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[57] ABSTRACT 

A device for doubling or dividing by 2 the ?ow rate of series 
bits comprising a succession of ?rst one-bit registers 
(R4—R0) actuated at a frequency F; a second register (R) 
actuated at a frequency 2F; an input terminal (IN) connected 
to the input of the ?rst (R4) of the ?rst registers and, through 
a ?rst gate (T5), to an internal line (L) connected to the input 
of the second register; ?rst multiplexers (M4-M1) con 
nected to the input of each second (R3) to last (R0) of the 
?rst registers for selecting either the output of the preceding 
register, or the internal line, or still the output of the second 
register; a second multiplexer (M), which selects either the 
output of the last (R0) of the ?rst registers, or the output of 
the second register, or ?lling bits; second transfer gates 
(T4—T0) between the output of each ?rst register and the 
internal line; and means for controlling the various gates and 
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CONVERSION DEVICE FOR 
DOUBLING/DIVIDING THE RATE OF A 

SERIAL BIT STREAM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

The present invention relates to a device transforming 
each word of a [?ow of series bits] serial bit stream arriving 
at a ?rst clock frequency into a word at a double frequency, 
the remaining time interval being occupied by ?lling bits. 
[Reversely,] In its opposite mode, the device according to the 
invention selects, from a ?ow of bits arriving at a determined 
frequency, half these bits and transmits them at half bit rate. 

FIG. 1 shows the function to be realized by a doubler in 
case of 8-bits words. Considering a word DF of a ?ow of 
successive words, wherein each bit d0 . . . d7 arrives at the 

frequency of a clock F, it is desired to obtain a word DZF 
comprising twice as many bits, here 16, wherein bits arrive 
at the rate of a clock 2F. Therefore, the word DZF contains 
the bits dO-d7and ?lling bits r0-r7. 

It is often useful to double the number of bits of a word 
for realizing operations with a greater accuracy. Once opera 
tions are completed, the 8 most signi?cant bits are taken 
again in word DH and they are transformed once more into 
a work D F in a dividing device. 

An object of the invention is to provide a single device 
capable of operating either as a doubler or as a divider. 

SUMMARY OF THE INVENTION 

To achieve this object, the invention provides a device for 
doubling or dividing by 2 the rate of series bits comprising 
a succession of ?rst one-bit registers actuated at a frequency 
F; a second register actuated at a frequency 2F; an input 
terminal connected to the input of the ?rst of the ?rst 
registers and, through a ?rst gate, to an internal line con 
nected to the input of the second register; ?rst multiplexers 
connected to the input of each second to last ?rst register for 
selecting the output of the preceding register, the internal 
line, or the output of the second register; a second multi 
plexer, the output of which corresponds to the device output 
and which selects either the output of the last of the ?rst 
registers, or the output of the ?rst register, or ?lling bits; 
second transfer gates between the output of each ?rst 
register and the internal line; and means for controlling the 
various gates and multiplexers. 

In a doubling operation, the ?rst gate is inhibited and the 
input is permanently applied to the ?rst of the ?rst registers; 
each ?rst multiplexer is designed to permanently connect the 
output of each ?rst register to the next ?rst register; the 
output multiplexer is controlled for alternatively supplying a 
succession of ?lling bits during the ?rst half period of the 
transmission time duration of a word, then the succession of 
the second register outputs; and each second transfer gate is 
actuated so that the last gate is ?rst rendered conductive 
once, the next gates rendered conductive twice, succes 
sively, and the last gate rendered conductive once. 

In a dividing operation, the ?rst gate is enabled for 
constantly connecting the input terminal to the register input 
at a double frequency; the second gates are inhibited; the 
output of the last of the ?rst registers is constantly connected 
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2 
through the output multiplexer to the output terminal; and 
the ?rst multiplexers are sequentially controlled to send 
either of their inputs, in a predetermined order, to each ?rst 
register. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and advantages 
of the invention will be apparent from the following detailed 
description of preferred embodiments as illustrated in the 
accompanying drawings wherein: 

FIG. 1, already described, shows the function that the 
device according to the invention aims to achieve; 

FIG. 2 schematically shows an embodiment of a device 
according to the invention; 

FIG. 3 shows the device of FIG. 2 operating as a doubler; 

FIG. 4 shows the device of FIG. 2 operating as a divider; 
and 

FIGS. 5 and 6 are timing diagrams designated to explain 
the operation of the device according to the invention, 
operating as a doubler and as a divider, respectively. 

