to D, which are respectively output at the termi 
nals SS5, SS6 and SS7 of the first group flip-flops 305 to 307 
at the second stage and at the terminal SS4 of the flip-flop 
304 at the first stage. As a result, the 4 bits of parallel data 
D, to D, are output at the output terminals D1 to D4. 
0176) Since the second data strobe signal DS2 does not 
rise in response to the timing pulse F4, at the final Stage the 
second flip-flops 325 to 328 do not latch data. 
0177 Next, an explanation will be given for the process 
ing performed upon the receipt of a flag signal FLAG 
indicated by the broken line. In this case, Serial data D, to 
Ds are converted into parallel data. First, in response to the 
timing pulse F3 generated at the leading edge of the clock 
CLK, the first data D, is latched by the flip-flop 303 at the 
first Stage, and at the same time the flag Signal FLAG is 
latched by the flip-flop 312 at the first stage. Then, in 
response to the timing pulses F4, F1 and F2, data D, D, 
and Ds are latched by the flip-flops 304,301 and 302 at the 
first Stage. Further, in response to the timing pulse F2, the 
three data sets D, D, and D, latched by the flip-flops 
303, 304 and 301 at the first stage, are latched by the second 
flip-flops 308, 309 and 310 at the second stage. Also in 
response to the timing pulse F2, the flag signal FLAG 
latched by the flip-flip 312 is latched by the flip-flop 314 at 
the Second Stage. 
0.178 The data strobe signal DS2 output by the flip-flop 
314 rises in response to the timing pulse F2 after the latching 
operation has been completed. In response to the leading 
edge of the data Strobe signal DS2, the data D, to Ds are 
latched in parallel by the second group flip-flops 325 to 328 
at the final Stage. 
0179 The flip-flops at the final stage of the serial/parallel 
converter shown in FIG. 23 may be the NAND gates, as 
shown in FIG. 19. 

Seventh Embodiment 

0180 FIG. 25 is a diagram illustrating a serial/parallel 
converter according to a Seventh embodiment of the present 
invention, and FIG. 26 is its timing chart. As well as in the 
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Sixth embodiment, the Serial/parallel converter in the Sev 
enth embodiment is constituted on the premise that the 
leading edge of a flag Signal FLAG is Synchronized with the 
leading edge of a clock CLK. In this embodiment, the 
serial/parallel converter shown in the fifth embodiment in 
FIG. 21 is employed and has two groups of flip-flops at the 
final Stage, as in the Sixth embodiment. 
0181. That is, in FIG. 25, flip-flops 401 to 406 have the 
same structure as do the flip-flops 201 to 206 in FIG. 21. 
More specifically, data sets of two bits each are latched by 
the flip-flop 401 at a first stage and by the flip-flops 402 and 
403 at a second stage, also latched by the flip-flop 404 at a 
first stage and by the flip-flops 405 and 406 at the second 
Stage. In response to the first data Strobe Signal DS1, the data 
latched by the flip-flops 402,403, 405 and 406 at the second 
stage are latched by first group flip-flops 421 to 424 at the 
final Stage, and in response to the Second data Strobe Signal 
DS2, are latched by second group flip-flops 425 to 428 at the 
final Stage. 
0182. In response to the timing pulse F1, the flag signal 
FLAG is latched by a flip-flop 411. The latched signal is then 
latched by a flip-flop 413 in response to the timing pulse F4, 
and the first data Strobe Signal DS1 is generated. In response 
to the timing pulse F3, the flag signal FLAG is latched by a 
flip-flop 412. The latched flag signal is then latched by a 
flip-flop 414 in response to the timing pulse F2, and the 
Second data Strobe Signal DS2 is generated. This arrange 
ment is the same as that in the Sixth embodiment. 

