
;abe3eGD\(x6T06( 25 April 2003 CLOCK ENABLE CIRCUIT FOR USE IN A HIGH SPEED
reprogrammable DELAY LINE INCORPORATING GLITCHLESS ENABLE/DISABLE
FUNCTIONALITY 5 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 incorporating glitchless enable/disable
functionality. BACKGROUND OF THE INVENTION  10 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 line circuits. 15 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
receiving 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 20
an output of the latch, provides a signal to load delay data in response to
the enable signal and the delay line signal.  -1   25 April 2003 Another
clock control circuit consistent with the present invention is used for
loading delay data into delay circuits. It includes an input for receiving
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 5 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, 10 and outputting a delayed clock signal
having first and second states. An enabled state is provided with the
delayed clock signal in the 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 15 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; 20 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; -2   25 April 2003 FIG. 4 is a diagram of a first-in-first-out
(FIFO) window clock circuit; FIG. 5 is a timing diagram for the FIFO window
clock 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. 5 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 erroneously clocking new data into a delay line before it is intended.
The embodiments include a high speed re-programable delay line 10 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-programmable delay line system that enables an edge-based clock
without unwanted glitches. This clock qualifying circuit enables an output
clock signal on one input clock edge and re-sets the signal on the opposite
edge. 15 FIG. 1 shows part of the delay and control paths for a high speed
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 11 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 20 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 -3   25 April 2003 the amount of time delay 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 1 I 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 5
specific MCLK signal cycle, gate generation logic 15 outputs an ENABLE
signal. Gate generation logic 15 accepts inputs from a core 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
10 cycle. Gate generation logic 15 uses control signals of the core logic
to generate the ENABLE signal that is re-synchronized to the MCLK signal.
The ENABLE signal allows clock enable circuit 12 to pass the F OUT signal
to 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 15 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 control of the FIFO clock signal requires
that a specified edge, in this case 20 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 -4  



25 April 2003 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 5
reliably loading delay data. FIG. 3 shows the creation of 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 CLK signals 41 and 43. 10 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 15
circuit 12, and FIG. 5 is a timing diagram illustrating its operation. FWC
circuit 50 has inputs for 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
20 of the nF OUT signal. -5   25 April 2003 Referring to FIGS. 4 and 5, FWC
circuit 50 operates as follows. Signal nF OUT 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 5 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. 10 The high ENABLE signal at edge 59 allows the falling edge of nF OUT
signal at edge 57 to clock the high signal 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 15 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. The rising 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 out 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 20 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. -6   25 April 2003 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
S I, and the signal at point 71 remains at its previous high value. The
next rising edge of signal ~ 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 ~ OUT occurred when the ENABLE signal was
low. This maintains 10 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 1 ~ only when the ENABLE signal is asserted high and
signal nF-OUT 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. 20 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 SO
remains in an enabled state 81, providing a high nFIFO CLK signal, until
signal _7_   25 April 2003 rLF_OUT falls or the ENABLE signal goes low. A
low-going ENABLE signal returns circuit 50 to disabled state 80. A falling
~ OUT signal takes circuit 50 from enabled state 5 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 CLK
falls. 10 FWC circuit 50 can be implemented with any components providing
these states and with different complementary 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
implemented, for example, with conventional two-to-one multiplexers or
other circuits for selecting among input lines. Latches 54 and 56 can be 15
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 20
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 F1F0, latches,
multiplexers, inverter, and delay stage elements may be used without _g_  



25 April 2003 departing from the scope of the invention. This invention
should be limited only by the claims and equivalents thereof. -9   10 25
April 2003 What is claimed is: 1. Aclock control circuit for loading delay
data into delay circuits, comprising: a clock enabled latch receiving an
enable signal and a delay line signal and having an output; a latch
receiving the delay line signal and the output of the clock enabled latch;
and a multiplexes, receiving the output of the clock enabled latch and
being controlled by an output of the latch, for providing a signal to load
delay data in respoase to the enable signal and the delay line signal. 2.
The circuit of claim 1 wherein the clock enabled latch includes a feedback
multiplexes connected to a feedback loop to receive the output of the clock
enabled latch, the feedback multiplexes being controlled by the enable
signal. 3. The circuit of claim 2, further including an inverter coupled
between an output of the clock enabled latch and the feedback multiplexes.
4. The circuit of claim 3 wherein the multiplexes receives an output of the
inverter. 5. The circuit of claim 1 wherein the clock enabled latch
includes a $ip-flop. 6. The circuit of claim 1 wherein the clock enabled
latch provides constant output while receiving a particular value of the
enable signal. 7. The circuit of claim 1, further including a
first-infirst-out (FIFO) circuit clocked by an output signal of the
multiplexes. 8. The circuit of claim 7, further including a delay stage
receiving a master clock signal and providing the delay line signal. 9. The
circuit of claim 7, further including gate generation logic providing the
enable signal. 14. A clock control circuit for loading delay data into
delay circuits, comprising: an input for receiving an enable signal and a
delay line   11 25 April 2003 Signal; an output for outputting a delayed
clock signal having first and second states; and a control circuit,
operably connected to the input, for providing 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, and for switching between the
enabled state and the output state in response to first and second edges of
the delay line signal. ll. The circuit of claim 10 wherein the control
circuit includes: a clock enabled latch receiving the enable signal and the
delay line signal and having an output; . a latch receiving the delay line
signal and the output of the clock enabled latch; and a multiplexes,
receiving the output of the clock enabled latch and being controlled by an
output of the latch, for providing a signal to load delay data in response
to the enable signal and the delay line signal. 12. The circuit of claim 11
wherein the clock enabled latch includes a feedback multiplexes connected
to a feedback loop to receive the output of the clock enabled latch, the
feedback multiplexes being controlled by the enable signal. 



