Titlel | nptoyed-Phase Lﬂed Loop Background of the{Tnvention 516@%&@6 O
Locked Lodp (PLL) is con‘m)nly used to synthesize an output freq
.synchroni zi-ng=an- -1 nput- -si-gnal-; - known—as t he-ref erence signat, \/\Wgn

|nter_nal oscill ator_ A PLL commnly consists of a ph eg 3( f,|te_:'__.;
and a reference oscillator. By inserting aldigital “: NA in

10 the reference signal path and another di gital d| vi der (divi de by M
in the oscillator output path, the oscillator output will be at the

reference frequepiey Rfiproved Phaté Nocket Bodp NP e—ease—where—M-N-s—egual—q
one, there are no REPLACED SHEETS  SG

E’ﬁescription paged I paged q

' Claim(s) : paged \Q... to paged .M...
Background of the Invention DrDrawing(s) : paged ..13.. to paged SI3..
5 OAbstract  : paged 2. 10 paged ........

A Phase Locked Loop (PLL) is commonly used to synthesize an output-

frequency by synchronizihg an input signal, known as the reference signal,

with an internal oscillator. A PLL commonly consists of a phase detector, a

filter and a reference oscillator. By inserting a digital divider (divide by N) in

10 the reference signal path and another digital divider (divide by M) in the
oscillator output path, the oscillator output will be at the reference frequency

scaled by M/N. In a simple case, where M/N is equal to one, there are no

digital dividers in either path.

15 When the difference between the input and reference oscillator
frequencies is zero, or very small, the PLL is said to be in a locked state. When
there is a difference in the frequencies, either when the locked state is
perturbed or when the reference input changes frequency, the PLL moves to
a dynamic state in which the oscillator frequency is adjusted until the locked

20 state is achieved once more.

- The Phase Detector (PD) produces a signal indicative of the phase
difference between the inputs of the PD; that is the input signal and the
oscillator signal. The PD detector can be implemented in many ways, with

25 each incarnation having unique characteristics. A very common PD circuit is
a digital, phase-frequency comparator, with a th.ree-state output. This particular
type of PD is referred to as a type-ll phase detector. Type-ll phase detectors
are used in applications where frequency lock as well as phase lock is

desirable.
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digital dividers in elthef path. 15 When the di fference between
t he |nput and reference oscillator frequencies is zefo, y
PLL is said to be in alocked state. Wen there is a dlfferqm 'thAH}_
frequencies, either when the |ocked state is perturbed or when the
ref er'ence i nput changes frequency, the PLL goves to a dynamc state in

n

whi ch the oscillator frequency is adjusted til the | ocked 20 state is
achi eved once nore. The Phase Det ector (PD) produces a signal indicative of
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Wi th device, which translates the three-state output of the PD into a signal which is
filtered before controlling the internal oscillator. The three output states of the
PD are denoted by UP, DOWN and NEITHER. When the PD output state is
5 UP, the charge pump allows current to flow into the input of the filter. When
the PD output state is DOWN, the charge pump removes current from the
input of the filter. When the PD output state is NEITHER, no current flows.

The filter in a PLL provides a voltage to the internal oscillator which
10 affects the frequency of the oscillator. The most simple form of filter is a
capacitor. The capacitor acts as an integrator, accumulating the net charge
output by the charge pump circuit, resulting in a stable voltage which can be
used to control an internal oscillator. Such an oscillator is known as a Voltage
Controlled Oscillator (VCO).
15
When the PLL is in a dynamic staie, the PD generates many UP,
DOWN and NEITHER output states as the loop attempts to acquire lock. When
the loop is in lock, the PD generates only NEITHER output, since no correction
is necessary by definition. This means that in the quiescent, locked state the
20 loop has no gain, and in particular the charge pump is not driving any current.
A signal that is not driven is known as a high impedance signal, and is very

susceptible to picking up all types of extraneous noise.

To overcome this weakness inherent in a PLL system, the sensitive node

25 or nodes must be shielded from such noise. This is expensive in silicon area
and is very difficult to achieve since the techniques used depend on many
parameters outside the designer’s control. It often takes many revisions of the

silicon design to finally achieve the desired performance.
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25 ' each I ncar nati on{ "havi ng uni que characteristi;cs. A very_common PD
circuit is*a digital, phase- frequency conparator, with a threrRatG l N A [_

output. This partlcul ar type of PDis referred to as a type-11 phase
detector. Type-11 phase detectors are used in applications where frequency
| ock as wel | as phase | ock is desirable. 32 Type-11 phase detectors are

usual |y associated with a charge punp

An-companion technique often used to lessen the effect of the inherent
variation of shielding, is the use of a differential filter. Differential filters only
filter the difference between two signals. This means that if some noise couples
onto both inputs in an identical manner, the difference is not changed and

5 hence the noise has no effect. A signal that adds onto both signals which are
subsequently subtracted is known as a common-mode signal, since it is

common to both signals.

Differential filters are not perfect. Some of the common-mode signal will
10 remain, although only a very small fraction of the original common-mode

signal power will be evident at the output.

In a real system, most sources of noise do not couple evenly onto each
of the differential signals. This effect is of particular importance when the
15 differential inputs to the filter are not being driven, that is when the loop is in

lock.

Summary of the Invention

20
The present invention relates to a PLL using a type-ll phase detector, a
charge pump device, a logic circuit, a differential filter and a VCO. The PLL
may also use digital dividers. The phase detector controls a logic circuit which
ensures that any occurrence of uncorrelated noise, from any source, is
25 common-mode to the inputs of the differential filter when the PLL is in a

locked state.

