M CROCONTROLLER UNI'T (MCU) W TH SUSPEND MODE

TECHNI CAL FI ELD OF THE | NVENTI ON 100011 The present
invention relates to suspend node operations of

m crocontroller units, and nore particularly, to a

m crocontroller unit having a suspend node that
operates off of an external clock signal. 1
BACKGROUND OF THE | NVENTI ON [ 0002] The requirenent for
data coll ection usually involves the operation of
receiving analog data, converting that anal og data to
a digital format, and then processing the data in the
digital format for conversion thereof or storage

t her eof . AMICRESODITRABNIERESN Ma® BRI THISVSP OB MG DE
such applications that utilize m xed-signal technol ogy
to provide a "systemon- a-chip" (SOC) solution. These
SQCs, sonetimnmes referred to as mcrocontroller units
(MCUs), are conprised of a digital section and may

i nclude an anal og section. The anal'og section
typically includes an anal og-to-digital converter that
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p at they can be i sposed in renote areas
a%%gﬁﬂgﬁgggﬁ&%ff of battery power for |ong durations
of time. Since sanpling of data is a rather
intermttent operation, it is advantageous for these
devices to have the ability to enter into a | ow power
operating node. An 80 kHz | ow frequency oscillator is
provi ded on chip for | ow power operation. The power
budget for these types of MCU chips is divided anong
a nunmber of functional elenments. On the digital side,
the processor has a |large nunber of gates and
typically requires a relatively high frequency of
operation to provide adequate capabilities, on the
order of 25 MHz. There also a plurality of tiners,

I nput/Qutput (I1/0O devices, etc., but the |argest
portion of the power budget is the processor. The
clock <circuitry can also take up a fair portion of

t he power budget, even when not driving the

processor, but the primary portion of the power budget
due to the power requirenment of the



digital processing and the clock speed thereof. (0004]
These MCUs have cl ock speeds ranging from25 MHz to
100 MHz. Even if the processor is not processing
information, the clock is still clocking the chip at a
relatively high frequency and, as long as gates are
beB AGKAROERDIOF N IRvaNTI®MNAt €S, power will be
dlﬁ ﬁﬁatﬁﬂw Therefore, nost of these MCU devi ces have
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Mebtebdaats not processing information, the clock is still clocking the chip at a relatively high
frequency and, as long as gates are being driven to different states, pc;wer will be dissipated,
Therefore, most of these MCU devices have a low power operating mode which allows the
processor or a digital portion thereof to be placed into a very “deep sleep” mode by halting the
processing operation or just allow a lower power mode. In the lower power mode, if is
sometimes necessary to lower the clock speed down to a low clock operating speed of, for
example, 32 kHz. This can allow the processor to continue operating, but at a much lower

speed.



provides for this is the famly of MCU products,
C8051FXXX, manufactured by Silicon Laboratories Inc.
However, to provide the real tinme clock functionality,
the count nust be segnented, or perceived in sone way
such that it can count seconds, ninutes hours, days,

et @OOS?nd ekt & fﬁl #h@r s%urrcggf E&\A%F gra&ycgfa ge he }ﬁgaEc)oﬂrﬁegé}‘%ia%ﬁ%g-to—digital

r eal e C uncti on cou be carrre
b&eKEreE ﬁﬂDWﬁl 4y d ghel dagitaf-roe qm:étrg:qoncdrtatsl(DNGB) sbivk cﬂf be disposed in an

t Qﬁﬁ@g Mot devleg %‘Fb'u%ﬁ h%ﬁg)rtjio% of S C\{“l}p iy ?q;]arat dfg ﬁ‘f’? JUTRY speed, the

cloclt for operati| processo
opigiede p@gslmu@putwmlmrplq;cg spée nhglghno}dmmcepmbter atherbré)BitSrocessor

a'@\ﬁl!] %/picQIW/ 1fu§1 GOME NGy 8%8{%8%1%‘% %B?%a}nfi Ph cessm B%r%tgoglg anc{ would be

in the | ow power quency
c &isegdo e nglféelloﬂiﬁp@ubwkeﬂ déngt i srempding nplegend emnmﬁ cdilhlﬁ)nents or

Omﬁ{c%dapﬁloﬂfs a%gb%la&ﬁc{\ﬁﬁlsrﬁ%? rM(aI? q?LHc(I) b Gl ‘%fﬁ r&%pe&lﬁ{grguw on the power

However unctional I e real
b&®WhsgmERL Fﬁlék@shwdwamtha@elmpﬁantlh easeqheHaWe\&r] tiof lotvBe® power operation

ent for]ﬁac‘él L %??&%l Ph a'%%e eep’ fie w}{xere%laf\l)% pr(E:gssW%rg operation is

appl’i cat’i ons el n déesi‘ra
t pq{a@tﬂgt@a@yﬁemm:ﬂmdmuhdhe (gnnﬁwaitrplh asfolm’mabn dclirethé a‘klﬁfb,nt tstble of the

r Sl%kesgdrm'?an?t(la &:k M%&te\jﬂ% og rlil cn‘ 1t v 1 VertXr 5 ons such as
g Jﬁgﬁ% b e éwg ﬁB B

her ef or e, esira
oﬁn mhfé"ueﬁ gynerated hzea;rtotlmnblogie patitergal lbedniveen anamlh@en wake up the part

