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A mixed signal IC 100 comprising analog circuitry for converting between analog and digital signals and digital circuitry includes
circuitry to produce a conversion enable signal (158) which causes the analog circuit to perform a conversion between an analog signal and
a digital signal. The circuitry also asserts a warning signal (156) prior to production of the enable signal to momentarily disable the digital
circuitry during operation of the analog circuitry. By so doing, noise artifacts from operation of the digital circuitry is eliminated when the




Wth the advances in integrated circuit 15 technology, it is becom ng
practical to include I ncreasingly nore functionality into single
integrated circuit devices. This includes a trend to cQyH&oe/ns3dss

hi gh- precPQ #528#%al og circuitry on the sang,die as high pert or mance
digital circuitry. However, due to the 20 nature of |1C design

hi gh- preci sion analog circuitry can be adversely affected by the noise
gener at ed when switching the digital |ogic. For exanple, separate
power supplies are typically enployed to power the digital

circuitry and the analog circuits. Noi B@sgX¥3dBELQPed with 25 ground pl ane
coupling between the power supplies wll interfere with proper

operation of the anal og circui Uty of-- .
hi gh- preci si on anal og Rﬁﬁ#é%ﬁ?éPgGﬁgé& Fngﬁgﬁggbgﬁﬁéﬁigns are of a
ki nd known as sanpl ed conveINe MIXEDhBECNALVEC{®rs are "sanpled” in
30 the sense that their inputs (or outputs) are present only at
dlscrete_ioints in time. This is conpared too conti nuous anal og
systens in whi TRCENECARpIIELH QFUITHE JINVENTION continuously avail able. The

presence of digital noisgne preddht? SAf@hEfoRNRLPSLEYSFERREAN I E (LS
dynam c range 35 by many dg

: . thus degradin erfor ce tqQ such an extent
that its appliéHFPSHaFﬁdaqﬁ%ﬁﬁiFﬁgﬁﬂﬂPE&ﬁ}Eg 5391ﬂbgggy§°91° bl e.
sampled analog circuits, and more specifically to a
10 method and apparatus for reducing digital switching noise

in such ciréuits.

BACKGROUND ART
With the advances in integrated circuit

15 technology, it is becoming practical to include
increasingly more functionality into single integrated
circuit devices. This includes a trend to combine
high-precision analog circuitry on the same die as high
performance digital circuitry. However, due to the

20 nature of IC design, high-pfecision analog circuitry can
be adversely affected by the noise generated when
switching the digital logic. For example, separate power
supplies are typically employed to power the digital
circuitry and the analog circuits. Noise associated with

25 ground plane coupling between the power supplies will
interfere with proper operation of the analog circuitry.

The majority of high-precision analog

converters used in such applications are of a kind known
as sampled converters. These converters are "sampled" in

30 the sense that their inputs (or outputs) are present only
at discrete points in time. This is compared too
continuous analog systems in which the input (or output)
is continuously available. The presence of digital noise
in a sampled analog system can reduce its dynamic range

35 by many dB, thus degrading performance to such an extent
that its application in a mixed-signal device may not by
viable.
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relatively large amount of noise compared to purely
internal digital circuitry. However, with large
synchronous systems where many internal nodes are
switching simultaneously, internal noise may also be a
problem.

Consider a codec with a peripheral component
interchange (PCI) interface, for example. A large part
of the digital noise in such a chip will occur due to
switching of the PCI outputs during a read transaction
(i.e. data output operation). These outputs will toggle
after a rising edge of a PCI clocking signal (with a
maximum delay of 11 nS). If the toggling of the PCI
outputs coincides with an analog sample (for example),
the conversion may suffer noise artifacts from the PCI
switching. As the sample clock and the PCI clock are
completely asynchronous, it is very likely that this will
occur during device operation.

What is needed is a method and apparatus for
operating mixed-signal devices in such a way that
eliminates (or at least keeps to a minimum) the adverse
effects of digital noise during sampling by the analog
circuitry.

SUMMARY OF THE INVENTION

In a mixed signal IC, conversion between analog
and digital signals comprises producing a sample-enable
signal based on a system clock. A warning signal, also
based on the system clock, ié asserted prior to the
sample-enable signal. The warning signal is then
synchronized with respect to a second clock, which serves
as a clocking signal for the digital circuitry portion of
the mixed signal IC. The warning signal is coupled to
the digital circuitry and serves to momentarily disable
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15 (i.e. data output operation). These outputs will toggle _

after a rising edge ;s 8neEias BleR R Signal (with a - maxinum del ay
of 11 nS)wolob/sképe t oggip | out puts coi necuamsoesshs an
anal og sanple (for ex%miﬂlunlﬂum t he <Sonversi on may suffer noise
artifacts fromthe PCl ching. As the sanple clock and the PCl
clock are .conpletely asynchronous, it _is very likely that this
will thec digdiah Figsnterppethugognabling the analog ciprendtar
attenpts to etonopairatd dil AhdcibsehBe of dia_itamm?écam dee

i ncl ude U. S. ﬁﬁten%,No. §;373 293 25 dtg |ra%g i ch dlaclosest? cl ock
signal stop cl'PEH theMarning signal  if,dsrag5erkeng oneFatianypff the
supplied to t@dégital cirdliifirylresitheduri I eneopabadient’ dfharal og
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What i s neede@irsudtyet hod and apparatus for operating
m xed- si gnal devices in such a way that elimnates (or at |east
keeps to a mninum _the adverse effects of digital noise during
sanpl i ng by tRBIERaPHFCRIRIHON QF ‘BHE( PRAWINGS SUMMARY OF THE
| NVENTI ON . Fig. 1 is a block level diagram of a mixed

10 signal device in accordance with the present invention.

Fig. 2 shows a block diagram of the control
circuit shown in Fig. 1.
Fig. 3 is a typical divider circuit.
Figs. 4A - 4C are timing diagrams showing the
15 operation of the invention.

BEST MODE FOR CARRYING OUT THE INVENTION
Fig. 1 shows a mixed signal integrated circuit
(100) according to a preferred embodiment of the present

20 invention. 1In a mixed signal IC, the digital circuitry
and the analog circuitry share the same substrate,
typically an N-type material, into which active devices
comprising the logic are formed.

The analog circuitry comprises a codec,

25 consisting of a digital-to-analog converter circuit (DAC)
122 and an analog-to-digital converter circuit (ADC) 124.
Preférably, the Sigma-Delta technique is used in the
embodiment shown in Fig. 1. However, any sampled A/D or
D/A converter can be used with the technique of the

30 present invention. .

