; e3ersonnoTpj Vqds6sTsO W A PROGRAMMABLE FREQUENCY TI M NG GENERATOR W TH
PHASE ADJUST BRI EF SUMVARY OF THE | NVENTI ON A programrabl e ti m ng generator
is disclosed which creates a clock signal of variable duty cycle and

f requency whos be adjusted as necessary. Its advantages are
its flexibili tjﬂl’lﬂmmmmmg an output frequency which can besgasidys
chahged) but which 1S fixed relationship to an i nput master clock
(thereby elininati n§*'ffttery) in a design which can be efficiently
integrated (i.e.) uses nuch fewer transistors than would be 10 required by
a typical prior art design). This allows a | arge degree of freedomin areas
such as phascPrRIGRASHAHLE EREQIANCH| TINIMNG GRNENERORr WHTE SHLASEL A2FUSFhi ch i s

critical to certain sampling Systens. The invention has application for
various ti nFHFTr AR nST 1 e‘é’ﬁ?‘?‘“éb"*i n digital signal processing (DSP) and

ot her applicati ansragyamagfgl{imn? T ololA=Taiy=Tl QiQ{:}P&é‘eld LA; one Labadi rent,

the invention uses two progranmable counters, wth only one counter

counti ng atchrdki gbgnddnef cearitadilecodunyt sythe dndglirpdpase-yoivhas gaihasat €sh out put
signal and the other 20 counter counts the | ow phase of the output signal.
However ,5 t hee a8V ertsbASCRRIFSAFEo bES APV &Fd9eed2 By il £i pridildgYaini ngl e
counter to count.t hj , 3 phases,: Ih o] ers) or
mul ti pl exed® rsol%r‘i‘ﬁ ne$1%guh?ée}?",wg??%‘\‘/v%ebﬂg%%ﬁ%gnhlggh&ssvle%}ugh%%dg gﬁ%nged
while the "pauRtid aW avaluet irs1beidiGhip @ener ahpdk rastsbosidtkbecnotay t hat

the timng generator only creates outputs which change on rising clock
edges of anelimpoating Iipgedll, 2008 deighodkiahesan th@fifaciantdut put frequency
whi ch i's dI{;?;ngégéﬂ(?FSQ. uses much fewer transistors than weould be
10 required by a typical prior art design). This allows a large
degree of freedom in areas such as phase adjust in a digital
system that reduces jitter which is critical to certain sampling
systems.

The invention has application for various timing functions

15 recquired in digital signal processing (DSP) and other applications
which require a programmable clocﬁ.

In one embodiment, the invention uses two programmable
counters, with only one counter counting at a time. One counter
counts the high phase of a generated output signal and the other

20 counter counts the low phase of the output signal. However, the
invention could alsoc be implemented by multiplexing a single
counter to count the high phases and the low phases. The two
counters, or multiplexed single counter, allow the *count high*
value to be changed while the *"count low* value is being

25 generated. It should be noted that the timing generator only

creates outputs which change on rising clock edges of an input

LT
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to the input clock. The invented timng generator divides the input clock
by a value that can be either an integer or non integer value, wth 5 steps
as small as 1/4. The output clock is therefore a certain nunber of integer
cl ock periods high and a certain nunber of integer clock periods |ow The

i nvention generates non integer divide ratios by doing sequeApet2003hi gh
and | ow out put clock cycles such as 4 high, 3 10 low, 4 high, 4 low. This
produces a divide ratio of 7.5 over two output clock cycles. That is, two
out put clock cycles are generated over-a total of 4 + 3 + 4 + 4 or 15 input
clock cycles, resulting ina 2/15 or 1/7.5 divide ratio. Furthernore, the

i nventi on @ldcawsesulkERGURNGY ovEduti BBeq@inphasecRdjdislirboc e trak&iserted by
just adding or subtracting one tine constant into the high or | ow pul se at
a certain gd gbej mpatvalocvhere a tine constant is the length of tine of a
single input clock cycle, This design i.ch.can be .duplicated for each

i ndependent ti Jﬁ?%dnééﬂ%?datté?u?%cﬁﬁnregat?%v;ylé{lﬁﬁﬁtqrt"aullgf’glép‘i)]laéic aPY ¢h, can be
20. i npl emenhed UsicNgafusd of eNeF i aRBESI 0L hbanaveeld Perneeded, usi ng
typical prior art timng generator designs. The reason for this is that a
typi cals prstepsazd stmehl rap déher ather owmpltd cibeki re thedeforetae cédirvaer for
each desired output frequency as well as separate circuitry to handl e phase

adj ust. PEOREF 9L 2BBFYT SIOBRPEFIEESARIBTRON OF S THRE I DRAVIENES i gure 1 is a
bl ock di ag&%@g)?gpg%gg_gg}gohgvl%nwt.ed timng generator. Figure 2 is a

graphi cal rtepresentation showm ng the basic 5 sanpling of an input frequency
to provide foutheOth{pertivanpéeraRes ndpUhteyst eliviEidguesr ips Syad&imphi cal
representation showing that for every output sanple, there are 64 actual
sanpl es aseweetcegsohhiahl ard rlewi ontwit sdoahcturd esr svel aasdidnpish.sdnpl e. 10

Fi 4 j i, howi | k si . d a.divj by 8.75 with
haeeag; ot il 4 R0 s Hils SpEaREeser ML B SaRi Qi O dr st Hev e by
8.75 W thogepst %rlgclp[}?%@eadj uhbhe [ OUR8 Buisud cdbagrapisiiontag a clock

signal and a divide
generated over a total of 4 + 3 + 4 + 4 or 15 input clock cycles,

resulting in a 2/15 or 1/7.5 divide ratio. Furthermore, the
invention allows a frequency "walking® or phase adjust to be

15 inserted by just adding or subtracting one time constant into the
high or low pulse at a certain time interval, where a time
constant is the length of time of a single input clock cycle.

