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PHASE MIXER

Background of the Invention

The present invention relates to clock synchronization and, particularly, to
an improved system and method for loéking a signal onto a non-integer multiple
of a reference frequency signal.

A phase locked loop (PLL) circuit generates a frequency which is an
integer multiple of a reference frequency, usually a stable source such as a
crystal oscillator. However, certain abplications require a stable signal source
which is a non-integer multiple of a stable reference source.

Summary of the invention

A phase mixer according to the present invention is provided which
generates non-integer multiples of a stable reference source. Briefly, the phase
mixer accarding to one embadiment includes a recircutating shift register and a
multiplexer. The shift register output addresses the multiplexer, and the
multiplexer in turn selects as the output one of the phases of the reference
oscillator. The output of the multiplexer is used to clock the shift register. .
Because the reference oscillator phases are themselves shifted with reference to
one another, sequential selection of the phase pulses as output pulses results in

an output which is a non-integer muiltiple of the reference oscillator frequency.

Brief Description of the Drawings
These and other aspects of the invention are readily understood with

reference to the following specification and attached drawings in which:

FIG. 1 is a block diag'ram of phase lccked loop employing a phase mixer in
accordance with an embodiment of the invention;

FIG. 2 is a diagram illustrating a 16/15 phase mixer according to an
embaodiment of the invention;

FIG. 3 is a diagram illustrating the prase mixer of FIG. 2 in greater detail;
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FIG. 4 is a timing diagram illustrating timing for the phase mixer of FIG. 2;
FIG. § is a diagram illustrating a 16/17 phase mixer according to an
embadiment of the invention;
FIG. 6 is a timing diagram of the phase mixer of FIG. 5;
FIG. 7 is a diagram illustrating a 16/14 phase mixer according to an
embodiment of the invention; and

FIG. 8 is a timing diagram for the phase rhixer of FIG. 7.

Detailed Description of the Invention

FIGS. 1-8 illustrate a phase mixer system and method according to the
present invention. The phase mixer provides a system and method for locking a
signal onto a non-integer muitiple of a reference signal. '

Turning now to the dfawings and, with particular attention to FIG. 1, a
general block diagram of an exemplary phase locked loop (PLL) employing a
phase mixer éccord'mg to the present invention is shown. The PLL 100 may
include a phase comparator 102, a charge pump 104, a low pass filter 105, and a
ring oscillator 112. An integer divider or a phase mixer (fractional divider) 114
may be interposed in the feedback loop between the ring oscillator 112 and the
phase comparator 102. A phase mixer 107 may also be provided at th_e oQtput of
the ring oscillator 112. The phase mixer 107 includes an initialization circuit 108,
and a phase shift selection circuit which may include a shift register 108 and a
multiplexer 110.

As will be discussed in greater detail below, the initialization circuit 106
initializes the shift register 108 by providing a walking one (1) pattern upon
initialization. The shift register 108's output addresses the multiplexer 110,. and
the multiplexer 110 in turn selects one of the phases of the reference oscillator
112. The output of the multiplexer 110 (i.e., the sequence of phases) is further
used to clock the shift register 108, as well as {;rovide the system output.

_ The output of the multiplexer 110 is a frequency which is different from the
reference oscillator frequency 112 by the ratio represented by Equation 1 below:
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where N is the integer number of phases of the reference
oscillator; and

M is an integer less than N, such that M<N.

Sou = S

Equation 1

As will be discussed in greater detail below, assuming PH(k) leads
in phase compared to PH(k+1) for k = 0 to k=n-1, the “-* operator in Equation 1
abdve holds true when the phases are selected in descending order. The “+”
operator holds true when phases are selected in ascending order.