0183 The processing performed by the serial/parallel 
converter in FIG. 25 will now be explained while referring 
to FIG. 26. First, an explanation will be given for the 
processing performed upon the receipt of a flag signal FLAG 
indicated by a Solid line. In this case, Serial data are Supplied 
from the timing pulse F1. In response to the timing pulse F1, 
the first data D, of a command signal CMD is latched by the 
flip-flop 401, and at the same time the flag signal FLAG is 
latched by the flip-flop 411. As a result, the output SS7 of the 
flip-flop 411 goes to level H. Following this, in response to 
the timing pulse F2 the Second data D, is latched by the 
flip-flop 403 at the second stage, and the data D, latched by 
the flip-flop 401 is latched by the flip-flop 402 at the second 
Stage. 
0184. In response to the timing pulse F3 the third data 
D is latched by the flip-flop 404. Although the flag signal 
FLAG is also latched by the flip-flop 412 in response to the 
timing pulse F3, the flag signal FLAG at this time is at level 
L., and accordingly the output SS8 is maintained at level L. 
In response to the timing pulse F4, the fourth data D, is 
latched by the flip-flop 406 at the second stage, and the third 
data D, latched by the flip-flop 404 is also latched by the 
flip-flop 405 at the second stage. Also the flag signal FLAG 
latched by the flip-flop 411 is latched by the flip-flop 413. As 
a result, the data strobesignal DS1 output by the flip-fop 413 
rises in Synchronization with the timing when the flip-flops 
at the Second Stages have completed their latch operations. 
In response to the leading edge of the data Strobe Signal DS1, 
the first group flip-flops 421 to 424 at the final stage latch in 
parallel the data D, to D, output at the output terminals 
SS2, SS4, SS5 and SS6 of the flip-flops at the second stage. 
Therefore, the parallel data D, to D are output at the 
output terminals D1 to D4. 
0185. Next, an explanation will be given for the process 
ing performed upon the receipt of a flag signal FLAG 
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indicated by the broken line. The Serial data D, to Ds are 
latched in order by the flip-flops at the first and the second 
Stages in response to the timing pulses F3, F4, F1 and F2. 
The flag signal FLAG is latched by the flip-flop 412 in 
response to the timing pulse F3, and is further latched by the 
flip-flop 414 in response to the timing pulse F2. The data 
D to Ds are simultaneously latched by the second group 
flip-flops 425 to 428 at the final stage in response to the 
leading edge of the data Strobe Signal DS2 output by the 
flip-flop 414. As a result, parallel data D, to Ds are 
output at the output terminals D5 to D8. 
0186 AS is described above, since in the seventh embodi 
ment sets of two bits of serial data are latched by the 
flip-flops at the first and the Second Stages, the number of 
flip-flops required at the first and the Second Stages is fewer 
than is required for the sixth embodiment. In other words, 
the flip-flops at the Second Stage do not constitute double 
Structures, as in the Sixth embodiment, and only the flip 
flops at the final Stage are Sorted into a first and a Second 
group. Also in the Seventh embodiment, the flip-flops at the 
final stage may be replaced by NAND gates. The seventh 
embodiment can be applied for Serial data Sets of 8 bits, or 
16 or more bits. 

Eighth Embodiment 
0187 FIG. 27 is a diagram illustrating a serial/parallel 
converter according to an eighth embodiment of the present 
invention, and FIGS. 28 and 29 are timing charts. In the 
eighth embodiment, there is a premise that the leading edge 
of a flag signal FLAG can be synchronized with either the 
leading edge or the trailing edge of the clock CLK. In other 
words, the first Serial data can be Supplied either at the 
leading edge or at the trailing edge of the clock CLK, and the 
Serial/parallel converter in this embodiment can cope with 
four timings for the Supply of the 4 bits of Serial data. 
0188 In the eighth embodiment, as is shown in FIG. 29, 
in case 1, wherein the leading edge of the flag signal FLAG 
corresponds to the Supply of Serial data D (and the genera 
tion of a timing pulse F1), the Serial data D, to D are 
converted into parallel data. The parallel data D, to D, are 
latched by a first group of flip-flops 531 to 534 at the final 
Stage. 

0189 In case 2 wherein the leading edge of the flag signal 
FLAG-corresponds to the Supply of Serial data D, (and the 
generation of a timing pulse F2), the Serial data D, to D, 
are converted into parallel data. The parallel data D, to 
Dare latched by a second group of flip-flops 535 to 538 at 
the final Stage. 
0190. In case 3, wherein the leading edge of the flag 
Signal FLAG corresponds to the Supply of Serial data D, 
(and the generation of a timing pulse F3), the Serial data 
D to Ds are converted into parallel data. The parallel data 
D to Ds are latched by a third group of flip-flops 539 to 
542 at the final stage. 
0191 In case 4, wherein the leading edge of the flag 
Signal FLAG corresponds to the Supply of Serial data D, 
(and the generation of a timing pulse F4), the Serial data 
D to D, are converted into parallel data. The parallel data 
D, to D, are latched by a fourth group of flip-flops 543 
to 546 at the final stage. 
0192) In the serial/parallel converter in FIG. 27, the 
flip-flops 501 to 504 at the first stage latch the serial data in 
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order in response to the timing pulses F1 to F4. The flip-flops 
at the Second Stage are Sorted into the first group of flip-flops 
514, 515 and 516, the second group of flip-flops 505, 506 
and 507, the third group of flip-flops 508, 509 and 510, and 
the fourth group of flip-flops 511, 512 and 513. 

