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(57) ABSTRACT 
The present invention relates generally to the ?eld phase 
detectors and particularly to a phase detector being formed 
by a ?ip-?op. 

Phase detectors being formed by a ?ip-?op are knoWn. 
HoWever, for the realization of the knoWn phase detectors 

CFR 1'53(d)' several parameters have to be dimensioned individually in 

(21) Appl NO _ 09/363 528 order to achieve an optimized phase detector. 

' n ’ With the present invention it is no longer necessary to 

(22) Filed: Jul. 29, 1999 explicitly dimension these parameters. 
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PHASE DETECTOR 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority of European Patent 
Application No. 983061896, Which Was ?led on Aug. 4, 
1998. 

TECHNICAL FIELD 

[0002] The present invention relates generally to the ?eld 
phase detectors and particularly to a phase detector being 
formed by a ?ip-?op. 

BACKGROUND OF THE INVENTION 

[0003] Phase detectors realiZed With a ?ip-?op are knoWn. 
The patent DE 40 16 429 C2, Which is incorporated by 
reference herein, shoWs a phase detector being realiZed With 
a D-?ip-?op. The feedback clock is coupled to a clock input 
of the ?ip-?op. The reference clock is coupled via a mono 
?op, Which generates a pulse, to an asynchronous reset input 
of the ?ip-?op. At the output of the ?ip-?op a control signal 
is available, for controlling eg a voltage controlled oscil 
lator. The data input of the ?ip-?op is coupled to the inverted 
output of the ?ip-?op. Pig. 1 shoWs a phase locked loop 
(PLL) having the knoWn phase detector. The PLL consists of 
a voltage controlled oscillator 1 including a PLL ?lter, a 
D-?ip-?op 2 forming the knoWn phase detector, a loW pass 
?lter 3 and a mono-?op 4. Aclock signal FB produced by the 
voltage controlled oscillator 1, being the feedback clock, is 
coupled to a clock input C of the ?ip-?op 2 and a pulse RES, 
derived eg from the rising edge of a reference clock REF 
by mono-?op 4, is coupled to an asynchronous reset input R 
of the ?ip ?op 2. Adata input D of the ?ip-?op 2 is coupled 
to an inverse output Q‘ of the ?ip?op 2. Therefore, an output 
signal OUT at output Q of the ?ip-?op 2, forming a control 
signal, goes to a high level, eg a system voltage, With the 
rising edge of the feedback clock FB and goes to a loW level 
With the rising edge of the reference clock REF. 

[0004] The output signal OUT is ?ltered by the loW pass 
?lter 3 consisting of a resistor R1 and a capacitor C1, and 
forms a control signal OUT3 for the voltage controlled 
oscillator 1, Which corresponds to the mean value of the 
output signal OUT, formed by the loW pass ?lter 3. A useful 
nominal operating point is given by a duty cycle of 1:1. 
Other operating points are also possible. Phase delay 
betWeen the reference clock REF and the feedback clock FB 
is then given With a phase of at in a locked high gain PLL 
circuit. 

[0005] In case of a reference clock REF failure the signal 
RES goes inactive, the ?ip-?op 2 Works as a divider by tWo. 
Therefore the output signal OUT has a duty cycle of exactly 
1:1, ie the phase detector 2 Works at the nominal operating 
point. For that reason the phase detector formed by ?ip-?op 
2 is self biasing in case of loss of the reference clock REF. 

[0006] FIG. 2 shoWs the transfer function of the phase 
detector, ie the phase deviation 4) of reference clock REF to 
feedback clock FB versus the ?ltered phase detector output 
signal OUT3. The phase detector uses almost the Whole 
phase deviation from O to 2st for detection. There is only a 
small and Well de?ned dead-Zone Z caused by the pulse 
Width of the reset pulse RES derived from the reference 
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clock REF by mono-?op 4. As long as the reset pulse RES 
is active, the feedback clock FB on the clock input C of the 
?ip-?op 2 cannot set the output Q of the ?ip-?op 2. 
Therefore, the state of output Q is Well de?ned under all 
conditions, including a phase difference 0 of reference and 
feedback clock. 