This design, which can be duplicated for each independent

timing generator required for a particular application, can be

20 implemented using much fewer transistors than would be needed
using typical prior art timing generator designs. The reason for
this is that a typical prior art timing generator would utilize a
discrete divider for each desired output frequency as well as

separate circuitry to handle phase adjust.



15 8.7S with an advance phase adjust. Figure 7 is a block diagramof a
typical systemin which the invented timng generator may be utili zed. 1
April 2003 - 4 DETAILED DESCRI PTION OF THE I NVENTI ON Referring to Figure
1, an input clock designated IN CLOCK froma crystal oscillator is provided
to counters Il and 13 which count up so long as their enablleAprib8083EN ar e
asserted. However) S the circuit design ensures that only one of counters
11 and 13 is enabled at any one tine. Specifically, the enable signals are
provided by flip-flops 17 and 19 respgtively. when flip-flop 17 has its Q
out put high, (i.e., the output clock CLOCK OQUT goes high), the count high
section 20 fhecpnBsAcbs VG oft ﬁﬁi‘inﬁutﬂirﬁés 10 counter 11 has already been
reset by a previous count high conparator 41 match signal. The counter 11
starts to countrifurel 1iis racdtbes dikegrunl sRwinyetiednbgneadintimihgh MJX 45
fromone of the count high registers Rl, R2 or R3. The value it is conpared
to is the gan®extydt i nput cl ock cycles that the output clock will be 15

hi gh based upon_the val.ue _in_the selected count high register Rl, R2 or R3.
whil e the hi gh TRME &€¢t iaoﬂri%‘licé?cﬁfﬁﬁsﬁa,ta?ﬁ’é’ Isg‘ﬁ/wé%%n%eséiﬁ%n 22 can
be changi ngatheidoWe Catnthpual feR¥nePedAkani & 40w selfat sahpidy Gl changes
the value selected by the | ow MJX 33 to 20 change the anmount of tinme the
next pul seimpdd dyelkow. When the high count natches the MJX 45 sel ected

val ue, conparator 41 generates the_high match signal which: igqchanges t he

out put cl ock CIEGEKT®UT *fy Sn?‘Fﬁp_d’ﬁch TRRESSFRY2 SHOar £8oYHE EBaRt *90%vEREL i on;
and 25 i1l Lu%ﬁ&egﬁmfafbe, GRUPL J}'e9|§4.5§é71.ldfgnsa é‘lgesCQHn&eilf"Xssgﬁ“ on 22 works

identically to the count high section except that counts the nunber
of input ckoplstereles of ddARding2003retakdikfies @akpus. Wi ll be |ow, and the
control logic high select 43 changes the val ue sel ected by the high MJX 45
to chahfe the &¥sunt ‘st pniiagnemnehavipdl secidakl shendl gind Asdipridei sl y
stated) th nerated clock signal is based on 5 the Q output of flip-flop
17 whi ch ig-’%eé’értgn“? ﬁ%ﬁf’etaod%é%ﬁtrol

Figure 5 i1s a diagram showing a clock signal and a divide by
8.75 with a retard phase adjust.
Figure 6 is a diagram showing a clock signal and a divide by
15 8.75 with an advance phase adjust.
Figure 7 is a block diagram of a typical system in which the

invented timing generator may be utilized.



bl ock 51. Control block 51) in addition to | ow select 31 and hi gh sel ect
43, includes phase adjust 55 and cl ock counter 57, each of which is clocked
based on the output clock signal designated CLOCK OQUT (the Q output of
fl.Lip-flop 17). 10 Control logic 51 receives as an input froma processor
core data which is used to produce the desired duty cycle angdriiergncy of
t he. out put clock and the anpbunt of phase adjust to apply. Typically, this
data is 4 bits of parallel data which defines a set of register val ues
controll ed by register value control 463 as 15 follows. Specifically, the
data input fromthe processor core is an input code) which represents a
desired out i r6E® He stk ESRRRC Yr otttk GulYnEM €. This input code selects the
regi ster values to be |oaded into registers RI-R3 (high clock cycles) and
R4-Rb (| ow cl ocRefarolieg)to Fopurach eodéngudt efuencidsignkere I caodkffer ent
20 set of register values. The register values vary as a_function of the
osci | | at or §5RPut FHEGALRSFLLLAFTCLACKPIOVHHRS, tPhePWHisfds 1ofamd 1Rewhiah as
required faor e desi t fr Cy. d ] he. dat a i nput
from the conehtit S8, Lot 4' PHLes (RINEE NGRS 8 B BREeBYod o H8 00 N