When the PD is has NEITHER output, the inputs to the differential filter

are connected via a transistor and a join line, resulting in the two inputs
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devicé, which translates the three-state output of fhe PDinto a signal
which is filtered before controlling the internal oscillator e three
" out put” states of the PD are denoted by UP, DOM and NEI THER
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NEITHER output'is g\h ue to the PLL Eelng in a locked state, the absence of a

perturbation to the VCO input will cause the PLL to continue to operate in the
locked state.

Using only a logic device and a transistor, the PLL is no longer sensitive
to erroneous signals that could cause it to go into an unlocked, dynamic state
from a previously locked state. This "shielding" is inexpensive because both
the logic device and the transistor are already available on the integrated

circuit, and no additional space or materials must be used.

Additional features of the invention will be clear to those skilled in the

art.

Description of the Drawings

The present invention is illustrated by way of example and not limitation
in the figures of the accompanying, in which like references indicate like

elements, and in which:

Figure 1 shows a digital PLL including a charge pump device,
embodying the present invention.

Figure 2 shows an expanded view of the logic device controlling the
charge pump device, embodying the present invention.

Figure 3 shows an expanded view of an alternate embodiment of the

invention.

Detailed Description of The Invention
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{J/Sf,‘d to control an i nterfial oscillator. Such an osciTlator is known as a
~Voltage Controlled Oscillator (VCO. 15 Wen the PLL-is in nag@ G .St at e,
~the PD generates nany UP, DOWN and NEI THER out put states aSQﬂif&;ﬁZ[ '
attenpts to acquire |ock. \Wen the loop is in lock, the PD generates only
NEI THER out put, since no correction is necefsary by definition. This neans
that in the quiescent, |ocked state the 20 | oop has no gain, and in
ga_rtlg:u! ar kt he charge punp is not driving any current. A signal that is not
riven is known as a high inpedance signal, and is ver uscepti bl 0
pi cking up all types A)Pl?leggm@m@gumm%pf three elements; 3/ pﬁase ggtector FP[s), a

filter and a voltage controlled oscillator (VCO). The VCO output is the internal
oscillator signal being generated by the PLL, and is the signal that is compared
with the input reference signal. In the embodiment shown in figure 1, the

5 input signal u, and the VCO signal u, are fed into the phase-frequency
detector 105 via lines 101 and 103 respectively.

The PD 105 produces a signal based on the differences between the
phase and frequency of the input signal and the VCO signal. A type-li PD will
10 produce an UP output state when the internal oscillator, the VCO, has to
increase in frequency. The UP output state consists of the logic element 1 on
the UP line 107a and the logic element 0 on the DOWN line 107b. A type-il
PD will produce a DOWN output state when the internal oscillator has to
decrease the frequency of the VCO. A DOWN output state consists of the logic
15 element 0 on the UP line 107a and the logic element 1 on the DOWN line
107b. When there is no phase difference between the input signal and the
VCO signal, the type-ll PD will produce a NEITHER output state, consisting of
the logic element O on both the UP line 107a and the DOWN line 107b.

20 The UP and DOWN lines 107a and 107b are then fed into a charge
pump device 109. The charge pump device transforms the UP or DOWN
output states into a net charge movement to or from the differential filter 117.
The details of this procedure are described below. An UP or DOWN output
state will result in the voltage difference between lines 111a and 111b to pass
25 on to lines 113a and 113b respectively. If the PD output is NEITHER, then the
NOR gate 116 will close transistor 115, and a join line 116 will join lines
113a and 113b, causing there to be no voltage difference between lines 113a

and 113b.

-
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To overcome this weakness inherent in a PLL system:the sensitive node 25
or nodes nust be shielded fromsuch noise. This is expensive

area and is very difficult to achi eve since the techni ques- usegigleg ﬁgqoﬁ L
many paraneters outside the designer's control. It often takes many
revisions of the silicon design to finally achieve the desired performnce.
3 An conpani on technique often used to Iesén the effect of the inherent

‘This is a highly advantageous result because a NEITHER output is the

output state produced by the PD when the PLL is in a locked state, that is a

state where there is no phase difference between the input and the VCO. In

the locked state, there should be no voltage difference between lines 113a and

5 113b. If there were a voltage difference, the output of differential filter 117,
on lines 119a and 119b, would cause the VCO to change frequency, and -

undesirable perturbation when the PLL has acquired a locked state. In

particular any uncorrelated noise coupling onto either line 113a or 113b will

be common-mode to the filter 117 as a result of the join line 116 and transistor

10 115.

Transistor 115 effectively shields the circuit from uncorrelated noise
coupling on to the sensitive nodes, lines 113a and 113b, by assuring that the
noise is common-mode to the filter 117. The particular implementation of the

15 filter 117 determines to what extent the common-mode noise is rejected, but

in practice this rejection is high.

The source of noise can be external, for instance electromagnetic

interference by radio waves, or internal, for example the coupling of other

20 frequencies on fhe IC through the substrate. If no shielding were used, lines
113a and 113b would be particularly sensitive when the PLL is in the locked

state, since no circuit is driving them.

