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In many 20 charge pump circuit which charges and discharges a loop filter at
' the input of the VCO. The UP and DOWN control signals drive the
VCO to maintain a predetermined phase relationship between
signals applied to the phase detector, as is well understood.
The output signal of the PLL must maintain a predetermined
25 frequency of operation to be useful as a reference for clocking the
incoming and out-going data. If the frequency of the input clock
signal should drift, or even change to a radically different rate,
the output signal of the VCO follows along and attempts to re-
achieve phase lock thereto. Such behavior is inherent in the
30 operation of the PLL. Many prior art systems have ways of
detecting and reporting a momentary loss of phase lock. Yet, most
if not all conventional phase lock indicators cannot distinguish the
input frequency. Therefore, the output signal of the VCO locks to
the new, albeit incorrect, frequency of the input clock signal and
35 the lock indicator again reports a valid phase lock status. The
reference signal thus clocks the incoming and out-going data at
the wrong points resulting in erroneous communication.



applications;®it is desirable and even inperative that the PLL remain
opefational even if the primary input clock signal beconmes 10 invalid as a
refetrence. Hence, what is needed is an inproved phase | ock | oop which
re-gstablishes operation should the primary input clock signal becone
invalid. 15 " . Summary of-2he Invention Briefly stated,
the present invention conprises a nethod of selecting between redundant
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first circuit rs responsive to first and second control signals for
sel ecting between first and second 5 input clock signals respectively

applied atygirst and second inpugammangdf tee 1AVertighng the first digital
signal of the PLL at an output, while a second circuit nonitors the

validity of the first and second input clock signals and activating the
first control signaBriefignstdtedf ithet progent ¢heaition wurhptisesahi thethdd of
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switching to a second input clock signal if the first clock signal
becomes invalid, and checking the validity of a second clock signal
and tocking the PLL to the second clock signal if valid.
A clock signal may be found to be invalid if stuck at one or
25 other of two binary states for more than a predetermined time.
Conversely, a clock signal may be found to be valid if the time
between selected transitions of the clock does not exceed an upper
threshold.
The threshold may be determined by an oscillator generating
30 a signal which need not be as accurate as the input clock signals.
The input clock signals are preferably divided to provide lower
frequency signals for comparison with the signal generated by the
oscillator.
The step of checking the validity of the first or second input
35 clocks may comprise comparing the time between transitions of
the clock with upper and lower thresholds.
In another aspect, the present invention is a phase lock loop



invalid. If both the primary and redundant input clock signals fail, 15 an
i nternal oscillator maintains the PLL at nom nal operating frequency until
one of the input clock signal is restored whereby the | oop can quickly
re-gestablish phase |ock. Brief Description of the Drawing 20 FIG 1 is a
5|an|f|ed bl ock diagramillustrating a phake | ock | oop with redundant
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Brief Description of the Drawing
20
FIG. 1 is a simplified block diagram illustrating a phase lock
loop with redundant input clocks;
FIGs. 2 and 3 is a flow chart illustrating a method of
switching between redundant input clocks;
25 FIG. 4 is a simplified block diagram illustrating the
redundant clock selector of FIG. 1;
FIG. 5 is a schematic diagram illustrating the non-
overlapping clock generator of FIG. 4;
FiG. 6 is a schematic diagram illustrating the RC oscillator
30 circuit of FIG. 4;
FIG. 7 is a schematic and block diagram illustrating the valid
clock selector of FIG. 4;
FIG. 8 is a schematic diagram illustrating the clock detector
of FIG. 4;
35 FIG. 9 is a schematic and block diagram illustrating the lock
detector and float circuit of FIG. 1; and
FIG. 10 is a schematic diagram illustrating the charge pump



The REFCLK1_ACTIVE, REFCLK2_ACTIVE and RC_CLK_ACTI VE control signals are
mutual |y exclusive in that only one is asserted at a time for passing one
of the input clock signals REFCLK1, REFCLK2 or RCCLK through nultiplexer 12
to the first input of 25 phase detector 16. The REFCLK1 cl ock signal is

r out ed through nul tipl exer 12 beconi ng t hed REFCLK cl ock signal to phase
detector 16 when the REFCLK1 _ACTIVE signal is asserted. Alternately, the

REFCLK2 cl ock si gnal ﬁ@p ised t hrough as the REFCLK cl ock signal when the
REFCLK2_ACTI VEIreH Y ef attive, while the 30 RCCLKACTIVE signal enables
t he RC_CLK cl ock 5| ‘gnal to beconme the REFCLK cl ock signal. The REFCLK cl ock

signal applied at th e i nEePRStepredl € BBgimbAs an UP
control signal and awgon[??%%n@%rﬁ;?ﬁ?og CE&%ge punp 18 whi ch charges
and di scharges | oop node 35 20. Loop filter 22 may conprise a capacitor
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22. The vélta °l oop node 20 drives VCO 24 to ene&a&& ‘h& 24
Mz oscillator si gn'ﬁlhe\REEﬁLKﬁ ACAINEy RiohaLK2_ACTIVE and RC’ _CLK_ACTIV
control signals are mutually exclusive in that only one is asserted
at a time for passing one of the input clock signals REFCLK1,
REFCLK2 or RC_CLK through multiplexer 12 to the first input of
25 phase detector 16. The REFCLK1 clock signal is routed through
multiplexer 12 becoming the REFCLK clock signal to phase detector
16 when the REFCLK1_ACTIVE signal is asserted. Alternately, the.
REFCLK2 clock signal is passed through as the REFCLK clock signal
when the REFCLK2_ACTIVE signal is active, while the
30 RC_CLK_ACTIVE signal enables the RC_CLK clock signal to become
the REFCLK clock signal.
The REFCLK clock signal applied at the first input of phase
detector 16 generates an UP control signal and a DOWN control
signal for charge pump 18 which charges and discharges loop node
35 20. Loop filter 22 may comprise a capacitor (not shown) coupled
between loop node 20 and ground potential. The voltage at loop
node 20 controls VCO 24 for generating an oscillator signal at



25 by divide-by-Ncircuit 30, or divide-by-M circuit 32, for providing

t he® OSCOUT signal at the second input of phase detector 16. Thus, phase
detector 16 nonitors the phase difference between the REFCLK cl ock signal
and, t he OSCOUT signal and generates UP and DOMN control signals as
necessary for charge punp 18 to drive 30 -boeop node 20 and VCO 24 to
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for charging and discharging loop node 20 under the influence of
loop filter 22. The voitage developed at loop node 20 drives VCO
24 to generate the 24 MHz oscillator signal which is divided down
25 by divide-by-N circuit 30, or divide-by-M circuit 32, for providing
the OSCOUT signal at the second input of phase detector 16. Thus,
phase detector 16 monitors the phase difference between the
REFCLK clock signal and the OSCOUT signal and generates UP and
DOWN control signals as necessary for charge pump 18 to drive
30 loop node 20 and VCO 24 to maintain the predetermined phase
refationship between the REFCLK and OSCOUT signalis.
PLL 10 also includes phase monitor 36 responsive to the
REFCLK clock signal and the OSCOUT signal for comparing the
phase difference and generating a true DETECT signal if the phase
35 difference occurs within a predetermined TIMESLOT window as
established by divide-by-N circuit 30. The DETECT signal is false
if the phase difference between the REFCLK and OSCOUT signals