Sﬁﬂﬂhﬁ§wpﬁggﬁﬁggﬂﬂéh&wuﬁ&ﬁﬁ%&'d be beneficial if the

circuit cou perate 1nt | ow power applications
using an external clock signal w thout the use of any

| fgoesinal InCideKag e SRIP! £1&I Yime3c16dk AinBdeist ﬁ&ui&g\’\eﬁ"his is easily
q nment gf the internal clock circuits whil

bGr ﬁb’“e Bt e MCD il BabEharcth e Reure i wowpémmers and

ngae dext. ondbookdMWVRY @ clddked N/Ell"gl @éqb&]@? %ﬂocﬂ—h ©nk rtﬁ)%%}tMCU that

i nve tlgn di scl osed and cl ai herei n, 1 n one aspect

t RV O U fpite Jaaity oM d deipial TR LERKI, ﬁawfwgwad by Silicon

Sﬂ,tsnpﬁmﬂlesm)de weape At GRe tA Bl Q&%&%dﬁ%ﬁdt&ﬁéﬂt} the count must be
e mecr controller unit receives digital

PR BTt PoRad P GeRs e SR G FAeAunt REBAeRings, hours, days,
_ T&tcmam:gstmbd! U degiytei) EMYRIcall e $hetehiie Aghl Sind B@':l@fu‘h@a&tl‘é‘uld be carried out
onsi v recei ved cl ock
m gﬁeaﬁ%c ‘%\”’A Hﬁlac]f)?’ f?f{zlfle“éfﬁ Cl?%%erlﬁéf’mé)?&‘@ﬁ? M{d¢ levices, there is
sprg\n&ld ahigh drqextetnal fe |o§€rktmg&h@?ﬂ:’ces@&nﬁd tﬁ)@dé}“mltpoﬂéfatmg mode
chlﬁ%q?énchronous cl ock si for providing t

whlch power operating mode and a low frequency clock for operatmg the

processor in the low power mode.

[0007] A low frequency clock can be utilized to clock the timers independent of the
operation of the processor and to generate interrupts. However, the functionality of the real
time clock basically takes advantage of the operation of the entire digital section. As such, in
very low power applications wherein it is desirable to have time-stamp information on
samples that are taken, the real time clock must be run during the very low poWer mode.
Therefore, it would be desirable to have none of the digital section operating between taking
samples. Additionally, it would be beneficial if the circuit could operate in the low power

applications using an external clock signal without the use of any internal clock to completely



timng circuit. Acircuit for selectively applying the
internal system clock and asynchronous clock signals
to the timng circuitry applies the internal system
clock signal to the timng circuitry in an active
node of operation responsive to at |east one first

c - ' . . circukrtry.alsg applies .the. . .
oo ny SR ORI Rg ERRTERD Tigbene able 1
| eagynuaicgta spénikeld CUnelddlyofheninecdogher at i on of t he

m crocontroller unit responsive to a suspend control
signal. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009) For
a nore conpl ete understandi ng of the present invention
and the advantages thereof, reference is now nade to
the follow ng description taken in conjunction with
the acconpanying Drawings in which: Figs. la and |Ib
illustrates an overall diagramview of an MCU t hat nay
operate in a low power node without a real tine
clock; Fig. 2, nore particularly illustrates the
configuration of the circuitry enabling operation of
an MU in a | ow power node without a real tinme clock;
Fig. 3 illustrates the synchronization circuit for
synchroni zi ng external and internal oscillator clock
signals; Fig. 4 illustrates the process for sw tching
between the internal and external clock signals; Fig.
5 illustrates the circuitry for switching between the
internal and external clock signals; Fig. 6
illustrates the gated clock system for preventing
clock glitch when switching between the external and
internal clock signals; Figs. 7a and 7b illustrates an
overal |l bl ock diagramof the MCU chip show ng the
various functional blocks thereof; and Fig. 8
illustrates a bl ock diagramof the oscillators
utilized for the processing operation of the MU 6
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 00101 Referring
now to the draw ngs, wherein |like reference nunbers
are used herein to



designate |ike elenents throughout the various views,
enbodi nents of the present invention are illustrated
and described, and ot her possible enbodi nents of the
present invention are described. The figures are not
necessarily drawn to scale, and in sone instances the
draW g Hﬁqﬁ@iﬁﬁﬂ rated and/or sinplified in
pl aces or ustratlvegﬁﬁrposes only. One of
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to analog output information. The operation of the
CPU 102 is controlled by various clocks 112 in a
primary oscillator section. These are the operationa
cl ocks that control the overall operation of the MCU
In one node, they wll be interfaced with a crystal
114 for precision operation thereof. However, the
cl ock section 112 may provide both 25 nHz (on |ine
116) and 80 kHz (on line 118) internal clocks and
external clocks on line 120 for operation of the CPU
102. Switching between these clock signals may be
controlled by a nultiplexer 142 under the control of
a MCU rmul tiplexer switch control circuit 116 providing
control signals to the nmultiplexer 142 over contro
line 140. The MCU nultipl exer switch control circuit
116 provides the internal clock signal to the CPU 102
during the active node of operation and can provide a
different frequency external clock signal to the CPU
102 for | ow power operation. [00121 The cl ocks 112
al so provide clock signhals to tiner 118 through a
mul ti pl exer 144. The tinier 118 provides timnm ng
information to the MCU 102 in both active and suspend
nodes of operation, and acts a general purpose tiner
for peripheral devices. During the suspend



node of operation, the tinmer 118 wll operate under
control of the external clocks rather than the
internal clocks which will be powered down to conserve
system power. During the active node of operation,
the timer 118 can operate under control of an interna
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gate. 146 connected to the internal clock signal and a

gate 148 connected to the external clock signal. The

mul ti pl exer 144 and the gates 146,148 are under the

control of the tinmer nultiplexer controller 150. The

controller 150 causes the nmultiplexer to switch

between the clock signals depending on the node of

operation and controls the gating of signals onto the

mul ti pl exer 144 through gates 146,148 to prevent clock

glitch problens. The nmultiplexer 146 selects the

appropriate tinier enable signals according to nodes

of operation. Control |logic 150 not only generates

the tinier enable signal 154 based on the externa

clock, it also generates the switch signal 156 to

sw tch between tiner enable signals based on

synchroni zed



external clock 152, enable signal based on interna
cl ock, and enabl e signal based on external clock.
100141 Referring now to Fig. 2, there is provided a
nore detailed illustration of the manner in which
internal and external clock signals fromthe clocks
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{0012] The clocks 112 also provide clock signals to timer 118 through a muitiplexer 144.
The timer 118 provides timing information to the MCU 102 in both active and suspend modes
of operation, and acts a general purpose timer for peripheral devices. During the suspend
mode of operation, the timer 118 will operate under control of the external clocks rather than
the internal clocks which will be powered down to conserve system power. During the active
mode of operation, the timer 118 can operate under control of an internal clock with a

synchronized enable signal 152 based on the external clock. The timer 118 can also operation