In the following description, a device processing 8-bits 
words will be considered. It is clear that the invention more 
generally applies whatever the number of bits of the words 
to be processed. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 2 shows the general diagram of a device according 
to the invention. This device comprises 5 registers R4-R0 
operating at the frequency F and a register R operating at the 
frequency 2F. Register R4 is connected to the input terminal 
IN of the circuit. Registers R3, R2, R1 and R0 are connected 
to the output of multiplexers M4, M3, M2 and M1 which 
permit selecting one of three inputs, namely an internal line 
L, or the output of the preceding register, or [still] the output 
of register R. The internal line L is connected to the input of 
register R and can receive an input either from the terminal 
IN through a gate T5 or the output of one of registers R4~R0 
through gates T4—T0. A multiplexer M supplies at the circuit 
output either the output of register R, or the output of register 
R0, or [still] ?lling bits r. 

Gates T0-T5 are in fact [3 states]3 -state buffers, that is, 
devices capable of supplying at their output (to the internal 
line L) either a bu?ered reproduction of the input signal, or 
an [ON] OFF -state according to an enabling signal. 

DOUBLER 

The operation of this circuit as a doubler will be explained 
in relation with FIGS. 3 and 5. FIG. 3 is the same as FIG. 
2 except that the gates which are constantly closed are 
replaced by simple shortings and the gates which are con 
stantly open are suppressed. Similarly, the multiplexers 
which are always directed to the same input are replaced by 
shortings. 

In the arrangement of FIG. 3, multiplexers M1—M4 con 
tinuously select the output of the register which precedes 
them, that is, data successively pass into registers R4—R0 
which form a conventional shift register, and gate T5 is 
constantly inhibited. 
The way a data word comprising bits d0-d7 is trans 

formed by the circuit of FIG. 3 will now be considered. In 
FIG. 5, t1, t2, t3 . . . designate successive times correspond 
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ing to clock periods at frequency 2F. Referring to a given 
time in fact relates to the clock period 2F following this time. 

At time t1, the ?rst bit d0 arrives on input IN. At time t3, 
it is placed into register R4. 

At time t4, multiplexer M is connected on its ?lling bit 
input and successive ?lling bits, for example 0s, are supplied 
to the output OUT. Then, the input bits are regularly shifted 
in registers R4—R0 at the rate of clock F. 

Therefore, at time t11, registers R4-R0 contain bits d4—d0 
respectively. For this time, transfers are made from low 
speed registers R4-R0 towards register R and the output 
OUT of multiplexer M. At time tll, gate T0 is closed and 
the content d0 of register RO is transferred towards the 
internal line L and the double frequency register R. Simul 
taneously, multiplexer M is controlled for routing the output 
of register R towards terminal OUT. At time T12, transfer 
gate t1 is closed and the content of register R1 is transferred 
towards line L. At time t13, register R1 receives datum d2 
which is immediately transferred through a new closing of 
gate T1 towards line L, register R and the output. 

Thus, transfer gates T0, T1 and T1, are sequentially closed 
as indicated, then transfer gates T2, T2, T3, T3 and T4 and, 
as shown in FIG. 5, at times t18, bit d7 is transferred towards 
the output. It will be noted that from time t19, register R4 
receives the ?rst bit of the next word which has arrived on 
input IN at time t17. 

In the above example, the ?lling bits were sytematically 
Os. It is also possible to systematically use ls or extend the 
bit sign, that is, to repeat over the whole time duration of the 
?lling bits the sign bit which generally is, when it is 
provided, the most signi?cant bit of a data word. It will also 
be possible to insert a predetermined word or a word from 
another ?ow of data. 
On the other hand, in the example shown in FIG. 5, ?lling 

bits are provided before the data bits word. Since the device 
operates, sequentially [operates], it is possible to conversely 
provide in the double frequency word, ?rstly data bits, then 
?lling bits. 

DIVIDER 

FIGS. 4 and 6 illustrate the case when the device accord 
ing to the invention is used as a divider by 2 of the bit rate. 

In that case, gate T5 always operates as an ampli?er, and 
gates T0—T4 are always open. Thus, input IN is constantly 
applied to register R. Register R4 does not operate. The 
output of register R can be selectively connected to the input 
of one out of registers R3-R0, as well as to the internal line 
L, registers R2-R0 being beside capable of receiving the 
output of the preceding register. Multiplexer M supplies on 
the output terminal OUT the output of register R0. With this 
circuit, it can be seen that it is possible to introduce into each 
register R2-R0 the content of the preceding register, or the 
output of register R, or [still] the content of the internal line 
L by properly selecting multiplexers M4-M1. 

Considering that the l6-bits input word at frequency 2F 
?rst comprises successivly bits r0-r7 that are to be dis 
carded, then bits D0—D7 that are to be transmitted at half the 
frequency [,] rate one blocks ?rstly, between times t0 and t9, 
the transmission between the output of register R and 
registers R3—R0 and the outputs of register R are lost. 