[0007] HoWever, the proposed generation of the reset 
pulse RES for the phase detector ?ip-?op 2 has the disad 
vantage, that the mono-?op 4 has to be dimensioned in a Way 
that the reset pulse RES generated is neither to short nor to 
long. If it is to short the phase detector ?ip-?op 2 Will not be 
reset. If it is too long the dead-Zone Z Will be unnecessarily 
long. In addition it has to be secured, so that no matter hoW 
the reference clock signal REF fails—static high or static 
loW, the signal at the reset input R of the phase detector 
?ip-?op 2 goes inactive (loW). 

[0008] Another draWback of the knoWn phase detector 
?ip-?op 2 is that a skeW (phase error) is present. The skeW 
depends on the different delay times of the clock to data 
valid transition, ie the delay caused by the phase detector 
?ip-?op 2 after a rising edge of the feedback clock FB, and 
of the reset to data valid transition, ie the delay caused by 
the mono-?op 4 and the phase detector ?ip-?op 2 after a 
rising edge of the reference clock REF. 

SUMMARY OF THE INVENTION 

[0009] Accordingly, it is an object of the present invention 
to provide a phase detector being formed by a ?ip-?op. It is 
the aim of the inventive phase detector under consideration 
to avoid the draWbacks knoWn from the state of the art. 

[0010] The object is achieved by providing a phase detec 
tor having a D-?ip-?op With a ?rst output for a control 
signal, a ?rst input for a feedback clock, a second input for 
a pulse, generated from a reference clock and a third input 
to Which a second output is coupled, by a gate for generating 
the pulse from the reference clock and that an output of said 
gate is coupled back to an input of said gate. 

[0011] An advantage of the present invention is that it 
provides a reset pulse for a phase detector being formed by 
a D-?ip-?op that has an optimum Width, Without the neces 
sity of explicitly dimensioning it. Another advantage of the 
present invention is that it alloWs the design of a skeWless 
phase detector. 

[0012] The present invention Will become more fully 
understood from the detailed description given hereinafter 
and further scope of applicability of the present invention 
Will become apparent. HoWever, it should be understood that 
the detailed description is given by Way of illustration only, 
since various changes and modi?cations Within the spirit and 
scope of the invention Will become apparent to those skilled 
in the art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The folloWing detailed description is accompanied 
by draWings of Which 

[0014] FIG. 1 is a schematic diagram of a phase detector 
knoWn form the state of the art, 

[0015] FIG. 2 is a graph of the transfer function of the 
phase detector of FIG. 1, 
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[0016] FIG. 3 is a schematic diagram of a ?rst embodi 
ment of a gate for generating a reset pulse for the phase 
detector according to this invention, 

[0017] FIG. 4 is a schematic diagram of a second embodi 
ment of a gate for generating a reset pulse for the phase 
detector according to this invention, and 

[0018] FIG. 5 is a schematic diagram of a skeWless phase 
detector according to this invention. 

[0019] Identical denotations in different Figures represent 
identical elements. 

DETAILED DESCRIPTION 

[0020] Depicted in FIG. 1 is a phase locked loop as 
described in the opening portion having a phase detector 
formed by a D-?ip-?op 2, a voltage controlled oscillator 1, 
a PLL-?lter 3 and a gate 4 for generating a reset pulse RES 
from a reference clock REF. The reset pulse RES is coupled 
to a reset input R of the ?ip-?op 2. The function of gate 4 
for generating the reset pulse RES according to this inven 
tion Will noW be explained for tWo embodiments With 
reference to FIG. 3 and 4. 

