
1               2237424 PROGRAMMABLE FREQUENCY DIVIDER The present
invention relates to a programmable frequency divider for producing a
desired output frequency which is a variable integral submultiple of the
input frequency. One conventional means for dividing high frequen- cies is
known as a programmable frequency divider, called an early-decode
programmable divider, for dividing a high input frequency directly into a
desired output frequency. Such a programmable frequency divider is also
referred to as a direct programmable frequency divider. The programmable
frequency divider comprises a pulse counter which is composed of T-type
flip-flops con- nected in cascade. The pulse counter is first preset to a
division ratio signal. When the pulse counter counts down to zero, it is
preset to the division ratio signal again. According to another
programmable frequency divider which also comprises a pulse counter in the
form of cascaded T-type flip-flops, the pulse counter is first preset to a
division ratio signal, and when the pulse counter counts down to 2, the
remaining pulses are counted by a shift register, during which time the
pulse counter is preset to the division ratio signal again. The
conventional programmable frequency dividers are operable under increased
maximum frequencies. However,  



if much higher frequencies are to be divided, the time required for signal
processing, i.e., to preset the pulse counter to a division ratio signal,
will cause an apprecia- ble delay.  Due to such a delay in signal
processing, there are not presently available any direct variable frequency
dividers which can operate at a maximum frequency of few hundreds MHz. For
processing signals of higher maximum frequencies, it has been customary to
employ a prescaler, a frequency mixer, or the like to convert a higher
input fre- quency into a lower output frequency.  Such a circuit
arrangement is complex and large in scale, and involves a large number of
signal processing cycles.  There has been a demand for a programmable
frequency divider which will elimi- nates these drawbacks. It is an aim of
the present invention to provide a programmable frequency divider, more
particularly for use in PLLs (phase-locked loops), which is capable of
dividing a higher input frequency directly into a desired lower output
frequency.    The present invention provides a programmable frequency
divider for dividing the 



frequency of a supplied high-frequency signal directly into a lower
frequency, comprising: a plurality of 2-scale-factor prescalers each
capable of being switched between divide-by-2 and divide-by-3 modes, the
2-scale-factor prescalers being connected in cascade for producing an
output signal which is frequency-divided at one of multiple division ratios
at a time. Preferably, each of said 2-scale-factor prescalers has a first
terminal [MOD], a second terminal [err]  a third ter- minal [CP], a fourth
terminal [Q], and a fifth terminal [OC], and is operable such that when the
first terminal [MOD] is of an H (or L) level or the second terminal [err]
is of an L level, a clock signal applied to the third terminal [CP] is
frequency-divided by 2 at positive edges thereof, and a frequency-divided
signal is sent to the fourth termi- nal [Q], that when the first terminal
[MOD] is of an L (or H) level and the second terminal [err] is of an H
level, a clock signal applied to the third terminal [CP] is
frequency-divided by 3 at positive edges thereof, and a frequency-divided
signal is sent to the fourth terminal [Q], that when the first terminal
[MOD] is of an H (or L) level or the fourth terminal [Q] is of an H level,
a signal of an H (or L) level is sent to the fifth terminal [OC], and that
when the first terminal [MOD] is of an L [or H] level and the fourth
terminal [Q] is of an L level, a signal of an L [or H] level is sent to the
fifth terminal [OC], and  



wherein said 2-scale-factor prescalers are connected in cas- cade such that
an output signal from the fourth terminal [Q] of the (N - 1)th prescaler is
applied as an input signal to the third terminal [CP] of the Nth prescaler,
and an output signal from the fifth terminal [OC] of the (N + 1)th presca-
ler is applied as an input signal to the first terminal [MOD] of the Nth
prescaler, said Nth prescaler being operable such that when the output
signal from the fifth terminal [OC] of the (N + 1)th prescaler is of an L
(or H) level, the Nth prescaler frequency-divides the input signal by (2 +
[err])according to the level of the signal at the sec- ond terminal [D ,
and when the output signal from the fifth terminal [OC] of the (N + 1)th
prescaler is of an H (or L) level., the Nth prescaler frequency-divides the
input signal by 2. Preferably, each of said 2-scale-factor prescalers has a
first terminal [MOD], a second terminal [err],  a third ter- minal [CP], a
fourth terminal [Q], and a fifth terminal [OC], and is operable such that
when the first terminal [MOD] is of an L (or H) level or the second
terminal [err]  is of an L level, a clock signal applied to the third
terminal [CP] is frequency-divided by 2 at negative edges thereof, and a
frequency-divided signal is sent to the fourth termi- nal [Q], that when
the first terminal [MOD] is of an H (or L) level and the second terminal
[err] is of an H level, a 



