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2 "Ri ppl e- Free Phase Detector Using Two Sanpl e- afpe,
4 The present invention relates generally to phase

detectors for phase 5 1ock |oops, and nore specifically to a sanple-ho
phase detector whgda776 generates a ranp voltage proportional to-a phas
difference between two 7 input signals and sanples and holds the ranp

vol tage to produce a phase 8 detectpr output. 9 According to the
prior art sanple-hold phase detector, a_"gagp" -1 0O capacitor is charge
for an interval corresponding to a phase difference 11 between an input
signal and a reference-signal to develop a ranp-voltage 1 2 proportion

to the phase

difference. A sanple-and-hold circuit is 13 connected to

fanp capagl Lor t ORRge F?e@pﬂa&xgbétégt%m%w%as%g?w@-aﬁwd@ Bipclige 1 0 @

sanpl i ng pul se. the recen

ation

el ectroni g C|rcuitry, it is desirable to fabricate all 1 6 conponents
t he sanple-and-hgld circuit on a single LSl chip. However, 17 the valu
of the stdr age cEpaAremntdnvention fejates geaerlydta phase detestast foephage made

suff|C|en
bypassi ng th

6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

! 0B 50hE. FYGRke LHERIAL. G Ao bR Byt
generates a ramp voltage proportional to a phase difference between two
input signals and samples and holds the ramp voltage to produce a phase
detectpr output. _

According to the prior art sample-hold phase detector a "ramp"
capacitor is charged for an interval corresponding to a phase difference -
between an input signél and a reference signal to develop a ramp voltage
proportional to the phase difference. A sample-and-hold circuit is
connected to the ramp capacitor to sample and hold the ramp voltag'e in
response to a sampling pulse. With the recent tendency toward LSl
implementation of electronic circuitry, it is desirable to fabricate all
components of the sample-and-hold circuit on a single LS chip. However,
the value of the storage capacitor of the sample-and-hold circuit cannot be
made sufficiently large to prevent the applied sampling pulse from
bypassing the "sample" switch of the sample-and;hold circuit by way of its
parasitic capacitance tb its "hold" capacitor. Therefore, the phase detector
output contains an undesirable ripple voltage which occurs at the same

frequency as the reference signal.

It is therefore an object of the present invention to provide a phase

‘detector which enables the implementation: of sample-hold phase

detectors using LSl technology.

According to the present invention, a ramp voltage generator is
provided for receiving a reference pulse of a constant frequency and an
input pulse from an external source and producing a ramp valtage

proportional to the phase difference between these pulses. A first sample-
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20 parasitic capacitance to its "hold" capacitor. Therefore, the phase
detdactor 21 output contains an undesirable ripple voltage which occurs at
the sane 22 frequency as the reference signal. 23 24 It is
therefore an object of the present invention to provide a phase 25

det ect or which enables the inplenentation of sanple-hold phase 26
detectors using LSI technol ogy. 27 According to the present
invention, a ranp voltage generator is 2&8-provided for receiving a
reference pul se of a constant frequency and an 29 input pulse from an

external source ,a roduci ng, a ra vol t age 30 ro ortional te the phase
di ff er encke bé?ax-!ﬁ]gtﬂ@é‘ét iﬁwglé’é.&‘ﬂn']%m%t‘m 96110 reBp8REE to H'Sampfing Fultd

2 b AndaRg! Bhiet aBIvsi tag@ Ll wrbaﬁfed B 4 38688 XahfpR-and-
sanpl i ng ‘pul Se tage. Furt provi
second sagpl RoRhdircuid wHﬁehds elsbcmusponﬁveholmeadasn b mmlﬁfarsam hng

sanpling pulse for sanpling 4 constant vol ta&e and hol di ng t he sarrpl ed
vol t age. qhecomtaagygltggmrw hokding\thensamplest vatageectiti voltages sampled) d

cireuits v Oplyg:ggtsﬁrtpg aagfsglg%jéacsta%p!e-andmgfae cnr@&' t gl'é ﬁ'gg?utdfg Eesru%QFactgF tween

t he i nput
6 where the voltage difference between the input voltages is detected.