[0021] FIG. 3 shoWs a schematic diagram of a ?rst 
embodiment of a gate 4 for generating a reset pulse RES 
from the reference clock REF. Gate 4 for generating the reset 
pulse RES is formed by a D-?ip-?op. The reference clock 
REF is coupled to a clock input C of the ?ip-?op 4. A high 
level, eg a system voltage VCC, is coupled to a data input 
D of the ?ip-?op 4. At an output Q of the ?ip-?op 4 the reset 
pulse RES is available. The output Q is also coupled back to 
a reset input R of the ?ip-?op 4. The back coupled output Q 
therefore immediately resets the ?ip-?op 4 each time a high 
signal is present at the output Q, ie after a rising edge of the 
reference clock. In that Way a reset pulse RES is produced 
having a Width equivalent to the delay time of the ?ip-?op 
4. 

[0022] FIG. 4 shoWs a schematic diagram of a second 
embodiment of a gate 4 for generating a reset pulse RES 
from the reference clock REF. Gate 4 for generating the reset 
pulse RES is formed by an AND-gate. The reference clock 
REF is coupled to a ?rst input of AND-gate 4. The output 
signal OUT of the phase detector ?ip-?op 2 of FIG. 1 is 
coupled to a second input of the AN D-gate 4. At an output 
of the AN D-gate 4 the reset pulse RES is available. The back 
coupled output signal OUT of the phase detector ?ip-?op 2 
thus is “anded” With the reference signal REF. The output of 
the AND-gate 4 goes high With REF going high and forms 
the reset pulse RES that resets the phase detector ?ip-?op 2. 
After reset of the phase detector ?ip-?op 2 the output signal 
OUT of the phase detector ?ip-?op 2 goes loW and thus the 
output of the AND-gate 4. In that Way a reset pulse RES is 
produced having a Width equivalent to the delay time of the 
phase detector ?ip-?op 2 and the delay time of the AN D-gate 
4. 

[0023] As can be seen from the tWo different embodiments 
explained above, it is possible by coupling back the output 
signal RES of gate 4 or a signal derived from the output 
signal RES to an input of gate 4, to produce a reset signal 
RES having an optimum reset pulse Width. Because the 
components of gate 4 are realiZed in the same technology as 
used as for the components of the phase detector ?ip-?op 2, 
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the pulse Width has the minimum Width necessary for the 
reset of the phase detector ?ip-?op 2. 

[0024] NoW reference is made to FIG. 5 Which shoWs a 
schematic diagram of a skeWless phase detector, having a 
phase detector D-?ip-?op 2, a D-?ip-?op 4 for generating 
the reset pulse RES form the reference clock REF, a third 
D-?ip-?op 5, an AND-gate A1 having an inverted input and 
tWo AND-gates A2 to A3. Flip-?op 2 is the phase detector 
?ip-?op as knoWn from the above explanations. Flip-?op 4 
generates the reset pulse RES for the phase detector ?ip-?op 
2 from the rising edge of the reference clock REF. With the 
rising edge of the reference clock REF, the signal RES goes 
high. As the output Q of the ?ip-?op 4 is directly fed back 
to the reset input R, the output Will go loW as soon as the 
?ip-?op 4 goes high. 

[0025] The pulse Width of the reset signal RES only 
depends on the reset input R to output Q data valid delay 
time. Flip-?op 5, Which data input D and clock input C are 
coupled to a loW level, is used to minimiZe the phase 
detector output skeW. Looking at the phase detector ?ip-?op 
2, the output skeW depends on the different delay times of 
‘clock to data valid’ (C2D) and ‘reset to data valid’ (R2D). 
The delay time for the rising edge of the reference clock 
REF to the falling edge of the output signal OUT 
(REF2OUT) is the sum of the delay time of AND-gate A3 
and the delay times of 15‘clock to data valid’ and ‘reset to 
data valid’ (A3+R2D+C2D). In order that the delay time of 
the rising edge of the feedback clock FB to the rising edge 
of the output signal OUT (FB2OUT) is equal to the delay 
time REF2OUT, a delay time R2D+A3 has to be added to 
the path of the feedback clock FB (FB2OUT). This is 
achieved With the help of ?ip-?op 5. Assuming that the ‘set 
to data valid’ (S2D) delay equals the ‘reset to data valid’ 
delay (R2D), ?ip-?op 5 adds exactly the same delay time. 
The output of ?ip-?op 5 is set by the rising edge of the 
feedback clock EB and reset by coupling back outputs Q and 
Q‘ of ?ip-?op 5 via AN D-gatesA2 and A1 to the set and reset 
inputs S and R respectively. The additional AND-gate A3 is 
used only to delay the reference clock REF to compensate 
for the delay time of AND-gate A2 in the path of the 
feedback clock EB. 