An activation signal FOSR 158, derived from a
control circuit 150, feeds into each of DAC 122 and ADC
124. FOSR serves as a sample-enable signal, enabling
each of the conversion circuits to sample an analog _

35 signal for conversion to a digital datum or to generate
an analog signal by conversion from a digital datum. 1In
accordance with the preferred embodiment, the conversion
is initiated on a rising edge of the FOSR signal and
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In a mxed signal |IC, conver5|on bet ween analog and digita
signal s conprises pro uﬁfasBamphﬂmana
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clock, is asserted prior to

I anpl 4~ enabl e signal. The war ni ng
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signal is then synchroni zed Mﬁth respect to a second cl ock, which
serves 5 0 b oeLs T 24 1 ssduaaaa},l ﬁhh&%b%%doo”f@’ls‘)f
the m xed S|gna IC he warni ng signal I's cou I tal

circuitry and @&%@q"@mnvmwowgaﬁmn °°u1dt pds@ be a-lmﬁi{aétm ron

thus enablingat Falanalpeddd cof t FOSR withbatogepareing ithemikyrnce of
digitally proqﬁgggégnse 10 When the warning signal is de-asserted,
t

operation of
5 Associated with each of conversion circuits 122

and 124 is a buffer 112 and 114 for holding data, either
to be converted to analcg form or to store the result of
an analog to digital conversion. Buffers 112 and 114
(e.g. FIFOs) feed into a digital circuit, which in the

10 disclosed embodiment is a bus interface. The interface
used in the preferred embodiment is the peripheral
component interchange (PCI) interface, selected for its
popularity in the PC industry. It is noted that other
bus interfaces, such as ISA, are readily adaptable for

15 use in accordance with the present invention, requiring
only the ordinary skill of a person in the relevant
technical arts.

A PCI macro 110 contains the logic which

implements the PCI interface. Macro 110 includes a

20 ' 32-pbit input 101 and a 32-bit output 103. Drivers 136
and 138 provide an electrical interface to macro 110 from
circuitry that is external to mixed signal IC 100. Macro -
110 includes a 32-bit connection to buffer 112 to deliver
digital data to DAC 122 for conversion to an analog

25 signal. Conversely, a 32-bit connection 104 between
buffer 114 and macro 110 provides a data path for data
which represents a converted analog signal sampled by ADC
124. _

Macro 110 includes an internally generated PCI

30 clock signal (PCI_CLK) to drive the logic comprising the
circuit. In accordance with the present invention, the
PCI clock signal is coupled to clock input 154 of control
circuit 150. Alternatively, the PCI clock signal can be
provided by an off-chip clock source. In this alternate

35 configuration, the externally supplied PCI clock signal
is coupled to clock input 154 via the path shown in
dashed lines.
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digital circuitry resumes. ITn one enbodi nent of the i nvention, the

digital circuitry i Q wgﬂ%g&gace ~ circuit. 15 BRI EF
DESCRI PTI'@S ngZBjE_ Fig. 1 is a bl o%,ﬂ,gglota}r‘])?ﬂ%agr am

of a m xe Sign Hmmmccdrdan_@_wi th the present invention.
Fig. 2 shows a bl ock _ control circuit shown in Fig. 1
20 Fig.-3 is a typical divider circuit. Fi gs.

4A - 4C are tin ng di agrnegérs oo Nut-tBer incrﬂaﬂéﬂdﬂﬂlﬂépéh@oﬁﬁi@&tfgn-

BEST MODE FOR_CARRYI NG | NVENTI 25 , ig..1 shows a

m xed signal FREYrA G B AR Slgna?f@b’f"a‘éé&r Ahe (SPREBOLT LiReL56

enbodi ment of privelywesb sy control nedrtudt. 150.2 Whert @I | WARKhe
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the | ogi B ar eresipanfs by forcing a PCThRISEONNECH raxuiRETRYonpri ses a

codec, 99p3icHINg, Ofthd thebtfhebs- 3R LONMEIVIY LIRS Lhdf1hb1éPET
cores include an input signal which inhibits bus
switching. For example, the preferred embodiment of the
invention employs a PCI interface core designed by

10 Phoenix Technologies Ltd. known as the PCI3232 SNF
interface macro. The macro interface defines a signal
TAR_FORCE_RETRY_PCI which forces a RETRY on the PCI bus.
The PCI_WARN signal 156 is coupled to signal line
TAR_FORCE_RETRY_PCI and by so doing effectively prevents

15 toggling of the output drivers for one PCI bus cycle for
the duration that PCI_WARN is asserted. Of course, the
invention is not restricted to any one design of PCI
cores. The present invention can be practiced with any
of a number of alternate PCI cores.

20 With reference to Figs. 1 and 2, control
circuit 150 comprises a divide-by-N circuit 202 (also
referred to as a frequency or clock divider) having an
input 152 to which an external clock signal MCIK is
connected. As can be seen, sample-enable signal 158

25 (FOSR) is produced by dividing down external clock signal
MCLK by divider circuit 202. It is worth noting that
clock signal MCLK can be the system clock, so that DAC
and ADC activity is synchronized with the system clock.
Alternatively, MCLK can be a clock signal separate from

30 the system clock. The particular source of the clock
signal is unimportant to practicing the present
invention.

Continuing, the divider circuit 202 includes a
second output 222 indicative of the counter value of the

35 divider. Referring for a moment to Fig. 3, a typical
implementation of divider circuit 202 consists of a
series connection of J-K flip flops 302 - 306. Frequency
divider circuits are fundamental in the digital arts and

’ THIS SHEET HAS BEEN
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obtained. Returning to Fig. 2, such a counter value 222
from divider 202 feeds into a selector input of decoder
204. As will be explained below with respect to the
timing charts, decoder 204 is programmed to output a A
for a predetermined value of the counter output 222. The
output 224 of decoder 204 srves as the source of a WARN
pulse.

WARN pulse 224 feeds into a delay circuit
comprising two series-coupled flip flops 206 and 208.
The flip flops are clocked by the clock signal 154 from
PCI macro 110. This has the effect of delaying the WARN
pulse, thus producing a signal at control line 156 that
is synchronized with the PCI clock signal, namely the
PCI_WARN signal. The reason for this synchronization
will be explained below in connection with the timing
charts.

Referring now to Fig. 2 and to the timing chart
shown in Fig. 4A, signal FOSR is asserted at every N/2
cycles (counts) of external clock MCLK, the result of
divide-by-N circuit 202. The shift of & represents the
effect of a propagation delay on the FOSR signal and is
shown exaggerated for illustrative purposes. 1In
principle, PCI bus switching can be inhibited by
asserting a disabling signal at control line 156 (Fig. 1)
at the same time that FOSR is asserted. However, since
MCLK operates asynchronously with respect to PCI_CLK such
a disabling signal will occur asynchronously with respect
to the switching which goes on in the PCI interface.
Consequently, it is possible that the disabling signal
will come along at the same time or very close to a
rising edge of PCI_CLK. When data input changes too
close to a rising edge, the flip-flops comprising the
logic can go into a metastable state and begin to
oscillate. If this is not controlled, the oscillations
can pass on to the other circuitry and cause functional