voltage at loop node 20 in the vicinity of that needed for the 24 30 M&
oscillator signal fromVCO 24 such that if and when the REFCLK1 and/ or
REFCLK2 cl ock signals return, PLL 10 can re- achieve phase |ock as rapidly
as gpossible. The RC CLK clock signal is geperated locally on chip and,
therefore, known to be good, stable and vePy reliable. There is a high
probability that at |least 35 one of the three input clock signals is
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continued operation of PLL 10. Since the external circuitry (not
shown) generating the REFCLK1 clock signal is separate and
distinct from that generating the REFCLK2 clock signal, the
25 likelihood of both REFCLK1 and REFCLK2 ciock signals becoming
invalid at the same time is relatively low. However, should such a
condition occur, the RC_CLK clock signal is routed through
multiplexer 12 to phase detector 16 for maintaining a nominal
voltage at loop node 20 in the vicinity of that needed for the 24
30 MHz oscillator signal from VCO 24 such that if and when the
REFCLK1 and/or REFCLK2 clock signals return, PLL 10 can re-
achieve phase lock as rapidly as possible. The RC_CLK clock signai
is generated locally on chip and, therefore, known to be good,
stable and very reliable. There is a high probability that at least
35 one of the three input clock signals is operating to drive PLL 10.
Before preceding with a detailed description of the circuit
structure of PLL 10, it may be helpful to understand the logical



Continuing onto FIG 3, if the REFCLK1 clock signal fails the initial check
at step 54, or fails to recover in the allotted tine at 35 step 64, the

| ogic checks the validity of the REFCLK2 cl ock signal in CHECK REFCLK2 step
70.¢An invalid REFCLK2 cl ock signal return% PLL 10 to step 52 allow ng the
| oop to mai ntain nom nal -8 - operation‘with the RC_CLK cl ock signa
until such time as one or both input clock signals REFCLK1/ REFCLK2 return.

S PLLE Tt bt b o T e g 1L
step 72, CHECKRERGIDACEDE N8 ShncChioalgk SENA GIaTi dhRcseerlan otk

ZI gng: unt |hI #LL nvaGal IBemramgSto Fl@:t 2ctieel selegtioreiprocess Fﬂﬂg‘iﬂs\)m'ndst ep 78
' FRt n.
X S&f%&ékﬁ%ﬁ*‘%’ﬁw@g SeBradifhbed %S!%Jﬁfm%gf ip i}:'@a%héﬁe%%g%ﬁ&c

10 cycl es5 REKGLGR eTR REEOVERAC Systaragr AERIVEr e
ot urns szci‘f‘Dg'?EL ath BaoRames i e*ﬁ'f o Bl e ya h'ﬁélé*ﬁ'%fifed
Lt The REFOD anth QoS PTL 18056 ain thareta.o TBhix Hie.ve!tRaeret I90% 1
the REFCLK2 clmyde 200 nadvesREd @ fbrimal RIAGE dl65KED thiat mdktad:tfor tlset 0 step
72 t -achi cl

qui . the THerEEREapddtERCLK Sobk siards Rk, FERCLKE S04 ook
si gnal i s1ondaletebminasidhéovaliditya of vihec IREBCICKEOCslorEFSighal sarap ;frecedesfee i f
REFCLK1 h b SO,
r et ur ns cﬁﬁuﬁﬁ"%%%?*‘gp?%‘i%%r;%bze;\;g %i%‘é%?%ﬁggﬁls r§§?¢é gfad " b
| ogi c through FO! isdeek ep i1ei KBKHI

al t hough stil ImgnﬁﬂékeﬂglaMamw;hg RCLCHE @éqa&ks'dh@rrlé\io ahd begin t Rorm&k a,

there is shown further detail of redundant 25 clock selector 14 |nclud|ng
non- over | appi rﬂ;o%'i tquenerator 90 coupl ed for receiving the REFCLK1 cl ock
si gnal andsnon- oveCH&EGK REECA4 gtepe 68t conttliousipimeshitars thecBERCGIK he

REFOLK2 ol ock ahRLinndbr e e AR Liafls JeB5RLReS. 80 EnSniac!

provi de conpl ntary outpu e operating I n- phase
with the respddt©fd Mt stepo6R @sgh@ls ahargmgumﬂattmgwamtalnfloppae@derom

guser arors"od B8 In RO gl ks ALORRT IO Rkt
Thesane. &1 o GHIREYe A Nulegs JbanoFOvR B RaChRoYieeL iéﬁghﬁK
circuit 940di VRECOVERSStep B4 verifiecotle rechverg offtheoRERGLKalbol c! ock
gener at or  oF, [ bn&l 8l PrBleBabo REFERK PHASEY GERESRIH 86 Unith
returns the loop to CHECK REFCLK1 step 60 if PLL 10 is still phase
locked with the REFCLK1 clock signal. The logic assumes that by
floating loop node 20, VCO 24 keeps operating at substantially the
25 same frequency for at least seven periods of the RC_CLK clock
signal. Thus, if the REFCLK1 clock signal recovers quickly, PLL 10
can continue operating at step 60 where it left off. Otherwise, if
PLL 10 is not phase locked with the REFCLK1 clock signal, REFCLK1
PHASE LOCKED step 66 returns to step 56 to re-achieve phase lock.
30 |If the REFCLK1 clock signal does not recover quickly, the logic
returns to step 54 to verify that the REFCLK1 clock signal is
indeed defective.
Continuing onto FIG. 3, if the REFCLK1 clock signal fails the
initial check at step 54, or fails to recover in the allotted time at
35 step 64, the logic checks the validity of the REFCLK2 clock signal
in CHECK REFCLK2 step 70. An invalid REFCLK2 clock signal
returns PLL 10 to step 52 alliowing the loop to maintain nominal




64 KHz to valid REFCLK1 detector 98. Likew se, divide-by-64 -9 - circuit
100°recei ves the output clock signals of non-overlapping clock generator 92
and applies the resultant 64 KHz REFCLK2 DIV signal to valid REFCLK2
detgctor 102. Redundant clock sel ector 14 also includes RC oscillator 104 5
for providing a CLK_A signal and a CLK B sifgnal to valid REFCLK1 detector
98 and to valid REFCLK2 detector 102. The CLK:-A and CLK B signals are also
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REFCLK1 has been operating for at least seven RC_CLK periods and,

20 if so, returns control to steps 56-60. An invalid REFCLK1 clock
signal brings the logic through step 70 back to step 52 where it
cycles waiting for repair, although still operating with the
RC_CLK clock signal.

Turning to FIG. 4, there is shown further detail of redundant

25 clock selector 14 including non-overlapping clock generator 90
coupled for receiving the REFCLK1 clock signal and non-
overiapping clock generator 92 coupled for receiving the REFCLK?2
clock signal. Non-overlapping clock generators 90 and 92 each
provide complementary output clock signals; one operating in-

30 phase with the respective input clock signal and one operating
out-of-phase from the input signal. The output clock signals of
non-overlapping clock generators 90 and 92, such as REFCLK1 and
REFCLK1, are never logic one at the same time. The same is true
for REFCLK2 and ReErcLK2. Divide-by-64 circuit 94 divides the

35 output clock signals of non-overlapping clock generator 90 for
providing a REFCLK1_DIV clock signal operating at approximately
64 KHz to valid REFCLK1 detector 98. Likewise, divide-by-64