Transistor 115 also causes the voltage of 113a and 113b to be half-way

25 between a logic 1 element and a logic 0 element. On most ICs this would be
at a mid-rail voltage. For all implementations of the filter 117 which include

an active device (a passive differential filter would be very unusual), a

common-mode signal centered at mid-rail is maximally rejected.
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variation of shielding, {is the use of a differential filter. Differential
filters only filter the difference between two signals. This r‘fehr@ ,thhawlc,lfe
some noi se coupl es onto both inputs in an identical manner, the -differe

i's not changed and 5 hence the noise has no effect. A signal that adds
onto“both signals which are subsequently subtracted is known as a

common- node signal, since it is common to Both signals. Differential
filters are not perfect. Some of the conmon-node signal will 10

remai n, although only a very snmll fraction of the original copmon-node
signal power will beNole that@ NETKHER gutnugstatg ﬁamalieanccyygyansthﬁéyngmmces

of noise do not HeARRiE WHENtNe PO B £&hibting to lock. This NEITHER state may exist
for only a short period of time, but it is also important that the differential filter

not be subject to noise during that time. The transistor and the join line assure
5 that noise does no effect the output of the differential filter when the phase
detector produces a NEITHER signal.

Figure 2 shows the charge pump logic in more detail. The UP and

DOWN lines 107a and 107b are variously applied to transistors 201a, 201b,

10 201c and 201d in such a way as to produce a positive voltage difference
between lines 111a and 111b when the UP output state is applied, and a

negative voltage difference when a DOWN output state is applied.

In particular, an UP output state, consisting of the logic element 1 on

15 the UP line 107a and the logic element 0 on the DOWN line 107b, will result

in a positive voltage being applied to line 111a by closing transistor 2013, and

a zero voltage being applied to 111b by closing transistor 201d. Both
transistors 201b and 201c will be open. The voltage difference is given by

20 V(111a) - V(111b) = V(V+) - 0 = V(V+)

Similarly, a DOWN output state, consisting of the logic element 0 on
the UP line 107a and the logic element 1 on the DOWN line 107b, will resuit
in a positive voltage being applied to line 111b by closing transistor 201c, and

25 a zero voltage being applied to 111a by closing transistor 201b. Both
transistors 201a and 201d will be open. The voltage difference is given by

V(111a) - V(111b) = 0 - V(V+) = -V(V+)
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of the differential si gra'al S. This effect is of particular ortance when
the 15 " differential inputs to the filter are not belrﬁnﬁrll\,@n Ntlis
when the loop is in lock. Summary of the Invention 20 Thepresent |nvent| on
rel ates to a PLL using a type-11 phase detector, a charge punp device, a
logi ¢ circuit, a differential filter and ag/CO The PLL may al so use

digital dividers. The phase detector controls a logic circuit which_ensures
t hat .any occurrence of uncorrel ated noise, fromany source, is 25

common-node to the in f th
IPB5Eh e éatss Ok HSUP CuiBlt fhteSid $RBOWIR Sltput Stale) 2
the output of the NOR logic element 116 is the logic element 0. The transistor
115 is therefore open and allows a voltage difference to develop between lines

113a and 113b in these output states.

When the PD has a NEITHER output state, transistor 115a is closed as

a result of the logic element 0 on both the UP line 107a and the DOWN line

107b being applied to NOR gate 116. In this output state, all transistors 201a,

201b, 201c and 201d are open, so if transistor 115 were absent, there would

10 be no drive onto either of lines 111a and 111b. Such floating lines are very

susceptible to noise pick-up.

Figure 3 shows an alternate embodiment of the invention utilizing two

transistors. The behavior of this embodiment is exactly as described above. By

15 using a second transistor 301 it is possible to improve the noise rejection of the
PLL. The improved rejection is a result of transistor 301 compensating for any
switching noise that maybe introduced by transistor 115 in the embodiment

described in Figure 2.

20 Each transistor will have a capacitance as a result of the manufacturing
process. In the embodiment described in Figure 2, this capacitors may inject
current into the differential filter 117 when transistor 115 is switched into the
closed state. This current is purely the result of the transition from logic
element 0 to logic element 1 on line 303. The current is not necessarily

25 common-mode, and may cause a small perturbation of the VCO inputs 119a
and 119b.

By using a p-type transistor as well, the transition from logic element 0

to logic element 1 on signal 303 is matched by a inverse transition from logic

/
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| ocked stafe. When the FD is has NEI THER output, the inputs to the
differentital filter are connected via a transistor and a jdijngl ,
resulting in the two inputs 4 becom ng a single node. Tﬁé é’ngﬁelsNt A:ttl-
any noise is guaranteed to be common-node to the filter, and as such w |
not dffect the VCO input. If the NEI THER oy put is due to the PLL being in
a |l ocked state, the absence of a

element 1 to logic element 0 on signal 305. By matching the size of the stray
capacitance between the n-type and p-type transistors, the net injection current

will be zero.

5 This inventive PLL has been found to be useful in synthesizing various
clock signals used to control other elements within the IC. In many control
systems it is important for the clocks to be especially accurate. In particular the
inventive PLL has been found to be useful in an IC used to display video
signals. Further application has been found in systems requiring the synthesis

10 of a pure frequency for later demodulation of carrier frequencies.

Thus the invention for an improved PLL circuit has been described.

Although this invention has been described with particularity with reference to

the preferred embodiments set forth in Figures 1 and 3, it will apparent to one

15 skilled in the art that the present invention has utility far exceeding that
disclosed in the figures. Additions, subtractions and other modifications of the
preferred embodiment of the invention will be apparent to those skilled in the

art and are within the scope of the following claims.