Tabl e | sshawe Eheudkvasls gdSeraltdy ande RiniBSoNal s duateds typiagal 156t of
sanple rates. Appropriate R -R6 values for other sanple rates, divide
ratios and enableppic| amoOge- tone i nFaeceiicelk 1y r etfirerroires eshiariad sberappar ent
to persons okillgdslneifie s AL8s U at e B £ TaRhE, 11 00050 Y ©

Rat | ORIR2RYBIRAROG000p.2K Hr §930312030303000004 k42024 1930302000102 4kt
301S16141515150011 7. 2kHz1056455501008. 0kHz956444401018. 23kHz8- 3/ 44535540110

9. OkHz845344401,1 t8e 6&xmE- b1l 5348340 MV Be28kd& A453883| 001 thi®2Giadz4- 1/ 22313
2210101 6. OkHz4- 1/ 2231322 TABLE I 5 Control logic S1 also includes phase

adj ust 185 RABRYEE ALl Rrfedlarr M O6ERtT]SACUEY &2 HIGYIBFE ) CPWHi &8k and an
N-count regis - Ph j usit pr-QVvi hapi t ve the.sanple
poi nt for\/\g?’ﬂéaler%t??rrglsg‘ra@g%c l\ﬁé‘rgg'i n %(rér‘g?n?e.lgﬁ,& ?gég va{:(r%cgg%’ft rulél(:gé?d t he

time a partiiCidarhes iy @alge tsaK@BredbyacbefiIrAGh AURIAMIr By énd Off txed
amount (the fixed anount can be varied by programm ng). A phase adjust
mechani sm coutedégB arag isbernfdenRdronRBer TomYaAkeatt oif weepsraghéreis

nggt teodre\é:ﬁ,g?er{:nu?\%eg%vfglgpéé icq.b:% ycygcilfefseEgantt c%%yéﬁé‘;'aué rc%.%légnvgyllagg the two
15 Thigh based upen the value in the selected count high register R1,
R2 or R3.

While the high count section 20 is counting, the low count
section 22 can be changing the low count value by operation of low
select 31 which changes the value selected by the low MUX 33 to

20 change the amount of time the next pulse will be low. When the
high count matches the MUX 45 selected value, comparator 41
generates the high match signal which:

i) changes the output clock CLOCK OUT from high to low;

ii) starts the count low section; and

25 iii) resets the count high section.

The count low section 22 works identically to the count high

section 20 except that it counts the number of input clock cycles



1 April 2003 _7_ The invented timng generator utilizes phase adjust 55 as
follows. Assune the timng generator is used with an analog to digital
converter which requires 256 output clocks to generate one sanple. That is,
every 256 output clock cycles, a pulse called 5 FSYNC i s generated which
causes the analog to digital converter to take a sanple of amagnrpbeg3si gna
to be converted to a digital formand then digitize the sanple. Thus, each
FSYNC pul se, the analog to digital converter outputs the conversion result,
To nove the next anal og sanple 10 forvard or backward in time, one of the
2S6 output clocks that are required to generate a sanple is either

'‘retarded’ bRe 'cadeahced! By e 858 FrORtFPhproicl Bedd) sEErFedédf time.

The adj ust t ] e e t,cl r dis
made by | ncrrgeiotih e TRCH sRR8. B (HiEnERR s R\ e 7 elBe TR BLE Y
peri od) andgt hamadyrdGRxkSpibstewhyl decmagal ng the ' hi gh count' val ue by one
crystal (input clock) period. Therefore, a retard pushes gu}. t he next
sanple in tine By previcnply stagefll. pthd gdnerarkdrlady aiic®aput$ Pasedt b next
sanple in tinme by one input. cl ock riqd, 20 An exanple of how the timng
gener at ot g’é??epat’%%p%ﬂg. gg‘ﬁ(f OBUfid‘F’lfPe’tﬁjérJréﬁ eRi ©2E8)C415fran 18. 432
Mz Cryst aly Qagl 51 At Qonk BRI ILERAUENGY EaAS JOLbOYSy sEIEcEO and hy
mul tiplication factor represents the nunber of output clocks required by
tzge devi Cle Q,Eiltelagdl_lh_etiﬁltﬂ@cﬂ!és @hf@k&m%jwsﬁhss iand hmgngaa*qnﬂ(s n::eb??ﬂ? edgﬁCc:ﬂ bed is
an analog to al converter ch requires 0 clocks to
generat e orrg’i§§n’b¥ gzl.lOCk?dARﬂ\éi‘-‘ld ‘Zmdé'lel_ogtliuésjclr@ﬂc F%g@ﬁgéggi%@tﬁét@epqmat
t he divide i(ghg qu%i E(%Jdt fo(%r h‘é—p 8. 22 tszz out put frequency generated by
an 18. 432 i RBu? CFORR" i BYR P23kt + 256 = 2106. 88kHz and

18432k.1g 2/ 21068tz 1oPic/ BL- r&Esifiekabh ad iaboverrdha Rlodeswal ves are as
follows: 5 RLRR RBRA RSR6 453 S5 4 TABLE Il To inplenment nultiples of