When, at time t9, bit d0 arrives on the input IN, it is 
directly transmitted through multiplexer M1 of the internal 
line L to register R0 and supplied at the output. 

At time tl0, bit D1 arrives and is supplied to register R. 
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4 
At time t11, bit D1 arrives and is directly transmitted to 

register R1 through multiplexer M2 while bit D1 contained 
in register R is transmitted to register R0 and is supplied at 
the output. 

At time t12, bit D3 arrives and is supplied to register R. 
At time t13, but D4 arrives. It is sent to register R and to 

register R2 through multiplexer M3, while bit D3 contained 
in register R is sent to register R1. Simultaneously, multi 
plexer M1 transmits the content of register R1 to register R0 
and therefrom to the output. 
AT time t14, bit D5 arrives and is sent to register R. 
At time t15, bit D6 arrives and is sent to register R3 

through multiplexer M4 while bit D5 contained in register R 
is sent through multiplexer M3 to register R2 and while 
multiplexer M2 and M1 ensure the transmission of bit D4 
contained in register R2 to register R1 and transmission of 
bit D3 contained in register R1 to register R0 and the output. 

At time t16 arrives the last bit D7 of the word, which is 
transmitted to register R. 
From time t17, the content of register R, D7, is sent to 

register R3 while the contents of registers R3, R2 and R1 are 
shifted towards registers R2, R1 and R0. By successively 
shifting registers R3, R2, R1 and R0, bits D4, D5, D6, D7 
are thus sequentially obtained at the output. 
When considering again the described bit ?ow and the 

successive content of register R0 between times t10 and t24 
on FIG. 6, it can be seen that bits D0-D7 have effectively 
been emitted at frequency F. 

For the sake of simplicity, the case of a speci?c 16-bit 
word has been considered here. It is clear that this 16-bits 
word is part of a sequence of words and that operations are 
regularly repeated, without any dead time for each word. 
Arrows on FIG. 6 indicate transfers made on the preceding 
and next words while the considered word is being pro 
cessed. 
Of course, the above description is a very schematic 

exemplary embodiment of the invention. Those skilled in the 
art will be able to realize in an integrated circuit technology, 
for example in CMOS technology, multiplexers, transfer 
gates, and one-cell registers. 
On the other hand, the operation of the system has been 

explained by indicating the sequence of the control signals 
which have to be applied to transfer gates and multiplexers. 
The implementation of a logic circuit implementing these 
functions and supplying these successive control signals will 
be simple for those skilled in the art, who will be capable of 
pre-storing the control sequences to be applied to the various 
components in a memory or a programmable logic array, in 
a way known per se. 

Among the advantages of the invention, it can be noted 
that the described device exhibits the advantage to be 
operable either as a divider or as a doubler, according to its 
control [mode and that it is further] mode. It is also simple 
to implement, since it is fully modular as a function of the 
number of data bits. 

Calculation shows that if the number of data to be doubled 
is equal to N, the number of registers has to be equal to 
2+N/2) if N is even and to 2+[(N—l)/2]if N is odd. 
We claim: 
1. A device for doubling or dividing by 2 the rate of serial 

bits in a serial bit stream, comprising: 

a succession of ?rst one-bit registers [(R4—R0)] actuated 
at a frequency F, 

a second register [(R)] actuated at a frequency 2F, 
an input terminal (1N)] connected to the input of the ?rst 

[(R4)] among said ?rst registers and, through a ?rst 
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gate [(T5)], to an internal line [(L)] connected to the 
input of said second register, 

?rst multiplexers [(M4—M1)] respectively connected to 
the input of each [(R3—R0)] of said ?rst registers for 
selecting either the output of the preceding register, or 
said internal line, or the output of said second register, 

a second multiplexer [(M)], the output of which corre 
sponds to the device output and which selects either the 
output of the last [(R0)] among said ?rst registers, or 
the output of the second register, or ?lling bits, 

second [transfer] gates [(T4—T0)] between the output of 
each ?rst register and said internal line, and 

means for controlling the various gates and multiplexers. 
2. A device according to claim 1, connected as a doubler, 

wherein: 
said ?rst gate [(T5)] is inhibited and the input is constantly 

applied to the ?rst among said ?rst register [(R4)] of 
said ?rst registers, 

each ?rst multiplexer [(M4—Ml)] is designed to con 
stantly connect the output of each ?rst register to the 
following ?rst register, 

said second multiplexer [(M)] is controlled for altema 
tively supplying a succession of ?lling bits during the 
?rst half period of a word transmission duration, then 
the succession of outputs of said second register [(R),] 
and 

each second [transfer] gate [(T4—T0)] is actuated so that 
the last [(T0)] among said second gates is ?rst rendered 
conductive once, the following gates among said sec 
ond gates rendered conductive twice, successively, and 
the last among said second gates reduced conductive 
once. 