0193 The serial data D, to D, which were latched by 
the first group of flip-flops 514 to 516 at the second stage and 
the flip-flop 504, are latched by the first group of flip-flops 
531 to 534 at the final stage in response to the leading edge 
of the first data strobe signal DS1. The serial data D, to 
D, which were latched by the Second group of flip-flops 
505 to 507 at the second stage and the flip-flop 501, are 
latched by the second group of flip-flops 535 to 538 at the 
final Stage in response to the leading edge of the Second data 
Strobe Signal DS2. The Serial data D, to Ds, which were 
latched by the third group of flip-flops 508 to 510 at the 
second stage and the flip-flop 502, are latched by the third 
group of flip-flops 539 to 541 at the final stage in response 
to the leading edge of the third data strobe signal DS3. The 
Serial data D, to D, which were latched by the fourth 
group of flip-flops 511 to 513 at the second stage and the 
flip-flop 503, are latched by the fourth group of flip-flops 
543 to 546 at the final stage in response to the leading edge 
of the fourth data strobe signal DS4. 
0194 The processing performed in case 1 will now be 
described while referring to FIGS. 28 and 29. The serial 
data D, of a command signal CMD is latched by the flip-flop 
501 in response to the timing pulse F1, which is generated 
at the leading edge of the clock CLK which is Synchronized 
with the leading edge of the flag signal FLAG. At the same 
time the flag signal FLAG is latched at the first Stage by the 
first flip-flop 517. Following this, the second data D, is 
latched by the flip-flop 502 in response to the timing pulse 
F2, which is generated at the trailing edge of the clock CLK. 
Then, the third data D, is latched by the flip-flop 503 in 
response to the timing pulse F3 generated at the leading edge 
of the clock CLK. 

0.195. In response to the timing pulse F4 generated at the 
trailing edge of the clock CLK, the fourth data D, is 
latched by the flip-flop 504 at the first stage, and the data D, 
to D, which were latched by the flip-flops 501 to 503 are 
latched by the first flip-flops 514,515 and 516 at the second 
Stage. Also, the flag signal FLAG which was latched by the 
first flip-flop 517 at the first stage is latched by the first 
flip-flop 521 at the Second Stage. As a result, the data Strobe 
signal DS1 output by the flip-fop 521 rises after the latch 
operations have been completed. And in response to the 
leading edge of the data Strobe Signal DS1, the data D, to 
D., which are latched by the first group of flip-flops 514 
to 516 at the second stage and the flip-flop 504, are latched 
by the first group of flip-flops 531 to 534 at the final stage. 
Therefore, the parallel data D, to D, are generated at the 
output terminals D1 to D4. 
0196. In case 2, in response to the timing pulse F2, the 
second data D, is latched by the flip-flop 502 at the first 
Stage, and the flag signal FLAG is latched by the flip-flop 
518 at the first Stage. In the same manner, in response to the 
timing pulse F1, the data D, to D are latched by the 
second group of flip-flops 505 to 507 at the second stage and 
the flip-flop 501, and the flag signal FLAG latched by the 
second flip-flop 518 at the first stage is latched by the second 
flip-flop 522 at the Second Stage. 
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0197) Then, in response to the leading edge of the data 
strobe signal DS2 output by the flip-flop 522, the data D, to 
D, which are latched by the second group of flip-flops 505 
to 507 at the second stage and the flip-flop 501, are latched 
in parallel by the second group of flip-flops 535 to 538 at the 
final Stage. 
0198 The same processing is performed for case 3 and 
case 4. 

0199 The serial/parallel converter in the eighth embodi 
ment is constituted at the first stage by the flip-flops 501 to 
504, the four sets of flip-flops at the second stage, and the 
four Sets of flip-flops at the final Stage. The data are output 
in parallel to the first group of flip-flops at the final Stage in 
accordance with the flag signal FLAG, which is Synchro 
nized with the timing pulse F1, to the Second group of 
flip-flops at the final Stage in accordance with the flag Signal 
FLAG, which is synchronized with the timing pulse F2; to 
the third group of flip-flops at the final Stage in accordance 
with the flag signal FLAG which is synchronized with the 
timing pulse F3; and to the fourth group of flip-flops at the 
final Stage in accordance with the flag signal FLAG which 
is synchronized with the timing pulse F4. Therefore, when 
the Serial data are Supplied at either leading edge or the 
trailing edge of the clock CLK, appropriate data can be 
output in parallel at an optimal timing in accordance with the 
flag Signal FLAG. 