7 Undesirable ripple components, which are generated by the two sample-

g8 and-hold circuits, are ef'fectlvely cancelled out by the subtractor.

9 Preferably, a delay circuit is provided to receive the reference pulse as
10 a first reference pulse and delay it to produce a second reference pulse. A
11 second ramp voltage generator produces the constanf voltage that is
12 proportional to the interval between the first and second reference pulses.
13
14 The present invention will be described in further detail with reference -
15 to the accompanying drawings, in which: '

16 Fig. 1 is a block diagram of a phase detector according to the present
17 invention; _

18 Fig. 2 shows details of each of the switches used in Fig. 1; and '
19 Fig. 3 is a timing diagram showing waveforms of the various signals

20 generated in Fig. 1.

21 _
22 Referring now to Fig. 1, the phase detector of the present invention

23 comprises a first sample-and-hold circuit 30 and a second sample-and-

24 hold circuit 31. First sample-and-hold circuit 30 includes a storage

25 capacitor § connected between ground and the input of a buffer amplifier
26 3, and a sampling switch 10 connected between a first ramp capacitor 7

27 and the input of amplifier 3. A first charge timing switch 11 is connected to

28 the ramp capacitor 7 for charging it with a current supplied from a p-

29  channel MOS (metal oxide semiconductor) transistor 15 in response to a

30 charge command pulse CP1 from a control circuit 32. A first discharge



7 Undesirable ripple conmponents, which are generated by the two sanple- 8
and+hold circuits, are effectively cancelled out by the subtractor. 9
‘Preferably, a delay circuit is provided to receive the reference pul se as ’
1 0afirst reference pulse and delay it to produce a second reference

pul se. A 11 second ranp voltage generator produces the constant voltage
that is 12 proportional to the interval between the first and second
reference pulses. 13 14 The preseBt- invention will be described in
further detail with reference 15 to the acconmpanying draw ngs, in which:
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conprises a first sanple-and-hold circuit 30 and a second sanpl e-and- 24
hol d circait sedtchF?is respampive-taraisaroplingi pwse 5P Foomnthe erntral cradibie 25
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9 capacitor 6 connected to the input of a buffer amplifier 4, and a sampiing

10 switch 12 connected between a second ramp capacitor 7 and the input of

11 amplifier 4. A second charge timing switch 12 is connected to the second

12 ramp capacitor 8 for charging it with a current suppfied from a p-channel -

13 MOS transistor 16 in response to a puilse CP2 from the control circuit. A

14 second discharge timing switch 14 is connected to the second ramp

15 capacitor 8 for discharging it in response to the discharge command pulse

16 - DP. Therefore, a second ramp voltage is developed across the capacitor

17 7. The sampling switch 9 is responsive to the sampling pulse SP to sample

18 and transfer the energy stdred in the second ramp capacitor 7 into the

19 storage capacitor 5 to hold the sam'pled voltage. |

20 Transistors 15 and 16 are of identical structure and their gate

21 electrodes are connected together to the gate electrode of a p-channel

22 MOS transistor 17 which is connected to gfound tHrough a resistor 18.

23 Speciﬁcalfy, transistor 17 provides a drain current |3 which is given by:

24 la =(VDD - VGS)/R | (1)

25 where Vpp is the source voltage and VGs is the gate-Sourcé voltage of

26 transistor 17, and R is the value of resistor 18. Transistor 15 forms a current
27 mirror circuit with transistor 17 and the drain current Ip of transistor 15 is:
28 la=(Ib)XNy) : (2

29 where Ny = (Wyg/L16)(L17/W1q 7),.where W16 and W77 are channel widths
30 of transistors 15, 17, and L5 and Ly7 are channel Iengths' of transistors 15,