clock signal applied to the third terminal [CP] is frequency-divided by 3
at negative edges thereof, and a frequency-divided signal is sent to the
fourth terminal [Q], that when the first terminal [MOD] is of an L (or H)
level    or the fourth terminal [Q] is of an L level, a signal of an L (or
H) level is sent to the fifth terminal [OC], and that when the first
terminal [MOD] is of an H [or L] level and the fourth terminal [Q] is of an
H level, a signal of an H [or L] level is sent to the fifth terminal [OC],
and wherein said 2-scale-factor prescalers are connected in cas- cade such
that an output signal from the fourth terminal  [Q] of the (N - 1)th
prescaler is applied as an input signal to the third terminal [CP] of the
Nth prescaler, and an output signal from the fifth terminal [OC] of the (N
+ 1)th presca- ler is applied as an input signal to the first terminal
[MOD] of the Nth prescaler, said Nth prescaler being operable such that
when the output signal from  the fifth terminal [OC] of the (N + 1)th
prescaler is of an H (or L) level, the Nth prescaler frequency-divides the
input signal by (2 + [err])according to the level of the signal at the sec-
ond terminal [err]  and when the output signal from the fifth terminal [OC]
of the (N + 1)th prescaler is of an L (or H) level, the Nth prescaler
frequency-divides the input signal by 2. 



More preferably, said 2-scale-factor prescalers which are con- nected in
cascade are arranged such that when all input sig- nals applied to the
second terminals of subsequent ones of the prescalers are of an L level,
said subsequent prescalers are separated from the other prescalers.
Preferably,when the second terminal of the (n l)th prescaler and the fifth
terminal of the nth prescaler are both held L for all prescalers subsequent
to the nth prescaler, thereby to separate all such subsequent prescalers.
Embodiments of the present invention will now be described by way of
example only with reference to the accompanying drawings, in which:- FIGS.
1(a) through 1(c) are block diagrams of pro- grammable frequency divider
units according to the present invention which can be switched between
divide-by-2 and divide-by-3 modes; FIG. 2 is a block diagram of a
programmable fre- quency divider according to a first embodiment of the
pre- sent invention, the programmable frequency divider comprising three
programmable frequency divider units con- nected in cascade; and FIG. 3 is
a block diagram of a programmable fre- quency divider according to a second
embodiment of the pre-  



sent invention, the programmable frequency divider comprising N
programmable frequency divider units connected in cascade. FIGS. 1(a)
through 1(c) show programmable frequency divider units according to the
present invention, each capa- ble of being switched between divide-by-2 and
divide-by-3 modes. FIG. 2 shows a programmable frequency divider according
to a first embodiment of the present invention, which comprises three
cascaded programmable frequency divider units shown in FIGS. 1(a) through
1(c) and which has a division ratio variable in the range of from [err] to
[err] - 1. FIG. 3 shows a programmable frequency divider according to a
second embodiment of the present invention, which comprises N cascaded
programmable frequency divider units shown in FIGS. 1(a) through 1(c) and
which has a division ratio vari- able in the range of from [err] to [err] -
1. The programmable frequency divider units which can be switched between
divide-by-2 and divide-by-3 modes, i.e., 2-scale-factor prescalers, denoted
at A, B, C in FIGS. 1(a), 1(b), 1(c), respectively, will first be described
below. The programmable frequency divider unit A shown in FIG. 1(a)
comprises an inverter 12, an OR gate 14 connected to the inverter 12, a NOR
gate 17 connected to the OR gate 14, an OR gate 16 connected to the NOR
gate 17, a D-type flip-flop (D-FF) 18 whose D terminal is coupled to the OR