[00171 There is no internal clock source during the

suspend node of operation. During the suspend node of

operation the external clock, which is asynchronous,
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PP deRefdnang now ng Feo i, riodre 6 groaldsd tiombrBRletailed illustration of the

manner in which internal and external clock signals from the clocks 112 may be applied to the
timer 118. The internal and external clock signals are provided to the clock multiplexer 144.
The internal clock is provided to the clock muitiplexer 144 via input line 202. The external
clock signals are provided to the clock multiplexer via line 204. Additionally, the internal and
external clock signals are provided to a synchronization circuit 206 to generate
synchronization of the internal and external clock timer enable signals during switching

between the clock signals.
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With the original clock being at zero volts, the switch must happen after the falling edge of
the “new” clock signal. For example, to switch from the infernal clock to the external clock
when entering the suspend mode of operation, glitch free operation is guaranteed by
generating a signal to gate off the internal clock signal and manage the multiplexer switch
signal to change states after the falling edge of the external clock. Since both of the clock
sources are at zero volts at the moment of switching, the multiplexing between the signals will
be glitch free. The same theory is applied to a wake up condition when the clock source

switches from the external clock signal back to the internal clock signal.
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tah@mSBNC alarm on various external inputs and the suspend signal on input line 224 During
normal operation, the switch control circuit 150 selects the internal clock signal provision to
the timer 118, and thus, the clock signal on line 202 is multiplexed onto output line 218 to the
timer 118. If the timer 118 uses the internal system clocks as a time base during normal
operation, the timer enable signal 153 generated by the MCU 102 will not require further
synchronization. However, if timer 1 18 uses an external clock as a time base during that time,
the timer enable signal will need to be synchronized to the internal system clock in sync

circuit 206 before being used. When the suspend signal on line 224 is applied to the switch
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circuit 206. Sync circuit 206 consists of a n-bit
counter 310, first flip-flop latch 302, a second
flip-flop latch 304 and a third flip-flop latch 306.
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[0024] Referring now to Fig. 3, there is illustrated a more detailed illustration of the sync
circuit 206. Sync circuit 206 consists of a n-bit counter 3 10, first flip-flop latch 302, a second
flip-tlop latch 304 and a third flip-flop latch 306. The n-bit counter is used to further reduce
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there is illustrated the nultiplexer 144, the interna
or systemclock signal is applied to an AND gate 502.
The external clock signal is provided to an AND gate
504. The second inputs of AND gates 502 and 504 are
connected to control logic 506 which is responsible
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off a signal onto its respective input to multiplexer 144 in accordance with the flow chart
described previously with respect to Fig. 4. Control logic 506 is part of switch control
circuitry 150. Once a signal has been gated onto multiplexer 144, the signal is applied to the
timer circuit 118, It is necessary to use a gated clock signal even if the internal clock signal
has already been shut off by the suspend signal. This is to avoid clock glitch if a “wakeup”

condition, i.e., internal clock signal will resume toggling, is asserted before clock switching is
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r eleeit msiltgj’fé[b {fpk s @06 POMNEDIS: Ak ﬁé%ﬁsp@ﬁ@ﬁﬁna? illég bf;@]ll pp(fted it takes
eset to processi n% core

\ggxfooc gggn% cloc@o?ygrei 32 pFnggag& s cSuspen S{gﬁ@rmtthe system clock to the
péxtierad] Ictoy,k off theiminal bRERIF @%ak&ﬁ@aﬁnr%eth&g £ E;ﬁ@rgal clock signals,
flhashig 716, intern menory space

h?erurl]t 6ﬂlexer \fv%lrvnglwg das -ynz%;nal ?F?ék raél}eéél@gglperfgteg@ﬂ elock signal.
198w¢vat, drefiatemsl addck mas\/ﬁehc@b&erd%\%dtcﬁﬂ' I"fd Jl&‘d!{'stg}'ﬁyi mil Qﬁg@tlmer 118
S’lp]élggg)g]? rl]%uqt qexg i%g h3sg bqeﬁgéﬁ?}gg Iég \metaﬁ(t%q;l, gk The timer value is
ofperiat kaigalpisng t2 Gettiaat 1 1 8CRNMdt Atarchatae axd 8rRalk S\I/]?Chg
chip to receive digital values, output digital value

recei ve anal og val ues or output anal og val ues.
VAPHBbus Refyrieanow @iz i’y berk iy Yiusrmied plbtm\zk dmgfamtolﬁﬂﬁmcu As noted

bRty abdat af fidiew E%a@o%%grgpa' g%lol to:r E}t erfa 9; GROS1F330/1

circuitry, such as
ArengionyEsd it Silicar: d-abirptondst 111736T11eTMC§E indludes Sn BB c@ke® thereof a

R st Lok 1 @AGhiLA %ty&faalgn&tnn)%sed oatI a conventional microprocessor of the
type “8051.” The processing core 102 receives a clock signal on a line 218 from a
multiplexer 142. The multiplexer 142 is operable to select among multiple clocks. There is
provided an 80 kHz internal oscillator 708, a 24.5 MHz trimmable internal precision oscillator
710 or an external crystal controlled oscillator 712. The precision internal oscillator 710 is
described in U.S. Patent Application Serial No. 10/244,344, entitled *“PRECISION
OSCILLATOR FOR AN ASYNCHRONOUS TRANSMISSION SYSTEM,” filed September