- 3- 1 timng swtch 13 is connected to the ranp capacitor 7 for
diséharging it in 2 response to a discharge command pul se DP. Therefore,
a first ranp 3 voltage is devel oped across the first ranp capacitor 7.
The sanpling 4 switch 9 is responsive to a sanpling pulse SP fromthe"
control circuit to 5 sanple and transfer the energy stored in the first
ranp capacitor 7 into the 6 storage capacitor 5 where the sanpled voltage
is held until the next 7 sanpling insteft. 8° Li kewi se, the second
sanpl e-and-hold circuit 31 includes a storage 9 capacitor 6 connected to

the input of buffer applifier. 4. and a sanpli.n - SWi cted
bet ween als e&%n dLJ‘SW‘Eec Eéﬁ&'ﬁo&ﬂ 67forms @ ﬁB”FﬁB mlr%r c}r%uit%ﬁp?ﬁ}ésrtsgq 9::
second char ggnli fReréfordd Hehdrain ictirelNE ©f afarisiston e degiveth by: 2 ranp
capacitor 8 for charging it with a current supplied froma p-channel 1 3
MOS transgstor 1§= fhcXMgbonse to a pulse CP2 fromthe control c{Icuit. A 1

4 second discharge timng,switch 14 is connegted t.q the second ra 15
capaci t or48 MefG?@eh‘a ilﬁé‘-liét)aﬂﬁlv\@é'ﬁoﬂ’g\@r?Wﬂﬁ@ngﬂskﬁhﬁ'?eg €65 lF\gppul se
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sanpl e 168 afiddéntic structure, Phies iN, sty and ihencbecsrentsdpramp | € areof the 7
into the 19 storage capacitor 5 to hold the sanpled voltage.-20
Transi st ors $amenvalue and:acd uiniguely cidtesmineast byoresistort h3i rThenefore, the
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9 respéctively linearly proportional to the duration of the charge command
10 pulses CP1 and cP2. )
11 All capacitors of the phase detector are implemented using L3I
12 technology and incorporated into the same LSl chip with other circuit
13 elements of the phase detector.
14 As shown in Fig. 2, all switches of the phase detector are implemented
15 with analog transmission gates that allows a voltage of any amplitude
16 value to be passed from its input to its output in response to a switching
17 pulse applied from the control circuit. Each switch compriées a pair of
18 complementary MOS transistors 37 and 38 with the source and drain
19 electrodes of each transistor béing connected to the corresponding
20 electrodes of the other and the gate of transistor 38 being coupled
21 through an inverter 39 to the gate of transistor 37.
22 The outputs of buffer ampliﬁers_ 3 and 4 are coupled respectively to
23 inputs of a differential amplifier, or subtractor 2, which is typically
24 implemented with an operational amplifier 20, resistors 20, 21 through
25 which the buffer amplifier outputs are respectively coupled to the inverting
26 and noninverting inputs of the operational amplifier, and a resistor 23
27 coupling the noninverting input to ground. The output of operational
28 amplifier 20 is connected to the phase detector outpui terminal 1.
29 Control circuit 32, driven by externally generated clock pulses, receives

30 a reference pulse which occurs at interval T and an input pulse supplied



22 MOS transistor 1 7 which is connected to ground through a resistor 18..
23 SpeC|f|caIIy transistor 17 provides a drain current la which is given
by: 24 (VDD - VGS)/R

(1) 25 where VDD Is the source voltage and VGS is the gate-source voltage
of 2 6 transistor 17, and Ris the value of resistor 18. Transistor 1 5
forms a current 27 m'rror circuit with transistor 1 7 and the drain
current | b of t.ransistor 15 is: 2 8 las.(Ib)(Nerr])

(2) 29 where Nerr] (V\[err]/L[err])(L[err]/V\[err]) where Werr] and
Werr]are channel W|dths 3.0 of transistors 15,5 1 7, and L[ l and L[err]
are Channe| 11 efrgrm ancexternal sourc. s The phase timing of the input pu se s compared

(ransistor 4 7te ffeldRRgiE o mrdale ® i e brlinb] Bl ek or

16 is givenyby § h Fig. 3. The
(3) 4 V\h(ra?e dura':il%nv\[cg!r'rre ??.r[‘%l&% L[ePhase déifﬁe)ncev%g?g ngr Irn gnd Ll err]

are the chatnerefefence ptﬂke mal!sbenguht@fa delay siircur Baaﬂhemsmestdehyeﬂ bgiace
transi stors 15 and of . identic

hence, curr®nt Efﬁsﬁnﬁﬁé interyakodo p UC? a%ﬁai@re\im‘s ei{?'r&] RYls eummaél‘i/?““t
determ ned by {£ebikdl cituit 3% 8bAESI cirblit 32 produces a second charge timing