.25 cl ock pltrodsicH darusrd potpoidole theldssiredcdntyy kel havidngraqulincker ent
| ength, are needed to define the output freguenc Gener al | this is

accept abl e °F0 BBCAHTSE"i A At §pF cHI® ?"_‘”é%@anhFﬁg/\-ﬁrﬁJ_é‘ﬁFt% ai%_m%nt ed timng
oot or AP AL et S gDl g il
one) the samrpl ef deadktentvaludbhereftane]edityhoaghsteaciradie tdoattolirslousput
cl ock cycles need not be equal |ength, )
15 follows. Specifically, the data input from the processor core is
an input code, which represents a desired output clock frequency
and duty cycle. This input code selects the register values to be
loaded into registers R1-R3 (high clock cycles) and R4-R6 (low
clock cycles). For each code (frequency), there is a different
20 set of register values. The register values vary as a function of
the oscillator input frequency (IN CLOCK). Thus, the values of
R1-R6 are as required for the desired output frequency as
determined by the data input from the core. For example, for an
input clock frequency of 18.432 MHz, Table I shows the divide
25 ratio and R1-R6 values for a typical set of sample rates.

Appropriate R1-R6 values for other sample rates, divide ratios and



15 each set of four clock cycles does need to be the sanme | ength.

However,

it should be understood that the invention can be used to inpl enent
requiring other than four

mul ti pl es of clock periods other than
out put cl ock cycl es.

peri ods,

For exanpl e,

necessary to produce a programrabl e

.25 .

to inmplenent nultiples of
five output clock cycles 20 woul d be needed. Againyg
of the five output clock cycles need not be of the sane |ength
five output clock cycles would need

.20 cl ock

Ay

o_be the same | ength. The changes

each
set of

requency timng generator w th phase

adjust for clock periods other than .25 according to 1 April 2003 9
t he presentinpuyedbchrfnequbacixs sbadld )beappaaeemc to persors sskiléddnin the
field of the inventjon. 0 nple basi ¢ sanpling of an input
frequency bReTphFtid r"rEFe‘F%;a W%I—E; 8 fypically use an 8 kHz sanpl e
cl ock which woul d provide four sanples per cycle as shown in Figure 2. To

provi de a[EgaI T [OLAIIE EE0e [ GRVESEN I /I IOIR201 B3¢ IRAPYT RGT PIRE J oversanpling
i s-enmploygd whiclh sanpl es therdwipul at N 10|tings the¢ sanpling rate. In a
case wherp Nis 64, for an B kHz sanmpl g rate¢, the effectije §%nple rate is
64 * 8 kHzO@a0 51p1kIHz That i§60fn Byarglioptalit! Sdnpl @0 It Bdr ¢ are 64
actual saphples. |n the exanple ath sqt of | 64 danpl s taken per cycl e of
t he i nput Ynal te8kiZiorr g st f¥e” : P 1228 Jc2éCck oUT cl ock 15
cycles arp qui r frane nce OSP.ehgi ng i €h ul.d btilize this
i nvention %%QL o ?.Jﬁ? tTe t%t al&&%&’ggﬂ ?&puaﬁg. ?%¥243§ shown in
Figure 3 psymel | [asxap il lustrediop ef jadvapciyng o [ekarfdiqgl a sanpl e
whi ch sinpl'y meaps to NDVE j(advancg or |[fetafd) gn ouf put [sanp] e one i nput
cl ock perjoad.o 20} 8 xdazt ypi clal _appli catilors, MWhére tsher eq4ane 4 our out put
sanples per inpuf cycle, inf additijpn tg genferatijng clogk which is N (in
t he exanp, Qﬂ-oﬁd\ § . PB&HE he. nra]_’lBJ{ﬁn rdtd & 3 L_él_zl"_ksf()”_A fin’es f ast er
than this al sp eded fgr a_digital S|g al . pjocesjsor. {25 Thus for an 8
k Hz basic‘é&gpL1 %Qﬁutu, er-eiN-Hs 2 a—elrotitof-g4—2gliidz i s needed for
the anal 0,53l g, ppd @ qlack/ P 47164 | 3 | ¢ | 3 | 3

1000 10.29kHz 7 4 5 3 3 3 3

1001 11.025kHz 4-1/2 2 3 1 3 2 2

1010 16.0kHz 4-1/2 2 3 1 3 2 2

TABLE I
5 Control logic 51 also includes phase adjust 5% which includes

an M-count (plus a sign bit) register and an N-count register.
Phase adjust 55 provides a mechanism to move the sample point
forward in time or backward in time, i.e., to advance or retard
the time a particular sample is taken, on a regular interval by a
10 fixed amount (the fixed amount can be varied by programming). A
phase adjust mechanism is necessary for modem or other
communication needs where a remote device may have a slightly

different crystal frequency and the two need to remain in sync.



1 April 2003 - to 8 kHz is needed for the digital signal processor. In
this manner, a constant anal og sanple clock is generated. Referring again
to Figure 1, the Rl, R2 and R3 values are the high count register val ues.
The R4, R5 and R6 registers values 5 are the | ow count register values. R2

and R3 are used strictly to provide the descrl bed phase adj qlsA rif20b8 the
‘retard’ value (= RL + 2) while R3 is the 'advance" val ue Iﬁ %)

four clock pul ses are generated by four separate high 10 values and four
separate | ow val ues which are stored in registers Rl, R4, RS and R6 as
shown in Table Il1l. H h lLow 1H h 2Low 2H h 3Low 3H h 4Low
4R1IRAR1IRSR1RAR1 Rbe TiABleRtkd It iNOhe ¢éradraRbristiisedsfoirase kdfjhet Hisghsphases,
R4 is used for 15 the Low 1 phase and the Low 3 phase, RS is used for the
Low 2 phasefodia»“Re6 |A§Sb‘§‘§d“?eor“’f‘h%g |ReEREIRSS. YIRSy 87 3 °9hé°d| vi de

by 8.75 re%@}@él %A ‘w‘z%%tépg)m htPﬁ%&' fAcks §¢ %@% S NOML N E e‘% g

pr oduced. n order to adj ust phase, he exanpl e be| |sc5%sed

only one ofsa2pfe Hi gd‘halﬁul§,6‘5‘elle3ym{)£h fdwedut TdiocrRxayglles,i B Filse 5:a$h@3/vs a

retard by varying Hgh Z (for the purpose of exanple only) fromRl to R2.