3. A device according to claim 1, connected as a divider, 
wherein: 

said ?rst gate [(T5)] is enabled for constantly connecting 
the input terminal [(IN)] to the input of said second 
register [(R),] 

the second gates [(T4—T0)] are inhibited, 
the output of the last [(R0)] among the ?rst registers is 

constantly connected through said second multiplexer 
[(M)] to the output terminal [(OUT),] 

said ?rst multiplexers [(M4—M1)] are sequentially con 
trolled for sending either of their inputs, in a predeter 
mined order, to each ?rst register [(R3—R0)]. 

4. A device according to claim I, wherein each said gate 
is a 3-state bu?’er. 

5. A device according to claim I, for doubling the rate of 
8-bit strings of data, comprising 6 of said ?rst and second 
registers. 

6. A device according to claim I, for doubling the rate of 
N-bit strings of data where N is a predetermined even 
number, comprising 2+N/2 of said ?rst and second registers. 

7. A device according to claim I, for doubling the rate of 
N-bit strings of data where N is a predetermined odd 
number, comprising 2+(N-l)/2 of said ?rst and second 
registers. 

8. A circuit for selectably doubling or halving the rate of 
an incoming bit stream, comprising: 

a shift register comprising multiple stages connected to be 
operated at a ?rst clock rate, and each having an input 
and an output; said stages of said shift register being 
operatively connected in series, with each pair of 
successive stages having a respective intermediate mul 
tiplexer interposed therebetween; 

a plurality of gates, each connected to receive the output 
of a respective one of said stages, and to selectably 
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6 
drive said output onto a common line, said common 
line also being selectably connectable to receive the 
incoming bit stream, 

an additional register connected to be operated at a 
multiple of said ?rst clock rate, and connected to 
receive said common line as input, and to provide a 
corresponding output; and 

an output multiplexer, connected to provide an output 
which is selected from among: said output of said 
additional register, a last one of said stages, and a 
constant value; 

said intermediate multiplexers each being connected to 
receive as inputs said common line, said output of said 
additional register; and the output of one of said stages. 

9. The circuit of claim 8, for doubling the rate of 8-bit 
strings of data, comprising 5 of said stages. 

10. The circuit of claim 8, for doubling the rate of N-bit 
strings of data where N is a predetermined even number, 
comprising I+N/2 of said stages. 

11. The circuit of claim 8 for doubling the rate of N-bit 
strings of data where N is a predetermined odd number, 
comprising I+(N—1)/2 of said stages. 

12. The circuit of claim 8, wherein each said transfer gate 
is a 3-state bu?‘er: 

13. A method for using a single circuit for selectably 
doubling or halving the bit rate of an incoming bit stream, 
comprising the steps of: 
for doubling the bit rate: 

connecting the incoming signal to a ?rst stage of a shift 
register in which each intermediate stage is preceded 
and followed by a respective intermediate multi 
plexer 

operating said imtermediate multiplexers to connect all 
of said stages in series, and 

during one half period of a word transmission duration, 
operating a plurality of transfer gates, which are 
each connected to receive the output of a respective 
one of said stages, to provide successive values, 
through a common line and an additional register 
which operates at twice said bit rate, to an output 
multiplexer; and operating said output multiplexer to 
provide said successive values as output, and 

during the other half period of a word transmission 
duration, operating said output multiplexer to pro 
vide ?ll bits as output; and 

for halving the bit rate: 
connecting the incoming signal to said common line 

while inhibiting said transfer gates, and operating 
each said intermediate multiplexers to transfer into 
a respective one of said stages, in a predetermined 
order, either 
bits of said incoming signal, from said common line 

or from said additional register, or 
the output from a preceding one of said stages; and 

operating said output multiplexer to provide said suc 
cessive outputs from a last one of said stages as 
output. 

14. The method of claim 13 for doubling the rate if 8-bit 
strings of data, using 5 of said stages. 

15. The method of claim I 3, for doubling the rate of N-bit 
strings of data where N is a predetermined even number; 
using I +N/2 of said stages. 

I 6. The method of claim 13, for doubling the rate of N-bit 
strings of data where N is a predetermined odd number, 
using 1+(N—I)/2 of said stages. 

17. The method of claim 13, wherein each said transfer 
gate is a 3-state bu?er: 

* * * * * 
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