7 pulse CP2 of duration corresponding to the prescribed interval ¢. Control

8 circuit 32 further generates a sampling pulse SP and a discharge timing
9 pulse DP In succession during the interval between the tralling edge of a
10 reference pulse and the leading edge of the next reference pulse.

11 The following Is a description of the operation of the phase detector of
12 the present invention with reference to Fig. 3.
13 When the phase detector receives-a reference pulse 40 and an input.

14 puise 41 at intervals 8, 2 CP1 command pulse 43 of duration 8 is output
15 from control circuit 32 to the first charge timing switch 11, thus drawing a
16 current’ly from the transistor 15 into the first ramp capacitor 7 to develop a
17 ramp voitage V4 which is given by:

i8 Vi =(bXOM(2r)Cy) o “)

18 where C; is the value of ramp capacitor 7 and the delay interval 8 is given
20 in units of radian, By substituting Equation (2) into Equation (4) the |
21 fo!!owmg relation is obtained:

2 = (O)(TXN)(Vop - Vgs)/(2rXC7)(R)

23 = (K)XO)/(C7)(R) | ()

24 where K is the phase-to-voltage conversion coefficient and is given by the
25 relation (TY(N)XVpop ~ Vgs)/ 2r. .

28 Concurreﬁtly, a CP2 command pulse 44 of duration ¢ is applied to the
27 second charge timing switch 12, A current I Is drawn from the transistor
28 16 into the second ramp capacitor 8 (=Cg) to develop a fam'p. voitage V3
29  which is given by: .

30 V2 = (IQXT)/(2r)(Cs) | (6)



8 voltages developed in the first and second ranp capacitors 7 and 8 are
9 r.espectively linearly proportional to the duration of the charge conmand

10 pulses CP1 and CP2. 11 Al'l capacitors of the phase detecftor are
i npl emented using LSI 12 technology and incorporated into the sane LS
chip wwth other circuit 13 elenents of the phase detector. 14 As

showmn in Fig. 2, all switches of the phase detector are inplenented 1 5
with anal og transmission gates that allow-a voltage of any anplitude 16
value to be passed fromits input to its output in response to a sw tching

1 7 pulse_ applied fr ontrol. ¢ ' ach switch conprises a pair of
1 8 conpl tent ary W&W@ggpmg{;?ﬁk%ﬁs%g ith the source and drain 1 9
el ectrodeg of eacht ](@C?Q(R)bei ng connected to the correspond{#)g 20

an

el ectrodes of the other the gate of transistor 38 being coupled 21
through ag i nvedhaes@énsecta Asagmlingpulseatss the firstzand second samplingut put s
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noni nvert gng redpuctivelyt Ahdisciprgatdommananpllséi4s is theh mpustos switches 23
coupling the noninvefting inpuf to ground. The ouhgut of operational 28
anpl i fi er720and ténaadischarge thegapipsapadterstorngus sempletelyndf the value
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9 corresponding ramp capacitor, the voltages stored in the capacitors 3 and

10 4 are subStantiaIIy equal to voltages Vq and Vp, respeé_tively. :
11 Through buffer amplifiers 3 and 4, the sampled voltages V1 and V3
12 appear respectively as voltages V4 and Vg at the inputs of subtractor 2
13 where the difference between the input volfages,VA'and Vg is detected and
14 output to the terminal 1. | '
15 Because of the small capacitance values of the storége capacitors 3