-10- REFCLK1 cl ock signal to transition to |ogic zero. The logic zero
REFCLK1 i nput cl ock signal produces a |logic one at the second i nput of NAND
gate 126. However, the output of NAND gate 126 cannot change to logic zero
until the in-phase REFCLK1 clock 5 signal, switches to | ogic zero. Hence,

t he REFCLK1 cl ock signal remains |ogic z&0 unt i | I n- phase REFCLK1 cl ock
signal becones logic zero since the latter provides the second | ogic one at
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REFCLK1_TI VEHos| walid RERE siatectornAB. gate 154 is coupl ed through
i nverter 156 to t [ i NFFaahe ) $hall MER
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input of the S8FE GANQK A9 Shave WllGh lm@m_ NBrogte 140 NnanD
gate 164 20 having a first input coupled for receiving the REFCLK1 input clock
signal and an output coupled through inverter 122 for providing the
in-phase REFCLK1 clock signal. The output of inverter 122 is also
coupled through inverter 124 to the first input of NAND gate 126,
while the second input of the same receives the REFCLK1 input
25 clock signal complemented by inverter 130. The output signal of
NAND gate 126 drives inverter 132 for providing the compiemented
REFCLK1 clock signal which is also applied through inverter 134 to
the second input of NAND gate 120.
When the REFCLK1 input clock signal is logic one, the in-
30 phase REFCLK1 clock signal is also logic one which produces logic
zeroes at the first and second inputs of NAND gate 126. The output
of NAND gate 126 is logic one and the REFCLK1 clock signal is logic
zero. The first and second inputs of NAND gate 120 are thus logic
one and its ouiput is logic zero leaving the in-phase REFCLK1 clock
35 signal at logic one as per the initial condition.
As the REFCLK1 input clock signal falls to a logic zero, the
output of NAND gate 120 becomes logic one forcing the in-phase



recei ves the REFCLK1_FAIL signal and the REFCLK2_TI MER signal 5 and

provi des an out put signal through inverter 166 to the first input of NOR
gate 168. The second and third inputs of NOR gate 158 receive the output
signal of NOR gate 168 and the SYSTEM RESET signal. The output of NOR gate
158 is coupled to the second input of Ncﬁfbate 168 and to the first input
of NOR gate 170. The 10 output of NOR gate 168 is coupled to the first
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gate 200. Inveirter 202 has | nput coupl ed to the output of NOR g?at 160
and an out putc'@epgeReriof i rst input of 5 NAND gate 200 and to the
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between input of inverter 136 and node 144, and resistor 1486 is
coupled between the input of inverter 138 and node 144, while
capacitor 148 is coupled between the input of inverter 140 and
25 node 144. Inverters 136-140 in combination with resistors 142
and 146 and capacitor 148 form a monostable multi-vibrator for
generating the RC_CLK clock signal at the output of inverter 140
operating at 500 KHz + 20%, depending on the tolerances and
temperature coefficients of resistors 142 and 146 and capacitor
30 148. The RC_CLK clock signal is applied at the input of non-
overlapping clock generator 150 for providing the CLK_A and
CLK_B signals in a manner as described for non-overlapping clock
generator 20 in FIG. 5.
Referring to FIG. 7, clock selector 112 includes NAND gate
35 154 having first and second inputs coupled for receiving
REFCLK2_FAIL signal and the REFCLK1_TIMER signal. The output of
NAND gate 154 is coupled through inverter 156 to the first input




transi stor 210. The gate of transistor 210 is coupled for receiving the
CLK;A signal while its source is coupled through 10 inverter 212 to the
second i nput of NAND gate 200. The output signal of NAND gate 194 is the
RESQETFDET signal. Turning to FIG 8, valid REFCLKL detector 98 is shown in
further detail including 7-bit shift.regrdtler 214 coupled for receiving the
CLK_A and CLKB signals. The nost significant bit 15 of shift register 214
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to the drain of transistor 184. The gate of transistor 184 is
coupled for receiving the CLK_A signal and the source of the same
is coupled through inverter 186 for providing the REFCLK1_SELECT

25 signal and again through inverter 188 for providing the
REFCLK2_SELECT signal.

Clock selector 112 also includes a clock status circuit 190
for generating a RESET_FDET signal which removes the true lock
status from lock detector and float circuit 38 upon detecting a

30 switch between the REFCLK1, REFCLK2 and RC_CLK clock signals.
NAND gate 192 receives signals from the output of inverter 156,
the output of NOR gate 168 and the REFCLK2_SELECT signal. The
output of NAND gate 192 is applied at the first input of NAND gate
194. NAND gate 196 receives signals from the output of inverter

35 166, the output of NOR gate 158 and the REFCLK1_SELECT signal
and provides an output signal to the second input of NAND gate
194. A third input of NAND gate 194 receives a RESET_FLOAT



second inputs of NOR gate 270, the output of which is applied at the first
i nput of NAND gate 272. The first and.second inputs of NOR gate 274 are
coupled to 15 the drains of transistors |ike 222 and 226, respectively, of
eagh of bits 0-6 of shift register 214. NOR gate 274 issues a logic zero if
bits 0-6 of shift register 214 fill with-al1d-1ogic zeroes, or all logic
ones, indicating a stuck-at-zero, or stuck-at-one, condition for the
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transistors 222 and 226 are coupled through resistors 230 and
232, respectively, to power supply conductor 236 operating at a
positive potential such as VDD. The sources of transistors 222
25 and 226 are coupled to power supply conductor 238 operating at
ground potential.
The most significant bit of shift register 214 is provided at
the output of inverter 224. Bit 0, bit 1, bit 2, bit 3, bit 4 and bit 5
of shift register 214 follow a similar construction as described
30 for bit 6. The outputs of bit 6, bit 5 and bit 4 of shift register 214
are coupled to the inputs of NAND gate 240 and to the inputs of
NOR gate 242. The output of NAND gate 240 is coupled through
inverter 244 to the drain of transistor 246, the latter of which
includes a gate coupled for receiving the REFCLK1_DIV signal and a
35 source coupled through inverter 248 to the first input of AND gate
250. The output of inverter 248 is also coupled through inverter

254 and through the drain-to-source conduction path of transistor




deactivated to logic zero although the logic one at the output of NOR gate
168" maintains the |ogic zero state of NOR gate 158 whi ch passes through
transi stor 178, inverters 180 and 182, and transistor 184 during one period
of the RC_CLK clock signal under 20 control of the CLKA and CLKB signals.
The  out put of inverter 186 remains high f-dr3a true REFCLK1L_SELECT si gnal
whi | e t he REFCLK2_ SELECT si gnal |s false at logic zero. NOR gate 170

recei ves all roes produ a true o) f CTl VE
signal and a Iﬁ g’afgréof@fe e @Y@'Z@Frlé\?%gzgrhé]e%glr of ;}E%ﬁiﬁg&@‘*é
REFCLK2_ACTI Vis scaqusledr torehesfiest dn@gartoofzéﬂ\ti)bmieu%Boandhﬁ\rDughclrWﬁéte&t t he

ggf 23% o(r)f 14 |ﬁ§%%1tﬁ|§v3%€6ﬁ%e'h@gﬂ@q %éf(eatzsoagﬁid it ?%I"Eéjﬁﬁtte ijock xer 12

|t
and al | ow PLL tnamsuetqrozﬁ2t hdhet outyg of NOR Q@t& gh2 cI%é’QUg eéfuﬁﬁ tﬁf‘ﬁr (A

;gg tnggE ?;}_ g:’gggl Adiile 7er gearéé a8 bbepm: RbEouwdh Imvertber26456t
om ate

168. Li kewi se to s&&PBdlwqte%afn%/@ 9%& gggergbg Py (1)1uft P@Lﬁr&hb\% 8

inverter 166 aplipglbd thopigh dhveiilr 86 drsd, thaougl thegidraBbteseurcem t he