1 April S20F3YNC1ds gphereseinphéch requsgs ehasiordoa hadelne} wanvadvemee by

varying take a sample of an analog signal to be converted to a digital

form and then digitize the sample.
Thus, each FSYNC pulse, the analog to digital converter
outputs the conversion result. To move the next analog sample

10 forward or backward in time, one of the 256 output clocks that are
required to generate a sample is either "retarded* or "advanced*
by one oscillator (input clock) period of time. The adjustment is
enly made to one of the 256 output clocks. The retard is made by
increasing the "high count®" value by one crystal (input clock)

15 period, and the advance is made by decreasing the *"high count®
value by one crystal (input clock) period. Therefore, a retard
pushes out the next sample in time by one input clock period, and
an advance pulls in the next sample in time by one input clock
period.

20 An example of how the timing generator generates an 8.23 kHz
output frequency (times 256) from an 18.432 MHz crystal oscillator
input frequency is as follows. The 256 multiplication factor
represents the number of output clocks regquired by the device
using the output clocks which, in the example being described is

25 an analog to digital converter which requires 256 output clocks to

generate one sample.



H gh 2 (for the purpose of exanple only) fromR to R3. The particul ar
pulse (High 1, Hgh 2, Hgh 3 or Hgh 4) to S phase adjust is not inportant
so long as the sanme H gh pulse is used as the pulse to be adjusted when
necessary. Phase adjust introduces fitter into the sanpling clock. However)
this fitter is of a constant nature and only affects one of t,{\n,gr Gﬁog aI og
sanmpl es (one o the 256 digital sanples which are 10 divi ded by Al) ecause
the fitter is constant) and is a snmall value) the present invention
produces a better result over an anal®g PLL which has a wildly varying
fitter that is not constant. In one enbodi nent of the invention where it is
used to 15 provide.a §@%b§l@|t¥¥3‘ﬁo§@& GhAC¥hEC BHGR 28 88 AR cRAVESL er
requiring sanple rates froml.2kHz to 44. 1kHz, counters 11 and 13 are 6 bit
counters capablaB &Hzopemwati ﬁ:gecaienckogknaatteé bup aro 1B5484H Y2z, iRpup- fI ops 17
and 19 are RS fljp-flops abe f opgr 20 at .clock rates u

Mz . Conp&t8Ehris §37§ nd- gg e é Bi T %,Jt?%p Fprasd R‘/gﬁg%k%’ézéﬂﬁi ére
mul'ti pl exor_sg abl I t Liel sel ect.
Regi sters R1 C‘?%G ar?re&iggﬁpg fbggoyggléshtegrrig &%5%%%8?5%\%% mvﬁféégééfl and 73
are eacls a 6 bit wide value for storage in one of registers Rl-R6. 1

April 2003 - R:IJZ FaWRSeI dgct 31 |‘s aRQ bijt d&coder RBat [sel ects for each

four CLOCK—EOfcyttess tgwiy3towz) w3 Tor—towAomg ofregi sters R4, RS or
and lLowd =! Ra1

R6 (wth Llowl = LQ\AR =R4) Ln\AQ
TABLE II

To implement multiples of .25 clock periods, four output
clock cycles, each cycle having a different length, are needed to
define the output: frequency. Generally, this is acceptable

10 because in a typical DSP engine in which the invented timing
generator would be utilized, oversampling must be utilized with
the oversampling ratio being 64 times (divide by four) or 256
times (divide by one) the sample clock rate. Therefore, although
each of the four output clock cycles need not be equal length,

15 each set of four clock cycles does need to be the same length.

However, it should be understood that the invention can be
used to implement multiples of clock periods other than .25

. requiring other than four output clock cycles. For example, to
implement multiples of .20 clock periods, five output clock cycles
20 would be needed. Again, although each of the five output clock
cycles need not be of the same length, each set of five output
clock cycles would need to be the same length. The changes
necessary to produce a programmable frequency timing generator

with phase adjust for clock periods other than .25 according to



H gh select 43 is a 2 bit value used to select one of 5 registers Rl, R2 or
R3 for each four CLOCK QUT cycles, H gh 1, H gh2, H gh3 or Hgh4. It should
be noted that high select 43 is normally O which causes MJX 45 to sel ect
regi ster RL which is used except during phase adjust. During phase adjust,
R2 = RL +1 for retard and R3 = Rl - 1 for advance. 1Q Phas¢ Ashilus0035
conprises two 8-bit registers, two counters (Mcount and N-count) and | ogic
whi ch are used to control when to adjust (retard (+) or advance (-)) the
sanpl e cl ock. Phase adjust 55 pr ovidés “t he capability to regul arly adjust
(+ or -) Mout of N (clocks / the nunber of output clocks per franme which
in the |5 exanptesens 2b6entidhevoundeld ectatii by rappgenst afopegeoes atkddiadhi gh
speed 256 * O ock (CLOCK OQUT) as shown in Figure 1. The values Mand N