[0026] The phase detectors as explained above can be 
implemented as integrated circuits (ICs) or With discrete 
components. The logic structure of the phase detector guar 
antees, that the delays of the signal paths of the input signals 
EB and REF, caused by the phase detector, Will be equaliZed. 
If it is assured that like logic elements have like signal 
delays, the delays for the input signals EB and REF are 
equaliZed. For achieving maximum advantage of the phase 
detector as explained above, it should be implemented in a 
monolithic structure, eg ASIC, PLD, FPGA etc. In that case 
no additional efforts, like de?ning timing constraints Will be 
necessary, as the skeW of a phase detector realiZed in a 
monolithic structure is already minimiZed. 

[0027] For reason of testability it sometimes is desirable to 
test the characteristics of the phase detector in the absence 
of the reference clock REF. This can easily be achieved for 
a phase detector having a gate 4 as shoWn in FIGS. 3 to 5 
by coupling a loW level signal to input VCC. For a phase 
detector having a gate 4 as shoWn in FIG. 4, this can be 
easily achieved by using an AND-gate having an additional 
input. In operational mode a high level signal is coupled to 
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the additional input, Whereas in test mode a loW level signal 
is coupled to the additional input. 

[0028] As explained in the incorporated document DE 40 
16 429 C2, instead of the asynchronous reset input R used 
With the phase detector ?ip-?op 2 also an asynchronous set 
input can be used. 

[0029] In addition it should be understood that a phase 
detector as explained above also could be realiZed by 
inverting all logical levels and inputs of the components 
used to achieve the same operability. 

1. A phase detector comprising: 

a voltage controlled oscillator generating a voltage con 
trolled oscillator output; 

a ?rst logic state device for receiving said voltage con 
trolled oscillator output as an input, said ?rst logic state 
device comprising: 

a ?rst logic state device output control signal input into 
said voltage controlled oscillator; said ?rst logic state 
device output control signal reaching a high level 
responsive to a ?rst edge of said voltage controlled 
oscillator output; and 

an inverse ?rst logic state device output control signal 
input back into said ?rst logic state device as a data 
input; and 

a reset device, having a reset device delay time, for 
generating a reset signal to reset said ?rst logic state 
device, said ?rst logic state device output control signal 
reaching a loW level responsive to a ?rst edge of said 
reset signal, such that said reset signal has a Width 
substantially equivalent to said reset device delay time. 

2. The phase detector of claim 1, Wherein said reset device 
comprises a second logic state device, having a second logic 
state device delay time, for receiving a reference input signal 
and generating a second logic state device output signal, said 
second logic state device comprising: 

a reset control responsive to said reset signal for resetting 
said second logic state device; and 

said second logic state device output signal responsive to 
said reference input signal for generating said reset 
signal to reset said ?rst and second logic state devices, 
such that said Width of said reset signal is substantially 
equivalent to said second logic state device delay time. 

3. The phase detector of claim 2, Wherein at least one of 
said ?rst and second logic state devices comprises a D-type 
?ip Hop. 

4. The phase detector of claim 3, Wherein said voltage 
controlled oscillator, said ?rst logic state device, and said 
reset device are formed on a singular substrate. 

5. The phase detector of claim 2, further comprising a loW 
pass ?lter for ?ltering said ?rst logic state device output 
control signal betWeen ?rst logic state device and said 
voltage controlled oscillator. 