13. The circuit of claim 1Z, further including an inverter coupled between
an output of the clock enabled latch and the feedback multiplexes. 14. The
circuit of claim 13 wherein the multiplexes receives an output of the
inverter. 15. The circuit of claim 11 wherein the clock enabled latch
includes a flip-flop. 16. The circuit of claim 11 wherein the clock enabled
latch provides a constant output while receiving a particular value of the
enable signal.   ~ 2 25 April 2003 17. The circuit of claim 11, further
including a first-infirst-out (FIFO) circuit clocked by an output signal of
the multiplexer. . 18. The circuit of claim 17, further including a delay
stage receiving a master clock signal and providing the delay line signal.
19. The circuit of claim 17, further including gate generation logic
providing the enable signal. 20. Amethod of providing signals for use in
loading delay data into delay circuits, comprising: receiving an enable
signal and a delay line signal; outputting a delayed clock signal having
first and second states; providing an enabled state with the delayed clock
signal in the first state and providing an output state with the delayed
clock signal in the second state; and switching between the enabled state
and the output state in response to first and second edges of the delay
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x
K}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cRa]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Kb'
RKt!0M^}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!^+|mr&`s
r!/2}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!N5 c  !n!!"";"B"P"""V##
$`$$$%k%%&b&&'i''}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!'(((((
)Y))*6***,+++9,,,?---@.O...O////0b001}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!1m111
B222C333[444J556_6666$7D7K7\7==?&D8DG}xsn}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca<d
RdE3!10%&'()-10%&'()-S10%&'()-F
10%&'()-`10%&'()-F10%&'()-Ra}~/dEs!10%&'()-F 10%&'()-G%10%&'()-
L10%&'()-10%&'()-s10%&'()-/K]aB +"10%&'()-!s)m%10%55&'()-Fs'-
10%&'()-F%10%&'()-"10%&'()- 10%&'()-]78<=>?dYNC 10 10 10:
10%&'()-f#510%&'()- 2`10%&'()-`0`$10%&'()-  .#10%&'()-?Mf  dEYNC 



!10%&'()-@#10%&'()- f#10%&'()-,#10%&'()-  10%&'()- "&10%&'()-  x   KdEYNC
"10%&'()- S#10%&'()-"10%&'()- G10%&'()- @10%&'()-S 10%&'()-b'   dEYNC *l
10%&'()-'#10%&'()-%"10%&'()-S# 10%&'()-!`10%&'()-!10%&'()-  RdYNC 10 10
10S; 10%&'()-210%&'()-Y0:10%&'()- .10%&'()-@,10%&'()-KdEYNC S
10%4|&'()-3s10%4|&'()-  l 10%4|&'()-  10%4|&'()-  10%4|&'()-
"Y&10%4|&'()-t!dEYNC  "10%4|&'()-@L$10%4|&'()-
L!10%4|&'()-39!10%4|&'()-3l!10%4|&'()-  ,10%4|&'()- 0MdEYNC  )Y"10%4|&'()-
' 10%4|&'()-l%$10%4|&'()- @# 