. 16 and 4, a feedthrough effect occurs through the sampling switches 9 and
17 10. Therefore, the sampling pulse applied to the first sample-and-hold
18 circuit 30 finds a leakage path through switch 9 to capacitor 5 to develop a
19 ripple voltage, as indicated by hatching 47, which is superposed on the
20 sampled voltage Vy. In.like manner, the sampling pulse appﬁed to the
21  second sample-and-hold circuit 31 finds a leakage path through switch 10
22 to capacitor 6 to develop a ripple of the same magnitude as ripple voltage
23 47, as indicated by hatching 48, which is superposed on the sampled
24 voltage V,. However, due to the differential action of subtractor 2, the
25 leakage voltages 47 and 48 are cancelled out, thus .producing a phase.
26 detector output voltage Vg indicative of the difference between voltages
27 VA and VB at the output terminal 1.
28 Since the second ramp voltage attains a constant level in so far as the
29 interval between the non-delayed and delayed reference -pulses remains

30 constant, it could equally be as well provided by an external source of



- 5- 1 froman external source. The phase timng of the input: pulse is
conpar ed 2 with the reference pulse to produce a first charge timng

pul se CP1 of 3 duration corresponding to the phase difference [err] as
shown in Fig. 3. The 4 reference pulse is also input to a delay circuit
33 where it is delayed by a 5 prescribed interval [err] to produce a

del ayed reference pul se, which is input 6 to control circuit 32. Control
circuit 32 produces a second charge tim-nf- 7 pulse CP2 of duration
corresponding to the prescribed interval [err]. Control 8 circuit 32
further generates a sanplin uj se.SP.and a _di s L1 s Qe DP
I n succeski oﬁoﬁﬁﬁaf‘ﬁdoﬁﬁnge'i @%Pﬁ?&kﬁ&ﬁ’?ﬂ?‘?% gﬁaé%ag?é'@g Sgcgit?ub.?‘ &d
reference, pu i ' d rfiEeeneol Ritcei 324 1

The fol | ot né§%§$§qﬁéggf%§ﬁggﬁgg?’ ?ﬁ’ea%}o ratrdirigﬁggf the phase detector of 1
2 the present Invention with reference to Fig. 3. 13 ‘When t he phase
detector receives a reference pulse 40 and an input. 1 4 pulse 41 at
intervals [err], a CP1 conmand pul se 43 of duration e is output 15 from
control circuit 32 to the first charge timng switch 11, thus drawing a 1 6
current I'b fromthe transistor 15 into the first ranp capacitor 7 to
develop a 1 7 ranp voltage V1 which is given by: 18 Vlerr] = :
(Ib)([err])M/(2[err])(err]) (4) 19 where C7 is
the value of ranp capacitor 7 and the delay-interval [err] is given 20 in
units of radian. By substituting Equation (2) into Equation (4), the 2 1
followng relation is obtained: 22 Vlerr] = ([err])(T) (N (Verr] -
Vlerr])/(2[err])(Cerr])(R) '



23 =(K([err])/(qerr])(R) . (5)

24 where K is the phase-to-voltage conversion coeff|C| ent and is given by

the 25 relation (T)(N(V[err] - Vlerr])/2[err] 26 Concurrently, a CP2.

command pul se 44 of duration [err] is applied to the 27 second char ge .
timng swtch 12. A current I[err] is drawn fromthe transistor 28 16 i nto
the second ranp capacitor 8 (=Cferr]) to develop a ranp voltage V2 2 9

which is given by: 3 0 V[err] :(I['ear'])([e’rr])(T)/(2[err])(C[err])
(6) -6- 1 =
([err])(T)(l\l)éMF LVGS)/(2[err])(CB)(R) 2 (K (ferr]/((err])(R
(7) ponse to a sanpling pulse 45 the flrst and second

sanpling 4 swtches 9 and 10 are operated to sanple and transfer the
voltages V1 and 5 V2 fromthe ranp capacitors 7 and 8 to the storage
capacitorg 3 andl.4, A phasecdetectarvedmprising:schar ge command pul se 46 is then

013 | "R aeaoR ekt AT B R B LY
the val ue;0f drbfetermined constant frequency and an input pulse and developing a
ramp voltage proportional to a phase difference between the reference
pulse and said input pulse;
means for generating a sampling pulse subse'quent to the reference

pulse;

00 ~1 O th

first sample-and-hold means for sampling said ramp voltage in
9 response to the sampling pulse; _
10 second sample-and-hold means for sampling a constant voltage in
11  response to said sampling pulse; and
12 means for detecting a voltage difference between the voltages

13 sampled by said first and second sample-and-hold means.