Ninth Embodiment 

0200 FIG. 30 is a diagram illustrating a serial/parallel 
converter according to a ninth embodiment of the present 
invention, and FIGS. 31 and 32 are its timing charts. In this 
embodiment are provided four sets of the serial/parallel 
converters employed for the fifth embodiment in FIG. 21, so 
that four bits of appropriate Serial data can be output in 
parallel even when a flag Signal FLAG rises in accordance 
with either the leading edge or the trailing edge of a clock 
CLK. 

0201 Thus, relative to four cases shown in FIG. 30, 
combinations of Signals output by the four Sets of flip-flops 
at the final Stage and parallel data are the same as those in 
the eighth embodiment (FIG. 29). 
0202) In the circuit in FIG. 30, at the first stage flip-flops 
601 to 604 and at the second stage flip-flops 605 to 608 are 
operated in the same manner for four cases. Flip-flops at the 
final stage are sorted into a first group of flip-flops 631 to 634 
(output terminals D1 to D4), a second group of flip-flops 635 
to 638 (output terminals D5 to D8), a third group of flip-flops 
639 to 642 (output terminals D9 to D12), and a fourth group 
of flip-flops 643 to 646 (output terminals D13 to D16). 
0203 The circuits for latching the flag signal FLAG are 
the same as those in the eighth embodiment in FIG. 27. That 
is, the first flag Signal latch circuit is constituted by a flip-flop 
609 at the first stage, which latches the flag signal FLAG in 
response to the timing pulse F1, and by a flip-flop 621 at the 
Second Stage, which latches the flag signal FLAG in 
response to the timing pulse F4. The Second flag signal latch 
circuit is constituted by a flip-flop 610 at the first stage, 
which latches the flag Signal FLAG in response to the timing 
pulse F2, and by a flip-flop 622 at the Second Stage, which 
latches the flag Signal FLAG in response to the timing pulse 
F1. The third flag signal latch circuit is constituted by a 
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flip-flop 611 at the first Stage, which latches the flag Signal 
FLAG in response to the timing pulse F3, and by a flip-flop 
623 at the Second Stage, which latches the flag Signal FLAG 
in response to the timing pulse F2. The fourth flag Signal 
latch circuit is constituted by a flip-flop 612 at the first Stage, 
which latches the flag Signal FLAG in response to the timing 
pulse F4, and by a flip-flop 624 at the Second Stage, which 
latches the flag signal FLAG in response to the timing pulse 
F1. 

0204. The processing performed in case 1 will now be 
described. First, the serial data D, is latched by the flip-flop 
601 in response to the timing pulse F1, generated at the 
leading edge of the clock CLK which is synchronized with 
the leading edge of the flag Signal FLAG. At the same time 
the flag signal FLAG is latched by the flip-flop 609. Fol 
lowing this, in response to the timing pulse F2, the Second 
data D, is latched by the flip-flop 602, and the data D, 
latched by the flip-flop 601 is latched by the flip-flop 605 at 
the Second Stage. 
0205 Then, in response to the timing pulse F3, the serial 
data D, is latched by the flip-flop 603. In response to the 
timing pulse F4, the Serial data D, is latched by the 
flip-flop 604, and the data D, latched by the flip-flop 603 
is latched by the flip-flop 607 at the second stage. Also, the 
flag signal FLAG latched by the first flip-flop 609 at the first 
Stage is latched by the first flip-flop 621 at the Second Stage. 
0206. In response to the leading edge of the data strobe 
signal DS1 output by the flip-flop 621, the data D, to D, 
(outputs SS5, SS2, SS7 and SS4) latched by the flip-flops 
605, 602, 607 and 604 are latched in parallel by the first 
group of flip-flops 631 to 634 at the final stage. Therefore, 
the parallel data D, to D, are generated at the output 
terminals D1 to D4. 

0207. The same processing is performed for cases 2, 3 
and 4. 

0208 AS is described above, according to the ninth 
embodiment, four flip-flops are provided for the first and the 
Second Stages, and Serial data in each of the four cases are 
latched in parallel by four sets of flip-flops. The parallel data 
latching timing for each flip-flop is an optimal timing 
whereat the reception of the flag Signal FLAG matches the 
Serial/parallel conversion operation. In addition, even when 
the Serial data are Supplied at either the leading edge or the 
trailing edge of the clock, the appropriate Serial data can be 
output in parallel. 

