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relates to digital circuitry, such as digital
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comruni cati ons and ot her applications. Mre
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ProgessiNmg, 3GiTderp.211, 3G TS 25.212, 3G TS 25.213, and 3G TS 25.214, which

are readily available to the public. The 3GPP standard is hereinafter referred to as the
W-CDMA Standard.

[0003] In a further enhancement, W-CDMA broadband technology, one
particular type of chipset for WCDMA handsets is known as the Mobile Station
Modem™ (MSM chipset ™) line of chipsets. The MSM chipset line of chipsets is
offered by the present assignee of the disclosed subject matter and, at least some of such
chipsets use 65 nm CMOS technology and interface to RF CMOS single-chip
transceiver and multi-band receiver devices, to provide great cost-efficiency. The MSM
chipset line of chipsets, for example support EDGE, GPRS and GSM networks, and
provide multimedia capabilities integrated into camera and image processing, video
streaming, playback, recording and video telephony; streaming and playback of popular
audio codecs such as MP3, AAC/aacPlus™ and Enhanced aacPlus; Bluetooth®

connectivity; 2D/3D graphics; as well as OMA 2.0-compliant digital rights management
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and a final AND gate all connected in series. The oscillator signal for each section is
applied to the final AND gate and to the flip-flops as a clock input. An inverted signal
from the second flip-flop of each section is fed back as an input to the initial AND gates
of all the other sections. An oscillator select signal is also provided as an input to the
initial AND gate of each section. The outputs of all final AND gates pass through an
OR gate that provides the selected clock output. The clock selector switches between
oscillators as determined by the select signals without producing runt pulses, metastable

conditions, or other anomalous signals. However, this solution requires that the select
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further need for a clock signal switching circuit that

grovides a |low probability of nmetastability or other
' during the switching process. SUMVARY
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digital assistants,
wireless handsets, and similar electronic devices, as well as increasing the associated
digital processing speed, energy use and service quality.
[0011] According to one aspect of the disclosed subject matter, there is provided
a method and system that prevent glitches in clock signal switching from a first clock
input driving a clock multiplexer circuit to a second clock input driving the clock
multiplexer. The method and system provide for receiving a first clock input signal in a
clock multiplexer circuit and providing a clock signal output from the clock multiplexer
circuit in response to the clock multiplexer circuit receiving the first clock input signal.
The disclosed subject matter determines a low phase output level in the clock signal

output in response to a low phase input level in the first clock signal output and forces,



Wi rel ess handsets, and simlar electronic devices, as
wel | as increasing the associated digital processing

W@ p®ed470e¢her gy use and service quality. [0011]PCT/US2007/071147
According to one aspect of the disclosed subject
matter, there is provided a nethod and systemthat
prevent glitches in clock S|gﬁal swtching froma
first clock input driving a clock nmultiplexer circuit
to a second clock input driving the clock
ﬁmmﬂhnmmm@anodﬁﬁenwemh@ﬁw&mdﬂéybkanmpnijmmhmwmtheknvphmm

PGt 1 dargsthEuat i RSt o ERS! b ierul Y. The clock
ﬁl‘ﬂtﬁﬂéxefr ERENit N1 &Lk dTchﬁchlﬁl(l@fnpuﬁélgﬁdﬁ lahd H&elrn@iﬁ@@t'ﬁé Bresence
to the clock nmultiplexer circuit recerving the first

ef fokﬂw Praseitnpst igmell in thetiseon] detloivpat et Sotitairinet fevrn providing

e gcnoé:g] SP%?)I%. glutI 1(1)tV¥n @haérgsgng télpe?tfljrsg &9 gk 1n8n t hel 90 ppJ{)V]Idln\getPe clock
kigndl atput ﬁﬁﬁestﬁdn@@{b tht gévdhd QloicR hﬁpu@ ﬁ@nﬁl@c@@‘s whi®maintaining the
2007/147017 PCT/ US2007/ 071147 4 for a |limted period

torv phage outphilexelsaf duiing the)lew ehass ippyfileval & thaiseroad glackanput