2. A phase detector as claimed in claim 1, further comprising:

delay means for receiving said reference pulse as a first reference pulse
and producing a second reference pulse delayed by a prescribed interval
with respect to the first reference pulse; and

second ramp voltage generating means for receiving said first and

second reference puises and developing said constant voltage

N D L AW N

proportional to said presctibed interval.

3. A phase detector comprising:

a first integrated-circuit capacitor;

charging means for receiving a reference pulse of a predetermined
constant frequency and an input pulse, and drawing a current at a constant

rate into the first integrated-circuit capacitor during an interval

A L A~ W -

corresponding to a phase difference between the reference pulse and said

R Y




9 corresponding ranp capacitor, the voltages stored in the capacitors 3
and-10 4 are substantially equal to voltages V1 and V2, respectively. 11
Through buffer anplifiers 3 and 4, the sanpled voltages V1 and V2 1 2
appear respectively as voltages VA and VB at the inputs of subtractor 2 13
where the difference between the input voltages. VA and VB is detected and
14 output to the termnal 1. 15 Because of the small capacitance
val ues of the storage capacitors 3 1 6 anfl -4, a feedthrough effect occurs
t hrough the sanpling switches 9 and 17 10. Therefore, the sanpling pul se
applied to the first sanple-and-hold 1,8 circuit .30 finds, a,leakage path
Chrough st ¢ RPYt PulssciaBevelop s AEMROLAGE 1B S ATt jpteratad-cheuitas
indicatedsbycﬁgk hbpg 47, which is superposed on the 20 sanpled voltage
V1. In. |Tke nner,’ the sanpling pulse applied to the 21 second

sanpl e- ang- hol d gfiruhtegiatdd-Arcuitsamplagadill difduiticbnsedtedtolsaid first o
capacitor 6 to develop & ripple of the sane magnitude as ripple voltage 23

47, as ind cantegratechairctit cgpaditomhi ch i s superposed on the sanpled 2 4

vol tage V2. However. .due to the differential jon_of subtractqr 2, the 25
| eakage ¥ Itagesseﬁ?hgn'ﬁi%%aéchcg‘éw&é?ﬂe&qq'ﬁﬁ%g"ﬁwéﬁaqﬁ%%é gﬂﬁe 26

det ect or t RBLrd® bf I l,adi cative of the difference between.

vol t ages 1% VA ang %%ﬁg%éh?ﬁ@tg tB‘put termnal 1. 2 8 Si nce the second
ranp vol t1dge at tsanmplireg enemisafor daasielg said fost and secohd idfegrabediciratiitbet ween
t he non-del aye

equal |y Bé a§aaﬁ|29ﬁbgé€gir§2§£§g;m&§i€£5{[%52\5 iage g"(éo?as'éacrg"gtalgt coul d
15 voltage, respectively, during an interval subsequent to said reference pulse;
16 and _ '
17 means for detecting a voltage difference between' the voltages

18 sampled by said first and second sample-and-hold circuits.

4. A phase detector as claimed in claim 3, wherein said source of
constant voltage comprises:

delay means for receiving said reference pulse as a first reference pulse
and producing a second reference pulse delayed by a prescribed interval
with respect to the first reference pulse;

a second integrated-circuit capacitor; and

second charging means for receiving said first and second reference
pulses and drawing a current at said constant rate into said second

integrated-circuit capacitor during an interval corresponding to said

O WV W N N bW e
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prescribed interval.