20

\
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-perturbatlon to the VCOlnput will cause the PLL-t-@ continue to operate in

the 5 ‘| ocked state. Using only a | ogi c device and a trgn ELL
is no longer sensitive to erroneous signals that could cau Rﬂe JNJ
an unl ocked, m previously | ocked state. This "shi el d| ng"
IS |nexpen5| vel“'m t he Iogi[d: device and the transistor are
al ready avail a n ﬂﬂm mgm ted circui and no additional space or
mat ersi al s nust Be 6Gsed Onal features of the invention will be clear
to those skilled in the art. :

CLAIMS

1. A phase locked loop capable of operating in a dynamic and a locked state,
. having;
5 a differential filter including a first and second input lines;
a join line, connecting said first and second input lines when the phase
locked loop is in a locked state, such that there is substantially no voltage
difference between the first and second input lines, but not connecting said

first and second input lines when the phase locked loop is in a dynamic state.

10
2. The invention of claim 1, wherein said join line further includes;

a transistor, operating to open the join line when the phase locked loop
is in a dynamic state and closing the join line when the phase locked loop is
in a locked state.

15
3. The invention of claim 1 further comprising;

a phase detector capable of producing at least two distinct logic signals;

wherein said join line is opened or closed according to the logic signal
produced by the phase detector.

20
4. The invention of claim 3, wherein at least one of said distinct logic signals
corresponds to ZERO phase difference being detected and said join line is
closed in accordance with a NEITHER logic signal.

25 5. A phase locked loop, capable of operating in a dynamic and a locked state

for use in a clock generating apparatus including:
a differential filter including a first and second input lines;
a join line, connecting said first and second input lines when the phase

locked loop is in a locked state, such that there is substantially no voltage

cen Re) laced
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.Descri ption of t he Dravu ngs The present invention i's illustrated by way of-

exanpl e and no e flgures of the acconp

| i ke referenc el enents, and in V\E 2% Lw‘;\ﬁefl
shows a di gi tgﬂmﬂ@ Mﬂi{!ﬁﬂ!t charge punp deV| ce, enbodying the present

i nvention. Figurec panded viewpf the logic device controlling
the 25 charge punp device, enbodying the present invention. Figure 3

shows an expanded view of an alternate enbodi ment of the invention.
difference between the first and second input lines, but not connecting said

first and second input lines when the phase locked loop is in a dynamic state.

6. A phase locked loop comprising:
5 a phase detector with at least two inputs;
a logic element;
a differential filter with at least two inputs; and,
wherein said logic element substantially eliminates any difference
between the differential filter inputs when the phase detector detect no

10 difference between the two phase detector inputs.

\
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Detai |l ed Description of*The Invention 5 A PLL contains ni_num of
three el enents; a phase detector (PD),. a filter and a vol @ég]’cﬁni rNIAeE
- oscillator (VCO. The VCO output is the internal oscillator signal- being
. generated by the PLL, and is the signal that is conpared with the input
" reference signal. In the enbodi nent shown ;] figure 1, the 5 i nput
- signal [err] and the VCO signal [err] are fed into the phase-frequency

ABSTRACT
Improved Phase Locked Loop

An improved phase locked loop utilizing control logic generated by a
5 phase detector to eliminate sensitivity to uncorrelated noise when the loop is
in lock.
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detector 105 via lines 401 and 103 respectively. The PD 105 produces a
si gnal based on the di ff erences between the phase and frequency of the
~input signal and the VCO signal. A type-Il PDwll 10 cbrﬁdi: laN WD[
- output state when the internal oscillator, the VCO has to increase In
- frequency. The UP output state consists qf,sthe logic element 1 on the UP
line 107a and the logic element 0 on the 60/\N line 107b. A type-Il PD w |
produce a DOMN out put state when the internal oscillator has to decrease
the frequency of the VCO A DOMW output state consists of the logic 15
element 0 gn the UP line 107a and the logic element 1 on the DOM I|ine
107b. WherZthere is no phase difference between the input signal and the
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VCO si-gnal-, the type-I+-PbB-w |-} produce a NEI THER output state, consisti ng
of the Iogl c elenent 0 oh both the UP Iline 107a and the |§I5@eg Ip
. The UP and DOWN |ines 107a and 107b are 2#W&n fed into a charge punp VI ce
'~ 109. The charge punp device transforns the UP or DOMWN out put states into a
net charge rmveﬁgnt to or fromthe differential filter 117. The details of
this procedur e described below. An UP or DOMWN output state will .result
in the voltage F i ffergrloe between lines 111 a and 111b to pass 25 on to
b respectively. If the PD output is N EITHER, then the

| nes"‘—'iﬁl 3a a _
ga:-ezu.ﬁzg cl ose transistotled15, and a),di line 116 will join |ines
113a and 113 ausi ng there to/be no vol tage/difference between |lines 113a
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and-"113b.. This is th repiacenent sheet 6 This—is a highly advantageous
resul t ,because a NEI THER output is the ogtput state produced by the PD when
t he PLL is in alocked state, that is a state where thereis no phase-

di fference between the input snd the VCO In the | ocked state, there should
be no vol tage di fference beteen lines 11 3a and
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~