REFCLK1 SELECT s e c t he
out put of mvcﬁq@éw \zﬁlfi)th OW%gggﬁo%%g k}%{&ﬁe{’oeﬁpé l'ﬁﬂ*t Pg\rllg\r’ fatrgm212
TheI RESETFLOARG#A.gngihei gates of tmnslsmrs Zéﬁoaradm@&aw@reu&;w@lesf Qfverter 198
is logic e. | t 1 echdhdsc on nd the
RESET _ FDE B rélck\jﬁﬁ ﬁ]i Hzél alé&gu g%%r ?g%@ysglse totP?%@%Etg?hé

noni tor the héHJtPH $)f° %@%@Féﬁ(ﬁo&\p& itgl tiefies 5 REFCLK1
cl Oclk si gnal ls‘eciﬂ‘ld ﬁnp@tisoof rN@hagat@rzmomf ];elmmuhtaoyfvmloblqspaﬁpbad at non-
overl apping c ner at.or n urther frequency divided b
circuit 94 prcﬁ&cf {WPéJtR%&%g’k@bo % %Eg operat i ng atq64 Kﬁz with a 5)(;%
duty cycle. Likewi sBhetfirst REERCSERODt inpul® of NQFhigate /4 iareieaup led-thase

d I h
and SO, ﬁg‘;gtetﬁgag#w | " RaRSisi o0 200 BRA Do6C BEaBRVBNS! OF cBenans

applied to valbits FQEﬁCQf(ZSfHﬁt ergister184. R@FQRnI ?&74FI'-‘E§UQ$ g HOIREFRIKI! DI v

signal is clo 1 b f f d
AR sional Sqlg?@' 048 of Fsmft fégx@té? 2 il reieh Séler!oék‘l mob@e 6LKlA an

rom 0SC t t high, stat
si gnal enabl es'oﬁ'(én%%?or'l"gf% g{%s@ nﬁt‘{qlu‘ea{ IGéFQ:' 5’:‘52 fake f(??ﬁl v@i‘ﬁh@oﬂ
where it is infoerthed RERCDKSsPiVidignabh Theaostmutoof NEIR dgatend74 s coupled

subsequent, firat 0 AR 3hA! fapdh dRAND-dhe' 872) and"tABSbEfpt APRAND gate

272 is coupled to the input of NAND gate 278 and to the drain of
transistor 280 which includes a gate coupled for receiving the
CLK_A signal and a source coupled through inverters 282 and 284
for providing the REFCLK1_ERROR signal. The second input of NAND

25 gate 278 receives the REFCLK1_SELECT signal from clock selector
112 and provides the REFCLK1_FAIL signal through transistor 286
and inverter 288. The gate of transistor 286 also receives the
CLK_A signal. Valid REFCLK2 detector 102 includes similar
components as described for valid REFCLK1 detector 98 for

30 monitoring the REFCLK2 clock signal.

In relating the flow chart of FIGs. 2 and 3 to the schematic
and block diagrams of FIGs. 1 and 4-10, first consider a power-on
reset operation initiated by asserting the SYSTEM RESET signal.
Turning to FIG. 7, the REFCLK1_TIMER signal and REFCLK2_TIMER

35 signal are initially logic one while the REFCLK1_FAIL signal and
REFCLK2_FAIL signal are logic zero for a logic one at the output of
NOR gate 160. The outputs of NAND gates 154 and 164 are logic



20 _turned off by the low signal at its gate while transistor 226 is turned
y inverter 224. The drain of transistor 226 pulls the second i nput of

NOR gate 274 to logic zero at power supply conductor 238. Wth REFCLK1 DIV

opegating at 64 KHz (7.8 microseconds in the high state) and the CLK_A and
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| ogi ¢ one at tFR]EFMSELEC signal is false at logic zero. NOR gate 170
receives all logic zeroes producing a true logic one for the
REFCLK1_ACTIVE signal and a logic zero for the RC_CLK_ACTIVE
25 signal. The REFCLK2_ACTIVE signal remains at logic zero because
of the logic one at the output of NOR gate 168. Thus, the default
state for redundant clock selector 14 is to activate the REFCLK1
clock signal through multipiexer 12 and allow PLL 10 to lock ‘
thereto.
30 As for clock status circuit 190, NAND gate 192 receives
logic zeroes from the output of inverter 156 and the
REFCLK2_SELECT signal, and a logic one from the output of NOR
gate 168. Likewise, NAND gate 196 receives logic zeroes from the
output of inverter 166 and the output of NOR gate 158, and a logic
35 one from the REFCLK1_SELECT signal, while NAND gate 200
receives a logic one from the output of inverter 202 and a logic
zero from the output of inverter 212. The RESET_FLOAT signal is




of NAND gate 278. The next high state of the CLKA signal passes 25 the
Ioglc zero at the output of NAND gate 272 through transistor 280 and the

| ogic one at the output of NAND gate 278 through transistor 286, yielding
| ogi c zeroes for the REFCLK1_ERRCR signal and the REFCLK1_FAIL signal and
i ndi cating a valid REFCLK1 clock signal. -REFCLK1 timer 108 inverts the
REFCLK1 ERROR 30 signal for providing a | ogic one REFCLKL TINER signal at
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again indicating a va
J tu?ned on by inverter 224. gram of transistor 226 pulls the

second input of NOR gate 274 to logic zero at power supply
conductor 238. With REFCLK1_DIV operating at 64 KHz (7.8
microseconds in the high state) and the CLK_A and CLK_B signals

25 operating at the low end of 500 KHz - 20% (2.5 microsecond
period), shift register 214 clocks in at least three logic ones
worst case into the most significant bits thereof during the high _
state of the REFCLK1_DIV signal. Bit 5 and bit 4 of shift register
214 behave in a similar manner as described for bit 6 such that at

30 the end of three periods of the RC_CLK clock signal, logic ones
appear at the inputs of NAND gate 240.

Assuming the REFCLK1 clock signal is valid, operating at the
desired 4.096 MHz, bits 0-3 of shift register 214 contain logic
zeroes at the outputs of inverters like 224 from the previous low

35 period of the REFCLK1_DIV signal. Transistors like 222 of bits 0-
3 are conducting, pulling the first input of NOR gate 274 to logic
zero. Thus, between bits 0-6 of shift register 214, the first and



As the REFCLK1_DIV signal transitions to |logic one, the signal path through
trahsi stor 262 is disabl ed whereby feedback 30 transistor 268 |atches the
| ogic one state of NOR gate 242 at the input of inverter 264 and its

conpl enent at the second input of AND gate 258. The first input of AND gate
258 becones | ogic one al though its output-¥@mins | ogic zero because the

| ogic zero state of inverter 264. Hence, the validity of the |ow state of
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zero at the first input of NAND gate 278. The REFCLK1_SELECT
signal is initially a true logic one following the SYSTEM RESET
signal as previously described, producing a logic one at the output
of NAND gate 278. The next high state of the CLK_A signal passes
25 the logic zero at the output of NAND gate 272 through transistor
280 and the logic one at the output of NAND gate 278 through
transistor 286, yielding logic zeroes for the REFCLK1_ERROR .
signal and the REFCLK1_FAIL signal and indicating a valid REFCLK1
clock signal. REFCLK1 timer 108 inverts the REFCLK1_ERROR
30 signal for providing a logic one REFCLK1_TIMER signal at the
second input of NAND gate 154 of FIG. 7.
As the REFCLK1_DIV signal transitions to logic zero, the
signal path through transistor 246 is disabled whereby feedback
transistor 256 latches the logic one state of inverter 244 at the
35 input of inverter 248 and its complement at the first input of AND
gate 250. The output of inverter 260 becomes logic one although
the output of AND gate 250 remains logic zero because the logic



Lock detector and float circuit 38 also includes 7-bit shift register 300
for® detecting any phase shift in the REFCLK clock 35 signal after
nonentary glitches. Shift registers 290 and 300 follow a sim | ar
congtruction as described for shift register 214 of FIG 8. The DETECT
signal is applied at the reset input of shil f/t- -19- register 300, while
its data input is coupled for receiving a | ogic one from power supply
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he next high state of the CLK_A signal passes the logic zero

at the output of NAND gate 272 through transistor 280 and the

logic one at the output of NAND gate 278 through transistor 286,

25 yielding logic zeroes for the REFCLK1_ERROR signal and the
REFCLK1_FAIL signal and again indicating a valid REFCLK1 clock
signal.