16, 2002, which is incorporated herein by reference. The processing core 102 is also operable
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circuit 740. Al of this circuitry 730-740 is
interfacable to the output pins 726 through a

crossbar device 742, which is operable to configurably
interface these devices with select ones of the
outputs. The digital input/outputs can also be

I ndheedeaced e@c@uﬁl Qe'scg'o'h%: n1t119a'l "’}Pig&r 9o eragbrfv or rte%Gegve?tﬁe 5‘??%{ S&%lal from a

all owing a digital output e conver
oU9ist-onwRsettock Hé4, affjogivhigh p@utdp atesetfto anmcessmg core 102. The processing

art%l*é)gﬁt Prs qibé?bhta%h G PAMEI § gl{xraYéﬁofIllﬁean%qr%)%eé?ﬁr\?/ezgthoseabemgg either flash

[ nput signals from an
| rﬁagpqréé’g@ iptgyngl WWHBHHFWSBAM He ar ﬂpﬁrﬁlalphmﬁorpgpsabb SRAM 720. The
er a

0]
:c gr&?}ﬁﬂgle&rééﬁ%%ﬁ{ ehfa%el-{\gthb\gn@esncg% it flﬁcrugﬂf mtuﬁ}éa'bplh Eo%@gltal bus
sudh vty a“cwl éheA@@:e@mg bec L0 ®riheded Wl(.'h Vz&foll?)bl}ﬁeratmg pins 726 that
0 S nventional ci.r
To0oat e arieraL B Pl EBoliE: BATURRY ity ofmtf e reeive
sEREnatHecs@r agpelrmapg vHeesp N larreusydigi@BEO lclrati®y ars @Edv[déﬂl these being

COodiey él%ﬁlryo/ﬁ Ot g@ﬁai%ﬁ'u%tlﬂ%cgr ﬁal.{lt%? l}%’loﬁs aangR"g }é%taal P CII‘Clllt 734 or

mul ti pl exér osci |
c 6%1&*@34%@%@@@ teit 616 t Hate tirgers Adeat acedtet bt @dﬂgtbnttw\@nother latch

exh&Ln®lo. t &1 19ral %;rcﬁg@g?fﬁ'f% Q4 tgr?acal?e g% h%lr_(é]l puApmg%Eg through a

806 and operates up t requenct
T é@?@?‘éﬁeVI‘@O@ZI yh}ﬁh oV pm@]e tcatrafieda IS GXCRce Whis€ Heties with select

OpRLsall ke Blﬁptgg I e g%ﬂ‘ri!r:%utl%l.ltgutgl ?rh al% bt h?efﬁ&égdotlﬁlt aghlgn%fto -analog

710 and to record out put’ va er eof
t RENVERE| 14 dpopllopine i digirlowmitelede bm canveitaieto z&l&ato@ Q@ARL, or to the

| ﬂ@ﬂil ogfpui @teanrﬁ‘dlllt) EJ -G8 c?’x%ter-%s _ILI%IE QAL AITE a{l%i 1118161 swalé from an

preci sion tri mTa oscl | I'S Ccon
r @&lcgtlgq, tigegr Zhgintg: fp@g it plpra8Y @1 the immnpinodn thi eltegrated circuit. The

ORRIAth ML IERe T 80] low's fo@ nwlté:) gﬁliisno BE genge?%hrou %ﬂ:g %}’26 such that

thereof and to enab tor
t & Ad¥cian b 5fr5¢rfa7@o IVSHOUB saews séehin, ireodGh (82 di adodeentional circuit.
circuit 830, the d|V|de ratlo t hereof set by bits in

on an output 822 a

o827 SRR P o ih ey Hieteoe ke Graho st atrewfoftheprinary

m,sbttllmpf exem co]n@ﬁsed‘laﬁ ehe8dcildzrs 7oyy 7f1@|5_ mg%}ﬁ% %%dotl}]p@%xg{ 142. The

(%glllg%re ?Icabt a cry§te[ g%cf! fed gscg a(t:"orl lthgts }Cﬁ: g fased thqu.gh Prroepyiranst tprminals

t&ﬁ)@med)ﬁoﬁhmchnte@teﬂﬂhdayﬁaligbﬁ Snd S hakds |u§‘t<9frequ¥lﬁ‘§es%’tj§f’ WiaOfA register
ivid

t pcessed throu h a

o8 R B0 Ok N PR R BB oy ! Benafitesshs eilistor
tH& andgirstoet B vHIGN. thdra fFﬁeﬁaﬂlﬂ;ﬁJﬂ Gi/tihg bagkiat1d ﬁ@%&é& on a line

ot to mul tiplexer
?@Jt@\f% tgﬁa’e; P%{lh fl'hee 111{,1{1 gi’]é?{er 1%’%6 ng}gi&&}ll’?ﬂb Rrefadon gintrpable oscillator
mls]_@aztr@llfﬁdtuyel iegisteks lI8i ane azag&tasgzat&y&ﬁrfsnh@ Fﬁéféﬁto?r 'é&%k ie., to
ect ration 1s tfacilitate

et ERfteliaMFeos 34 Bul Bt T e Srpvor Pecetioor 7121
rredcedspd ﬂamgh a divide circuit 830, the divide ratio thereof set by bits in the register 820 to
provide on an output 822 a precision high frequency clock to another input of the multiplexer
142, The 80 kHz low frequency oscillator 708 is controlled by register OSC LCN 824 to
control the operation thereof, i.e., to both set the frequency thereof and to enable this
oscillator. The output of the oscillator 708 is processed through a divide circuit 850, the
divide ration thereof set by bits in the register OSC LCN. Low frequency clock at line 852

provides another input option to multiplexer 142. The output of the multiplexer 142 is
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142. [00301 The programmabl e high frequency oscillator

712 is the default clock for system operation after a
systemreset. The values in the register 818, |abel ed
OSCICL, provide bits that are typically progranmed at

the factory, these bits stored in the flash nenory.