R,
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is initiated on a rising edge of the FCSR signal and typically
conpletes in less than not ed however, that
conver si oW siM2eal s0| S%wﬁasch% e gced a falling edge GicTGsogodsdshout
departing fromthe 10 '] Im E E -7 Associ ated with each of
conversion circuits. 1 4 is a buffer 112 and 114 for hol ding
data, either to be converted to analog formor to store the result of
an anal og to digjiute conbeceden. ZBthardsthIeZdaai(h}&m:ﬂﬁlit ¢omprikihgs)

feed into a di u c n dinment .is a
bus |nterfaceﬁlég?$$%%§ 266 &H& BOb Eﬂﬁk Eh referred éﬁﬁ%ﬁrﬂﬁﬁf Fs t he
peri pher al dls%k%&ﬁmeﬁ%gﬂﬂieWBhﬁhgéWng%'QHQ(QIQKRQ edyestefl for its

popul arity ingdre d¢ik] ndustry. It is noted that other 20 bus interfaces, . ..

such as %SA are teadily_ ad table f use jin accordance with the
present Pnvention, requr g 1ng'oﬁﬁf 304 A pragramped steer son in

t he rel evant produ¢exﬂmﬂﬂapuhsbs224 as shown. This Rédnnwero 110 contains

the | ogi c whi g er f.ac cro 110,incl ude
32-bit input % rPdhélggéegf F%n?tigg aDtlo\?é'rcs ba'\@1 everyniNids- p?ivr de
an eIectricaIQQ“nﬁﬁeﬂieMQLKeﬁob aldufragion of arie @ounty, tdmd asleylerna
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buf f er i%z to eliver
andard decoder circuit, an equivalent custom logic

circuit can be constructed with the following Verilog
code fragment:

wire COUNTDONE = ( COUNT == 5'h00 );

15 assign #2 HALF = DIV >> 1;
// create a counter that counts from DIV to 0 on MCLK
always € ( posedge MCLK or negedge RESET_B )

begin
if ( IRESET B )
20 COUNT <= #2 5'h0;
else
begin
' if ( COUNTDONE )
COUNT <= {2 DIV - 1 );
25 else ( i
: COUNT <= ( COUNT - 1 );
end
end
. always € ( posedge MCLK or negedge RESET_B )
30 begin
if ( IRESET ' B )
begin
FOSR <= #2 1°b0;
: ‘WARN <= 'b0;
35 end #2 1705
. else
begin

if ( COUNT == HALF )
FOSR <= §2 1'b1°
40 else if ( COUNT == ( HALF - 2 ) )
. WARN <= #2 1 bl;
else if ( COUNT == ( HALF - 1 ) )
WARN <= #2 l'bO;
else if ( COUNTDONE )
45 FOSR <= $21'Db0;
end
end

As noted above, since the MCLK clock signal is

50 generated independently of the PCI_CLK clock signal, the
WARN pulse will be asynchronous relative to PCI_CLK.
Referring to Fig. 4B, WARN pulse 224 is latched into

flip-flop 206 on a rising edge of PCI_CLK C, to produce a

RO AU !



30 digital data fo DAC 122 for conversion to an anal og si gnal .
Conversely, a 32-bi nggﬂgtﬁi, é)egRéLp%e(ﬁzt ween buffer 114 and macro 110

provi des- a data path ich represents a con gg%&% og
si gnal s¥¥Puses ADC,MI Hmum ol Macro 110 ?i’ 8@9%%
i nternally generated Kk signa? (PCl CLK) to drive the logic.
conprising the circuit. In accordance with the present invention, the
PCl cl ock si ' pl c ' t f ' Lt
150, ALt ernattogryt #797(RRRN ackﬁ%%gn;’j“‘“c%&%‘n 2£'a6RPkE ko synchEbhidk
AVENDED SHEETPulse 224 to PCI_GI&K déd 3B &rp208hther| 8¢RCEsUPBE. In this
alternate WARS2NAtOUha! nekt Hieiny wdge |ot seep! CER €61 pebatkesi gna

PCI_WARN signal 156 which is coupled into PCI macro 110

5 (Fig. 1).
As discussed above, switching of PCI data

occurs on the rising edge of PCI_CILK, with a maximum
possible delay §, of 11 nS. For example, in Figs. 4B and
4C PCI switching occurs at clock edgés Co, C, and C;. It
10 is during these times that the electrical conditions on
the data bus are at their worst for the purpose of making
a conversion” between analog and digital data.
Returning to Fig. 4B, it can be seen that
PCI_WARN is HI at clock C,. Consequently, the PCI
15 interface is prevented from switching its I/0. Thus, an
electrically stable condition on the data bus is
maintained, during which time the FOSR signal is
asserted. This enables DAC 122 and/or ADC 124 to make a
conversion between an analog signal and a digital signal,

20 without the adverse effects of PCI switching. PCI
switching then resumes at the next rising edge C, of
PCI_CLK.

Refer now to Figs. 4A and 4C for a slightly
- different timing situation. Here, WARN signal 224 occurs

25 just after a rising edge C; of PCI_CLK and so is not
latched by flip-flop 206. However, it is latched on the
next clock edge C, to produce WARN1l. At clock C;, when
PCI_WARN is HI, I/O switching in the PCI interface logic
is disabled. This allows analog-digital conversion to

30 occur when the FOSR signal is asserted. PCI switching
does not resume until clock edge C, when PCI_WARN is
de-asserted. This timing situation illustrates that WARN
signal 224 must be generated two clock periods before the
FOSR clock edge, to allow time for PCI_WARN to be

35 synchronized to the PCI clock.
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I's coupled to clock input 154 via the path shown in dashed lines. 5

Macro 110 further includes an input coupled to receive a PCl WARN

si gnal pr®i n a control line 156 produced by con

158 V\hpe‘gbtnﬁgg?ggk—%m——ei—gnal is asgerted, the |ogi CE,co}rypsﬂlué&ag PCl
mac responds by forcing a PCl | SCONNECT or RETRY. 10

Typ| cal I y th l" EN;I ﬂli“ IFm"rerm ally avail abl e PCl cores include
an i nput S|gn Ml bus cERMhshi ng. For exanple, the
preferred enbodlnent of t he i nvention enploys a PCl interface core

desi gned by Phoeni x Technol ogi es Ltd. known as the PCl 3232 SNF 15
i nterface nacto. Iheanadn&égﬁaﬂédumnrhﬂiﬁeﬁaalﬁggdabltal logic

Sgnal 156 1 SCEbaArEeh sl Ebratuith YitofyEy iR eonverting, paryesy

doi ng eﬁiect|Qeay°9renénﬂ§gltal signplsg Qperhbloutpﬁtt53|degathdr one PC
bus cycl e forlgglc c&?@u‘i‘&ﬁﬁt l} A Al hdd &‘Q‘RQ' i;if)%ﬁss&&sﬁ 51% ajourse, the

invention is nof restricted to any one, desig "The
present invenPPBRAEAANLELHAREG GV A ﬁ#P%n‘;‘rlrculter bgingnbdmeds onl @er nat e

PCl cores. second clock s ¥ efenfaegod Oofi 86nvértiflg2betaanol 25
circuit 150 co |ses avg&QF by Alc cuit 202, (al so referred to as
-3

a frequency o? 89ka8 , comprising:
produc1ng a th1rd clock signal based on the

second clock signal;
asserting a warning signal based on the third
clock signal;
in response to assertion of the warning signal,
15 disabling switching of the digital logic for a period of
time; and
during the period of time for which switching
of the digital logic circuitry is disabled, converting
between an analog signal and a digital signal.