0209 Also in this embodiment, the flip-flops at the final 
Stage can be replaced by NAND gates. 

Pulse generator and flip-flop circuits 

0210 FIG.33 is a diagram illustrating a pulse generator, 
which is substantially the same as the one in FIG. 6, for the 
Sixth to the ninth embodiments. The pulse generator com 
prises a master flip-flop constituted by NAND gates 31 to 
34, and a slave flip-flop constituted by NAND gates 35 to 38. 
The gates 31 and 32, and 35 and 36 latch inverted input in 
response to the leading edge and the trailing edge of a clock 
CLK, and invert nodes n1 to n+. 

0211 Assume that n1 = H, n2=L, n3=H and na=L, all of 
which are in the latched State. In this situation, the timing 
pulses F1, F2 and F3 are at level L., with only F4 being at 
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level H. In synchronization with the leading edge of the 
clock CLK, the inverted signals of the nodes n3=H and na=L 
are latched by the master flip-flop, the output at the gate 32 
is driven down to level L., and the timing pulse F1 rises. 
Since the output of an inverter 39 is at level L., the output of 
the gate 35 goes to level H, and the timing pulse F4 falls. In 
addition, Since the output of the gate 32 is driven down to 
level L., the node n2=H and the output of the gate 31 is raised 
to level H, while the output n1 of the gate 33 is driven to 
level L. Then, in Synchronization with the trailing edge of 
the clock CLK, the inverted Signals of the latched signals for 
the nodes n1=L and n2=H are latched by the-slave flip-flop, 
the output of the gate 36 goes to level L., and the timing pulse 
F2 rises. At this time, Since the clock CLK goes to level L., 
the output of the gate 32 goes to level H and the timing pulse 
F1 falls. The latched state of the slave flip-flop is inverted, 
and n3=L and na=H. 

0212. An operation which is the opposite of the above 
operation is performed at the leading edge and the trailing 
edge of the next clock CLK, and the timing pulses F3 and 
F4 rise in order. As is described above, the timing pulses F1 
to F4 rise in order in Synchronization with the leading edge 
and the trailing edge of the clock CLK. 

0213 The circuit shown in FIG. 12, for example, can be 
employed for the flip-flops in the above embodiments. 
0214 FIG. 34 is a circuit diagram illustrating a flip-flop 
circuit at the Second Stage for latching a flag signal FLAG. 
AS previously mentioned, this flip-flop circuit has a Self 
clear function for latching input data DATA at the leading 
edge of clock F# and automatically driving output OUT to 
level L following the elapse of a predetermined period of 
time. Therefore, the circuit for providing a Self-clear func 
tion is added to the flip-flop circuit shown in FIG. 12. 
0215. The processing performed when, for example, 
input data DATA is at level H will now be explained. In the 
initial state, a node n15 is at level H and transfer gates 70 and 
71 are conductive. In the same manner as in FIG. 12, in 
response to the leading edge of the clock Fi, a transistor 53 
is rendered conductive and a differential circuit constituted 
by transistors 51 and 52 detects the level H of input data 
DATA. As a result, node n10 is driven to level L., and 
accordingly, node n13 latches data at level H, while node 
n12 latches data at level L. 

0216. Because the node n12 is at level L., the output of a 
gate 67 is raised to level H, and together with the clock F#, 
which is also at level H, drives output n15 at a gate 66 to 
level L. As a result, the transfer gates 70 and 71 are closed, 
the output of an inverter 68 is raised to level H, an N type 
transistor 69 and P type reset transistors 58 and 59 are 
rendered conductive, and nodes n10 and n11 go to level H, 
which is the reset state. However, the latched states of the 
gates 60 and 61 are maintained. 
0217. A circuit constituted by inverters 62 and 63, a delay 
circuit 64 and a NAND gate 65 changes the node n14 from 
level H to level L when in the delay circuit 64 a predeter 
mined delay time has elapsed. In response to the change in 
the node level, the output n12 of the gate 61 is raised to level 
H. Therefore, the output OUT of the gate 60 is changed to 
level L because the nodes n10 and n12 are at level H. The 
Self-clearing process is thereafter completed. The latch cir 
cuit maintains that condition. 
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0218 AS is described above, the flip-flop circuit having 
the self-clear function in FIG. 34 latches the data in 
response to the leading edge of the clock Fit, and automati 
cally clears its output OUT following a predetermined 
period of time. 
0219 AS is described above, according to the serial/ 
parallel converter of the present invention, the flag signal 
indicating the Start of the Serial data can be latched in 
parallel to the latching operation of the Serial data, and the 
timing for the output of parallel data can be optimized. 
0220. In addition, since the serial/parallel converter of the 
present invention latches Serial data in response to a timing 
when Serial data can be Supplied, it can precisely convert 
appropriate Serial data into parallel data and output them, 
regardless of the timing when the Serial data are Supplied. 