gate 16, a D-FF 20 connected to the D-FF 18, an OR gate 22, and a buffer
amplifier 24 connected to the CP terminals of the D-FFs 18, 20. The
programmable frequency divider unit B shown in FIG. 1(b) is similar to the
programmable frequency divider unit A shown in FIG. 1(a), except that the
OR gate 16 is connected between the Q terminal of the D-FF 18 and the D
terminal of the D-FF 20. The programmable frequency divider unit C shown in
FIG. 1(c) comprises an inverter 30, an OR gate 32 connected to the inverter
30, a NOR gate 34 connected to the OR gate 32, a D latch 36 connected to
the NOR gate 34, an OR gate 38 connected to the D latch 36, D latches 40,
42, 44, an OR gate 46, and a buffer amplifier 48 coupled to the CP and
[err] terminals of the D latches 36, 40, 42, 44. The programmable frequency
divider units A, B, C operate as follows: When an input signal applied to a
MOD terminal of each of the variable frequency divider units A, B, C is of
an H level (= 1), an H-level signal is delivered (output) to an OC
terminal, and the frequency of a clock signal which is input to a CP
terminal is divided at its positive edges by 2 into a half frequency, which
is then delivered to a Q terminal. 



When an input signal applied to the MOD terminal is of an L level (= 0), a
signal of the same level as that of    the signal at the Q terminal is
delivered to the OC terminal. If an input signal applied to a D, terminal
is of an H level and the MOD terminal is of a L level, then the frequency
of a clock signal which is input to the CP terminal is divided at its
positive edges by 3 into a one-third frequency, which is then delivered to
the Q terminal. If an input signal applied to the [err] terminal is of an L
level, then the frequency of a clock signal which is input to the CP
terminal is divided at its positive edges by 2 into a half frequency, which
is then delivered to the Q -terminal. A plurality of any of the
programmable frequency divider units A, B, C or a combination thereof are
connected in cascade. The nth programmable frequency divider unit (A, B, or
C) of such a cascaded circuit arrangement once divides the frequency of an
input clock signal by 2 + [err]([err]= 0 or 1) depending on the level of
the signal applied to the D, terminal for every dividing cycle of the nth
unit. Therefore, the frequency of the input clock signal can be variably
divided by multiple division ratios. According to the first embodiment
illustrated in FIG. 2, three of any of the programmable frequency divider
units A, B, C or a combination thereof are connected in cas- 



cade so that an output signal Fc whose frequency is variably divided is
obtained.    The programmable frequency divider shown in FIG. 2 comprises
three cascaded programmable frequency divider units (0), (1), and (2). In
the programmable frequency divider unit (2), an input signal applied to a
[err] terminal is always of an L level.  The programmable frequency divider
unit (2) divides the frequency of a signal [err]  by 2 when a signal [err]
applied to a [err] terminal is of an L level (= 0), and divides the
frequency of the signal [err] by 3 when a signal applied to the [err]
terminal is of an H level (= 1).  Thus, the fre- quency of the signal [err]
is divided by 2 + [err] ([err] = 0 or 1). In the programmable frequency
divider unit (1), in order to produce a clock signal having 2 + [err]
pulses at a [err] terminal (= [err] ), the frequency of the signal [err]
is.. divided once by 2 + [err] ([err] = 0 or 1) and then 1 + [err] times by
2 at a [err] terminal (=[err]).  As a result, the programma- ble frequency
divider units (1) and (2) divide the input frequency by: 1 x (2 + [err]) +
(1 + [err]) x 2 = (2 + [err]) x 2 + [err] Likewise, in order to produce a
clock signal having (2 + [err]) x 2 + [err] pulses at a [err] terminal (=
[err]), the pro- 



grammable frequency divider unit (0) divides a signal [err] by: [(2 +
[err]) x 2 + [err]] x 2 + [err]              . (2) Therefore, the
programmable frequency divider as a whole divides the input frequency by:
[ERR] Similarly, a programmable frequency divider which comprises n
programmable frequency divider units (A, B, C) connected in cascade divides
the input frequency by: [ERR] Therefore, the programmable frequency divider
of the present invention serves as a direct programmable fre- quency
divider for continuously dividing the input frequency by: [err] - [err] - 1
...(5) with the nth bit being fixed to the H level (= 1). According to the
second embodiment shown in FIG. 3, the programmable frequency divider
comprises N cascaded pro- grammable frequency divider units (A, B, C) for
continuously dividing the input frequency by [err] - [err] - 1 represented
by the equation (5). A simple example of the above-described invention will
be given with reference to FIGS. 1(a) and 2, for a four divider unit
arrangement, with {DO, D1, D2, D3} set to {0010}. That 