5. A phase detector comprising:

a switching pulse source for receiving a first reference pulse of a
predetermined constant frequency and an input pulse and producing said
first charge timing pulse of duration corresponding to a phase difference

between said first reference pulse and said input pulse, for receiving a

A U AW N

second reference pulse of said predetermined constant frequency and

Rl



-7- 1 constant voltage, instead of by the ranp voltage generating circuit
formmed 2 by capacitor 8, switches 12, 14, delay circuit 33 and control
circuit 32. _ -8 -

CLAI MS: 1 1. A phase detector conprising: 2 - ranp vol tage
generating nmeans for receiving a reference pulse of a 3 predeterm ned
constant frequency and an input pul se and developing a 4 ranp voltage
proportional to a phase difference betweenl@he reference 5 pulse and said
I nput pulse; 6 means for generating a sanpling pul se subsequent to

the reference 5bdutig's second charge timing pulse of constant duration
8 corresponding to a phase difference between said first and second
9 reference pulses, and for successively producing a sampling pulse and a
10 discharge timing pulse during an interval following a trailing edge of said

11 first reference pulse;

12 first and second identical constant current sources;
13 a first capacitor;
14 first switch means for drawing a current from the constant current

15 source into the first capacitor in response to said first charge timing pulse
16 and drawing a current from the first capacitor in response to said discharge
17 timing pulse; .
18 a first sample-and-hold circuit responsive to said sampling pulse for
19 Sampling a voltage developed in the first capacitor and holding the
20 sampled voltage; |
21 a second capacitor; _
22 second switch means for drawing a current from the constant current
23 source into the second capacitor in response to said second charge timing
24 pulse and drawing a current from the second capacitor (8) in response to
25 said discharge timing pulse; |
26 a second sample-and-hold circuit responsive to said sampling pulse for
27 sampling a voltage developed in the second capacitor and holding the
28 sampled voltage; and |
29 means for detecting a voltage difference between the voltages

30 sampled by said first and second sample-and-hold circuits.

[y



8 first sanple-and-hold neans for sanpling said ranp voltage in 9
response to the sanpling pulse; 10 = ° ‘second sanpl e-and-hol d neans for
“.sanpling a constant voltage in 11 response to said sanpling pulse; and 1 2
means for detecting a voltage difference between the voltages 13 sanpled

by said first and second sanpl e-and- hol d neans. -
detector as clainmed in claim1, further conprisin:T+is SHEET dASBERENANS f or
receiving said reference pulse as a firsfyreferenge pulBePIACENd prqduci ng
a second reference pul se del ayed by a prescribed bFrerra—F—wt respect
to the first reference pulse; and 5 second ranp vol tage generating .
means for receiving said first and 6 ABSTRECT ef erence pul ses and

devel opi ng said constant voltage 7 proportional to said prescribed
interval . 1 3. A phase detector conprising: 2 a_fir %

i Nt egr at ed- CRipple-Fxesc Phase Detectomr%@mm&@?ﬁ“?%‘lﬁ# g a
reference pul se of a predetern n€deeuidsist ant frequency and an i nput

pul se, and drawing a current at a constant 5 rate into the first
integrated-circuit capacitor during an interval 6 corresP?nding.tp a phase
di f f erende bet whephaseedetettarccaorappiges @ eamap svgltpge generator for receving a

2 reference pulse of a constant frequency and an input pulse and producing

a ramp voltage proportional to the phase difference between these pulses.
A first sampl_e-and-hold circuit samples the ramp voltage in response to a
sampling pulse and holds the sampled voltage. To eliminate ripple

' component, a second sample-and-hold circuit is provided, which is also

responsive to the sampling pulse for sampling a voltage from a constant

00 N O b W

voltage source and holding the sampled voltage. The voltages sampled

9 by the first and second sample—and—hoid circuits are input to a subtractor
10 where the voltage difference between the two input voltages is detected.
11 Ripple components generated by the two sample-and-hold circuits are

12 cancelled out by the subtractor.
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-9-, 7 input pulse to develop a ranp voltage in said first
integrated-circuit 8 capacitorgs29 '+ “afirst integrated-circuit

ganpl e-and-hold circuit connected to said first 1 0 integrated- C'rqﬁhﬁ7qn)
capacitor; 1 second integrated-circuit sanple-and-hold circu
connected to a 12 source of constant voltage;, 13 sanpl i ng neans
for causing said first and second integrated-circuit 14 sanple-and-hold
circuits to sanple said ranp voltage and said constant 15 voltage,
respectively, during an intervalsalsequent to said reference pulse; 1 6
and 17 means for detecting a~$?TTage di fference betwgen the voltages
18 sanpled by said first and second]sanpl e- and-hol d CIFCUE;S 1 4,
of 2