20
2. The method of claim 1 wherein the step of converting
is synchronous with the third clock signal.

25 .

3. The method of claim 2 wherein the warning signal
precedes the third clock signal.

30 4. The method of claim 1 further including
synchronizing the warning signal with the first clock to
produce a second warning signal and synchronizing the
step of disabling with the second warning signal.

35

5. The method of claim 1 further including, prior to
the step of disabling, delaying the warning signal by an
amount of time based on the first clock pulse.
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ADC act|V|ty is synchronized with the syst®m cl ock. Al ternatively,
MCLK can be a cl ock signal separate from the system cl ock. The

particul ar squrce th ck g s_uni mport.ant to practicing
the present 8. Iﬁve (iﬂ?é) ot Blain®l PurEhﬁFlﬁBF Jaing. da-ASReTTing i ¢
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signal.

dinput 152 to mhlch Hﬁg"ﬁfnal clock S|gnal MCLK i s connected. As can

and

5

7. The method of claim 1 wherein the digital circuitry
is a bus interface circuitry.

10
8. The method of claim 7 wherein the bus interface
circuitry is a PCI bus interface.

15 9. An integrated circuit comprising:
a substrate;
analog circuitry disposed in a first region of
the substrate, the analog circuitry having a first
control terminal, the analog circuitry effective for
20 converting between analog and digital signals in response
to the first control terminal receiving a first control
signal; -
digital circuitry disposed in a second region
of the substrate, the digital circuitry having a second
25 control terminal, the digital circuitry being disabled in
response to the second control terminal receiving a
second control signal;
a first clock terminal outputting a first clock
signal; and
30 means coupled to the first clock terminal for
generating a plurality of the first control signals and a
plurality of the second control signals, the control
signals generated based on the first clock signal, the
first and second control inputs coupled to the means for
35 generating to receive respectively the first and second
control signals.
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i mpl enentation of divider circuit 202 consists of a series connection

o ui
of J-K flip flops 13‘["“ 1 l I‘ﬂ’ﬂrcy divider circuits are
fundanen ,g”g [ ' many vari ati ons aperhizeows34NS can
be 'seen, a 3|V| circuit is essentihgldy a counter, and by tapping

t he out puts of fIip flops 302 - 306 the counter value can be

obtai ned. Returning to Fig. 2, such a counter value 222 from di vi der

202 feeds inta snkecimegﬂauédobmwiderof claimO¥e wherelih kheexibratned

be|OM/MAth re o_the rts, coder ogranmmed to
oot " | EREo} Bidfat i, b, FERBF NI B tieEt (3 R ERt IPREE D05, Tre
out put 224 of lalexbcemd 204second degiike levelcand the\'&econd coplulrsé

WARN pul se 2 Og a [
seri es-coupl gsﬁf‘fﬂ _}%2& gglgggngh%&q}g taéérltfg&frgjﬁ é%ﬁgggwg%g g gcs&d by
the cl o8k si gh%glc.l%‘(? n®r the peromgcd@gir® le¥ek. has the effect of

del ayi ng the WARN pul se, thus producing a signal at control line 156
t hat is synchronized with the PCl clock signal, nanely the 20
PCI WARN signal. The reason for this synchronization wi || be explained

bel ow i n conrerii crhev invtédgeated cdroeuit dfardlkain 16 wherein thRemeansng
now to Fig. :%égmbéﬁbégglﬁénlﬂglﬁggs a clock divider having an input
10 coupled to the clock terminal and an output to provide
the first control signals, the clock divider further
having an output indicative of a current value thereof;
the means for generating further including a decoder
having a selector input coupled to receive the current
15 value of the clock divider, the decoder having an output
coupled to provide the second control signals.

12. The integrated circuit of claim 16 further including

20 a second clock terminal outputting a second clock signal,
the second clock signal coupled to the digital circuitry
thereby providing a clock signal to drive the digital
circuitry, the first and second clock signals being
asynchronous; the means for generating including:

25 a clock divider having an input to receive the
first clock signal and an output for producing a thira
clock signal, the third clock signal coupled to the first
control input, the clock divider further having an output
indicative of a current value thereof;

30 a decoder having a selector input coupled to
receive the current value of the clock divider and having
a decoder output; and

a delay circuit having an input coupled to
receive the decoder output, the delay circuit being

35 clocked by the second clock signal, the delay circuit
having an output coupled to the second control input.
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shown in Fig. 4A signal FOSR is asserted at every N2 25 cycl es

202.. The é@;ﬁ%%;?ﬂ!ﬂdllﬂﬂﬂmﬂﬂmﬂmh?s“' " Gttect of & S?sﬁéégbg}ﬂef ay

on the F and e st ® shown exaggerated for illustr rposes.
In - principle, PCl bus sw tching can B&2nhibited by 30 asserting a
di sabling signal at control line 156 (Fig. 1) at the sane tine that

FOSR i t.ed. ' . K er.at.es ynchr.onousl L{h
FOOR 15 eser el HE SheodbREse cornlfir RN BRORE Fht i Ll
with respect a claegkttirewitcAisposkidcngdhe subistrate PAthe ntkodlace. 35
Consequent |y, drdi$i®0RetPh§ aﬁaaukaﬁtdb%gpnéwt% gfg@ofs%ax@"’éiﬁgm al ong

at the same time or very close to a sing ed ( n data. ..
i nput changes ¥&f@inal. ciose to a rising edge, the flip-flops conprising
t he sl ogic can go into a netastable state and begin to

AMENDED SHEET

14. The integrated circuit of claim 19 further including
first and second clock pads disposed on the substrate for
receiving an externally generated clock signals, the

10 first and second clock pads respectively coupled to the
first and second clock terminals.