What is claimed is: 
1. A Serial/parallel converter, outputting, with the same 

phase and in parallel, a plurality of data which is inputted 
Serially in Synchronization with an input clock, comprising: 

a pulse generator for generating a plurality of latch clockS 
respectively Synchronous with input timings of Said 
plurality of data; 

a plurality of holding flip-flops for latching in order Said 
plurality of data in response to Said plurality of latch 
clocks, and 

a plurality of output latch flip-flops for, in response to the 
last latch clock Synchronized with input of the last data 
of Said plurality of data, latching, in parallel, Said 
plurality of data held by Said holding flip-flops and Said 
last input data. 

2. A Serial/parallel converter according to claim 1, 
wherein when said plurality of data sets are N sets, N-1 of 
said holding flip-flops and N of said output latch flip-flops 
are provided. 

3. A Serial/parallel converter, outputting, with the same 
phase and in parallel, a plurality of data which is input 
Serially in Synchronization with an input clock, comprising: 

at least two input latch flip-flops for latching Said plurality 
of input data in Synchronization with Said input clock, 

a pulse generator for generating a plurality of latch clockS 
Synchronously with timings at which said plurality of 
data are held by Said input latch flip-flops, 

a plurality of holding flip-flips for latching in order Said 
plurality of data held by said input latch flip-flops in 
response to Said plurality of latch clocks, and 

a plurality of output latch flip-flops for, in response to the 
last latch clock Synchronous with the latching of the 
last data of Said plurality of data by Said input latch 
flip-flops, latching in parallel Said plurality of data held 
by Said holding flip-flops and Said last data by Said 
input latch flip-flops. 

4. A Serial/parallel converter according to claim 3, 
wherein Said input latch flip-flops have a first latching Speed 
and Said holding flip-flops have a Second latching Speed 
lower than Said first latching Speed. 

5. A Serial/parallel converter according to claim 3, 
wherein, when said plurality of input data are N Sets, at least 
two of said input latch flip-flops and N-1of said holding 
flip-flops, and N of said output latch flip-flops are provided. 
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6. A Serial/parallel converter according to claim 5, 
wherein a pulse width of Said latch clock is greater than a 
pulse width of Said input clock. 

7. A serial/parallel converter for converting N bits (N is a 
plural) of Serial data, which are Supplied in Synchronization 
with a clock from a timing of a flag signal, into parallel data 
comprising: 

a pulse generator for Serially generating first to Nth timing 
pulses in Synchronization with the clock; 

a flag signal latch circuit for latching Said flag signal in 
response to Said first timing pulse and for Outputting a 
Strobe Signal corresponding to Said flag Signal in 
response to Said Nth timing pulse, 

a first-stage latch circuit for latching first to (N-1)th Serial 
data in response to said first to (N-1)th timing pulses; 

a Second-stage latch circuit for latching, in response to 
Said Nth timing pulse, the Serial data latched by Said 
first-stage latch circuit as well as an Nth Serial data; and 

final-stage gate circuit for outputting in parallel N bits 
Serial data latched by Said Second-stage latch circuit in 
response to Said Strobesignal. 

8. A Serial/parallel converter according to claim 7, 
wherein Said final-stage gate circuit comprises a final-stage 
latch circuit for latching in parallel, in response to Said 
Strobe Signal, N bits of Serial data latched by Said Second 
Stage latch circuit. 

9. A Serial/parallel converter according to claim 7, 
wherein Said flag Signal latch circuit includes a prestage 
latch circuit for latching Said flag signal in response to Said 
first timing pulse, and a next-stage latch circuit for latching, 
in response to Said Nth timing pulse, Said flag signal latched 
by Said prestage latch circuit, and for Outputting Said Strobe 
Signal. 

10. A Serial/parallel converter according to claim 9, 
wherein Said next-stage latch circuit automatically clearS 
Said Strobe Signal following the elapse of a predetermined 
period of time after latching Said flag Signal. 

11. A serial/parallel converter for converting N bits (N is 
a plural) of Serial data, which are Supplied in Synchroniza 
tion with a clock from a timing of a flag signal, into parallel 
data comprising: 

a pulse generator for Serially generating first to Nth timing 
pulses in Synchronization with a clock; 

a flag Signal latch circuit for latching said flag signal in 
response to Said first timing pulse and for Outputting a 
Strobe Signal corresponding to Said flag Signal in 
response to Said Nth timing pulse, 

a serial data latch circuit for latching first to Nth serial 
data in response to Said first to Nth timing pulses, and 

gate circuit for Outputting in parallel Said N bits Serial data 
latched by Said Serial data latch circuit in response to 
Said Strobe Signal. 