Turning now to FIG. 2, an exemplary phase mixer 107a according to an
embadiment of the invention is illustrated in greater detail. In particular, in the
embodiment shown, N=16 and M=1 and the phases are selected in descending
order. Thus, the phase mixer 107a of FIG. 2 is a 16/15 ratio phase mixer and the
output of the multiplexer 110a is 16/15 times the reference oscillator frequency.
As shown, in FIG. 2 the multiplexer 110a is a 16-to-1 muitiplexer, embodied as a
plurality of thrée—statable inverters 200-0 to 200-15. The inputs of the respective |
three-statable inverters 20040 to 200-15 are the phases PHO-P H15 from the
reference oscillator 112 (FIG. 1). The outputs of the three-statable inverters are
tied together and provided as system output and to clock the shift regisfer 108a.
The shift register 108a selectively enables the individual inverters 200-0 through
200-15, as will be discussed in greater detail below. o

In the embodiment illustrated, the shift register 108a is a recirculating shift
fegister. The shift register 108a is embodied as plural D flip-flops 202-0 through
202-15. The flip-flops 202-0 through 202-15 aré clocked by the output of the
multipl_eker 1103, i.e., by the selected one of the three-statable inverters 200-0
through 200-15. The outputs of the individual flip-flops 202-0 through 202-15 are
the multiplexer 110a select lines, i.e., the outputs of the individual flip-flops 202-0
through 202-15 are provided to the enable lines of the three-statable inverters
200-0 through 200-15, respectively. |

Thus, a particular inverter 200-0 through 200-15 is enabled, which causes
selection of the corresponding phase output pulse, PH0-PH15, respectively. For

example, FIG. 4 is a timing diagram illustrating system output 400 and even
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phases (i.e., PHO, PH2, ...PH4). Each phase is shifted with reference to each
other by a predetermined shift.

As noted above, the shift register 108a shifts a walking one (1) pattern
based on its clocking. Suppose, for example, the output of the D ﬂip-ﬂop 202-6
was one (1). The inverter 200-6 is enabled to select PH6E (FIG. 4) as the mixer
output. The pulse PHB6 also clocks the shift register, causing the one (1) at the
output of the D flip-flop 202-6 to propagate to the D flip-flop 202-5. This, in turn,
enables the inverter 200-5 to select PH5 (not shown). The pulse PH5 appears at
the phase mixer output and clocks the shift register to shift again. The process
continues, with PH4, PH3, énd S0 on, being successively enabled and
contributing to the output. - |

As noted above, the initialization circuit 106a provides an initial clocking
input to the shift register 108a and an initial enable. Thus, upon reset, a one (1) is
shifted into the shift register 108a. In particular, one embodiment of the
initialization circuit 106a is shown in greater detail in FIG. 3. As shown, the
initialization circuit 106a includes an SR flip-flop 302, a pair of cascaded D flip-
flops 304, 306, an inverting delay chain 307, and a NOR gate 308. The SR flip-
flop 302 is embodied as a NAND gate 312 and a NAND gate 314. . An active low
RESET signal is provided to the SET input of the SR flip-flop 302 and also to the
RESET control inputs of the D flip-flops 304, 306. The clock inputs of the D ﬂip-
flops 304, 306 are coupled to the clock inputs of the counter. The inputs to the .
NOR gate 308 are the output of the SR flip-flop 302 and the D flip-flop 304.. The
output of the NOR gate 308 is provided to the RESET inputs of the counter flip-
flops, except the flip-flop 202-1, where it is provided to the SET input, as will be
explained in greater detail below. Finally, the output of the D flip-flop 306 is
provided to the inverting delay chain 307, the output of which, in turn, is provided
to the R input of the SR flip-flop 302.

When the RESET input RST of the initialization circuit is low, the RESET
inputs (RN) of the D flip-flops 304, 306 are active, which provides a zero (0) at
their outputs. The output of the SR flip-flop 302 is one (1), which causes the
output of the NOR gate 308 to be zero (0). This causes the SET input of the D
flip-flop 202-1 of the counter to go active and output a one (1). All the other D
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flip-flops in the counter are cleared, and output a zero (Q). This, in turn, causes
the muitiplexer to output at the inverter 200-1. The output of the multiplexer
clocks the counter, and the one (1) is propagated through the counter. At reset
state, the phase PH1 is selected through the multiplexer 110a. When the input
RST of the initialization circuit 106a makes a low to high transition, reset is
removed from the RS latch 302 and also from the two flip-flops 304, 306, but the
shift register flip-flops remain in reset. The next positive edge of PH1 clocks a

~one (1) into the flip-flop 304 and the second rising edge of Ph1 clocks the one (1)

into the flip-flop 306, at which time the reset of the shift register flip-flops is also
removed.