Theovig&nh @le MICEQYE Ysik

248 N e PR te ook I 0387 e SR IR ERR v ok
r aflee) Weratiorels franated with 2 aegistdr §AY labThe SEB,canblathrolZ Tk multiplexer
i ngbhe C805 1F330 device by way of exanple only, is a

2 percent accuracy oscillator which has a center

frequency that, although progranmed at the factory,

i qJoeg0] O\I\Hﬁhetpoogbeﬁnrﬁ.{ﬂ]d.lligle@ eB)En&haNDIaRY 7N Ak td@faﬁlﬂ o8 for system
rovided seven bits in

St er
gela Cis aff % S{’%é’{ ressta I:I“grﬂap:izlbqsa@ H1recigen & 8, epled PeGIdL grovide bits

821@11‘. preouypxdelsy piagematel et Bict radiey, g &%Cét(grte@qlpfhe?éagh %gnory. The
the oscillator

a
r ﬁﬁﬁernégqu?nc¥ ﬂétﬁﬁp]ggfg%@/ Fek qij?éln’SCIy,IHzT{Kbe ﬁ)lmdg qrwitt&ii@ can provide

r ﬂgﬂvsdeeﬁmsmua,rte;o Wt drie7e@l 1R S&MatbA 20 ez
di vi der 830. [0031 It will beaappre0|ateéﬁaﬁt@(ggweby“ﬁy

Sﬁ? cF ena:»le Hnl{yh By pﬁ%ptn@cc‘uﬁ@' pHetor twhgh hasi & center frequency that,
dhslolugls prograninsdd ztthlhesfabtﬁr\gs@%t IRRePLPYE A8t by i:l%angmg the bits in the

mcr %mr I | er suspend nodé.
? TSt THREY &1F §quW8¥MEFd'E'EJIb‘ESd“ Shegiger %18rﬁlfﬁ'@re calibratable bits. The
| ra‘gcsremad) @rovidas aﬁ)%hatmchﬁlﬁ &biSthel WEdimGoratbi M@ m@%ﬁt dht'érmmes if the
used to keep track of time durin

ac%‘”‘P °rg’6gé5 HRane d\?vﬂﬁo%@%m@%‘?)érﬁ@”e“%dg womltsshalaﬁ thaisker 820 are
umderdtosedht iaide t4ie odmaviviigssamnd det ai |l ed description
herein are to be regarded in an illustrative rather

than a restrictive manner, and are not .intended to
I 08 t hle willnkee Artiresintado by hl@sgaklﬂ b¢ub alie BOriamingngle benefit of this

Iigic r t he invention
?dg%{i%hlggthzg r@g 1r8v?t§t%é1r %1%@@% il (grﬁrso}/lér UK WIél'ésuspend mode. A muiti-

r%‘a“r”roaﬁl@@ﬁtﬂnﬂﬂ@Udegub@tqwdattunummfcammmnrfat pariicrals deShgdittive mode.
cidehCaSo baNdd QW%‘ to? iR FI%%]%OTB % tv%orgc?c{eoafé: g{:)vg :,pg?vgly suspend

skill in the art, out rom
afrfes db ploukst by W?df;rsf‘)ﬁ@ dlref ﬁltwrdravasgajreﬁl d@&lﬂiecbylestﬁ[ﬁion herein are to be

frodd- @0 iRgn GlhRIAE e ratﬂ-é}lﬂ%m d festhiStiyoNbgRded, f ha are gPtI 1n§ﬂ%elcil to limit the

followng clains be Interpreted to enbr ace
fIBYRRY o the dirticelat fosms and hw@ discard afig emenctmary, the invention

Stddedel taul | RRGer QIIOHI%EERiahg V&ém eJeRLan holces
anhedi et Snter Mol %\/E ax% g Qﬂt u’bsta}utions alternatives,
esign choices, and embod[ments apparent to those of ordinary skill in the art, without

departing from the spirit and scope of this invention, as defined by the following claims.
Thus, it is intended that the following claims be interpreted to embrace all such further

modifications, changes, rearrangements, substitutions, alternatives, design choices, and

embodiments.
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1. A mcrocontroller unit (MCU) having a suspend node

of operation, conprising: a processing circuit for

receiving digital information and processing said

received digital information; timng circuitry for
generating timng signals to the processing circuit

duwiHygr 1ScrLAevswsiend node; a clock circuit for

generating an internal systemclock signal and an
asynchronous clock signal providing the tining for

sai.d timAeniGbdoabiler t 1.0l the ..
sel ective gppl i cat i oﬁﬁgwgme%wr#g)réﬁ ?{ds@(g Of"%fff%tb"a comprising:
si gnal and § WECCESVIECHIE00S reskivile Giigah dhfotroation earkdi Profigsing said
Ciredzllic Higitallil@nfdtlogUi try applying the 10 synchronized
external clock signal to the timng circuitry in at

| east an actiVé cHeHey & g@*pﬁéﬂ@gﬁ@nngﬁlgnaﬂﬁeto the processing circuit during
mﬂ&r@g@naf,@hé er unit responsive to at |east one first
control si gnal and applying the external clock signal

to the timndglekraimt réj@l | g§n¢Eatinge ars tintetnal sysqendodoeignal and an

OfasynORefidik cRBk Qfna BI%VHIH%QE%QQQE% Rk Laq{l 11+{fh'gt£1r£uf.ﬁgodq sive

. to at | east one suspen contro

10

ni cr ocont r SIEWIY dof niraliing th@f’b‘eimﬂap ﬁpﬂllcaneufehmmtdmml system clock