]L Iphl"?% nﬁ%%ify#gits&lﬁ Iﬁlal(lbtlgvﬁ%% {ﬂﬁgﬁtj o\f(%lré)él?_%wl%uﬁtézic%r circuit to

ﬁnlllotw tht phase levet ofiihe sedomid ctc&kelgtneslnautsaefmoﬂ& ssliwhiagistgput

si gnal and eter presgnce,. ow hase
i[ﬂﬁa? I evell ?Sﬁ apgleﬂ@ée% tegpreidny ﬁﬁa %ﬁta %y&r fnaffer, as well as
MGl gVl Té)dmr% Qi1 B QPparEtﬁqrcfhll AfckicSdEiRh p %U"uﬁ’é& hdr&n. The

response to the first clock input signal £ provi di ng
tnhmlt of theksunghgyas nguo pow cpmpr@spmmseesmpttdneofsth@ datned subject

ErBEe bRtk & B08He 236 RrstRis for OB o i Gaer "

ftﬁt\éﬁpndhrﬂy [OiBerS96emd, Ht06Hs, FhaRlts arki ﬁﬂ@ﬂltagéﬁhﬁfh pro®idb@dill
and systen1aIIOM/the output of the clock multiplexer

b¢aosigi appatgnt t@ing owht skél pﬁh@ artjupgie Pxapfingtiem @féh@ lowvige k

i_nput. af 0
BB P08 BGsbPE e N D8 Sh R P BB IF S
asthods, feasres adl advlaﬁfzh@bs mvlelhldéceaztturn&ﬁxs dekdripti, be within the
apparent fromthe description provided herein. The
paope At thefaceNRANY NS s not to be a conprehensive
description of the clained subject matter, but rather
to provide a short overview of sone of the subject
BRIEEDESCRIPTIONSIOF THIODRAWINEIS s, net hods,

f eat t h d wll b )
&ﬁﬁa?iﬁf v EH%%@W%? "Gk PR afrlt%é'e%ffdthﬁseﬂowgﬁgﬁtmatﬁer will
Qécoh{éem&%labﬁéﬁ‘eﬁ‘t%orﬁ kl@ﬁ%@ﬁleﬁ r&l@sc‘i‘fﬁl@h k&do R 8EbLANh@Nakdrtin

Is intended that all such ditional systens,
ot imdion wWithehe d@@lwsdn aduelnhleegteﬁertx@elcmtactdeddwttfhl n

thls deﬁcrl3£8PQTHEMK&®BQEQ3the scope of the

[0014] FIGURE 1 is a simplified block diagram of a mobile station modem

system that may implement the disclosed subject matter;

[0015] FIGURE 2 demonstrates the concept of clock circuit glitch as addressed
by the disclosed subject matter;

[0016] FIGURE 3 illustrates aspects of a clock control pipeline relevant to the
present disclosure; and

[0017] FIGURE 4 illustrates aspects of a phase path as appropriate for the

present disclosure;
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FIGURE 1 is a sinplified block diagramof a nobile
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typcsr@nohiphcfsfope@ihg in many different environments. The presentation here made,
therefore, provides a demonstration of one such use. In particular, FIGURE 1 shows
MSM chipset 10 in which the presently disclosed subject matter may find advantageous
application. MSM chipset 10 includes connectivity applications 12, such as keypad
interface 14, SD/SDIO application 16, USB OTG connection 18, and universal
asynchronous receive and transmit (UART) devices such as UART1 20,
UART2/receive unit interface modem (RU IM1) 22, and UART3/RU IM2) 24. Video
input to MSM chipset 10 may come through CMOS CCD camera input 26 to camera
processing circuitry 28 and MODI client 30, while audio interfaces include handset
speaker 32, stereo headset 34, microphone 36, and sterco input 38 for interfacing audio
circuitry 40. Audio circuitry 40 may be capable of supporting applications such as MP3,
AAC/aacPlus functions, EVRC, QCELP, EVRC, QCELP, AMR, CMX, and MIDI
applications.