As the REFCLK1_DIV signal transitions to logic one, the
signal path through transistor 262 is disabled whereby feedback

30 transistor 268 latches the logic one state of NOR gate 242 at the
input of inverter 264 and its complement at the second input of
AND gate 258. The first input of AND gate 258 becomes logic one
although its output remains logic zero because the logic zero state
of inverter 264. Hence, the validity of the low state of the

35 REFCLK1_DIiV signal is checked at the positive-going transition
thereof.

A similar process occurs simultaneously in valid REFCLK2




applied at the gate of transistor 316. The source of transistor -2 0 -
316 is coupled to power supply conductor 238 and the drain of transistor
316 is coupled to | oop node 20 for discharging loop filter 22. The FLOAT
cogptrol signal is applied through |nverter 322 to the second inputs of NAND
gates 304 and 310. 5 When t he FLOAT §|gnal is logic one, the UP
control signal and DOWN control signal are disabled since the outputs of

NAND gat es SOdet@&cbr?ﬂ:@zr engs NoAl é@gsmﬂow?ustéreneémm sablalrp REEOEKEZ ors

306 d 316. I C b he UP | |
and ?)QN\N conta%le clor ﬁ‘gé:ﬁ?A?ﬁsaﬁBte%fﬁﬁa‘?ﬂ %%'gl tBﬁet?o loWCCP (rjo tzgl gzgh

that it fl oatIeasAlthweldbgicy zesioksdgironzdhe REGCIU@  golv sagmm;vstheheutplgl c

t at f th t and th h
NAND gat es. 3039085 WNE'%?.@ R A T g T A
charge and di ¥enBERC Sidd=CPosigns! at logicreergs AheputputrpENA [ggﬁiﬁ‘- der
the case whergy h:%rREE\@LEi 164RCongl 9?@%% Sthé REFCI962ISFARL fRER{LKL

di T1er ence L?'@{x’@gﬁ;th@ ReRwilehaf Mﬁcﬁ%%% SoEER WL BRUUTRSed

‘(;'I NES:_OT WItEdR\Etff@t[KZ doclefsigmeall od | ong tenough for thE DETECT 20 sbgg\/gwto
step 64 The |oghc Do %%%a&%%%?@ e BEISAKT (bt Shalhace oos
and NOR dei-e Bfthldr(Ee@oches:gmlx wgemlPutom/OaaudtgmeratBSTasiogmmneo | ogi
one, floati “%%@?‘i*%é@gﬁp ﬁ(ﬂgggllllg t'nb %)gzaéb’ lockB8. DEFECE?FEE‘?'S@E&P

Fenoves reset Inning I1ts countin équence

| f the REFCLKREMRashighyRs langhes Hbﬁ:phasepq @éen%é)er_tmeeﬁr@ {:ﬁg%ﬁ FBt urns

S gnal di sabl g e S R AL | etk Y and. ¢ he
| |

FL%AT signal is reﬁb@gg%aﬁ(;&n ﬁ@nﬁ_l_'SS%Opii%?% '(%ktq%f’i&f Bg @?%ﬁg wher e

it left off, aicpier38 lehown dk FHSo®er \Shifb cegister 290 steepives2 tite BETECT 2.

AlternatelV, Ligralie RFRREKS M PE@@@@K f&g@%«%w&w% té,vmgmﬁgeoDETECT

signal remains¥ o0gic zero sin E

wher eby the plspreviging &Mlbeﬁb.beﬁ) EeS'QEIBtLa{ efnghifligoun seyeal logimt i nues
to extend beygﬁg [DE?E-U'M:S%-@SW gl is e Ca88WIReP D rdEing fin t hieadilddiK

signal, a T e ALL_ONE signal is applied at the set input of flipflop 292,

20 while the reset input of the same is coupled to the output of OR
gate 294 which is responsive to the RESET_FDET signal and the
RC_CLK_ACTIVE signal applied at first and second inputs thereof.
The Q-output of flipflop 292 is coupled to the first input of AND
gate 296, while its g-output is coupled to the first input of NOR

25 gate 298. The Q-output of flipflop 292 is logic one for normal
operating condition after the ALL_ONE signal has switched to logic
one. The output of AND gate 296 provides the LOCK signal, and the
output of NOR gate 298 provides the FLOAT signal. Either the
RESET_FDET signal or the RC_CLK_ACTIVE signal can reset flipflop

30 292, thereby setting the LOCK signal and the FLOAT signal to logic
zeroes.

Lock detector and float circuit 38 also includes 7-bit shift

register 300 for detecting any phase shift in the REFCLK clock

35 signal after momentary glitches. Shift registers 290 and 300
follow a similar construction as described for shift register 214
of FIG. 8. The DETECT signal is applied at the reset input of shift



| ogi c one RESETFLOAT signal appears at the output of shift register 300
where it is conplenented to a logic zero by inverter 198 of FIG 7. The
out put of NAND gate 194 becones |ogic one, returning through OR gate 294 of
Fl@ 9 and producing a logic one 5 at the reset input of flipflop 292. The
Qoutput of flipflop 292 resets to logic- 3&-0 and the Q output to logic
one, forcing both the LOCK signal and the FLOAT signal to false logic
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with the REFCLK1 clock signal, the DETECT signal immediately
becomes logic zero because the phase difference between the
REFCLK and OSCOUT signals extends beyond the TIMESLOT window,
25 thereby forcing the LOCK signal to logic zero and the FLOAT signal
to logic one. The FLOAT signal is applied to charge pump 18 to
disable the charging and discharging of loop node 20.
An example of charge pump 18 is shown in FIG. 10 mcludtng
inverter 302 having an input coupled for receiving the UP control
30 signal and an output coupled to the first input of NAND gate 304.
The output signal of NAND gate 304 is applied at the gate of
transistor 306 which includes a source coupled to power supply
conductor 236 and a drain coupled to loop node 20 for charging
loop filter 22. The DOWN control signal from phase detector 16 is
35 applied through inverter 308 to the first input of NAND gate 310.
The output of NAND gate 310 is complemented by inverter 314 and
applied at the gate of transistor 316. The source of transistor



5 turning on transistor 262 via inverter 260. The | ogic one at the output
of inverter 260, in conbination with the |logic one at the output of

i nverter 248 produces a |logic one at the output of AND gate 250 and a logic
zero at the output of NOR gate 270. The aqutput of NAND gate 272 goes high
and the output of NAND gate 10 278 becaﬁgg'loglc zero. The REFCLK1_ERROR
and REFCLK1 FAIL signals both switch to | ogic one indicating an invalid
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mal functi on, 't FCLK1_TI MER signal maintains its 35 logic zero state.
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REFCLKZ cl ockgpirgiiak1 Witk REECOVERY Qb5 64! £id Wgic Yerd BETECT signal at
the second inputs of AND gate 296 and NOR gate 298 forces the
LOCK signal low and the FLOAT signal to logic one, floating loop
node 20 to hold it steady. The DETECT signal also removes reset
25 from shift register 300 beginning its counting sequence. |If the
REFCLK1 clock signal comes back in-phase, the DETECT signal
returns to logic one, resetting shift register 300 and keeping the
RESET_FLOAT signal disabled at logic zero. The LOCK signal
returns to logic one and the FLOAT signal is removed allowing PLL
30 10 to continuing operating where it left off, as per the quick
recovery procedure in steps 62-66 of FIG. 2.