adj ust theiCLehXK fOSFd A §BefifiveBaeP" M of N sanpl e output clocks. As noted
above, high select 43 is normally d (which selects register Rl). Phase

adj ust 55 sets high select 43 to 1 20 (which selects register R2) or to 2
(which sel ects geghster eRpplas boblOWampEidSidey ant Tutwer&qbidey 8@i sters
are loaded with Mand N val ues respectively fromthe core. Mis a positive
or negali vecprariantelt 2ukbemwopidgrymhcedhy resde o & Mimisempie athock t o N whi ch

represents the nu r of .fr s to adjust out .of each N fr S) 25 with a
posi tive n‘(‘f?ﬂfg} wﬁg?‘ggprﬁvféet %gg‘rmﬁ@ﬁeéeﬁp%%tcgc}gg?%ts %l%%g%érﬁegat i ve
nunber bei ng an advance which selects register R3. N is set under program
control to a nunber which indicates the 1 April 2003 - 13 nunber of
frames over whitehpMadjeustyrents di@EtieedergperbontmdonFof whearppbes I f N = 10
and M= 5, then 5 of every 10 output sanples w. 11 be adjusted. The M and N
counters afignadi-t PEgTs2@aL InGie hePHOYPEatieF Ty E3pRas FBeMRYE REVEI ues from
the tup, regilerfe Wl eAG QUL Pl SAIBL Crathoy NCRUN! L. Ly doprement ed
The M Tounter I s decrénented W th each out put sanpl e whenever an adj ust nent
occurs untdédmghiRerM&£OuRE &4t fleeache Safpl SCrdtengs a4 tthe Mi£@mbep kisz .not 0) a
phase adjust cycle is enabl ed once per frane and one of the H gh 2 counts
(or High 1Thab a3 &9~ Mg ogbawt sample) Weiragata if4i 2etals sehpleduntInt o

adj ust) is  adjusted usi t he ue in R2 (if Mis negative) or R3 (if Mis
posi tive) s CEATP o ﬁiag's_e&%gaé%éamlcﬁuﬁ%k?n rpeegcﬁﬁgg?))?fn&?‘fuﬂ%é"r phase
adj ust mentg it akes; placersid ich ihe N-epunt ebwbeachessOcidtdd eatri dbdhat N
frames have been processed and the phase adjust cycle can start over again.

15 Lodisc iaycpeaseradjeusirddbSpenuSesehs iresel PSR ef8ite werwdr abeld 0
(selecting R1),, 1 (selecti ng R2) or 2 (selecting R3) as follows. Usually,
hi gh sel ectc432f st SpdRfRA%g ﬁo“%‘ﬁaeé EHuSt™eS tg‘ér 703 1A% SAPRES H35& - out put
sanpl e cl rise L. i it wof 1 the, M 184l : .S .B€ i hi gh
sel ect 430‘g‘gﬁe?§t§”s°“§ T& gﬁaﬂ"?@t %3 g‘?lgln a%oa%/: lthglﬁ%ﬁ%ldl\r}l ng?ﬁég\réqu
posi tive, di ghtssdiewt a dshmgeaesdicdss bmly fhend agi toaéd S(@dohreksod he N
counter. A phase adjust can occur only once per rising edge of the output
sanpl e cl GEk2BAY BhICYERfeA2PPe FPEotARYET CL_Chder®odWhen the N counter
reach 0O, the N and Mcounters are | oaded with the value fromthe N
regi ster and the

In a typical application, where there are four output samples

per input cycle, in addition to generating a clock which is N (in

the example 64) times the sampling rate clock, a clock four times

faster than this is also needed for a digital signal processor.
25 Thus for an 8 kHz basic sampling rate, where N is 64, a clock of

64 * 8 kHz is needed for the analog sampling and a clock of 4 * 64



25 absolute value fromthe Mregister respectively. By way of exanple, is M
is 10 and Nis 33) once every 33 frames, 10 franmes will, be adjusted by
using the value in R2 (which 1 April 2003 - 14 is one less than the
value in Rl) to retard the one of the H gh phases of the CLOCK QUT. C ock
counter 57 is a 2-bit counter which counts fromO to 3 5 om AgilrdgoNg edge
of €ach CLOCK QUT. It causes MJX 33 to select one of registers R4, RS or

R6. For exanple, 0 selects R4, 1 selects RS and 2 selects R4 and 3 sel ects
R6. OF course, the register sizes a'n&IOsToeeds set forth above nay be varied

to suit the performance of the timng generator requires 10 for a
particul ar” zfgﬁlHFch’ti”&r‘??le s tar thltgfé‘qcﬁh?’?ﬁ PEPCFESF ‘ROM USEF t 0 | ook up

val ues for reqister&aRlane R0105 06 1d ¥hge. by E@Réﬂate’éﬂomthe description
set forth her ei n, a suitable |00k up table which may be encoded in the ROM
for a particul aefémqing edaick thr Bimercy , wohd (R1Ibere eadl R} ¥ 5lagparenthd o
persons skilled in the field of the invention. Aternatively) instead of a
ROV a BodligfncPerfi €e8iSetnBrhaedri dhel Bi Rprreuft ZeSiFEehe idedst o

gener ate the uni_ hi.gh \'; ...Figure 7 is a block diagram show ng a
syst em3 n i gﬁet & F%%é%%\ggl?wngﬁ'gal@g%frol ler may be used. As shown in

