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CLOCK ENABLE CIRCUIT FOR USE IN A HIGH SPEED
REPROGRAMMABLE DELAY LINE INCORPORATING

GLITCHLESS ENABLE/DISABLE FUNCTIONALITY

FIELD OF THE INVENTION

The present invention relates to an apparatus and method for providing clock edges
for use in a high speed reprogrammable delay line incorpora_ting glitchless enable/disable .
functionality.
BACKGROUND OF THE INVENTION

Precision delay line circuits requiring the real-time programming of delay line values
every .clock cycle have required restrictive rules of operation. For example, new delay

values are only allowed to increase from one cycle to another, or specific delay values are

not allowed. These rules have placed limitations on conventional delay line circuits.

Accordingly, a need exists for improvements in precision delay lint_e circuits.
SUMMARY OF THE INVENTION

A clock control circuit consistent with the present invention is used for loading delay
data into delay circuits. It includes a clock enabled latch receifring an enable signal and a
delay line signal. A latch receives the delay line signal and an output of the clock enabled
latch. A multiplexer, receiving the output of the clock enabled latch and being controlled by

an output of the latch, provides a signal to load delay data in response to the enable signal

and the delay line signal.
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Another clock control circuit consistent with the present invention is used for loading
delay data into delay circuit$. It includes an input for receivifig an enable signal and a delay
line signal, and an output for outputting a delayed clock signal having first and second states.
A control circuit provides an enabled state with the delayed clock signal in the first state and
an output state with the delayed clock signal in the second state. The control circuit
switches between the enabled state and the output state in response to first and second
edges of the delay line signal.

A method consistent with the present invention provides signals for use in loading
delay data into delay circuits. It includes receiving an enable signal and a delay line signal,
and outputting a delayed clock signal having first and second states. An enabled state is
provided with the delayeci clock signal in tﬁe first state, and an output state is provided with
the delayed clock signal in the second state. Switching between the enabled state and the
output state occurs in response to first and second edges of the delay line signal.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are incorporated in and constitute a part of this
specification and, together with the description, explain the advantages and principles of the
invention. In the drawings,

FIG. 1 is a diagram illustrating delay and control paths in a clock delay circuit for
use in loading delay data;

FIG. 2 is a diagram of a conventional clock gating circuit;

FIG. 3 is a timing diagram for the clock gating circuit shown in FIG. 2;
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FIG. 4 is a diagram of a first-in-first-out (FIFQ) window clock circuit;

FIG. 5 is a timing diagram for the FIFO window clo¢k circuit shown in FIG. 4; and

FIG. 6 is a state diagram illustrating the operation of the FIFO window clock circuit
shown in FIG. 4.
DETAILED DESCRIPTION

Precision timing on the fly (TOF) delay line systems are designed to output delayed
edges on pre-specified clock cycles. Embodiments consistent with the present invention -
eliminate non-desired clock edges from erroneouély clocking new data into a delay line
before it is intended. The embodimgnts include a high speed re-programable delay line
employing a selective clock control circuit to load or reload delay data into delay circuits.
They also include a clock qualifying circuit applied in a high speed re-programma‘t;le delay
line system that enables an edge-based clock without unwaﬁted glitches. This clock
qualifying circuit enables an output clock signal on one iput clock edge and fe-sets the
signal on the opposite edge. |

FIG. 1 shows part of the delay and control paths for a high spee& TOF system 10.
A master clock (MCLK) signal is applied to a first delay stage 11. Delay stage 11
represents a programmable delay line, Delay stage.l 1 receives an input signal and outputs
a delayed version of the input signal based upon a received programmable control signal, in
this case a digital control value from a register 13. The delayed version of the signal is
referred to as a delay line signal, in this example signal F_ OUT. The programmability

results from being able to change the digital control value, and that value is proportional to
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the amount of time deldy produced. Any type of component for providing a delayed
version of a signal can be used for implementing delay stage 11.

The delayed output of first delay stage 11 is applied to the next delay stage, as well
as through an inverter 16 to a clock enable circuit 12. If an output is expected from a
specific MCLK signal cycle, gate generation logic 15 outputs an ENABLE signal. Gate
generation logic 15 accepts inputs from a cére control logic FIFO clocked from a version of
the MCLK clock. Gate generation logic 15 creates the ENABLE signal that is locally -
synchronized to the MCLK signal. The digital core logic generates control signals to be
applied to gate generation logic 15 if a delayed output is desired during a particular MCLK
cycle. Gate generation logic 15 uses control signals of the core logic to generate the
ENABLE signal that is re-synchronized to the MCLXK signal.