CigBalidhll Ynd @5n@RiHblObbiNGonad e | cat
ey e ?,Illses S elock tglgnrgl extg?%#@%} gle%llt%pﬁle CierLlltl'y applymg the

s R B’é‘f‘l"\ﬂé'eﬂo%h sipgghde thehBmingt dichigtly isyas tiemst amaawe mode of
Sbgenﬁ]ona(ﬂdthte hﬁlc@‘ééﬂﬂr%héroﬂgé'@esﬁ(ln@&g t§ 'agnéaa SB %}n%/treo&)lﬁgnal and

il\e control signal a swt c

cFl?Pml o‘%teé'?ﬂ'ncloéﬁ‘ ieRg te Hee ﬁmlnguomcwenn wt a:auhee suspend mode of
Supetidh BYthe G d0Rro IR HfiedestoRsiAPR Y 1eb N End S %M]Qc!nt ]ysrt Snal
clock signal to the timng circuitry responsi

the at | east one switching control si gnal and to apply

the asynther mmommumlllecdmus@l\gmlaj oft Baifg whtdeH Y cHdui ok wmmumg

r t | east one suspend control si‘gnal.
fﬁép &%w%lpolgagﬁ FeP™ R (McU) of O aim 2 wherein

the a swit @hmtﬂigﬂwnfﬁrcdelectllvretyu&vhtchﬂ@rbeﬁnQBﬁ OldaiiNBe §Gnal system

| d bl |t
e el o2 Ao R T (P ¥ st grarri yapel: and

control si @ﬁ‘ﬁ[tC]@I&mkmbnd:uttd"oﬁﬂp:ltrylhh@@heaﬁ])ﬂﬁﬁi%ﬁé?nﬂél%e switching
%ﬁ‘@(&l%l ndl tgrllﬁj())l b el | n.[emg gc&lrs(l’é'l]:ag responsive to

eas e susp en &8h e tn&ungﬂ;‘rémtry responsive to
ﬁh@gtdgq;hpmqﬂm@:hmg nq:ctntr()]l\@@al afd ©lapplnies asy’«ml‘cﬁb{ﬂs ib& signal to the

i ¢ d e eag%ngsf rther conprises an
SHEPE RN PO % ot bR S BFRE 2

anti-glit rcui
a wake-up
3. The microcontroller unit (MCU) of Claim 2 wherein the a switching control circuit

for controlling the multiplexer to apply the synchronized enable signal to the timing circuitry
responsive to at least one first control signal signal and to apply the asynchronous enable

signal to the timing circuitry responsive to the at least one suspend control signal,

4. The microcontroller unit (MCU) of claim 2, wherein the switching the control
circuit further comprises an anti-glitch circuit for preventing glitches caused by a wake-up

condition eccurring while the multiplexer is switching from the internal system clock signal to

the asynchronous clock signal.



condition occurring while the nultiplexer is swtching
fromthe internal systemclock signal to the

asynchronous clock signal. 16 5. The mcrocontroller

unit (MCU) of Claim4, wherein the anti-glitch circuit
prevents glitches when switching fromexternal clock

t os.i nt er nalle &liR6doncALS Qb cQpdi.kien when. . . .
bot h the jnterpal and exgegﬂgyygrg% g_#bgg g&aﬁwtﬂgfﬁﬁdlcum“t
OBV Sitehethan; viishipa irpl gxisrnaliplpek NDEANabélodk @aised Dy a wake-up
wheneition tvhen s see tikril bild Sdrd € BloGds i Getat thfafjrlh&g it

conprises: a gate connected to recelVe a plurality of

control signals, each of the control signals driving

t He out putheaficolimirgtidranit BMaU bff @dimfy vRebiOR: Sokfhl 'ax'iti—gli ch circuit
hﬁ%ﬁﬂQCQHI%QQUt connected to an output of the gate anJ _
havi ng a R158e k i nput connected to the internal system

cl ock signal gat@nshnactaeeasetipl ifiadality Yor@bnttdiisRnbik Och of the controf
Cif @Eﬁﬁiﬁ mbg%Pqn hnpug_connected to the output o?

tREFT rst f I BPFSH 5#8™a ¢l ock i nput connected to the
asynchr onousfist ﬂickllosicgnla! hafvm{g 8?3111?% ic@lﬂlecl;ttapi%: dnGRYuPBE B gate and
t - onous_cl.o ignhal to e nultiplexer for a

ot 2 Y POOLBAG oo B0 BuMer e b Paebimeol | or

uni t (M) afecaidgimlly oiviprbrithg Halifk B imphd GHhdcfd t9fhe output

cl.aj L ofurther incJudes a synchronization circuit
f6 ?{h? Jid ﬁ}péﬂ?pzﬁ“%é CFOﬁfé“’BgSfﬁe‘Fﬁ%ﬂ FuGe ayyBekonsug pask sigijat for delaying

t heplicaticarofidie asyyshremus kiacksigiagidahe hotigIeNL RS Ry of clock cycles.
synchroni zed enabl e signal. 8 The mcrocontroller

uni t ( of claim?7, wherein the synchronization

citcuit ThumtorRspnEdinpyiis@CUko folaist!, vhirpinfrhopming ietiidy of claim
haviri@r tlRd - - 2k S| | _.connected. to an ,
S LR iR DR Gl & ook signa
dﬁﬁﬁ detgregysete Flgeksignaplaendataths epohmniéd enablk signal

circuit having a second i nput connected to an out put

0 i nternal clock signal

f the first o%Uttonlt and%VihS . o
connect ed"t 8K “SBEORUE) GERV) Hptitim & whterdiny thelsypehranigation circuit
clurtbericompidaei:ng a third i nput connected to an out put of
t he secongfﬁéip:ﬁlo circuit and the internal system
CI| ock si gnali (g] s gyt 6}3‘5% meraayrt:prgggusimts’igna nected to an

input and an inverted internal system clock signal connected to a clock input;

a second flip-flop circuit having a second input connected to an output of the
first output and the internal clock signal connected (o a second clock input;

a third flip-flop circuit having a third input connected to an output of the
second flip-flop circuit and the internal system clock signal connected to a third clock input;
and

wherein the third flip-flop circuit provides as an output thereof the

asynchronous clock synchronized with the internal system clock signal for use as an enable

signal.