Figure 2, 20 tikfide gengFatged 04 @angd 0% IRE8L ViEnARekBPLeL IpAgKe f T OM
oscillator OSCL or oscillator OSC2 driven by crystals 103 and 105

respecti veldjus€Cor 2107 phovicdesrdfatvalusels RE eohtr ohilegrt ¥l tbe the tim ng
generator as descri bed a@ovg. The output of timng generator 101 is used to
provi de ti'fING"S? gYaree uSe "oy " AY'D 25 converter 115. The output of timing
generator 102 i r Qv t,l, i I b 0 ter 117.
Each A/ D conve?lt%eeﬁﬁgsé%O(%ogyleg%or?é?‘nggnﬁgﬁgggn%%f %feL Lla%nt% %%K The A/ID t
1 Aprilio 20@3ues and four separate low values which are stored in registers

R1, R4, RS and R6 as shown in Table III.

High 1| Low 1 { High 2| Low 2 | High 3| Low 3 {High 4| Low 4

R1 R4 RL RS R1 R4 R1 R6

TABLE III
Note that Rl is used for all the high phases, R4 is used for
15 the Low 1 phase and the Low 3 phase, RS is used for the Low 2
phase and R6 is used for the Low 4 phase. Therefore, for the
divide by 8.75 register values shown, the clock signal shown in

Figure 4 is produced.

20 In order to adjust the phase, in the example being discussed,
only one of 256 High pulses is modified. The example in Fig. 5
shows a retard by varying High 2 (for the purpose of example only)

from R1 to R2.



- 15 converters receive anal og input signals fromLINED and LI NE1
respectively and output anal og signals OQUTO and QUT1 respectively. The

Al D-D/ A converter pair 117/121 are coupled through a serial interface |25
to a digital signal processor 127 for processing 5 signals to received from
or to be placed on a tel ephone Line. The D/A-A/ D converter paAprilldd6319
communi cate with core 107 through a transmt FIFO 129 and a receive FIFO
131 for processing of) for exanple, voice input fromLINEL and output to be
sent to a speaker. In general, the elignents descri bed above, other than 10
crystals 103 and 10S, core 107 and DSP 127 may be inplenented on a single

integrated cir t hng, it di
reset and povve%gg %lgylkég n%%%%)l\lgs[?‘g&%ael ég ‘Sésgépé%"?lgegé yb%%(%py@al S
of the opegadr @n(pér tthe prdregead £d@mplelidnlanefneh ARiNperkant for an

under standing of the invention, 15 but an exanpl e of such an integrated
circuit may be found in copendl ng application Serial . filed where the

present inventipn be ut|I ed by a
sanple rate gehg?aﬁ 1AL P upon i osgil ‘5%1 (I}I“oqlék |np(i'tlg(r\1 d% a
provi deg %a@ecgaﬁast id MY iihp@8Q3ie- sd61orgl AsMhd sahet HIEHNIGuESBEAt OF for

generating a progranmabl e out put clock froman input clock having a first
predet er muse &5etheepoyje $ai e mdjpated|wek havesspmy.programmmabl e frequency
and duty cycle such that each set of  a predeterm ned nunber of output clock

5 cycl es has t RB2sAe) pEhgrRroOGES éft%%ﬁ dnbBt iR SéMBtk%FePES- havi ng a
correspondi ng, bl gh poasgs and; %Oc}’).‘ BhaSEks 53! ﬂe&h@ qugg @tE?%cé:ﬁo TRLI Si ng:

a) hi gh phase counting neans counti ng nunber |n u CR. cycl es

for each oft Sabdsdﬁlaglal@;h&%ﬁﬁleslﬂob)e d:ownphase Tiglink L ngawfmaﬁswﬁﬁh geenting
t he nunber of input clock cycles for each of said Iowcghases c) phase
adj ustifentdivédad Hrod! adjArserTR) Hredbt ermilAetBifes tof 20 éSthWé’d-Hases of

sai d output cIoc st d r s ract nln ut cI cycle to the
length of ‘4§’ edé?éesreerﬁtng %on%ég 0 Qi%ceﬁ Ette h’é%se‘% 8Ye’y it rol 1ogic

means for a%@&&%rﬂlﬁ taﬁmrnwts &I».qqhwmﬁangeﬂwcreadtﬁﬁ 1865t Wors@hd: hi gh
phases and each of said | ow phases. 2. The timng generator defined by

Claim 1 wherein said high phase counting nmeans conprises: a) a first

flip-flop having R and S.inputs and a b).a first_ counter having
an enabl e i nput? (,°<5‘ﬁp‘f’g'?fdr‘86 hetgee oﬁi‘t"gﬂf ?i?‘é‘ﬁlra 5 i upE % 1 op) a cl ock

i nput 160URl.60; §D aSAhkbiRYLCIEFQEKa 8l R el 5G] alsNBHIA/D converter
requiring sample rates from 1.2kHz to 44.1kHz, counters 11 and 13
are 6§ bit counters capable of operating at clock rates up to 75
MHz.
Flip-flop§ 17 and 19 are RS flip-flops capable of operating
20 at clock rates up to 100 MHz.
Comparators 23 and 41 are 6 bit comparators.
MUXes 33 and 45 are multiplexors capable of handling up to 6
bit inputs with a 2 bit select.
Registers Rl - R6 are each 6 bit registers.
25 Register values 71 and 73 are each a 6 bit wide value for

storage in ¢one of registers R1-RE.