S: - 11 3b. If there were a voltage difference, the output of
Jdifferential filter 117, on lines 119a and 119b, woul d cause the VCO to

change frequency,

and undesirabl e perturbation when the PLL has acquired a

| ocked st at e.’.'_-.._l n particul ar any uncorrel at e1d not v H—fg—onto_eit her
line 1 1 3a of 11 3b will be commn nmode to } N NT TSesubG of
the join line 116 and transistor - 119 AR08, pagel o t@qm'edélci(

shields the citcuit from unco rela i se Jc ef“ﬁ’éson Pag . 5Eps
nodes, lines 11 §t§ehnl!“3f°¥e§lgi‘aiﬁ/ %‘j@dg{’ﬂﬁ tfh ?’Yé‘“&@)sﬁu@;ﬁb mfgaég%’fe
the filter 117. The particular inplenentatidgn

determ nes to what extent the conmon-node ndi
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Background of the Invention

A Phase Locked Ldop (PLL) is commddly used to synthesize an output

. frequency by synchronizing an input signal, known as the reference signal,

with an internal oscillator. A PLL commonly consists of a phase detector, a
filter and a reference oscillator. By inserting a digital divider (divide by N) in
the reference signal path and another digital divider (divide by M) in the .
oscillator output path, the oscillator output will be at the reference frequency
scaled by M/N: In a simple case, where M/N is equal to one, there are no

digital dividers in either path.

When the difference between the input and reference oscillator
frequencues is zero, or very small, the PLL is said to be in a locked state. When
there is a difference in the frequencies, either when the locked state is

perturbed or when the reference input changes fréque’nt:y, the PLL moves to

a dynamic state in which the'oscilla_t_or frequency is adjusted until the locked

state is achieved once more.

The Phase Detector (PD) produces a signal indicative of the phase
difference between the inputs of the PD; that is the input signal and the
oscillator signal. The PD detector can be implemented in many ways, with

each incarnation having unique characteristics. A very common PD circuit is

~ ‘adigital, phase-frequency comparator, with a three-state output. This particular

type of PD is referred to as a type-ll phase detector. Type-li phase detectors
are used in applications where frequency lock as well as phase lock is
desirable.
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in practice this rejection is high. The source of noise can be external,
for instance electromagnetic interference by radi o waves, or internal, for
exanpl e the coupling of other 20 frequencies on the I C through the
substrate. If no shielding were used, lines 11 3a and 11 3b woul d be
particularly sensitive when the PLL is in2the | ocked state, since no
circuit is driving them Transistor 115 al so causes the voltage of 1 1 3a
and 1 1 3b to be hal f-way 25 between a logic 1 elenent and a logic O

el enment. On nost | CorypBils phase deteetors are Ushllyaadsodiatedagith & ahargde pump
i npl ementations of the filter 11 V\:RI ch incl ude ?n ac[I) Lve device (l assive
differential fidevige whichitranslates the thipertats output of the PD into a signal which [5 |
filtered before controlling the internal oscillator. The three output states of the
PD are denoted by UP, DOWN and NEITHER. When the PD output state is
5 UP, the charge pump allows current to flow into the input of the filter. When
the PD output state is DOWN, the charge pump removes current from the
input of the filter. When the PD output state is NEITHER, no current flows.

The filter in a PLL provides a voltage to the internal oscillator which
10 affects the frequency of the oscillator. The most simple form of filter is a
capacitor. The capacitor acts as an integrator, accumulating the net charge
output by the charge pump circuit, resulting in a stable voltage which can be
used to control an internal oscillator. Such an oscillator is known as a Voltage
Controlled Oscillator (VCO).
15 |
When the PLL is in a dynamic state, the PD generates many UP,
DOWN and NEITH ER output states as the loop attempts to acquire lock. When
the loop is in lock, the PD generates only NEITHER output, since no correction
is necessary by definition. This means that in the quiescent, locked state the
20 loop has no gain, and in particular the charge pump is not driving any current.
A signal that is not driven is known as a high impedance signal, and is very
susceptible to picking up all types of extraneous noise.

To overcome this weakness inherent in a PLL system, the sensitive node

25 or nodes must be shielded from such noise. This is expensive in silicon area
and is very difficult to achieve since the techniques used depend on many
parameters outside the designer’s control. It often takes many revisions of the

silicon design to finally achieve the desired performance.
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common- node signal centered at md-rail is maximally- rejected. 7 Note
that a NElI THER out put state can al so-occur during the dynam c period in
which the PLL is attenpting to lock. This NEI THER state may exist for only
a short period of time, but it is also inportant that the differenti al
filter not be subject to noise during that Bime. The transistor and the
join line assure 5 t hat noi se does no effect the output of the”
differential filter when the phase

An companion technique often used to lessen the effect of the inherent

variation of shielding, is the use of a differential filter. Differential filters only
filter the difference between two signals. This means that if some noise couples
onto both inputs in an identical manner, the difference is not changed and

5 hence the noise has no effect. A signal that adds onto both signals which are
subsequently subtracted is known as a common-mode signal, since it is
common to both signals.

Differential filters are not perfect. Some of the common-mode signal will
10 remain, although only a very small fraction of the original common-mode-
signal power will be evident at the output.

In a real system, most sources of noise do not couple evenly onto each

of the differential signals. This effect is of particular importance when the

15 differential inputs to the filter are not being driven, that is when the loop is in
~ lock.

Summary of the Invention

20
~ The present invention relates to a PLL using a type-ll phase detector, a
charge pump dev'ice, a logic circuit, a differential filter and a VCO. The PLL
may also use digital dividers. The phase detector controls a logic circuit which
ensures that any occurrence of uncorrelated noise, from any source, is
25 common-mode to the inputs of the differential filter when the PLL is in a

locked state.