The ENABLE signal allows clock enable circuit 12 to pass the F_OUT signal fo a
FIFO circuit 14 as a falling edge signal nFIFO__CLK. FIFO circuit 14 can be implemented
with a conventional FIFO memory circuit. The ENABLE signal also enables delay register
13 to apply the FIFO present output data to the delay line, represented by delay stage 11.
FIFO circuit 14 clocks out the next output cycle delay data into a delay register pipeline at
delay register 13. Since this data is now at the input of delay register 13, it will be clocked
into the delay line at the next MCLK cycle that enables a delay line output.

The conirol of the FIFO clock signal requires that a specified edge, in this case .
negative, be gated out at predetermined intervals. The TOF delay line subsystem is

designed such that the negative edge to be gated is always within a gating window
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boundary, as determined by edges of the ENABLE signal. There are no restrictions on the
placement of the unused rising edge of signal nF_OUT within the ENABLE window.
However, the unpredictability of the rising clock edge generally prevents the use of simple
combinational logic, such as a conventional clock gating circuit 20 shown in FIG. 2, for
reliably loading delay data.

FIG. 3 shows the creation ot_‘ a "glitch” 42 that could incorrectly clock FIFO 14
prematurely and place the wrong data at delay register 13 in system 10. FIG. 3 also
illustrates the gating window boundaries formed by edges 37 and 38, and by edges 39 and
40, of the ENABLE signal for gating nFIFO_CLXK signals 41 and 43.

Clock enable circuit 12 eliminates the “glitch” problem described above by
qualifying the ENABLE signal with the falling edge of signal nF OUT. Circuit 12 in this
example requires no external timing control to gate the nF_OUT signal, resulting in a simple
control interface and reduced circuit size.

FIG. 4 shows a FIFO window clock (FWC) circuit 50, implementing clock enable
circuit 12, and FIG. 5 is a timing diagram illustrating its operation. FWC circuit 50 has
inputs folr receiving the ENABLE signal and a delay line signal, in this example the nF_OUT
signal. It has an output for providing a delayed clock signal, in this example the _
nFIFO_CLK signal. A control circuit determines a state, and hence output signal, of FWC
circuit 50. The control circuit switches FWC circuit 50 between states in response to edges

of the nF_OUT signal.
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Referring to FIGS. 4 and 5, FWC circuit 50 operates as follows. Signal nF_QUT
is the inverted output from the delay line that is applied to FWC circuit 50. This signal is
applied to the clock input of a negative edge triggered clock enabled DFF 51, operating as
a control circuit. Clock enabled DFF 51 in this example is implemented with a D-type flip-
flop (DFF) 56 with a feedback multiplexer 55 that provides a feedback loop by allowing
recirculation of the "Q" output back to the "D" input of flip-flop 56 when the ENABLE
signal is low. Thus, the output of clock enabled DFF 51 does not change while ENABLE is
low.

The high ENABLE signal at edge 59 allows the falling edge of nF_OUT signal at
edge 57 to clock the high éignal at point 70 out of clock enabled DFF 51, causing the signal
at point 71 to go high at edge 61. The signal at point 71 is also inverted by an inverter 52 to
create a falling edge on the signal at point 70 and on edge 62. |

The low-going signal at point 70 flows through a multiplexer 53 and exits as a falling
edge on signal nFIFO_CLK at edge 63. This falling edge output signal is transmitted to
FIFO 14 to clock out new delay data. Some time later, signal nF_OUT goes high at edge
58. Therising edge of signal nF_OUT is applied to a rising edge triggered DFF 54. The
"D" input of DFF 54 at point 70 is now clocked ouf'as a low-going signal at point 72 on .
edge 58 of signal nF_OUT. The low-going signal at point 72 forces multiplexer 53 to select
the input of the signal at point 71 that is opposite in polarity of the previously-selected signal
at point 70. The output nFIFO_CLK signal now passes the signal at point 71 and, as a

result, goes high at edge 65.
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During the next MCLK cycle, no output is desired and the ENABLE signal is held
low from edges 60 to 68. As a result of the ENABLE signal held low, the next falling edge
of signal nF_OUT at edge 66 has no effect on clock enabled DFF 51, and the signal at
point 71 remains at its pfevious high value.