9. The microcontroller unit (MCU) of claim 1, wherein the internal system clock
signal is further applied to the circuitry for controlling the selective application, the circuitry
for controlling the selective application providing the internal system clock signal to the

timing circuitry during the active mode.



10 wherein the third flip-flop circuit provides as an
out put thereof the asynchronous clock synchronized
with the internal systemclock signal for use as an
enable signal. 9. The microcontroller unit (MCU) of
claim1l1l, wherein the internal systemclock signal is
f urot her apﬁl REbch@rdBe UGl DALY & c

H%tect i ve applicatjon, thg CIU? gﬁlcia?{;/ ! ?‘mrhelgi)nﬁluﬂgﬁglai fiysing clock

e§t6|cg‘é"t] g Sﬁﬁq‘i“éa@F orfesnesy ptlithry intbreali mtsermalock signal or the

S)asﬁremoﬁb@(‘dfocﬁls Al anti Gort

? ?ct i ve rmde%ﬂl 10. E‘Fﬁgatmg?r%g%r% Bzﬁ‘% gg%wet{? af‘%)ﬁie,l?ce of any

16K 8€M!1, further including a n1SS|ng clock detect
CIrCUIt for detecting the presence of the interna
system cl ock signal or the asynchronous clock signa
and for generating a reset signal responsive to an
absence of any «clock signal. 18 11. A microcontroller
unit (MCU) having a suspend node of operation,
conprising: a processing circuit for receiving digital
i nformati on and processing said received digital
information; timng circuitry for generating timng
signals to the processing circuit during 5 the
suspend node; a clock circuit for generating an
i nternal system clock signal and an asynchronous
cl ock signal providing the timng for said timng
circuit; and a nultiplexer for selectively swtching
the internal systemclock signal and the asynchronous
clock signal to the timng circuitry responsive to a
switching control signal; 10 a second nultipl exer for
selectively switching at |east a synchronized enabl e
signal and an asynchronous enable signal to the timng
circuitry responsive to a swtch control signal; a
switching control circuit for controlling the
mul ti pl exer to apply the internal system clock signa
to the timng circuitry in at |east an active node of
operation of the
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15 mcrocontroller unit responsive to at |east one
first control signal and to apply the asynchronous
clock signal to the timng circuitry in at |east a
suspend node of operation of the mcrocontroller unit
responsive to at | east one suspend control signal; a

syhichr oni zaditrotonebnd whit (VOU) BRI Qe B84
asynchronous cl ock si gnal Wl)th 1%t Segb:enter net({}%gera?on pomprising:

cl ock signaf RFEblfeFEuE foRdcSyingh ﬁ@ﬁﬁlz@@rEMI end processing said
Sigested digital ikfdem#rioar ocontrol ler unit (MCU) of claim

11, wherein_.the switching the control «circuit further

conpri ses alMHRTCYY ferrecasrpiagi timing sigprietoetht i prigessing circuit during
glth¢ abpsideadsed by a wake-up condition occurring

while the nuhii | exer ii's swtching fromthe interna

syst em cl ock ‘anﬁﬁu”aﬁﬁ gRealy Ae hnsmelsygbocklock signal and an
Siagyahrondid.clofh Sighdl 6Fo@ GIRMMLhOLhBE Rk ik E%L& LG aim

11, wherein the antl-glq{gtchléll%cwI hﬁ g g?ltches

when swi t cht RYIpEnfencelsstaly seitdre the inteme spadm cloolclngnal and the
Cc asselrolxyts WRKEsi ] t0GeNGk fnk Qe St Pty

and external clocks toggﬂg at Rﬁggmnnneﬁ%qaigﬂﬁ “m%ﬂ§@nm

m crocont r dl 163" dﬁ‘n‘lf‘P'Emfjjf‘ ssfectsielyi switthing whieag iansyhéheonized enable
suigpendd atdskn@tdnb@bna@tk HEMI o FUfTNST 2 ate
connqcted to receive a ﬁghré)|t§lo C%%%%F%ﬂisave%ng”mh°m““”
edél*of the control signals driving the output of the

gate 5 a faiskaithihd bdderbl QR it CHhdo1 1AM L0
nnoéut put of the attoé] tgm’hﬁ@lexe‘% apply the internal

con e
i nyﬁ 8‘8%?1%‘5? & s tfrﬂlégucr*fﬁlévha} atglpast élmﬂeilﬂo;‘cﬂm@ gm@eranon of the

amitracosedRncinf! tekgnkiby (0Fatf lehdp-Jnk OB Cick il t v
S{iut connected to the out Sts of tﬁecfI:Pt#!)lstsi(%nlfé“El ah(?gto apply the

drdiont O?%@F ©dhn gglfr’@d”rf:@tlt/ fieatdedshe ﬁlFSQﬂ@USOdDI i Gleeratlon of

sthg nadrodoatrolcke hﬁyﬂeﬂﬁmma@@lat cad b]gggupgen& aﬁ]trgﬁ %}ﬁih ronous
cl ock sign t he nultlglexer or a plurality of

cl ock cycl 8§Y“°Pff§‘za“ﬁﬁé“ﬁ%l ﬁ”b%Ycﬁ'ﬁ[irP’éﬁmzéFhe@ﬁbrnphr@n@sJ):ioolﬁ signal with

cthaintarbal byswhedekiighhieo géﬂéﬁalfkrt{?@éy%@ﬁrbﬂ&d%hﬁfsﬁé"sh% o further
corrprl ses: a first flip-flop circuit having He

7yn(:hr onous clock signal or a divided external clock
S ~gnal cidsreieroeehtioberamiti (vptlt) @ndaiani 1, Mnheteinede |Smg@ﬁ@a{he control

Wl%ﬁlemrﬁkrogdfnp%s&%l anti= gh?c%ncn &t cg' ;}rgvel?tmg gﬁltc Cé gauléléd by a wake-up

condition occurring while the multiplexer is switching from the internal system clock signal

and the asynchronous clock signal.