12. A serial/parallel converter for converting N bits (N is 
a plural) of Serial data, which are Supplied in Synchroniza 
tion with a clock from a timing of a flag signal, into parallel 
data comprising: 

a pulse generator for generating first to Nth timing pulses 
Serially in Synchronization with a clock, 
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a flag signal latch circuit for latching Said flag Signal in 
response to Said first timing pulse and for Outputting a 
Strobe Signal corresponding to Said flag Signal in 
response to Said Nth timing pulse, 

a first-stage latch circuit for latching a (2M-1)th Serial 
data in response to a (2M-1)th (M are all integers of 
1s Ms N/2) timing pulse; 

a Second-stage latch circuit for latching, in response to 
2Mth timing pulse, said (2M-1)th serial data latched by 
Said first-stage latch circuit as well as 2Mth Serial data; 
and 

final-stage gate circuit for Outputting in parallel N bits of 
Serial data latched by Said Second-stage latch circuit in 
response to Said Strobe Signal. 

13. A Serial/parallel converter according to claim 12, 
wherein Said final-stage gate circuit comprises a latch circuit 
for latching in parallel, in response to Said Strobe Signal, 
serial data of N bits which have been latched by said 
Second-Stage latch circuit. 

14. A serial/parallel converter for converting N bits (N is 
a plural) of Serial data, which are Supplied in Synchroniza 
tion with a clock from a timing of a flag signal, into parallel 
data comprising: 

a pulse generator for generating first to Nth timing pulses 
Serially in Synchronization with a clock; 

a flag signal latch circuit for latching Said flag Signal in 
response to Said first timing pulse and for Outputting a 
Strobe Signal corresponding to Said flag Signal in 
response to Said Nth timing pulse, 

a first-stage latch circuit for latching (4M-3)th to (4M 
1)th serial data in response to (4M-3)th to (4M-1)th 
(M are all integers of 1s Ms N/4) timing pulses; 

a Second-stage latch circuit for latching, in response to 
4Mth timing pulse, said (4M-3)th to (4M-1)th serial 
data latched by Said first-stage latch circuit as well as 
4Mth serial data; and 

final-stage gate circuit for outputting in parallel Said Serial 
data latched by Said Second-stage latch circuit in 
response to Said Strobe Signal. 

15. A serial/parallel converter for converting N bits (N is 
a plural) of Serial data, which are Supplied in Synchroniza 
tion with a clock from a timing of a flag signal, into parallel 
data comprising: 

a pulse generator for generating first to Nth timing pulses 
Serially in Synchronization with a clock; 

a flag signal latch circuit for latching Said flag Signal in 
response to Said first timing pulse and for Outputting a 
Strobe Signal corresponding to Said flag Signal in 
response to Said Nth timing pulse, 

a first-stage latch circuit for latching (KM(K-1))th to 
(KM-1)th serial data in response to (KM-(K-1))th 
to (KM-1)th (Mare all integers of 1s Ms N/K, and K 
is a multiplier of 4) timing pulses; 

a Second-stage latch circuit for latching, in response to 
K*Mth timing pulse, said (KM-(K-1))th to (KM 
1)th Serial data latched by said first-stage latch circuit 
as well as KMth serial data; and 
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final-stage gate circuit for outputting in parallel Said Serial 
data latched by Said Second-stage latch circuit in 
response to Said Strobe Signal. 

16. A serial/parallel converter for converting N bits (N is 
a plural) of Serial data, which are Supplied in Synchroniza 
tion with a clock from a timing of a flag signal, into parallel 
data comprises: 

a pulse generator for repeatedly generating first to Nth 
timing pulses Serially in Synchronization with a clock, 

a flag signal latch circuit for latching Said flag signal in 
response to a (2I-1)th (I are all integers of 1s Is N/2) 
timing pulse and for outputting first to (N/2)th strobe 
Signals corresponding to Said flag signal in response to 
a (2I-2)th (or Nth if I=1) timing pulse; 

a first-stage latch circuit for latching first to Nth Serial data 
in response to Said first to Nth timing pulses; 

N/2 groups of Second-stage latch circuits for respectively 
latching, in response to a (2I-2)th timing pulse, (2I 
1)th to (2I-3)th ((N-1)th if I=1) serial data latched by 
Said first-Stage latch circuit; and 

N/2 groups of final-stage gate circuits for respectively 
outputting in parallel, in response to Said first to Said 
(N/2)th strobe signals, (N-1) bits of serial data latched 
by Said Second-stage latch circuits as well as Nth Serial 
data latched by said first latch circuit. 