A phase detector as clained in¢laim3, wherein said sourc const ant

vol tage conprises: 3 deléycﬂe for re¢e|V|ng
as a first reference pul se 4_, 4nd céng ajsecond

del ayed by a prescribed |nte?%al wjthtre pect to the firpt r encée
pul se; econd i ntegrated-Ei ‘apacitor;| Bhd 7] e cghd
charglng nmeans Tor receiving sélﬂkﬁ:r ~gnd s¢cond ref e} Ise%?and
drawing a curre at said const:ant +afeNnto gai d sec - = —0 =
3 paid 5
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9 .integrated-circuit capacitor during an interval corresponding to said 10
prescri bed interval. 1 5. A phase detector conprising: 2 . a
swi tching pul se source for recei Vé' a first reference pul se of a 3 NE47(z/2)
predet ermi ned constant frequency ‘@nd an input pul se and producing said.4
first charge timng pul se of duration corresponding to a phase difference 5
between said first reference pul se and said input pulse, for receiving a 6
second reference pul se of said predeterm ned constant frequency and

- 10- 7 producing a second charge timng pul se of constant duration 8
corresponding to a phase difference lEl emdsaid first and second 9
reference pul ses, and for successi vel ﬁo cing a sanpling pulse and a 10
di scharge timng puj se during anr interval following a trailing edge of said
11 firs E'{ef erencg pulse; 12 rirst apd second identical constant
current s FP e 13 a T1rsy capacitor;

uise

. Input Pulse  —98— ¥

" Delayed 42
Ref. Pulse " d

Charge
Timin 43
Pulse (CP?)

Charge

Timin
Pulse (CPg) 44

Samplin

g -
Pulse (SP) I 45
~ Discharge

Timi |
“Pulse (DP) —1°

VlRam ) '
olage _
g 10 { \

Ramp _
VoltageV, | o \

0

47

Sampled
Voltage Va

Sampled
Voltage Vg

0

Output 0
Voltage Vo




1 4- ‘first switch nmeans for drawing a current fromthe constant current
15 "source into the first capacitor in response to said first charge
timng pulse 1 6 and drawing a current fromthe first capacitor in
response to said discharge 17 timng pulse; 1 8 a first

sanpl e-and-hol d circuit responsive to said sanpling pulse for 19 sanpling
a voltage developed in the first capacitp;lgnd hol ding the 20 sanpled

vol tage; 21 a second capacitor; 2 second switch neans for
drawing a current fromthe constant current 23 source into the second

capacitor in response to said second charge timng 24 ul se and drawi ng a
current froRPREEEREEPHASEDETECTOR VSING FONSAMBI E-ANDL HOLRI GRS

timng pul se; 26 a second sanpl e-and-hold circuit responsive to said
sanpling pulse for 27 sanpling a voltage devel oped in the second capacitor
and hol di xBdT®RACE sSanpl ed vol tage; and 29 nmeans for detecting a

vol tage di fference between the voltages 30 sanpled by said first and
second sanpl e-and-hold circuits.

A phase detector comprises a ramp voltage generator for receiving a reference pulse
of a constant frequency and an input pulse and producing a ramp voltage proportional to the
phase difference between these pulses. A first sample-and-hold circuit (30) samples the ramp
voltage in response to a sampling pulse and holds the sampled voltage. To eliminal:e ripple

Y, component, a second sample-and-hold circuit (31) is provided, which is also responsive to the
sampling pulse for sampling a V(;ltage from a constant voltage source and holding the
sampled voltage. The voltages sampled by the first and second sample-and-hold circuits (30,
31) are input to a subtractor where the voltage difference between the two in;;ut voltages is
detected. Ripple components generated by the two sample-and-hold circuits (30, 31) are
cancelled out by the subtractor.
Fig. 1
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