13. The microconiroller unit (MCU) of Claim 11, wherein the anti-glitch circuit
prevents glitches when switching from external clock to internal clock caused by wake-up

condition since both the internal and external clocks toggle at that moment.



a second flip-flop circuit having a second i nput

connected to an output of the first flip-flop circuit

and the internal system clock signal connected to a

second clock input; a third flip-flop circuit having a

third i nput connected to an output of the second
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s node; a clock circuit for generating an
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C| ock si gnal figer @ip-Wpngirduhehal/ing tAQ ady@bhrSRud ddcm ﬂ,glal or a divided
ng
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aszrlcﬁl%ﬁgus clock synchronized with the internal system clock signal being used as an

synchronized enable signal.

16. " The microcontroller unit (MCU) of claim 11, further including a missing clock
detect circuit for detecting the presence of the internal system clock signal or the

asynchronous clock signal and for generating a reset signal responsive to an absence of any

clock signal.
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15 suspend node of operation of the mcrocontroller
unit responsive to at |east one suspend control
signal. 18. The mcrocontroller unit (M) of claint?,
wherein the circuitry for controlling the selective
application of the internal clock further conprises: a
mulz i pl ex@miérecongsll@ Ghit ALY ﬁé%ﬁgcarbhﬁﬁncb%o\ﬁ@gfblﬁh atib® %ﬁltnpnsmg
the internal stem clock signal d the asynchrono
cl ock signaf prré@bs@ﬂgs PRAYI B desitiec Highy @&ﬁmﬁféﬂn gidg n@)lccssmg said
5 raceheddigtanbfobihploaxer for sel ectively switching at
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r ebpangindendde, a sw tch control signal; a swtching
control CIrCUIt for controlllng t he nultlplexer Vi a
the swit chi hd'€offEl 0 gHingmting appisfejagisysiem elhek signal and an
| niarchahoBYRicr 0gfdl 9k i a0 ming 18:R8 d i@l r cui try
10 responsive to the at |east one first control signa
and to appl?“@Hgoﬁg?ﬁﬁﬁ?%ﬁdﬁ%%@@ﬁ@kﬂgi@ﬁaﬂmﬂwmumh@0d<mgmlwnh
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suspend control sjgnal. . The mcrocontro uni t

(MCU) of cl CémHHtri[‘,for WfEP%‘PW eHalegitietapplicaton ¢fethe omernadlsystem clock
Cistpaal| tind Ufetd@ﬁfchfb@mr $I18&Ssi Sl N ke tmnhﬁ %ncﬁﬂr ?d" E&nt[fopﬁhe operation

pr.event I tches caused by a wake-up con

él&eﬁ‘?p? ‘h \Mﬁﬁﬂryeaﬁpllﬂé“aﬁhetlwﬁllﬂé wetemselagk stanl ﬁqghQ)étrmemrcumy in at
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0. The m crocontrol uni
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plural i of control signals, each of e contro
sfﬂﬁ@ iving the output of the gate; 5 a first

flip- flop circuit having an input connectedtto ﬁﬂected

ut o in co
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signal and an asynchronous enable signal to the timing circuitry responsive to a switch control

signal;

a switching control circuit for controlling the multiplexer via the switching
control signal to apply ecither the internal system clock signal to the timing circuitry
responsive to the at least one first control signal and to apply the asynchronous clock signal to

the timing circuitry responsive to the at least one suspend control signal.

19. The microcontroller unit (MCU) of claim 17, wherein the switching the control
circuit further comprises an anti-glitch circuit for preventing glitches caused by a wake-up
condition occurring while the multiplexer is switching between the internal system clock

signal to the asynchronous clock signal.
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21. The mcrocontroller unit (MCU) of claim17,
wherein the synchronization circuit further
conprises: a first flip-flop circuit having the
asynchronous clock signal or divided external clock
signal connected to an input and the internal clock

Si %jhal c ofiremtoastotionl@r ehio MO it dlaif 8, SOERAE the suS{Jend anti-glitch
AR b CIFCUIt havi ng a second |nput connect ed
anloﬂkﬁﬁngP”Pﬁ% first output and the internal clock
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0 r.cuj ving a third input connected t
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e ir
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The i rggoHtrolle of claim 17,
i ncf rst s fog @1&3 EJD gllrwgkconangegé? tI@lag)@ﬁhrpnqL@ iclock signal for delaying
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signal or the asynchronous clock signa

generat| a reset signal responsive to an absence of
béth thd g? At epaeatrolr owk (4CHhaf clandi %, heerkt @E Balchoh@sdon circuit

Sipgal corr%%ses:

a first flip-flop circuit having the asynchronous clock signal or divided external
clock signal connected to an input and the internal clock signal connected to a clock input;

a second flip-flop circuit having a second input connected to an output of the
first output and the interal clock signal connected to a second clock input;

a third flip-flop circuit having a third input connected to an output of the
second flip-flop circuit and the internal system clock signal connected to a third clock input;
and

wherein the a third flip-flop circuit provides as an ouiput thereof the external

clock synchronized with the internal clock signal.

22 The microcontroller unit (MCU) of claim 17, further including a missing clock
detect circuit for detecting the prescnce of the internal system clock signal or the
asynchronous clock signal and for generating a reset signal responsive to an absence of both

the internal clock signal and the external clock signal.
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