15. The method of claim 16 wherein the digital circuitry
15 is a bus interface circuitry.

16. The method of claim 22 wherein the bus interface
circuitry is a PCI bus interface.
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oscillate. If this is not controlled, the oscillations can pass on

to the other circuitry and cause functional - failure. Decoder 204 and
t he del ay,gi Ll conprising flip-flops 206 and 208 obesRsoVi de
a synchrdﬁﬁ)%@ﬂ&% di sabling signal which avoids the rising edges o

PCl CLK. Cont i nui ng, dﬁféder 204 is programmed to

produce WARN pul se 224 as shown. This cd e acconpl i shed by

outputting a logic H at every (N2 - 2) 10 counts of MCLK for a

duration of one count, and a logic LO at all other tinmes. As an
alternative to using a standard decoder circuit, an equival ent
custom | ogi c circuft can be constructed with the follow ng Veril og
code fragment: 15 _______1\ wi_re COUNTDONE = _(_COUNT _==_5 100 )___

assign #2 HALF = DIV >>
DV to O on MCLK
begin

110
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20 If ( 'RESET B COUNT <= #2
5' hO; el se begin
i f (. COUNTDON 2) _ NT <= #2 Di
1) WO 0075 829 el se PCT/US00/05345
COUNT <= ( COUNT - 1 ; ' end end
30 al ways @( posedge MCLK or 12¢&lge RESET B
begi n if ( | RESET_B
begi n FOSR <= ﬁ%l [-bT
WARN <= #2 |'bQ fHHIlH I:%en
el se begin | f
( COUNT == HALF 40 \ FOSR <= #2 1' bl ;
else if ( COUNT == ( HALE>1®2 ___lff WARN
)<: #2 1' bl; 5 202 BTSETT ("CIJUNT" ( HALF - 1
E DIVIDE-by-N f
é 222 E
{ . | DECODER |\ !
t |\2°4 { 150
E \ 224 .
| LD gl {156
154 5
3 > i
E 206 208 E
e e j
202
Vee Vee Vee
158
] Q ] Q ] Qp——
K K K
>J—152 D> > >
Q Q Q
302 304 306




WARN <= #2 1' b0O;. 45 else if ( COUNTDONE )

FOSR <= #21' bO; end end 50
As noted" i nce the MCLK clock signal is gener at
I ndependent %3?2%{ he PCI CLK cl ock signal, the P%jrfusoomss::s
AVENDED SHEET - 8- WARN
pulse will be asynchronous relative t 0 SAEBCLK. ‘Referring to Fig. 4B,
WARN pul se 224 is latched into flip-f lop 206 on a rising edge of
PCICLK .CJerr] to produceNal NSI gnal 12,26 (WARN1) which in effect serves
to synchronize 5-1
MCLK L: L> La
(152) ! \ I
) ! !
) ! !
FOSR ; i ;
158 t T
(" E et
WARN i :
(224) — -
} )
' ! FIG._4A
E !
ECO C i Cy
PCICLK ‘( h 5 )
(154) : LT . LT
A P :
WARN1 ) e <—5PI ' i i i ! i
(226) E E i ' T T ¥ = T T
S O e !
PCLWARN | ! {!&p—ife— 1] !} : ! !
(1s6) —i ¥ H 1 b —— -+ T v
H 18 H : ' : ' b } !
e X XXX XX
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5 0158?52(300 24 to PCl CLK. Flip-flop 208 then cl ocks out WARNL altJSt 030053
next rising edge of 'PCI CLK to produce PCI WARN si gnal 156 which is
coupled into PCl macro 110 (Fig. 1). ' As di scussed

above, switching of PCl data 10 occurspon the rising edge of PClCLK,

W th a maxi num possi ble delay [err] of 11 nS. For exanple, in Figs.

4B and 4C PCl  swigsehi : Sde esge apgof3. It

is during these tines t‘%glt{%egeeﬁg?‘rﬁgaﬁ{ condi ti o;%%%)éﬁérag?hggdgfa bus

are at their PRYSERBChe PNHIARIQF SAHGGR) AL Noise ohl% A2e kP bet ween

anal og and diqdigtidlald®us output switching ReiHEre ttany dugpu¥d, oftthan be
seen t hat .PCIl WARN s H q{ cl ock err].DCb se entlgf thﬁ PCl
interface i s FVdFEEEF AL RS MG (%G OPYR RS He CWrTenfgE fpdca |y

st abl e Sondi lioadsornivied veal drbwutput?padsipitiiis eheratesigawhi ch tinme the
FOSR signal 8ot 1verdS el anthit PSS DACones AR KO pdlly 424 o make
a n n igita

convérsion berweeén anal og signal_ a gl gna
Wi t hout the doterneleidfigitalofcipCuidwivt.clHowgvers with laxgechi ng t hen

resumes at thn@ﬁ€§d3d§ %}é%@ﬂ%‘gﬁ%ye:%%ny {ﬁ%ﬁfﬂéﬁ nodes are. ~ Refer
now to Figs. 4A and 4C for _a slightly Ifferent timng situation.
Here, WARN sByRiching sdapwlfaneouslysiingiqrnaly neigerayrlss be &C CLK
and so1ps noproblem.

Consider a codec with a peripheral component
interchange (PCI) interface, for example. A large part
of the digital noise in such a chip will occur due to
switching of the PCI outputs during a read transaction

15 (i.e. data output operation). These outputs will toggle
after a rising edge of a PCI clocking signal (with a
maximum delay of 11 nS). If the toggling of the PCI
outputs coincides with an analog sample (for example),
the conversion may suffer noise artifacts from the PCI

20 switching. As the sample clock and the PCI clock are
completely asynchronous, it is very likely that this will
occur during device operation.

Previous attempts to eliminate digital noise in
a mixed signal device include U.S. Patent No. 5,373,293

25 to Hirata which discloses a clock sighal stop circuit for
stopping an operating clock signal supplied to the
digital unit during an operation of the analog unit. The
disabling of the switching circuit occurs at the same
time as the A/D conversion and is initiated by the same

30 signal. .

What is needed is a method and apparatus for
operating mixed-signal devices in such a way that
eliminates (or at least keeps to a minimum) the adverse
effects of digital noise during sampling by the analog

35 circuitry.

SUMMARY OF THE INVENTION
In a mixed signal IC, conversion between analog
and digital signals comprises producing a sample-enable

AMENDED SHEET
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| at ched by flip-flop 206. However, it is latched on the 30 next cl ock

edge C4 to produce WARNL. At clock (Jerr], when PCOCWARN is H, I/0
switching in the PCl interface |ogic is disabled. This allows

anal og-digital conversion to occur_shen the FOSR signal is asserted.

PCl swi tching does not resune until” clock edge (Jerr] when PCI WARN

s gnal 224 ELgnBE panel.puqhrkISLRl HALERT 8 WRrHAnE SttHar Rsn, ) oo
edge, to al |basednmenfthePsysteRNclocke is asseyted paiioed tie e PCl cl ock
AVENDED SHEﬁgémple-enable signal. The warning signal is then
synchronized with .respect to a second clock, which serves
5 as a clocking signal for the digital circuitry portion of
the mixed signal IC. The warning signal is coupled to
the digital circuitry and serves to momentarily disable
the digital circuitry, thus enabling the analog circuitry
to operate in the absence of digitally produced noise.
10 When the warning signal is de-asserted, operation of the
digital circuitry resumes. In one embodiment of the
invention, the digital circuitry is a PCI bus interface

circuit.

i5 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block level diagram of a mixed
signal device in accordance with the present invention.
Fig. 2 shows a block diagram of the control
circuit shown in Fig. 1.
20 Fig. 3 is a typical divider circuit.
' Figs. 4A - 4C are timing diagrams showing the
operation of the invention.