When the PD is has NEITHER output, the inputs to the differential filter

are connected via a transistor and a join line, resulting in the two inputs
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detector produces a NEITHER signal. Figure 2 shows the charge punp logic in
:nore detail. The UP and DOM Iines 107a and 107b are variously applied to
transistors 201 a, 201 b, 10 201c and 201d in such a way as to produce
a positive voltage difference between lines 111la and 111 b when the UP
output state is applied, and a negative vcﬁtage di fference when a DOMWN
output state i's applied. In particular, an UP output state, consisting of
the logic elenent 1 on 15 the UP line 107a and the | ogic el on

t, O
tl ﬁ DQt/)\N | : ne lbeaeming|a singlaiinoden The masures that, any dwpisenlsi &@afyﬁsgfﬂnga Be |ine
a by closin : . - ;
by choo) g 0r ardorfrBRshade o Alkfiffer, R of sGEH Rilf Rot et B VBT Rt Af e 111D
NEITHER output is due to the PLL being in a locked state, the absence of a

perturbation to the VCO input will cause the PLL to continue to operate in the
5 locked state.

Using only a logic device and a transistor, the PLL is no longer sensitive
to erroneous signals that could cause it to go into an unlocked, dynamic state
from a previously locked state. This "shielding" is inexpensive because both

10 the logic device and the transistor are already available on the integrated

circuit, and no additional space or materials must be used.

Additional features of the invention will be clear to those skilled in the

art.
15 _
Description of the Drawings
The present invention is illustrated by way of example and not limitation
in the figures of the accompanying, in which like references indicate like
- 20 elements, and in which: |
Figure 1 shows a digital PLL includi_ng a charge pump device,
embodying the present invention. _
Figure 2 shows an expanded view of the logic device controlling the
25 charge pump device, embodying the present invention. '

Figure 3 shows an expanded view of an alternate embodiment of the

invention.

Detailed Description of The Invention
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transistors 201 b and 201c will be open. The voltage difference is given by
ferr] Simlarly, a DOMN output state, consisting of the lagic elenent 0 on

the UP Iine 107a and the logic element 1 on the DOM |ine 107b, w || resul t
in a positive voltage being applied to line 111 b by closing transistor 201
c, and 25 a zero voltage being applie8 to 11l1la by closing transistor

201b. Both transistors 20la and 201d will be open. The voltage difference
is given by [err] '

A PLL contains a minimum of three elements; a phase detector (PD), a
filter and a voltage controlled oscillator (VCO). The VCO output is the internal
oscillator signal being generated by the PLL, and is the signal that is compared
with the input reference signal. In the embodiment shown in-figure 1, the

5 input signal u, and the VCO signal u, are fed into the phase-frequency
detector 105 via lines 101 and 103 respectively.

The PD 105 produces a signal based on the differences between the
phase and frequency of the input signal and the VCO signal. A type-il PD will
10 ‘produce an UP output state when the internal oscillator, the VCO, has to
increase in frequency. The UP output state consists of the logic element 1 on
the UP line 107a and the logic element 0 on the DOWN line 107b. A type-il
PD will produce a DOWN output state when the internal oscillator has to
decrease the frequency of the VCO. A DOWN output state consists of the logic
15 element 0 on the UP line 107a and the logic element 1 on the DOWN line
107b. When there is no phase difference between the input signal and the
VCO signal, the type-il PD will produce a NEITHER output state, consisting of
the logic element 0 on both the UP line 107a and the DOWN line 107b.

20 : The UP and DOWN lines 107a and 107b are then fed into a charge
pump device 109. The charge pump device transforms the UP or DOWN
output states into a net charge movement to or from the differential filter 117.
The details of this procedure are described below. An UP or DOWN output
state will result in the voltage difference between lines 111a and 111b to pass

25 on to lines 113aand 113b respectively. If the PD output is NEITHER, then the
NOR gate 116 will close transistor 115, and a join line 116 will join lines
113a and 113b, causing there to be no voltage difference between lines 113a
and 113b. |
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8 In both the cases of the UP output state and the DOM out put state, the
.output of the NOR logic elenent 116 is the logic el ement 0. The transistor
115 is therefore open and allows .a voltage difference to devel op bet ween
lines 11 3a and 1 1 3b in these output states. 5 Wen the PD has a NElI THER
out put state, transistor 115a is closed asga result of the logic elenment O
on both the UP line 107a and the DOM |ine 107b being applied to NOR gate
116. In this output state, all transistors 201 a,

This is a highly advantageous result because a NEITHER output is the

output state produced by the PD when the PLL is in a locked state, that is a

state where there is no phase difference between the input and the VCO. In

the locked state, there should be no voltage difference between lines 113a and

5 113b. [f there were a voltage difference, the output of differential filter 117,
on lines 119a and 1_19b, would cause the VCO to change frequency, and
undesirable perturbation when the PLL has acquired a locked state. In
particular any uncorrelated noise coupling onto either line 113a or 113b will

" be common-mode to the filter 117 as a result of the join line 116 and transistor
- 10 115.

Transistor 115 effectively shields the circuit from uncorrelated noise
coupling on to the sensitive nodes, lines 113a and 113b, by assuring that the
noise is common-mode to the filter 117. The particular implementation of the

15 filter 117 determines to what extent the common-mode noise is rejected, but

in practice this rejection is high.