Alternately, if the REFCLK1 clock signal recovers out-of-
phase, the DETECT signal remains logic zero since charge pump
35 circuit 18 is disabled, whereby the phase difference between the
REFCLK and OSCOUT signal continues to extend beyond the
TIMESLOT window. After seven periods of the RC_CLK signal, a



I ssuing true REFCLK2_FAIL and REFCLK2 ERROR signals follows 10 step 70 of
FIG 3. The output of NOR gate 168 switches to logic zero producing a logic
one at the output of NOR gate 158. NOR gate 174 thus receives all logic
zeroes changi ng the REFCLK2_ACTI VE signal_to logic one, while NOR gate 170
receives a logic one fromthe output of KRR gate 158, disabling the
REFCLK1 _ACTI VE signal. 15 Muiltipl exor 12 switches to the REFCLK2 cl ock
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would not mduce a swutch between the redundant clock signals
REFCLK1 and REFCLK2 since the lower frequency (64 KHz)
REFCLK1_DIV signal requires a longer period of continuous failure
25 than aforedescribed. In the present example, the higher frequency
of the invalid REFCLK1 clock signal extends the phase difference
between the REFCLK and OSCOUT signals beyond the TIMESLOT
window, causing the DETECT signal to drop low. PLL 10 attempts
the quick recovery procedure in step 62-66 described above;
30 however, since the FLOAT signal has disabled charge pump 18, VCO
24 cannot adjust to the higher frequency whereby the DETECT
signal remains logic zero.
The REFCLK1_DIV signal follows the higher frequency of the
invalid REFCLK1 clock signal such that only two logic ones shift
35 into bits 5 and 6 of shift register 214 during the high state of the
REFCLK1_DIV signal before it transitions back to logic zero. The
"110" pattern from bits 6, 5 and 4, respectively, at the inputs of



fiyst input thereof to logic zero through transistors |like 222, while its
second input is pulled high via resistor 232. The 15 resolution of

| ow f requency detection nay by adjusted by increasing or decreasing the
wi dth of shift register 214. A technician can be notified of the problem
with the REFCLK1 cl ock signal by a front2danel failure light (not shown)
while PLL 10 continues providing the 24 Mz reference signal with the
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i nverter 156 clack ogignabne. This occurs only if the output state of the
REFCLK1 TI MER si | h | h
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zero. seven cycles of the R ciock signal. ﬂzg%uﬂ timer 108
includes a shift register (not shown) similar to shift register 300,
wherein the input signal must be logic zero for seven clock cycles
before the output changes back to logic one. Any subsequent logic
25 one failure states of the REFCLK1_FAIL signal resets the logic one
output state of REFCLK1 timer 108 and starts the seven clock
count again. A momentary glitch of the REFCLK1 clock signal
would most likely not be detected by this logic since the 4 MHz
base clock signal is divided down 64 times to the REFCLK1_DIV
30 signal. If the failure of the REFCLK1 clock signal recovers and the
REFCLK1_FAIL signal reverts to logic zero and stays there, the
REFCLK1_TIMER signal returns to logic one indicating the REFCLK1
clock signal is again valid. Otherwise, if the REFCLK1 clock signal
continues to malfunction, the REFCLK1_TIMER signal maintains its
35 logic zero state. Therefore, the REFCLK1_TIMER and the
REFCLK2_TIMER are recent history status indicators that the
respective input clock signals have been valid for at least seven



Once detecting an invalid REFCLK2 clock signal, it is necessary to renove
thé | ock status and force PLL 10 to re-lock to 25 the REFCLK1 cl ock
signal. The logic one at the output of inverter 156 conbines with the |ogic
one at the output of NOR gate 168 and a | ogic one fromthe REFCLK2_SELECT
signal before the latter changes state. ¥Re84ogic zero at the output of
NAND gate 192 produces a | ogic one RESETFDET signal to reset flipflop 292

of 30 FIG 9 and. e et nal, . PLL 10 re-achi eves phase lock to
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The output of mverter 186 switches to a Ioglc zero for a false

20 REFCLK1_SELECT signal, while the REFCLK2_SELECT signal is a
true logic one.

As noted above, all four inputs of NAND gate 194 are logic
one and the RESET_FDET signal is logic zero for normal operation.
Once detecting an invalid REFCLK1 clock signal, it is necessary to

25 remove the lock status and force PLL 10 to re-lock to the REFCLK2
clock signal. The output of inverter 166 becomes logic one with
the REFCLK1_FAIL signal which combines with the logic one at the
output of NOR gate 158 and a logic one from the REFCLK1_SELECT
signal before the latter changes state. The logic zero at the

30 output of NAND gate 196 produces a logic one RESET_FDET signal
to reset flipflop 292 of FIG. 9 and remove the LOCK signal. PLL 10
achieves phase lock to the REFCLK2 clock signal.

Another failure scenario invoives a low frequency REFCLK1
clock signal, wherein the high state, or low state, of the REFCLK1

35 clock signal is greater than seven periods of the RC_CLK signal.
The REFCLK1 clock signal may even be stuck-at-one or stuck-at-
zero (DC). For a stuck-at-one fault, the logic ones from the



5 W claim 1. A met hod of selecting between first and second input clock
signals applied to a phase |ock | oop (PLL), conprising the steps of:
checking validity of the first input clock signal by counting pulses of 10
a first reference signal during first and second states of one period of
the first input clock signal and | ocking-24e PLL to the first i-nput clock
signal if valid as indicated by a predeterm ned number of pulses of said
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Assuming repairs are made to the REFCLK1 clock signal, the
REFCLK1_ERROR signal drops low and the REFCLK1_TIMER signal
return to logic one following seven periods of the RC_CLK signal.
Further suppose the REFCLK2 clock signal now has problems and
25 drifts too high in frequency such that CHECK REFCLK2 step 76
fails. PLL 10 attempts the quick recovery procedure in step 78-82
described above; however, since the FLOAT signal has disabled
charge pump 18, VCO 24 cannot adjust to the higher frequency and
the DETECT signal remains logic zero. The REFCLK2_DIV signal
30 follows the higher frequency of the invalid REFCLK2 clock signal
and causes the REFCLK2_ERROR and REFCLK2_FAIL signals both



operating out-of-phase frombefore the failure of the first input clock
sighal . 5. A net hod of selecting between first and second input clock
signals 25 applied to a phase | ock |oop (PLL), conprising the steps of:
checking validity of the first input clock signal by determ ning duration
of a period of the first input clock sign@5and |ocking the PLL.to the
first input clock si gnal If valid; swtching to the second input clock
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transistor 184 during one cycle of the CLK_A and CLK_B signals.

20 The output of inverter 186 switches to a logic one for a true
REFCLK1_SELECT signai, while the REFCLK2_SELECT signal is a
false logic zero.