[0023] In the MSM chipset 10 example of FIGURE 1, dual memory busses 42
interface various memory and related functional circuits. These may include EB1 44 for

interfacing memory devices such as SDRAM 46, Burst P SRAM 48, and Burst NOR 50,
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component is running. Control of Wthh PLL 86 may provide the desired clock signal is
the focus of the present disclosure, with one embodiment appearing below in
FIGURES 5 through 8.
[0026] The disclosed subject matter provides for multiplexing two different
frequency clock sources in hardware and controlling the multiplexer select line by
internal logic. The two clock frequencies could be totally unrelated to each other, may
have some arbitrary relationship to one another, or they may be multiples of each other.

In either case, the present disclosure avoids generating a glitch on the clock line at the

time of the switch. A glitch on the clock line is hazardous to all of MSM chipset 10, as
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signal switching.

[0030] In FIGURE 3, clka line 112 provides clka signal 92 into clock control
pipeline (CCP) 114. CCP 114 may be one of a number of CCPs that control inputs into
multiplexer circuit 116. That is, clka signal 112 is one of, for example five (5) possible
clock signal inputs from which multiplexer circuit 116 may generate output clock signal
118.

[0031] FIGURE 4 shows aspects of clock signal timing applicable to CCP 114
for demonstrating graphically the problem of glitch in a digital circuit. The CCP 114
critical timing path appears as switching examples 120 and 122. In phase path 120,



conpressed. Such a condition may, for exanple,

adversely affect the entire operation of MSM chi pset
waeeo7fip@eB81 In contrast, a nultiplexer desi gnelCT/US2007/071147

specifically for nultiplexing clock signals. The

select lines are allowed to switch asynchronously. The

clock circuit ensures that ofit put clock 90 never

glitches (i.e., its high or |ow phase does not get

conpressed). The disclosed subject natter provides
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gregentln§ggs hsvvl tching exanples 120 and 122. |In phase
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When no selects into multiplexer circuitry 162 are active, the output is low. Clock
switching circuit 150 forces the output of multiplexer circuitry 162 low and waits for the
low phase of the new clock signal. Then, clock circuitry 150 allows multiplexer
circuitry 162 to follow the high and low phase levels of the new clock.

[0035] In clock switching circuit 150, select lines (sela, selb, selb, and seld)
may switch asynchronously to clka, clkb, clke, and clkd, while fully avoiding output
clock glitches. The disclosed embodiment of clock switching circuit 150 supports four
(4) CCPs including pipelines 154 through 160. Clock switching circuit 150 merges logic
of CCP 114 with that of a multiplexer 162 to reduce the number of stages in the PLL

clock path. A technical advantage of the disclosed embodiment is significant



mul tiplexer 116. [0032] FIGURE 5 illustrates clock

swtching circuit 150 in which the present disclosure
woregp7he70atvant ageousl y enpl oyed. C ock sw t chi P@I/US2007/071147

circuit 150 includes decoder circuitry 152 for

receiving it, reql, reg0, and_halt inputs. Sel ect

contr ol S|gnals are fed to cPock control pi pel i ne 154

for the clka signal, clock control pipeline 156 for

the cl kb signal, clock control pipeline 158 for the

ohjovengnat bothnittecirokduty oyle distorpompéh habtidie@ldebrswitaking circuit
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ovowiid regibthigh e3tppcli78e dihen. g iy é¢téét26110| ipghy I(IB@MD@ cog@olﬂing sela
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switching circuit 150 supports . four

4) CCP
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glibrstillrjl‘lually reduces the probability that metastability occurs (step 190). After one
cycle, sela will fall as well, allowing reqd to inject a one into the pipeline controlling
clkd 160 (step 192). Eventually, seld will go high, which will unlock the internal
request lines and place clock switching circuit 150 back in steady state (step 194).
[0038] As flowchart 200 of FIGURE 8 details, clock switching circuit 150 also
effectively addresses decoder circuitry 152 metastability. Beginning at step 202, assume
that clock switching circuit 150 is in steady state with clka selected (step 202). The
external request lines are not blocked from propagating through the decoder. Assume

that req0 rises and that clkb is now being requested (step 204). The event propagates
through decoder circuitry 152, forcing reqa low and reqb high (step 206). Then, reqa