The source of noise can be external, for instance electromagnetic
interference by radio waves, or internal, for example the coupling of other
20 frequencies on the IC through the substrate. If no shielding were used, lines
113a and 113b would be particularly sensitive when the PLL is in the locked
state, since no circuit is driving them.

Transistor 115 also causes the voltage of 113a and 113b to be half-way

25 between a logic 1 element and a logic 0 element. On most ICs this would be
at a mid-rail voltage. For all implementations of the filter 117 which include

an active device (a passive. differential filter would be very unusual), a

common-mode signal centered at mid-rail is maximally rejected.
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201 b, 201 ¢ and 201 d are open, so if transistor 1 15 were absent, there
woul d 10 be no drive onto either of lines 1 1 1 a and 1 11 b. Such
floating lines are very susceptible to noise pick-up. Figure 3 shows an

al ternate enbodi mrent of the invention utilizing two transistors. The
behavi or of this embodinent is exactly as déscribed above. By 15 usi ng
a second transistor 301 it is possible to inprove the noise rejection of
the PLL. The inproved rejection is a result of transistor 301 conpensating
for any switching noi Hote Hat anFHEEReutpuugate wap alsaaseurt duringtheidynamic

enbodi nent descri Is [ . . ' Al ve a
capaci tance as a p?ggﬂlu,? V@'g?ﬂge lgnlia"nﬁ% Etitg{n \f rtllnﬁéo Ioclfaﬁ“s NEHIRER st mal/ exist
for only a short period of time, but it is also important that the differential filter
not be subject to noise during that time. The transistor and the join line assure
5 that noise does no effect the output of the differential filter when the phase

detector produces a NEITHER signal.

Figure 2 shows the charge pump logic in more detail. The UP and

~ DOWN lines 107a and 107b are variously applied to transistors 201a, 201b,

10 © 201c and 201d in such a way as to produce a positive voltage difference
between lines 111a and 111b when the UP output state is applied, and a

negative voltage difference when a DOWN output state is applied.

in particular, an UP output state, consisting of the logic element 1 on

15 the UP line 107a and the logic element 0 on the DOWN line 107b, will result

in a positive voltage being applied to line 111a by closing transistor 201a, and

a zero voltage being applied to 111b by closing transistor 201d. Both
transistors 201b and 201c will be open. The voltage difference is given by

20 V(111a) - V(111b) = V(V+) -0 = V(V+)

Similarly, a DOWN output state, consisting of the logic element 0 on
the UP line 107a and the logic elément 1 on the DOWN line 107b, will result
in a positive voltage being applied to line 111b by closing transistor 201c, and

- 25 a zero voltage being applied to 111a by closihg transistor 201b. Both
transistors 201a and 201d will be open. The voltage difference is given by

V(111a) - V(111b) = 0 - V(V+) = -V(V+)
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process. In t he enbodi ment described in Figure 2, this capacitors'nay

si nject current

switched into the cl osed state.

into the differential filter 117 when transistor 11 5 is

This current is purely the result of the

transition fromlogic element 0 to logic element 1 on line 303. The current
I s not necessarily 25 common- node, an8 may cause a snall perturbation
of the VCO inputs 11 9a and 119b. By using a p-type transistor as well,

transition fromlogic elenment 0 to logic elenment 1 on signal

by a inverse transitimbothrtherdases of theiliP batpub stateephdittenD@Whhoeatpubstate,

10

15

20

25

the output of the NOR logic element 116 is the logic element 0. The transistor
115 is therefore open and allows a voltage difference to develop between lines
113a and 113b in these output states,

When the PD has a NEITHER output state, transistor 115a is closed as
a result of the logic element 0 on both the UP line 107a and the DOWN line
107b being applied to NOR gate 116. In this outpuf state, all transistors 2013,
201b, 201c and 201d are open, so if transistor 115 were absent, there would

be no drive onto either of lines 111a and 111b. Such floating lines are very

susceptible to noise pick-up.

Figure 3 shows an alternate embodiment of the invention utilizing two
transistors. The behavior of this embodiment is exactly as described above. By
using a second transistor 301 it is possible to improve the noise rejection of the
PLL. The improved rejection is a result of transistor 301 compensating for any

switching noise that maybe introduced by transistor 115 in the embodiment
described in Figure 2.

Each transistor will have a capacitance as a result of the manufacturing
process. In the embodiment described" in Figure 2, this capacitors may inject
current into the differential filter 117 when transistor 115 is switched into the
closed state. This current is purely the result of the transition from logic
element 0 to logic element 1 on line 303. The current is not necessarily
commdn-mode, and may cause a small perturbation of the VCO inputs 119a
and 119b.

By using a p-type transistor as well, the transition from logic element 0

to logic element 1 on signal 303 is matched by a inverse transition from logic

t he

303 i s mat ched

This is the replacement sheet

9§ SEP 0%

Date:

\#‘J



9 element 1 to logic elenent 0 on signal 305. By matching the size of the
stray capacitance between the n-type and p-type transistors, the net
injection current will be zero. 5 This inventive PLL has been
found to be useful in synthesizing various clock signals used to control
other elenents within the IC. In nmany contr®l systens it is inportant for
the clocks to be especially accurate. In particular the

element 1 to logic element O on signal 305. By matching the size of the stray
capacitance between the n-type and p-type transistors, the net injection current
will be zero.