Once detecting an invalid REFCLK2 clock signal, it is

necessary to remove the lock status and force PLL 10 to re-lock to

25 the REFCLK1 clock signal. The logic one at the output of inverter
156 combines with the logic one at the output of NOR gate 168 and
a logic one from the REFCLK2_SELECT signal before the latter
changes state. The logic zero at the output of NAND gate 192
produces a logic one RESET_FDET signal to reset flipflop 292 of

30 FIG. 9 and remove the LOCK signal. PLL 10 re-achieves phase lock
to the REFCLK1 clock signal.

For the unlikely situation where both the REFCLK1 and

REFCLK2 signals are invalid, the REFCLK1_TIMER and
REFCLK2_TIMER signals are both logic zeroes and the output of NOR

35 gate 160 is logic one. The outputs of NOR gates 170 and 174
become logic zero and the RC_CLK_ACTIVE signal is logic one. The
RC_CLK clock signal is routed through multiplexer 12 and drives



8., The phase lock loop of claim7 wherein said second neans 5 includes
an oscillator circuit for generating an oscillator signal which is applied
at athird input of said first means, said oscillator signal being routed
to,said output of said first neans in response to a third control signal
when said first and second input clock sighftFs are invalid. 10 -9. The
phase | ock |loop of claim8 wherein said first neans includes a multipl exer
circuit havin i , Ngnt li i Bp ) i fA kSt
“nput bei ng oaigl B8P aF BBl Ba AL ER 20T ﬁ?ﬁﬁ‘ﬁ&f@%@%&ﬁ@ﬁ'?
second i nput Besatp dirfiar@92andecemeveg e LOLHE gianahnpod BeoEkOAnal
said third i npgngeanewesyPPed {0rtor aem tbNtheSHG OBKI sigakpr 15 signal,

sai d out put providi the first digital, signal of L.in,re 0
said Tiror Second Wheh Gne Bt ihuttsighk has RERGLKTabd/drREREIIER o
ﬁl ai m 9 wher eibecoanes sealicthagaan thé wutpet ofnNORIgate al 60 rreturnisotok Iwinelr at o(r]I

aving an inp o far.r | S : i gnal an
having first algne _Ssé@o%iégt.%dgga \(é[nrégra(%)\c}lhgi ﬁ]lgsqf[%{sjfbgnrgggt.e%%ag&@%
non- over | appi MhishodR spgrinatios awithf thestoneomt theeseepnd rigrut ®lkthel gnal
non- over appi harat, #16185°8 Baic g8ko b itie F0RK, iRl f NAND gHe PO and,
Trst Enpat Pcideaiss gna) BEBETPEDET Honals: tieagein jodet daon 292,
having finst dndudagom® IFUOQAT sigwall df lbgic zeeeiso tisatsPLU fOr e&n aadjusecond
2 Tirst froquatynd SERSR] quREReake clopf signal TREIG0R ERaC AR Y cui -
havi ng an i npuutpotpfdORrgte 16@cisoi activadesl the rBEFCLAGTYVIE rded
cl ock si gnal p dj f | ' I n WO EET
frequency-di via‘gggql'[qg%k}\gﬁlﬁgl h@taslte%é\(ﬁrgﬁ 16 W%QBgﬁg‘évPéa% e@c? yg?ﬁd&i
pr edet er ni ned WReRIBhBLlof TG etuinS 0 Rogeak PREFALPby 5 said oscill ator
signal; and a cloc gteC ct i Y i v i
receivi ngagai d fi r??ée??b&qjsait ﬁi?lbsnedmgrb?iggianfsggi‘od ?me}g.ég(‘gﬁkregdp;i%rnal
to said mul tigNeREPrigg: tie  reruRney; of FeAURdarE iR glogksianAls 808 st gnal
IT?] i nht he ?/i ciswitghin) bacH anddfgréh rtheeebéiveepre sty uid cmmrc?rt then.other 1|1. .

e phase | oc 0 eLgln:sai.d sgepn s fu i ncludes:

a second cl oc@%‘%ﬁﬁ?al%@@@ﬂ%&?&g Iriﬁ%mr?@otﬂﬁl ggefg)r r@i‘?@iu\% héprglgild second
i nput clock sicperatiand evevi with iar §ailuned of canmdnputt plack signals lipboth dheg
third and JoourinBuRooBkCEIARAS Nehif ARK irteMIA Bscititch iMfiaii thevPLLABE! N
clock si 903l CDELSInEl bpeFaiing oguency unti ong of the (np clock signals

is restored whereby the loop can quickly re-establish phase lock.




signal, said fourthmon=overtapping cl ock signal operating—of conplenentary

phase with said sec%gﬁ&pﬁgsﬁg ac8d Onal ; a second frequemmlq

circuit having first X uts 20 coupled for rec wl"smﬂj”ﬂl"lm
Eﬂ E Hm Ii#lignal s from sai d second ckock generasor »
i videdXTock signal; and a second

angd fourth non-overla n
and providing a secon
frequency detector circuit having an i nput coupled for receiving said
second frequency-divided clock signal aggjgpgﬁiding a 25 second error

si gnal when said second frequency-divid k signal substantially
deviates from said predeterm ned frequency of operation as determ ned by

said oscillatgr si T, e i rein said
cl ock sel ect o?'ci r%?ft‘eg‘é}% i°ﬁe§%‘8§§ﬂ§ ts)ég’g%%'ll ﬁ%g&ﬁhégtgq%hg'b&%@g’& i ng

sai d second eliRKt slagiasiangis RRRA.E tg 3aplase deek leopt (RIL)siepmprisingsai d
mul ti pl exes citligustepghef sai d second frequency-divided clock signal is in

the vicinity of sai edet.erm ned. frequency, of .operation. . -29C 13. A
phase | ock | oop (PEE‘FI,%[( iesivﬁg.g'tg of the ffr?{ éﬂg%ﬁgcgoﬂg@@ﬂm@'ﬁg)the
phaseI of fi LstanahdbdéngnthediFUiLt dhergtpuif saligal s and generati Lng gn out Io:Jt
signal to charge agg,qi ode: .a t 0 o] oscl || ator
havi ng an i nput co%%@gﬁ%g?{o?gggi %gggngaﬁﬁju&ui’:%&}k g%l F}c?f() éflaﬁ'&ef st
neans and proliRithglacko signalabecomes dnvalid; apdrating at a frequency as
det er m negg by sai d | i i [ it SRS n avi ng
an i nput g%upl ed ﬁ?éﬁsgtﬁq 3!;%%3%!5{?? ﬁcﬂﬁ at%ong%t ?r om _g' ) vgé)age
control | ed os@@ QNG HedPILqinghaosacend 'ﬂpéb@glﬂystgﬂﬁletﬁfvahﬂ- provi di ng
a first divided-down signal which is 15 applied as said second digital

i nput signal 0 said fj5st NS«..a first. my tiplexer cirguit responsive to
first and secnd c&fﬁ%qh%g gﬁgf’i"'f’gr {%8?%'6% gWﬁQ{%QeH"% isﬁgP %{ﬁﬁgﬁgﬁ'ﬁd

i nput cl ock sith@avalidity pfcthe dingt apiplsesdnat irlﬂpmtsclomd cmmmilsbf $ rgothpatingr eof
for provigng i j G i saj Y s at an

out put; aﬁ% 28%1 fimie %\(@Eﬂ%@&é%ﬁé n%fn?ﬁgr?!hgkvg}llﬁdﬂ §ﬁ{ﬁé@3$d first and
second input clock signals by determ ning duration of a period of the first

| nput clock sBgnal Aaphdge (SGICIO0P! (FLIFG4HGHSI06 1 BEFIAIdR]itd) GigRgFond

i nput clock s | . sai.d third neans, activating said first con ,rop sI gnal

when said fi ri‘?’niﬁ%lﬁ’a fgcR §F‘&Ré‘% idégk?;%h iseg'éé}doaefamgiwganaaﬂxcahd

control 25 sfrpplendyeanshiin-phiase wittpusaidl fiest siigitdl sighalneaid dbhdde The

phase | o%l o%‘pflgaha'bwi%ﬁﬁrei n said third nmeans includes an oscill ator
at | C

circuit for generatlng an oS I at or sig_hal which is applied at a third
i nput of said firsfirstumeansxd2)cresponsiveatal fisst idrichtsecosidgcantrol

signals for selecting between first and second input clock signals
respectively applied at first and second inputs thereof for
providing the first digital signal of the PLL at an output; and