150 allows the CCP logic to be disabl ed when not

needed. Additional technical advantages of the
walt@chiewet subject matter include clock sw tchPeyUS2007/071147

support for a 1.0- GHz clock in one enbodi nent. The

present disclosure denonstrates a | ow probability of

nmetastability, lowjitter, | ol duty cycle distortion,

| ow power and energy requirenents, |ow area

requi renents and | ow skew. [0036] FIGURE 7 provides a
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that reqO rises and that clkb is now bei ng requested
{osthe irsp glork inre sigparie pprvapag tieesdock signal output in response to the

second clock input signal occurs while maintaining the low phase output level and
during the low phase input level in the second clock input signal. Then, method and
system allow the output of the clock multiplexer circuit to follow the phase level of the
second clock signal input after the switching step.

[0041] The processing features and functions described herein for reducing

glitch in switching from a first clock signal input driving a clock multiplexer circuit to a



t hrough decoder circuitry 152, forcing rega | ow and

regb high (step 206). Then, reqga WO 2007/ 147017
wEIN/WERO07/ 071147 10 injects a zero in the pPEEUBINGT/071147

controlling sela 154 (step 208). At sone point, the

early select circuitry 166 for clka will fall. This

will lock the internal requesk i nes feeding

pi pelines 152 through 160 (step 210). Decoder

circuitry 152 may becone netastable, if regO falls at
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systemthat prevent glitches in clock signal

dmelpeddi hegeifir om a first clock input driving a clock

mul tiplexer circuit to a second clock input driving
the clock multiplexer. The nmethod and system provide
for receiving a first clock input signal in a clock
mul ti pl exer circuit and providing a clock signa
output fromthe clock nmultiplexer circuit in response
to the clock nmultiplexer circuit receiving the first
cl ock input signal. The disclosed subject natter
deternmines a | ow phase output level in the clock
signal output in response to a |ow phase input |evel
in the first clock signal output and forces, for a
limted period of tinme, the clock nultiplexer circuit
to maintain the | ow phase output |evel irrespective of
t he phase | evel of the first clock input signal. The
clock multiplexer circuit also receives a second

cl ock i nput signal and determ nes the presence of a

| ow phase input level in the second clock input
signal. Switching fromproviding the clock signa
output in response to the first clock input signal to
provi ding the clock signal output in response to the
second cl ock input signal occurs while maintaining the
| ow phase out put |evel and



during the | ow phase input |level in the second clock

i nput signal. Then, nmethod and systemallow the
woeiopas7oof the clock rmultiplexer circuit to foPCDUSINBE071147

phase | evel of the second clock signal input after

the switching step. [0041] The processing features and

functions described herein foFZreducing glitch in

switching froma first clock signal input driving a

clock multiplexer circuit to a WO 2007/ 147017
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clock multiplexer circuit may be inplenented in

vari ous manners. Mdreover, the process and features
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clock nmultiplexer circuit to a second clock input
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signal while maintaining said low phase output level and during said low phase input

level in said second clock input signal; and
allowing said output of said clock multiplexer circuit to follow the phase level of

said second clock signal input after said switching step.

2. The method of Claim 1, further comprising the step of eliminating a
metastable condition arising associated said switching step within approximately one

clock cycle.