5 This inventive PLL has been found to be useful in synthesizing various
clock signals used to control other elements within the {C. In many control
systems it is important for the clocks to be especially accurate. In particular the
inventive PLL has been found to be useful in an IC used to display video
signals. Further application has been found in systems requiring the synthesis

10 of a pure frequency for later demodulation of carrier frequencies.

Thus the invention for an improved PLL circuit has been described.
Although this invention has been described with particularity with reference to
the preferred embodiments set forth in Figures 1 and 3, it will apparentto one
15 skilled in the art that the present invention has utility far exceeding that
disclosed in the figures. Additions, subtractions and other modifications of the
preferred embodiment of the invention will be apparent to those skilled in the

art and are within the scope of the following claims.

20
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inventive PLL has been found to be useful in an IC used to display video
.signals. Further application has been found in systems requiring the
synthesis 10 of a pure frequency for | ater denodul ation of carrier
frequenci es. Thus the invention for an inproved PLL circuit has been
described. Alth ﬂ n has be#d described with particularity
vmth reference :”“ Iw iwam m mbodi ments set forth in Figures 1 and 3,
it apparent *#ocon skilled in the art that the present

[ nv_en_t | on has utility far exceedr ng thaCLAIMS| 0sed in the figures.
Addi tions, subtractions and other nodifications of the preferred enbodi nent

of the invention will be apparent to those skilled in the art and are
wi thin the scopg @fpHdig IdKeli 99bp 8arfdbe SFoperating in a dynamic and a locked state,
having; '
5 a differential filter including a first and second input lines;

a join line, connecting said first and second input lines when the phase
locked loop is in a locked state, such that there is substantially no voltage
difference between the first and second input lines, but not connecting said
first and second input lines when the phase locked loop is in a dynamic state.

10 '
2. The invention of claim 1, wherein said join line further includes;

a transistor, operating to open the join line when the phase locked loop
is in a dynamic state and closing the join line when the phase locked loop is
in a locked state. '

15 - ,
3. The invention of claim 1 further comprising;
a phase detector capable of producing at least two distinct logic signals;
* wherein said join line is opened or closed according to the logic signal
produced by the phase detector.
20
4. The invention of claim 3, wherein at least one of said distinct logic éignals
corresponds to ZERO phase difference being detected and said join line is
closed in accordance with a NEITHER logic signal.

25 5. A phase locked loop, capable of operating in a dynamic and a locked state
for use in a clock generating apparatus including:
a differential filter including a first and second input lines;
a join line, connecting said first and second input lines when the phase

locked loop is in a locked state, such that there is substantially no voltage

" et
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20-. CLAI M5 1.—A—|&hase—l—ocked—l—crop capabl e of operating in a dynamc and a

‘| ocked state, hayiing: a differential filter including a first
and second i npu@ﬂ!ﬂﬁﬁﬂﬁ!ﬂﬂﬂmmn‘l ne, connecting said first and second i nput
| i nes when the op is in a locked state, such that there is
substantially no vol tage 11

difference between the first and second input lines, but not connecting said

first and second input lines when the phase locked loop is in a dynamic state.

6. A phase locked loop comprising:
5 a phase detector with at least two inputs;
a logic element;
a differential filter with at least two inputs; and,
wherein said logic element substantially eliminates any difference
between the differential filter inputs when the phase detector detect no
10 difference between the two phase detector inputs.
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di'fi‘er-enc_e_JJeLAAeen—{—he—’f—i—rﬁst and second input |ines, but not connecting

.said first and sec nd nl%é | i nes when the phase | ocked T

dynam c st'Ié I nvention of claim1, wherein sai T*'Uﬁ ﬁHEE'FléiAS BEEN
further inc | |stor operating to open the joi meﬂﬁr?é#ctﬂ?e
phase | ocke dynam c state ant2closing the jorn e
phase | ocked Ioop S |n a locked stdte. 15 3. The invention of claim1
further conprising; a phase detector capable of producing at |east two
di stinct |ogic signals; ABSTRACT

Improved Phase_;k‘i')cked Loop

An improved phase locked loop utilizing control logic generated by a
5 phase detector to eliminate sensitivity to uncorrelated noise when the loop is

in lock. ; )
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wherein said join line is opened or closed according to the |ogic signal
produced by the phase detector. 20 4. The invention of claim3, wherein at

| east one of said distinct logic signals corresponds to ZERO phase

di fference being detected and said join line is closed in accordance with a
NElI THER | ogi ¢ signal. 25 5. A phase-l ocked | oop, capabl e of operating.
in a dynamic and a | ocked state for usdldh a clock generating apparatus

i ncluding: a differenngal filter including a first and second i nput |ines;
a join line, connectigy~sa+efirst and second input |lines when the phase
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|l ocked loop is in a locked state, such that there is substantially no

.vol t age 11 difference between the first and second input |ines, but not
connecting said first and second i nput |ines when the phase | ocked loop is
in a dynamc state. 6. A phase |ocked |oop conprising: 5 a

phase detector with at |east two inpu;is a logic elenment;

O
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a &fferemial ﬂlterIWtr1at

| east two inputs; and, wherein said |ogic

-el ement substantially elimnates any difference between the differential

filter inputs when the phase detector detect no 10
the two phase detector inputs.
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 ABSTRACT

Improved Phase Locked Loo
An improved phase locked loop utilizing control logic generated by a
5 phase detector to eliminate sensitivity to uncorrelated noise when the loop is

in lock.

Figure 1