FIG. 5 illustrates anather similar embodiment of phase mixer and, |
particularly, a 16/17 frequency ratio phase mixer. Thus, in the phase mixer of
FIG. 5, N= 16 and M = 1 and the phases are selected in ascending order.. The
phase mixer 107b of FIG. 5 includes an initialization circuit 106b, a shift register
108b and a multiplexer 110b. The phase mixer 107b of FIG. § is generally
similarto the phasé mixer 107a of FIG. 2, except that order of selection of the
phases is reversed. Thus, the shift register includes D flip-flops 502-0 through
502-15, which enable or select the phases of input to the multiplexer 110b, in
order PH1 — PH15, in a manner similar to that described above. 'FlG. 6 illustrates
a timing diagram of the phase mixer of FIG. 5. As can be seen, itis generally.
similar to the timing for the phase mixer of FIG. 2 and 3.

FIG. 7 illustrates another embodiment of a phase mixer according to'the
present invention. In particular, the phase mixer 107b of FIG. 7 is a 16/14 ratio
phase mixer. Thatis, N=16 and M=2 and the phases are selected in a
descending order. The phase mixer 107b includes an initialization circuit 106¢, a
multiplexer 110c¢ and a shift register 108c. The initialization circuit 106¢ is
generally similar to the initialization circuit 106a of FIG. 3, and includes an SR
flip-flop 302b including NAND gates 312b, 314b. .The initialization circuit 106¢
further includes D flip-flops 304b, 306b, and a NOR gate 308b, which provides
the initialization output to the shift register 108c.

In this case, every other phase is selected. Thus, the shift register 108c
includes D flip-flops 702-1, 702-3, 702-5, 702-7, 702-9, 702-11, 702-13, and 703-
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15. The D flip-flops selectively enable the three-statable inverters 700-1, 700-3,
700-5, 700-7, 700-9, 700-11, 700-13, and 700-15, as shown in the timing diagram
of FIG. 8.
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What is claimed is:

1. A clock synchronization circuit characterized by:

a reference clock source (112), said reference clock source generating a
plurality of phase streams, said phase streams having substantially the same
frequency but phase shifted with reference to one another; and

a phase shift selection circuit (107) configured to sequentially select said
plurality of phase streams.

2. A clock synchronization circuit according to claim 1, wherein an output of

said phase shift selection circuit (107) has a frequency that is substantiaily a non-
integer multiple of said same frequency.

3. A clock synchronization circuit according to claim 1, wherein said phase
shift selection circuit comprises;

a multip!eker (110) configured to select said plurality of phase streams;
and '

a shift register (108) configured to address said multiplexer.

4. A clock synchronization circuit according to claim 3, wherein an output of
said multiplexer (110) is a non-integer multiple of said same frequency.

5. A clock synchronization circuit according to claim 3, further including ah

initialization circuit (108) for providing an initial value to said shift register. -

6. A method for generating a signal having a frequency that is a multiple of

another frequency, characterized by:

providing a plurality of phase signals, said phase signals sharing a
refetence frequency; and

- sequentially selecting pulses from said plurality of phase signals. -

7. A method according to claim 6, said sequentially selecting including

* c L H S *
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clocking a selector (108) with selected pulses from said plurality of phase s

8. A method according to claim 7, said sequentially selecting comprising
selecting said pulses such that said clocking includes providing an output signal.

Al

9. A phase mixer circuit, characterized by:
means (110) for sequentially selecting a plurality of phases;

means (108) coupled to said selecting means for choosing when ones of
said pluraliiy of phases is selected.

10. A phase mixer according to Claim 9, including means (106) for initializing
said choosing means.

11. A phase mixer according to Claim 10, said sequentially selecting means
comprising a singie output multiplexer (110).

12. A phase mixer according to Claim 11, said choosing means combrising a
shift register (108).

13. A phase mixer according to Claim 12, said initializing means (106)

configured to initialize a walking one pattern through said shift register.

14. - A phase mixer according to Claim 9, wherein said phases are chasen such

that an output frequency to an input frequency of said phase mixer has a

frequency ratio of (

N
Nt ), where N is an integer number of phases of said input

frequency and M is an integer less than N, and where “-* operation is used when
selecting phases is done in descending order and where “+* operation is used
when selecting phases is done in ascending order.
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