17. A serial/parallel converter for converting N bits (N is 
a plural) of Serial data, which are Supplied in Synchroniza 
tion with a clock from timing of a flag signal, into parallel 
data comprises: 

a pulse generator for repeatedly generating first to Nth 
timing pulses Serially in Synchronization with a clock, 

a flag signal latch circuit for latching Said flag signal in 
response to a (2I-1)th (I are all integers of 1s Is N/2) 
timing pulse and for outputting first to (N/2)th strobe 
Signals corresponding to Said flag signal in response to 
a (2I-2)th (or Nth if I=1) timing pulse; 

a first serial data latch circuit for latching first to Nth serial 
data in response to Said first to Nth timing pulses; 

Ith Serial data latch circuits for respectively latching 
(2I-1)th to (2I-2)th serial data in response to (2I-1)th 
to (2I-2) (I are all integers of 2s Is N/2) timing pulses; 
and 

first and Ith final-stage gate circuits for outputting in 
parallel, in response to said first to said (N/2)th strobe 
signals, N bits of serial data latched by said first and Ith 
Serial data latch circuits. 

18. A serial/parallel converter for converting N bits (N is 
a plural) of Serial data, which are Supplied in Synchroniza 
tion with a clock from a timing of a flag signal, into parallel 
data comprising: 

a pulse generator for repeatedly generating first to Nth 
timing pulses Serially in Synchronization with a clock, 

a flag signal latch circuit for latching Said flag signal in 
response to an Ith (I are all integers of 1s Is N) timing 
pulse and for outputting first to Nth Strobe Signals 
corresponding to Said flag signal in response to an 
(I-1)th (or Nth if I=1) timing pulse; 
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a first-stage latch circuit for latching first to Nth Serial data 
in response to Said first to Nth timing pulses; 

N groups of Second-Stage latch circuits for respectively 
latching, in response to Said Ith timing pulse, Ith to 
(I-2)th (N-1)th if I=1 and Nth if I =2) serial data 
latched by Said first-stage latch circuit; and 

N groups of final-stage gate circuits for outputting in 
parallel, in response to Said first to Said Nth Strobe 
Signals, (N-1) bits of serial data latched by said Second 
Stage latch circuits as well as Nth Serial data latched by 
Said first latch circuit. 

19. A serial/parallel converter for converting N bits (N is 
a plural) of Serial data, which are Supplied in Synchroniza 
tion with a clock from a timing of a flag signal, into parallel 
data comprising: 

a pulse generator for repeatedly generating first to Nth 
timing pulses Serially in Synchronization with a clock, 

a flag signal latch circuit for latching Said flag Signal in 
response to a (2M-1)th (Mare all integers of 1s Ms N/ 
2) timing pulse and for outputting first to (N/2)th strobe 
Signals corresponding to Said flag signal in response to 
a (2M-2)th (or Nth if M=1) timing pulse; 

a first-stage latch circuit for latching a (2M-1)th Serial 
data in response to said (2M-1)th (M is an integer of 
1s Ms N/2) timing pulse; 

a Second-Stage latch circuit for latching, in response to a 
2Mth timing pulse, said (2M-1)th serial data latched by 
Said first-stage latch circuit as well as a 2Mth Serial 
data; and 
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N/2 groups of final-stage gate circuits for Outputting in 
parallel, in response to said first to said (N/2)th strobe 
Signals, N bits of Serial data latched by Said Second 
Stage latch circuit. 

20. A serial/parallel converter for converting N bits (N is 
a plural) of Serial data, which are Supplied in Synchroniza 
tion with a clock from a timing of a flag signal, into parallel 
data comprising: 

a pulse generator for repeatedly generating first to Nth 
timing pulses Serially in Synchronization with a clock, 

a flag signal latch circuit for latching Said flag signal in 
response to an Mth (M are all integers of 1s Ms N) 
timing pulse and for outputting first to Nth Strobe 
Signals corresponding to Said flag signal in response to 
a (M-1)th (or Nth if M=1) timing pulse; 

first-stage latch circuits for respectively latching an Mth 
Serial data in response to said Mth (M are all integers 
of 1s Ms N) timing pulse; 

a Second-Stage latch circuit for latching, in response to an 
(M+1)th (first if M=N) timing pulse, said Mth serial 
data latched by Said first-stage latch circuit; and 

N groups of final-stage gate circuits for outputting in 
parallel, in response to Said first to Said Nth Strobe 
Signals, N bits of Serial data latched by Said first-stage 
and Said Second-stage latch circuits. 