10%4|&'()- !`!10%4|&'()-310%4|&'()-^dYNC 104| 104| 104|&@;
10%4|&'()-32"10%4|&'()- 0T#10%4|&'()- 3Y.!10%4|&'()-3,"10%4|&'()- +|mdEYNC
T#10%m&'()- lg 10%m&'()-F F 10%m&'()-L10%m&'()- 10%m&'()-
"Y10%m&'()-r&dEYNC Yl@10%m&'()-G"10%m&'()- l"10%m&'()-l!10%m&'()-lY
10%m&'()-l#10%m&'()-`sdEYNC Y)"10%m&'()-
Y'3"10%m&'()-Y%#10%m&'()-Y#"10%m&'()-Y m"10%m&'()-3 310%m&'()-  r !dYNC 10m
10m 10m`; 10%m&'()-2G10%m&'()-0 "10%m&'()-F.10%m&'()-Y,10%m&'()-!/2dEYNC
910%O&'()-!10%O&'()-Y "10%O&'()-  10%O&'()- "10%O&'()- "F10%O&'()-N5dEYNC
`F"10%O&'()- ,!10%O&'()- sS10%O&'()-sF"10%O&'()-sl10%O&'()- L,10%O&'()- c
!n!dEYNC `)10%O&'()-`'y#10%O&'()-
l%#10%O&'()-9,#G10%O&'()-`!10%O&'()-sS#10%O&'()-n!!"";
"?"@"A"B"P"xmbC"10%&'()- 10O 10O 



10O@; 10%O&'()-010%O&'()-`Y."10%O&'()- `,"10%O&'()- P"""V##
$`$dEmbC&!10%&'()-@!10%&'()-$10%&'()- "10%&'()-
!10%&'()-@10%&'()-`$$$%k%%&dEmbC!@10%&'()-"10%&'()- "10%&'()-
lS$10%&'()-910%&'()-"10%&'()- &b&&'i''(dEmbCl."10%&'()-
@,9!10%&'()-*!10%&'()-'!10%&'()-l%#10%&'()-S#z 10%&'()-((((((((
)xmbC"l10%&'()- 10 10 10S; 10%&'()-@5 10%&'()-3 10%&'()-Y0%10%&'()-
)Y))*6***dEmbCs!10%&'()-10%&'()-@10%&'()- 10%&'()-"10%&'()-l m10%&'()-
*,+++9,,,dEmbC@#10%&'()-!10%&'()-!10%&'()-!10%&'()-Sy#10%&'()-@#10%&'()-,?-
--@.O..dEmbC30$10%&'()-.s10%&'()-,,, 10%&'()- ) 10%&'()- '
10%&'()-%%10%&'()-..O///////xmbC"l&10%&'()- 10 10 10&S;
10%&'()-l710%&'()-,5"10%&'()- 210%&'()-/0b001m11dEmbC"10%&'()-lY"10%&'()-
,!10%&'()-t$10%&'()- "10%&'()-l  10%&'()-
11B222C33dEmbC@#M!10%&'()-!!10%&'()-, 10%&'()-!10%&'()-l@#10%&'()-
10%&'()-33[444J55dEmbC0Y%10%&'()-l.10%&'()-,,F10%&'()- )#10%&'()-
'!10%&'()-Yl%%10%&'()- 56_6666666xmbC"Y10%-u&'()- 10 10 10&,; 



10%&'()-Y7'!10%&'()-53"10%&'()- 2 10%&'()-6$7D7H7I7J7K7\7p7bA T@10%U
&'()-2310%:&'()- 10-u 10-u 10-u@; 10%-u&'()-l 10%-u&'()-,s!10%-u&'()-
p77!8x8M96::wU3bA!<@10%::&'()-2!A@10%::&'()-2!0@10%&'()-2!0@10%&'()-2!`@10%
&'()-2!c@10%::&'()-2:;g;
;t<<T=wU3bA!@10%::&'()-2!@10%::&'()-2!v@10%::&'()-2!@10%::&'()-2!q@10%::&'(
)-2!q`@10%::&'()-2T=======Q>rPA!@10%::&'!F%Y f10%z|z|&'()-@lf10%4|&'()-G 10
10
10!0@10%&'()-2!@10%::&'()-2Q>??D@@pA[BwU3PA!F10%4|4|&'()-!p`10%||&'()-!`10%
||&'()-!10%||&'()-!PY f10%4|4|&'()-!k`Y
f10%||&'()-[BBACC#D$D%D&Dwi[MA!F10%4|4| 104|4| 104|4|
104|4|!v10%4|4|&'()-!l10%4|4|&'()-!c10%4|4|&'()-!P10%4|4|&'()-&D8DD?EEFxFzX
6MA!!K010%EBEB&'()-!A10%BB&'()-!Y10%BB&'()-!Y10%BB&'()-!Y10%BB&'()-10%B&'()
-xFGGzX6MA!!K010%EBEB&'()-!A10%BB&'()-!Y10%BB&'()-!Y10%BB&'()!010%BB&'()-!0
10%BB&'()- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading
43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading
93]c"A "Default Paragraph Font> A%,3J4:%ADHJLNPRTVXZ\^K^'1G012345R]?
!n!P"`$&( )*,./1356p7:T=Q>[B&DxFG6789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]6Times New RomanArialCourier New"h Root
EntryWordDocument   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_` 