BEST MODE FOR CARRYING OUT THE INVENTION
25 - Fig. 1 shows a mixed signal integrated circuit
(100) according to a preferred embodiment of the present
invention. 1In a mixed signal IC, the digital circuitry
and the analog circuitry share the same substrate,
typically an N-type material, into which active devices
30 comprising the logic are formed.
The analog circuitry comprises a codec,
consisting of a digital-to-analog converter circuit (DAC)
122 and an analog-to-digital converter circuit (ADC) 124.
Preferably, the Sigma-Delta technique is used in the
35 embodiment shown in Fig. 1. However, any sampled A/D or
D/A converter can be used with the technique of the
present invention.
An activation signal FOSR 158, derived from a
control circuit 150, feeds into each of DAC 122 and ADC

AMENDED SHEET



1. %-gg- 0oool1 of converti ng between anal og and digital signal s i nU§n0000053

integrated cirocuit (100) having digital |l ogic circuitry (110) and
conversion circuitry (122,124) for converting between anal og and
digital signals, 5 operation of the digital logic circuitry (110) being
timed on a first clock signal (154), operation of the conver5|on

' ' 1 124 ' t d cl oc | (152), said
met hod | hol udghy + FRSE: BREVSE 28 3 SpRBlananphle HIEIAY o ADATLHER ( 155)
based on t heeaehood tﬁg-cohurek-sibgma:hr@lﬁz)s a:twsmpll@tamgn’meld@en an

I | I Lt i_gnal AR
22099, g TABRE, SRR BBt SRR LBANGIY SORURL 0 St
asserting a amrahajogi gighallbg) coavessdon farom a dﬂgmtai(ﬂatﬂm3|ghal
(158.). 5sal day@bphifics! fath (:ilxéesfré§err@ae%%d&.n¥et}%{t i c?érﬂ?é‘réi& al

(158), to assertion e war ni ng
(156), dlsabFannéﬁﬁﬁ§ﬁﬁnQnoﬁ riasisggedge ofgithe FOSR tsignal an‘1110) for a

perizgd of t: 1@8@1 completes in 1@Rar @hAn ke n¥rRidcordPNVerd i 1y bet ween
an ana

period of tlgrg ?3r aﬂﬁgggsatgéﬂl t&n&er Prg’lnd: iy a1%o %uqt dg}u:'g n%%l??y the
(110) is di sabfallling edge of FOSR without departing from the

10 invention.

Associated with each of conversion circuits 122
and 124 is a buffer 112 and 114 for holding data, either
to be converted to analog form or to store the result of

. an analog to digital conversion. Buffers 112 and 114

15 (e.g. FIFOs) feed into a digital circuit, which in the
disclosed embodiment is a bus interface. The interface
used in the preferred embodiment is the peripheral
component interchange (PCI) interface, selected for its
popularity in the PC industry. It is noted that other

20 bus interfaces, such as ISA, are readily adaptable for
use in accordance with the present invention, requiring
only the ordinary skill of a person in the relevant
technical arts.

A PCI macro 110 contains the logic which

25 implements the PCI interface. Macro 110 includes a
32-bit input 101 and a 32-bit output 103. Drivers 136
and 138 provide an electrical interface to macro 110 from
circuitry that is external to mixed signal IC 100. Macro
110 includes a 32-bit connection to buffer 112 to deliver

30 digital data to DAC 122 for conversion to an analog
signal. Conversely, a 32-bit connection 104 between
buffer 114 and macro 110 provides a data path for data
which represents a converted analog signal sampled by ADC
124.

35 Macro 110 includes an internally generated PCI
clock signal (PCI_CLK) to drive the logic comprising the
circuit. In accordance with the present invention, the
PCI clock signal is coupled to clock input 154 of control
circuit 150. Alternatively, the PCI clock signal can be
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2. 0(1cg§102eol1ed) 25 3. (cancelled) 4. The nethod of clai mlfs 0000053
further includisng synchroni zi ng the warning signal (156) wth the

first clock signal 30 (154) to produce a second warning signal and

synchroni zing the step of disabling with the second war ni ng si gnal .

5. The nethod of claim1 further includimy, prior to the 35 step of

o sabl 00, Seka ! b 4B R ot Bodtbe. 1L e lp ke,
SHEET configuration, the externally supplied PCI clock signal
is coupled to clock input 154 via the path shown in
dashed lines. ' .
5 Macro 110 further includes an input coupled to
receive a PCI_WARN signal provided on a control line 156
produced by control circuit 150. When the PCI_WARN
signal is asserted, the logic comprising PCI macro 110
responds by forcing a PCI DISCONNECT or RETRY.

10 Typically, the interfaces of commercially available PCI
cores include an input signal which inhibits bus
switching. For example, the preferred embodiment of the
invention employs a PCI interface core designed by

.. Phoenix Technologies Ltd. known as the PCI3232 SNF

15 interface macro. The macro interface defines a signal
TAR FORCE_RETRY_PCI which forces a RETRY on the PCI bus.
The PCI_WARN signal 156- is coupled to signal line
TAR_FORCE_RETRY_PCI and by so doing effectively prevents
toggling of the output drivers for one PCI bus cycle for

20 the duration that PCI_WARN is asserted. Of course, the
invention is not restricted to any one design of PCI
cores. The present invention can be practiced with any
of a number of alternate PCI cores.

With reference to Figs. 1 and 2, control

25 circuit 150 comprises a divide~by-N circuit 202 (also
referred to as a fregquency or clock divider) having an
input 152 to which an external clock signal MCILK is
connected. As can be seen, sample-enable signal 158
(FOSR) is produced by dividing down external clock signal

30 MCLK by divider circuit 202. It is worth noting that
clock signal MCLK can be the system clock, so that DAC
and ADC activity is synchronized with the system clock.
Alternatively, MCLK can be a clock signal separate from
the system clock. The particular source of the clock

35 signal is unimportant to practicing the present
invention.

Continuing, the divider circuit 202 includes a
second output 222 indicative of the counter value of the
divider. Referring for a moment to Fig. 3, a typical

AMENDED SHEET
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6. The method of claim1 further including de-asserting

t he warning signal (¢156), and resum ng switching of the digita
| ogi ¢ subsequent to the step of de-asserting the war ni ng si gnal
(156) .- 5 7. The met hod of clqigll wherein the digital circuitry

(110) is a bus interface circuitry.