3. The method of Claim 1, further comprising the step of performing said
locking step as an early stage locking step for a first part of said locking step and a later

stage locking step for a later part of said locking step.



| ow phase input level in said first clock signa

output; locking said clock nmultiplexer circuit to
waoredontigion? sai d | ow phase out put | evel irresper€T/Us2001/071147

the phase |evel of said first clock input signal;

recei ving a second clock input  signal in said clock

mul tiplexer circuit; detern1hﬁng the presence of a

| ow phase i nput level in said second clock i nput

signal; switching fromproviding said clock signa

out pu#. The megpdnd€laion badudhdricosiprisingdhe stempliiestaigghabperation
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testing the operation said clock nultiplexer

circuit u5|ng circuitry at | east of portion of which
oper a e ntI f said first. clock
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wipoioma ser@idenbape lockedopp a8¢wig a first cl ock control
pi peline and said second clock signal input with said
clock multiplexer circuit using a second clock
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conpr|5|n? the step of assocjating.a decoder <circuit
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cl ock control pipeline. 7. The nethod of Claim1,
further conprising the steps of deriving said first
9. The method of Claim 1, further comprising the steps of associating said

output of said clock multiplexer circuit with a mobile station modem chipset.

10. A glitch reducing clock switching circuit for reducing glitch in switching
from a first clock signal input driving a clock multiplexer circuit to a second clock input
driving said clock multiplexer circuit, comprising:

a clock multiplexer circuit for receiving a first clock input signal in;

a clock multiplexer circuit output for providing a clock signal output from said
clock multiplexer circuit in response to said clock multiplexer circuit receiving said first
clock input signal;

clock output level determining circuitry for determining a low phase output level
in said clock signal output in response to a low phase input level in said first clock

signal output;



clock signal input froma first phase | ocked | oop

circuit and said second clock signal input froma
waewondrophase | ocked loop circuit. 8. The net hBAI/v§2007/071147

Caim1, further conprising the step of associating

out put of said clock nultiplexer circuit with a

plurality of digital signal pV%ceSS|ng circuits. 9.

The nmethod of Claim1, further conprising the steps of

associating said output of said clock nmultiplexer
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13. The system of Claim 10, wherein said glitch reducing clock switching
circuitry further comprises circuitry and instructions for testing the operation of said
clock multiplexer circuit using circuitry at least of portion of which operates

independently of said first clock signal input and said second clock signal input.



switching step. 11. The systemof C aim 10, wherein
said glitch reducing clock swtching circuitry
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circuitry further corngrlses circuitry and instructions for associating said output of said

clock multiplexer circuit with a mobile station modem chipset.

19. A mobile station modem for operation in support of a personal electronics
device, said digital signal process comprising means for reducing glitch in switching
from a first clock signal input driving a clock multiplexer circuit to a second clock input
driving said clock multiplexer circuit, comprising the steps of:

receiving means for receiving a first clock input signal in a clock multiplexer
circuit;

means for providing a clock signal output from said clock multiplexer circuit in

response to said clock multiplexer circuit receiving said first clock input signal;



circuitry further conprises circuitry and instructions
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said | ow phase input level in said second cl ock input
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step and a later stage locking step for a later part of said locking step.

22. The mobile station modem of Claim 19, further comprising means for testing
the operation of said clock multiplexer circuit using circuitry at least of portion of which
operates independently of said first clock signal input and said second clock signal

input.

23. The mobile station modem of Claim 19, further comprising means for
associating said first clock signal input with said clock multiplexer circuit using a first
clock control pipeline and said second clock signal input with said clock multiplexer

circuit using a second clock control pipeline.



step and a later stage locking step for a later part
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computer readable program code means for receiving a first clock input signal in
a clock multiplexer circuit;

computer readable program code means for providing a clock signal output from
said clock multiplexer circuit in response to said clock multiplexer circuit receiving said
first clock input signal;

computer readable program code means for determining a low phase output level
in said clock signal output in response to a low phase input level in said first clock
signal output;

computer readable program code means for forcing said clock multiplexer
circuit to maintain said low phase output level irrespective of the phase level of said first
clock input signal;

computer readable program code means for receiving a second clock input signal

in said clock multiplexer circuit;



said clock nmultiplexer circuit in response to said
clock multiplexer circuit receiving said first clock
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circuit with a mobile station modem chipset.