6. The phase detector of claim 1, Wherein said reset device 
comprises a logic operational element having a logic opera 
tional element delay time, said logic operational element 
having a reference input signal and said ?rst logic state 
device output control signal as inputs for generating said 
reset signal to reset said ?rst state logic device, such that said 
Width of said reset signal is substantially equivalent to said 
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delay time of said ?rst logic state device and said logic 
operational element delay time. 

7. The phase detector of claim 6, Wherein said logic 
operational element further comprises said reset signal as a 
feedback input. 

8. The phase detector of claim 6, Wherein said logic 
operational element comprises a logical AND gate. 

9. The phase detector of claim 8, Wherein said voltage 
controlled oscillator, said ?rst logic state device, and said 
reset device are formed on a singular substrate. 

10. The phase detector of claim 6, further comprising a 
loW pass ?lter for ?ltering said output control signal betWeen 
?rst logic state device and said voltage controlled oscillator. 

11. A phase detector having a substantially minimiZed 
output skeW and an input coordination signal, the phase 
detector comprising: 

a ?rst logic state device for generating a ?rst logic state 
device output signal and a an inverse ?rst logic state 
device output signal, said ?rst logic state device com 
prising: 

a ?rst logic state device data input receiving said 
inverse ?rst logic state device output signal; 

a ?rst reference input; and 

a ?rst logic state device reset control responsive to a 
reset signal, having a pulse Width, for resetting said 
?rst logic state device; 

a voltage controlled oscillator for receiving said ?rst logic 
state device output signal as an input, and for generat 
ing a voltage controlled oscillator output to said ?rst 
reference input on an edge of said ?rst logic state 
device output signal, and for generating an inverse 
voltage controlled oscillator output signal; and 

a reset device for generating said reset signal to reset said 
?rst logic state device on an edge of the input coordi 
nation signal, said reset device comprising: 

a reset device data input having a substantially constant 
voltage input; 

a logical operation gate for performing a logical opera 
tion on said input reference signal and said substan 
tially constant voltage input to generate a logical 
operation gate output; 

a reset device clock input for receiving said logical 
operation gate output; and 

a reset device control responsive to said reset signal for 
resetting said ?rst logic state device and said reset 
device, such that said reset signal pulse Width cor 
responds With a delay time betWeen said ?rst logic 
state device reset control and said reset signal. 

12. The phase detector of claim 11, Wherein said voltage 
controlled oscillator comprises: 

a D-type ?ip ?op having a voltage controlled oscillator set 
control and a voltage controlled oscillator reset control; 

a ?rst logical AND gate for logically AN Ding said inverse 
voltage controlled oscillator output With said ?rst logic 
state device output signal to generate a ?rst logical 
AND output Which is input to said voltage controlled 
oscillator set control; a second logical AND gate for 
logically ANDing an inverse of said ?rst logic state 
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device output signal With said voltage controlled oscil 
lator output to generate a second logical AND output 
Which is input to said voltage controlled oscillator reset 
control; 

a voltage controlled oscillator clock input coupled With a 
voltage controlled oscillator data input to a logical loW 
level for substantially minimizing the output skeW of 
the phase detector. 

13. The phase detector of claim 11, further comprising a 
loW pass ?lter for ?ltering said ?rst logic state device output 
signal betWeen said ?rst logic state device and said ?rst and 
second logical AND gates. 
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14. The phase detector of claim 11, Wherein said ?rst logic 
state device comprises a D-type ?ip ?op. 

15. The phase detector of claim 14, Wherein said a logical 
operation gate comprises a logical AND gate. 

16. The phase detector of claim 14, Wherein said logical 
operation gate, said ?rst and second logical AND gates, and 
said D-type ?ip ?op are utiliZed to minimize the skeW rate 
of the phase detector. 

17. The phase detector of claim 16, Wherein said voltage 
controlled oscillator, said ?rst logic state device, and said 
reset device are formed on a singular substrate. 

* * * * * 