8. The nethod of claim?7

wherein the bus_.interfacge O.. circuitry i, Cl bus, i,nterface.
9. An integr&F@&eEPPEG%P°Plﬁé)d&WHﬁ%?tﬂﬁﬁ?%i%ﬂ RPIELSES O q pstrate,

conver si on ciegtiesr yoph22tibd ofdidsfofadd flops 302 - 306. Frequency

10

15

20

25

30

35

divider circuits are fundamental in the digital arts and
many variations are known. As can be seen, a divider
circuit is esséntially a counter, and by tapping the
outputs of flip flops 302 - 306 the counter value can be
obtained. Returning to Fig. 2, such a counter value 222
from divider 202 feeds into a selector input of decoder
204. As will be explained below with respect to the
timing charts, decoder 204°'is programmed to output a ~1!
for a predetermined value of the counter output 222. The
output 224 of decoder 204 srves as the source of a WARN
pulse.

WARN pulse 224 feeds into a delay circuit
comprising two series-coupled flip flops 206 and 208.
The flip flops are clocked by the clock signal 154 from
PCI macro 110. This has the effect of delaying the WARN
pulse, thus producing a signal at control line 156 that
is synchronized with the PCI clock signal, namely the
PCI_WARN signal. The reason for this synchronization
will be explained below in connection with the timing
charts.

Referring now to Fig. 2 and to the timing chart
shown in Fig. 4A, signal FOSR is asserted at every N/2
cycles (counts) of external clock MCLK, the result of
divide-by-N circuit 202. The shift of & represents the
effect of a propagation delay on the FOSR signal and is
shown exaggerated for illustrative purposes. 1In
principle, PCI bus switching can be inhibited by
asserting a disabling signal at control line 156 (Fig. 1)
at the same time that FOSR is asserted. However, since
MCLK operates asynchronously with respect to PCI_CLK such
a disabling signal will occur asynchronously with respect
to the switching which goes on in the PCI interface.
Consequently, it is possible that the disabling signal
will come along at the same time or very close to a
rising edge of PCI_CLK. When data input changes too
close to a rising edge, the flip~flops comprising the
logic can go into a metastable state and begin to
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fi rQs1t oraezgqoc}n of the substrate, digital circuitry (110) 15 di sposedulsrpoé)ooss'
second region of the substrate and a first clock term na

outputting a first clock signal (152), wherein the conversion

circuitry (122, 124) has a first _<ontrol termnal and is effective

for converting between anal og and digital signals, and the digita

circuitry ggclliéég) h3% 8n3gc9adn %nhh%krgﬁﬁgbpa%héMggéifhééfbns

i nprovenent conp ducing "a second cl ock
si gnal (158) can pass Qasta Shet pshery stlrc:uacﬂrySua@dalca(tm)functlonal

means for pregushpg. ande gaaegtbaq BntRtie deladd cirthitelcdnfie faged on

t he second c sl gna neans fo
swi t chi ng off%hﬁ‘ﬁigPFag 6 and 2°§|P@EW@r?°(PH§VH@ﬁ'aa%MﬂQhﬁPQ#Z%¢ne when

the war®i ng disablingl gmghailﬁﬁhchsawqalsv%eahbﬁexgsga@& @t rol

term nal ; #n means for converting between an
anal og signa?CI—CL * and a digital signal, during the period of tine for
whi ch smﬁtchingontlhhéndigab&bdbmgbo4iisdbwd@ﬁuhmeaﬂrbreceipt

wheretn sa PEoa8ES IhEIpulaR bo0, b Snghiity IS Ban be o er L he e ni ng
si gnal (156)a¢compiished. by outputtlng a 1og1c HI at every (N/2 - 2)
10 counts of MCLK for a duration of one count, and a logic
LO at all other times. As an alternative to using a
standard decoder circuit, an equivalent custom logic
circuit can be constructed with the following Verilog
code fragment:

15 wire COUNTDONE = ( COUNT == 5'h00 );
assign #2 HALF = DIV >> 1;
// create a counter that counts from DIV to 0O on MCLK
always @ ( posedge MCLK or negedge RESET_B )

begin
20 if ( !RESET_B )
COUNT <= #2 5'h0;
else
begin
if ( COUNTDONE )
25 COUNT <= #2 ( DIV - 1 );
else
COUNT <= ( COUNT - 1 );
end
end
30 always @ ( posedge MCLK or negedge RESET B )
begin -
if ( IRESET_B )
begin :
FOSR <= #2 1'b0;
35 WARN <= #2 1'b0O;
end
else
begin
if ( COUNT == HALF )
40 FOSR <= #2 1'bl;
elge if ( COUNT == { HALF - 2 ) )

WARN <= #2 1'bl;
else if ( COUNT == ( HALF - 1 ) )
WARN <= #2 1'b0;
45 else if ( COUNTDONE )
FOSR <= #21°'b0;
end
end

50 As noted above, since the MCLK clock signal is
generated independently of the PCI_CLK clock signal, the
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WARN pulse will be asynchronous relative to PCI_CLK.
Referring to Fig. 4B, WARN pulse 224 is latched into .
flip-flop 206 on a rising edge of PCI_CLK C, to produce a
signal 226 (WARN1l) which in effect serves to synchronize
pulse 224 to PCI_CLK. Flip-flop 208 then clocks out
WARN1 at the next rising edge of PCI_CLK to produce
PCI_WARN signal 156 which is coupled into PCI macro 110
(Fig. 1).

As discussed above, switching of PCI data
occurs on the rising edge of PCI_CLK, with a maximum
possible delay &; of 11 nS. For example, in Figs. 4B and
4C PCI switching occurs at clock edges Cy;, C, and C;. It
is during these times that the electrical conditions on
the data bus are at their worst for the purpose of making
a conversion between analog and digital data.

Returning to Fig. 4B, it can be seen that
PCI_WARN is HI at clock C;. Consequently, the PCI
interface is prevented from switching its I/o. Thus, an
electrically stable condition on the data bus is
maintained, during which time the FOSR signal is
asserted. This enables DAC 122 and/or ADC 124 to make a
conversion between an analog signal and a digital signal,
without the adverse effects of PCI switching. PCI
switching then resumes at the next rising edge C, of
PCI_CLK.

Refer now to Figs. 4A and 4C for a slightly
different timing situation. Here, WARN signal 224 occurs
just after a rising edge C; of PCI_CLK and so is not
latched by flip-flop 206. However, it is latched on the
next clock edge C; to produce WARN1. At clock C;, when
PCI_WARN is HI, I/O switching in the PCI interface logic
is disabled. This allows analog-digital conversion to
occur when the FOSR signal is asserted. PCI switching
does not resume until clock edge C; when PCI_WARN is
de-asserted. This timing situation illustrates that WARN
signal 224 must be generated two clock periods before the
FOSR clock edge, to allow time for PCI_WARN to be
synchronized to the PCI clock.
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11. 01{32-?70&% rated circuit of claim9 wherein the nmeans for prooHEior%)oosa
the second cl odjlﬂ Hﬂ"(l Eﬂ'ﬂl” ludes a 10  clock divider (202) having an
i nput coupl ed t terninal (152) and an output to provide

the sécond cl ock S|gna (158) the_gl ock divider (202) further having
an output indicative of a current value (222) thereof; and .
wherein the neans for producing the warning signal (156) 15 |ncludes a t
decoder (204}, haxi ﬂ&tﬁoaebQCbﬁhvbQ'IQliTn w‘&% curren
val ue (222) of th di,vi de ¢ , the &{Sogrer aﬂgw ng an

cl,ock
out put (224)56%5?@&“ an lPGéEFG&P&ecﬂ E‘\R:é’r 0P )s ingvaing slsregltal 20
12. The int eyogiedctireattiyof{1¢bai ang E@hbb&rsﬂo@pldi@dﬂﬁtﬁ-y (122 SesPNd