is, units (0), (1) and (3) each divide by two, while unit (2) is initially
set to divide by three , and the MOD of all units start at Low. It will be
seen that unit (2) will cycle as (1/3, 1/2, 1/2}, {1/3, 1/2, 1/2}. Unit (1)
produces pulses #(1)1-#(1)6 for unit (2). Unit (2) divides by three to
produce two output pulses #(2)1 and #(2)2. Pulses #(2)1 and #(2)2 are
divided by unit (3) by two to produce one output pulse #(3)1. This output
pulse #(3)1    raises MOD of unit (2), but unit (2) remains in 1/3 mode for
the time being. Pulses #(1)7 and #(1)8 are divided by two by unit (2)
(because of the high MOD) to produce pulse #(2)3. This pulse #2(3)
terminates pulse #(3)1. That is, unit (3)'s Q goes from high to low, which
in turn lowers unit(2)'s MOD from high to low (i.e. back into 1/3 mode). At
this time, pulses #(1)9, #(1)10, and #(1)10 are divided by three by unit
(2) to produce pulse #2(4). Unit (3) divides pulses #(2)3 and #(2)4 by two
to obtain #(3)2. This raises MOD of unit (2) (i.e. 1/2 mode).  It is thus
seen that unit (2) cycles as (1/3, 1/2, 1/2}, {1/3, 1/2, 1/2}, etc. The
programmable frequency divider shown in FIG. 3 has a programmable frequency
divider unit (0), a variable frequency divider unit (1), a programmable
frequency divider unit (2), a variable frequency divider unit (3), ..., a
pro- grammable frequency divider unit (N - 2), a programmable 



frequency divider unit (N - 1), OR gates 50a through 50g, and NOR gates 52a
through 52d. If data (Dm - Dn) of mth and following bits (2 < m [err] n)
are zero, then the programmable frequency divider  of    - 13- the second
embodiment operates equivalently to a programma- ble frequency divider
which comprises (m - 1) programmable frequency divider units (A, B, C)
connected in cascade. Where each of the cascaded programmable frequency
divider units or 2-scale-factor prescalers is composed of a presently
available bipolar or GaAs IC which can well oper- ate under few GHz, the
input frequency can be directly divided variably at high speed without the
conventional presetting process. The input frequency may be divided
variably at neg- ative edges thereof or through negative logic operation.
With the present invention, as described above, the programmable frequency
divider for dividing the higher fre- quency of an input signal directly
into a desired lower fre- quency comprises a plurality of 2-scale-factor
prescalers connected in cascade, the prescalers being switchable between
divide-by-2 and divide-by-3 modes, so that a frequency-divided output
signal can be produced with differ- ent multiple division ratios. A higher
input frequency can 



therefore be divided directly into a desired lower output frequency without
the need for an increased circuit scale. The preferred embodiments of the
present invention can pro- vide a programmable frequency divider which is
capable of dividing a higher input frequency directly into a variable lower
output frequency without the need for an increased circuit scale and an
increased number of signal processing cycles.    Although certain preferred
embodiments have been shown and described, it should be understood that
many changes and modifications may be made therein without departing from
the scope of the appended claims.    CLAIMS. 1. A programmable frequency
divider for dividing the frequency of a supplied high-frequency signal
directly into a lower frequency, comprising: a plurality of 2-scale-factor
prescalers each capa- ble of being switched between divide-by-2 and
divide-by-3 modes, said 2-scale-factor prescalers being connected in
cascade for producing an output signal which is frequency- divided at one
of multiple division ratios at a time. 