25 second means (14) for monitoring the validity of said first
and second input clock signals and activating said first control
signal when the first input clock signal is valid and activating

said second control signal when the first input clock signal is
invalid.
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30 being routed to said output of said first multipl exer—eiretit—
response to athird 'ﬂﬁuﬂhcml!as Bqﬂacwhen said first and se ﬂ

signals are invali d The phase | ock | oop of 1m l,lmmlmm ,')E Il
including: 5 VI ng an input coupled fdr rfeckiving said
oscil I ator signal fro sal o age cont£8 ed oscillator and di vi di ng down
the frequency thereof for prOV|d|ng a second divi ded-down signal; and a

second mul tigl exep Ehgg?”lbckeﬁ)% d&ﬁ@yﬁ’ﬁh' rd control si gnal for
con

sel ecting between_sali

I TSt si gnal
respectively appl fiEd B1eans {i6ah3) g@&d-‘rﬂinpﬁﬁﬂgs *1% f‘ﬁ ?’ to@ﬂgl ng said
s]gacolnd di %15 t 9éc¢mwlg$tagnngut Gigaralkd bpdstﬁﬁemtmgl Jagw °““i§t pﬁ@ﬁ@i It@c]lf Io?p
of claim s r{her includes afirs
cl ock gener a&gs \%nﬁaﬂ%ﬁh Fé)%ta 03&){'831 for receiving said first input
cl ock signal and aavohggeu centraled sescillataru{ ) having prvingubhgcaupled and

second non- O{{ﬁ'r }é@é}{,n%aga?&koﬁfpgﬂaﬁﬁpﬁ%fdsé?d fits ?ﬁkf(él’(serér‘?fﬁﬁrﬁgldéhgecond

si gnal opera e W th' sai sal

I npu
non- over | appOﬁ@'ﬂéFQicﬁ'%%{ngpe@%’ﬂ%tﬁ%@ %e%ﬁ‘ﬁyeﬁ’én ﬁwnﬂﬁﬁge yosaid t h said
first input eLfgnk ¢ W| ofasélur $ivstf ch divider circuit haV| ng first
and second inputs cou E&@nhv said first a‘ 8 g)r

non- over | appi ng cFBER g @ﬁéﬂ? auy Ay ﬁp%l%%‘kpﬁ n raf‘?ﬁe%'ﬁ‘@ ﬁ?&/l di ng
a first ¥o eqosaithator sided! cirook saignabitage controlled foscillatoreqaency

detector cirg dalé{ba?ﬂﬁn a{hé Wrggu%ﬁééfltﬁ%re& fBPCFﬁJo‘(/ (ﬂﬂgsﬁ' ?Lréf rd?}t'!dmﬁen sai d

frequency-di Vi g
first f requedcwrdlsmm@'dwh!%klssagﬁheds@%s& t$eaor;d dhgitat eepui'rr signal to
predet erm ne Sdmn%é}f s:operation as determ ned by said oscillator

signal; and f{ﬁ sel ect or c uit having a first rKgUt coupl ed
for receiving sai @& F"’ﬁstmé tRpxer geissUiL G 2§r SOSRPASIVEata firsts@nchnt r ol

S: gnEI tos s?sécbnﬂSt:omrbllsigﬁaw for rauletting chetnaich fiirsstardd espeymy - di vi ded
cl ock signa

operation. lf{pujgél é%@l %3@%‘26\6‘%?{ 88@%3%1‘6 5?“@%6’1’?3&‘%"’@%%98?? third

means furt hetha’eqfn&bmdn’ewdangesaldi fitsh cdigitat einguudr stgnalngo asaidndirst coupl ed
for receivi nﬁ\eﬁiéja?eeﬁ?%tgﬁp% <$I ock signal and having first and second
outputs for providing thi op ourth non-overl appi. n% cl ock‘sugnal s, said
third non- third means (14) for monitoring the validity of said first and
20 second input clock signals and activating said first control signal
when said first input clock signal is valid and activating said

second control signal when said first input clock signal is invalid.

5. The phase lock loop of claim 4 wherein said third means

25 includes an oscillator circuit (104) for generating an oscillator
signal which is applied at a third input of said first multiplexer
circuit, said oscillator signal being routed to said output of said
first multiplexer circuit in response to a third control signal when
said first and second input clock signals are invalid.
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overl apping clock signal operating in-phase with said second fnput clock 10
signal, said fourth mbinSiewda BepReliced] Ock si gnal operating ou lﬂ M:I“Ht"m*l '“'

phase with said secon ignal; a second frequenc L,
circuit having first ' _ ts coupled for receiving sai d third and
fourth non-overl appi ng cloc s froaR$ai d second cl ock generator and
providing a second frequency- 15 divided clock signal; and a second

secand 11 equeity. a1 VEaBeBr o Rt orcRimy B iy BelidBia’ or for <1 gna
when sai d second f faurtienogadisy(3R)dhavigk asi gmauit sabptethforiregeiving aaiaed from
sai d predetergi Vi at,| S (Epaip y i

osci | Ioat or si %gﬁﬁt%eﬁﬁﬁﬁg féﬁ@s%gc&bﬁ(%g% gﬁﬂéﬁog%%eﬁdmpzl ﬁﬁgai d cl ock
sel ector ci r cMiding. deyey thestregngncyptherestigpeProyidingcai §8¢@ndai d second

T L1 D eser oo R and £ fmency-di vi ded cLack < gnal s
" the viel ity of 2sSRaOPR Bl EaCRPulL R Petpdnene: Toredia third
control signal for selecting between said first and second divided-
down signals respectively applied at first and second inputs
thereof for providing said second digital input signal to said first
10 means.

7. The phase lock loop of claim 6 wherein said third means
further includes:

a first clock generator (90) having an input coupled for

15 receiving said first input clock signal and having first and second
outputs for providing first and second non-overlapping clock
signals, said first non-overlapping clock signal operating in-phase
with said first input clock signal, said second non-overlapping
clock signal operating of complementary phase with said first

20 input clock signal,;

a first frequency divider circuit (94) having first and second
inputs coupled for receiving said first and second non-overlapping
clock signals from said first clock generator and providing a first
frequency-divided clock signal;

25 a first frequency detector circuit (98) having an input
coupled for receiving said first frequency-divided clock signal and
providing a first error signal when said first frequency-divided
clock signal substantially deviates from a predetermined
frequency of operation as determined by said oscillator signal; and

30 a clock selector circuit (112) having a first input coupled for
receiving said first error signal and providing said first control
signal to said multiplexer circuit when said first frequency-
divided clock signal is in the vicinity of said predetermined
frequency of operation.
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