15 the third cl ock
ok o ey R T b AL c8’ A8 s canl Wi 0,100
a cl ockSsi gmpeﬁ&tlonooﬂrthe dlnglﬂagl flayici cdmc?]nru.g:rfgﬁl(a)liogglﬁeifng st (152]2 o
Spgdu0|ng Eﬂgiggééﬁé)%F%g E?ggg fggbggngi¥%§ ﬁg?gﬁﬁhal (156)
i ncl udi ng: conversion circuitry (122 124) being tlmed on a second
clock signal (152), said method including the steps of
producing a third clock signal (158) based on the second
10 clock signal (152) and converting between an analog
signal and a digital signal synchronously with the third
clock signal (158); wherein the improvement comprises:
asserting a warning signal (156) based on the
third clock signal (158), said warning signal (1586)
15 preceding the third clock signal (158),
in response to assertion of the warning signal
(156), disabling switching of the digital logic circuitry
(110) for a period of time; and
wherein the step of converting between an
20 analog signal and a digital signal is carried out during
the period of time for which switching of the digital
logic circuitry (110) is disabled.

2. (cancelled)
25
3. (cancelled)

4. The method of claim 1 further including synchronizing
the warning signal (156) with the first clock signal

30 (154) to produce a second warning signal and
synchronizing the step of disabling with the second
warning signal.

5. The method of claim 1 further including, prior to the

35 step of disabling, delaying the warning signal (156) by
an amount of time based on the first clock pulse.
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a J?LQE éJV|der (202) having an i nput to 30 receive the first--clock

signal (152) and an®out put for produci ng the second cl ock signal
(158), the second cl ock signal (158) coupl lIJ w mﬂ control
t'erm nal, the cl ock divider (202)_fycLther ﬁ llt Ilmlﬁ I]II|I ndi cative
of a current-value (222) thereof; 35 *a Hecoddr (204) having a
sel ector |nput coupled to receive the current value (222) of the clock
di vi der % aﬁQE@% EQ Elggﬁoqe%d?ﬂﬂgﬁ ﬂﬁ%&ﬁﬁﬁ ‘he-assertln?

a del ay CIrCUIt 8 aV|ngsan I nput , coupled to receive The

decoder out pthe(vauninghgigepiy (156), and;mesuynigg ﬁﬂiﬁc PEIRRed by
the third cl@gfital logienahbséfdknti ke deleaytey &f tde(-%lk‘sexapﬁig hewéng an

warning signal (156).

7. The method of claim 1 wherein the digital circuitry
(110) is a bus interface circuitry.

8. The method of claim 7 wherein the bus interface
10 circuitry is a PCI bus interface.

9. An integrated circuit (100) of the type including a
substrate, conversion circuitry (122, 124) disposed in a
first region of the substrate, digital circuitry (110)
15 disposed in a second region of the substrate and a first
clock terminal outputting a first clock signal (152),
wherein the conversion circuitry (122, 124) has a first
control terminal and is effective for converting between
analog and digital signals, and the digital circuitry
20 (110) has a second control terminal, wherein the
improvement comprises:
means for producing a second clock signal (158)
based on the first clock signal (152);
means for producing and asserting a warning
25 signal (156) based on the second clock signal (158);
means for disabling switching of the digital
circuitry (110) for a period of time when the warning
signal (156) is received at the second control terminal;
and
30 means for converting between an analog signal
and a digital signal, during the period of time for which
switching of the digital logic is disabled, upon receipt
of the second clock signal (158) at the first control
terminal, wherein said second clock signal (158) is
35 received after the warning signal (156) is asserted.
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13. The

first controt tern1naf%

5

|ntegrated titcuit of claim12 further including a clock circuit

di sposed on gﬂﬂs cl ock circuit having an output coupled
to the seco ﬂmslmﬁmll nal . 14. The integrated circuit of
claim 12 furthere |nclmd|hg first éﬂ&'second cl ock pads di sposed on
the substrate for rece|V|ng an externally generated clock signals, the

f t d k Rpad A ed t h d
second ol ock Her n Csm"c"" ared Gigclt ofEiitn o Wikeie she fabafd
wherein the dilgickalsignal «maamunsya(ﬂﬁib51§nqnthamweﬁmraaﬁarstrbggtcy
16. - The i nt €9’ Qrte‘id a?'n.'lr %u'stec% & lladgqclgléw b e t%&Qtr:ru.ng signal -

(156) is a signal that is asserted at either the first
5 logic level or the second logic level.

11. The integrated circuit of claim 9 wherein the means
for producing the second clock signal (158) includes a
10 clock divider (202) having an input coupled to the clock
terminal (152) and an output to provide the second clock
signal (158), the clock divider (202) further having an
oﬁtput indicative of a current value (222) thereof; and
wherein the means for producing the warning signal (156)
15 includes a decoder (204) having a selector input coupled
to receive the current value (222) of the clock divider
(202), the decoder (204) having an output (224) coupled
to provide the warning signal (156).

20
12. The integrated circuit of claim 9 further including a
"second clock terminal outputting a third clock signal
(154), the third clock signal (154) coupled to the
digigal cirduitry (110) thereby providing a clock signal

25 to drive the digital circuitry (110), the first (152) and
third (154) clock signals being asynchronous; the means
for producing the second clock signal (158) and the
warning signal (156) including: |

a clock divider (202) having an input to

30 receive the first clock signal (152) and an output for
producing the second clock signal (158), the second clock
signal (158) coupled to the second control terminal, the
clock divider (202) further having an output indicative
of a current_value (222) thereof;

35 a decoder (204) having a selector input coupled
to receive the current value (222) of the clock divider
(202) and having a decoder output (224); and
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a delay circuit (206, 208) having an input
coupled to receive the decoder output (224), the delay
circuit (206, 208) being clocked by the third clock
signal (154), the delay circuit (206, 208) having an
output (156) coupled to the first control terminal.

13. The integrated circuit of claim 12 further including
a clock circuit disposed on the substrate, the clock
circuit having an output coupled to the second clock

terminal.

14. The integrated circuit of claim 12 further including
first and second clock pads disposed on the substrate for

receiving an externally generated clock signals, the
first and second clock pads respectively coupled to the

first and second clock terminals.

15. The integrated circuit of claim 9 wherein the digital
circuitry (110) is a bus interface circuitry.

16. The integrated circuit of claim 15 wherein the bus
interface circuitry is a PCI bus interface.