2. A programmable frequency divider according to claim 1, wherein each of
said 2-scale-factor prescalers has a first terminal [MOD], a second
terminal [err]  a third ter- minal [CP], a fourth terminal [Q], and a fifth
terminal [OC], and is operable such that when the first terminal [MOD] is
of an H (or L) level or the second terminal [err] is of an L level, a clock
signal applied to the third terminal [CP] is frequency-divided by 2 at
positive edges thereof, and a frequency-divided signal is sent to the
fourth termi- nal [Q], that when the first terminal [MOD] is of an L (or.
H) level and the second terminal [err] is of an H level, a clock signal
applied to the third terminal [CP] is frequency-divided by 3 at positive
edges thereof, and a frequency-divided signal is sent to the fourth
terminal [Q], that when the first terminal [MOD] is of an H (or L) level or
the fourth terminal [Q] is of an H level, a signal of an H (or L) level is
sent to the fifth terminal [OC], and that    when the first terminal [MOD]
is of an L [or H] level and the fourth terminal [Q] is of an L level, a
signal of an L [or H] level is sent to the fifth terminal [OC], and wherein
said 2-scale-factor prescalers are connected in cas- cade such that an
output signal from the fourth terminal [Q] of the (N - 1)th prescaler is
applied as an input signal to the third terminal [CP] of the Nth prescaler,
and an output 



signal from the fifth terminal [OC] of the (N + 1)th presca- ler is applied
as an input signal to the first terminal [MOD] of the Nth prescaler, said
Nth prescaler being operable such that when the output signal from the
fifth terminal [OC] of the (N + 1)th prescaler is of an L (or H) level, the
Nth prescaler frequency-divides the input signal by (2 + [err]) according
to the level of  the signal  at the sec- ond terminal [err], and when the
output signal from the fifth terminal [OC] of the (N + 1)th prescaler is of
an H (or L) level, the Nth prescaler frequency-divides the input signal by
2. 3. A programmable frequency divider according to claim 1, wherein each
of said 2-scale-factor prescalers has a first terminal [MOD], a second
terminal [err], a third ter- minal [CP], a fourth terminal [Q], and a fifth
terminal [OC], and is operable such that when the first terminal [MOD] is
of an L (or H) level or the second terminal [err]  is of an L level, a
clock signal applied to the third terminal [CP] is frequency-divided by 2
at negative edges thereof,    and a frequency-divided signal is sent to the
fourth termi- nal [Q], that when the first terminal [MOD] is of an H (or L)
level and the second terminal [err] is of an H level, a clock signal
applied to the third terminal [CP] is frequency-divided by 3 at negative
edges thereof, and a 



frequency-divided signal is sent to the fourth terminal [Q], that when the
first terminal [MOD] is of an L (or H) level or the fourth terminal [Q] is
of an L level, a signal of an L (or H) level is sent to the fifth terminal
[OC], and that when the first terminal [MOD] is of an H [or L] level and
the fourth terminal [Q] is of an H level, a signal of an H [or L] level is
sent to the fifth terminal [OC], and wherein said 2-scale-factor prescalers
are connected in cas- cade such that an output signal from the fourth
terminal [Q] of the (N - 1)th prescaler is applied as an input signal to
the third terminal [CP] of the Nth prescaler, and an output signal from the
fifth terminal [OC] of the (N + l)th presca- ler is applied as an input
signal to the first terminal [MOD] of the Nth prescaler, said Nth prescaler
being operable such that when the output signal from the fifth terminal
[OC] of the (N + 1)th prescaler is of an H (or L) level, the Nth prescaler
frequency-divides the input signal by (2 + Di)according to the level of-the
signal at the sec- ond terminal [err]  and when the output signal from the
fifth terminal [OC] of the (N + 1)th prescaler is of an L (or H) level, the
Nth prescaler frequency-divides the input signal by 2.    4. A programmable
frequency divider according to 2 or 3, wherein said 2-scale-factor
prescalers which are con- 



nected in cascade are arranged such that when all input sig- nals applied
to the second terminals of subsequent ones of the prescalers are of an L
level, said subsequent prescalers are separated from the other prescalers.
5.   A divider according to claims 2 or 3, wherein when the second terminal
of the (n+1)th prescaler and the fifth terminal of the nth prescaler are
both held L for all prescalers subsequent to the nth prescaler, thereby to
separate all such subsequent prescalers. 6.            A programmable
frequency divider substantially as hereinbefore described with reference to
Figures 2 or 3, each being taken in conjunction with Figures 1(a), 1(b) and
1(c).    