The next rising edge of signal nF_OUT at edge 67 has no effect on the output
nFIFO_CLK signal and does not create any glitches due to the following. The previous
falling edge of signal nf_OUT occurred when the ENABLE signal was low. This maintains
the output state of the clock enabled DFF 51 unchanged, meaning the signal at point 71
and, hence, the signal at point 70. The unchanged state of the signals at points 70 and 71
means that the rising clock input to DFF 54 makes no output changes due to the previous
rising edge input, resulting in the signal at point 72 remaining unchanged as well.

The effect of these unchanged states allows a falling edge output of FWC circuit 50
only when the ENABLE signal is asserted high and signal nF_QUT falls from a high value to
a low value. Once this occurs, the next rising edge of signal F_ OUT re-enables FWC
circuit 50 regardless of the state of the ENABLE signal. Further rising edges of signal
nF_OUT will not generate erroneous outputs (glitches), regardless of the state of the
ENABLE signal.

The operation of FWC circuit 50 can be summarized in the state diagram of FIG. 6.
In FIG. 6, FWC circuit 50 remains in a disabled state 80 regardless of a value of the
nF_OUT signal until signal ENABLE goes high. Once the ENABLE signal is high, circuit

50 remains in an enabled state 81, providing a high nFIFO_CLK signal, until signal
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nF_OUT falls or the ENABLE signal goes low. A low-going ENABLE signal returns
circuit 50 to disabled state 80. A falling nF_OUT signal takes circuit 50 from enabled state
81 to an output state 82, providing a low nFIFO_CLK signal. Circuit 50 remains in output
state 82 until signal nF_OUT rises, regardless of the value of the ENABLE signal. Once
signal nF_OUT rises, circuit 50 enters enabled state 81, and signal nFIFO_CLK goes high.
Circuit 50 may now enter disabled state 80 if signal ENABLE goes low, or it may return to
output state 82 if signal nFIFO_CLX falls.

FWC circuit 50 can be implemented with any components providing these states

and with different compleinentary values of the signals resulting from the states. Use of

. clock enabled DFF 51 and the related circuit components are only one such example.

Multiplexers 53 and 55 can be implemehted, for example, with conventional two-to-one
multiplexers or other circuits for seIectiné among input lines. Latches 54 and 56 can be |
implemented, for example, with flip-flops or other types of circuits for storing and outputting
states of an input signal. Inverter 52 can be implemented with any circuit for inverting an
input signal. Also, FWC circuit 50 can be used with different types of ENABLE signals and
delay line signals, and with various types of delay stages and lines.

While the present invention has been described in connection with an exemplary
embodiment, it will be understood that many modifications will be readily apparent to those
skilled in the art, and this application is intended to cover any adaptations or variations
thereof. For example, different types of circuit components to implement the functions of

the FIFO, latches, multiplexers, inverter, and delay stage elements may be used without



departing from the scopé of the invention. This invention should be limited only by the

claims and equivalents thereof.
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WHAT IS CLAIMED IS:
1. A clock control circuit for loading delay data into delay circuits, comprising:

a clock enabled latch (51) receiving an enable signal and a delay line signal and
having an output;

a latch (54) receiving the delay lir.le signal and the output of the clock enabled latch;

and

a multiplexer (53), receiving the output of the clock enabled latch and being
controlled by an output of the latch (54), for providing a signal to load delay data in

response to the enable signal and the delay line signat.

2. The circuit of claim 1 wherein the clock enabled latch (51) includes a feedback
multiplexer (55) connected to a feedback loop to receive the output of the clock enabled

latch (51), the feedback multiplexer (55) being controlled by the enable signal.

3. The circuit of claim 2, further including an inverter (52) coupled between an output

of the clock enabled latch (51) and the feedback multiplexer (55).

4. The circuit of claim 3 wherein the multiplexer (53) receives an output of the

inverter.

5. The circuit of claim 1 wherein the clock enabled latch (51) includes a flip-flop (56).

-10-
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6. The circuit of claim 1 wherein the clock enabled latch (51) provides a constant

output while receiving a particular value of the enable signal.

7. The circuit of claim 1, further including a first-in-first-out (FIFO) circuit (14)

clocked by an output signal of the multiplexer (53).

8. The circuit of claim 7, further including a delay stage (11) receiving a master clock

signal and providing the delay line signal.

9. The circuit of claim 7, further including gate generation logic (15) providing the

enable signal.

N
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