1 April 2003 _ 17 _ c) a first conparator coupled to said first counter and
adapted to receive the content of said first conparator as one value to be
conpared; . 10d) a first nmultiplexor coupled to said first conparator,
said-nmul tipl exor adapted to pass to said first conparator a second value to
be conpared, wherein said first conparator upon determn ning ] B3 two
values to be conpared are equal) generates a MATCH signal which is input to
the reset input of said 15 first counter and the R input of said first
flip-flop. 3. The timng generator-de&firned by aim2 wherein said | ow
phase counting nmeans conprises: a) a second flip-flop having R and S inputs
and a Q out putLowssdlecE Bhpid aadapiedidcodeecgiare seheck MEBCHestlgrtalirgener at ed
by 5 said first conparator; b) a second counter having an enabl e input

coupl ed t©-qdfe OF GNFEE - dic*dai HOGRC oY PT RF1i0pre £ CITGEkS FRfuR 4okl ed to
said inpuf, fdsoqgig%alrs;b%é' OPel ;1623 SECQNd £GP qlp! coupl ed to said

second cotnter an adapted to r'eceive the content of said second

conpar at or as Hegie sedlede 4 iBeachriiar edluél)usdsecossl gutl bhpl @xor coupled to
sai d second conparator, said nultiplexor adapted to pass to said second
conpardat orexi ssecvid vBE u& £3 Ber cafpafedr GHIEKePHT swicdesecthirad deonpar at or

upon 15 LS A thal aal 9 leonalies, to e corpaned arepaialy,

gener at es” & i'ch™T s 1onpat "t 6 the reset Phput- o

April 20035218, Se698H RUBEL Wk therd tdmidk obgsaidd Recemgt kkpaddop and
the S input of said first flip-flop.
except during phase adjust. During phase adjust, R2 = Rl + 1 for

retard and R3 = Rl - 1 for advance.

10 Phase adjust 55 comprises two 8-bit registers, two counters
{(M=count and N-count) and logic which are used to control when to
adjust (retard (+) or advance (-)) the sample clock. Phase adjust
55 provides the capability to regularly adjust (+ or ~) M out of N
{clocks / the number of output clocks per frame which in the

15 example is 256). The invented timing generator generates a high
speed 256 * Clock (CLOCK OUT) as shown in Figure 1. The values M
and N adjust the CLOCK OUT pulse for each M of N sample output
clocks. As noted above, high select 43 is normally 0 (which
selects register R1l}. Phase adjust 55 sets high select 43 to 1

20 (which selects register R2) or to 2 (which selects register R3} as
follows. Firstly, the two 8-bit registers are lcaded with M and N
values respectively from the core. M is a positive or negative
number set under program control to a number from -N to N which
represents the number of frames to adjust out of each N frames,

25 with a positive number being a retard which selecks register R2
and a negative number being an advance which selects register R3.

N is set under program control to a number which indicates the



4. The timng generator defined by aim1l wherein a frane is equal to the
| ength of one cycle of an input signal being sanpled and sai d phase

adj ust mrent means conprises: a) a first register which is |loaded with a
first 5 predeterm ned nunber representing how often a phase adjustnent is
to be made per set of frames; b) a first counter coupled tol M 1003t

regi ster which is adapted to be | oaded with said first predeterm ned nunber
and decrenented each output clock cycle; 10 c) a second regi ster coupl ed
which is | oaded with a second predefe%%fned nunber representing the nunber
of frames over which said phase adjustnents are to be nade; d) a second

counter comphfd b8 SaindsSeRNUnl &Y has uithdi si sradaptedréerdienedoaded with
sai d second predeterm ned nunber and 15 decrenented once per frame; e)
phase adj usir leogimpleveadlfisN codfl @k b =sai deidnr St ot camvmmer 10seetanwd r egi ster,

and sai d second cqu}gr f$r ga Si a va#uecto sakﬁ %pntgoL quig nmeans
which is RS §e]t_ Re* 7308 oI Ok c A S PEYUT T d*Fot ’etdt?ﬂ' fesaid four
oo ead o BT AR o e TRy 0 3 phernsEe ol
used by saiidtH ewcphaseuccanplag vreaNscountdet €5 dameretmeet edimbaheoft | nput 5
cl ock cycles for each of said four | ow phases and by said high
counter is decremented with each output sample whenever an
adjustment occurs until the M counter reaches 0. Sc long as the M
counter is not 0, a phase adjust cycle is enabled once per frame
and one of the High 2 counts (or High 1, High3 or Hizh4 counts if
10 Dbeing utilized as the count to adjust) is adjusted using the value
in R2 {(if M is negative) or R3 (if M is positive) instead of R1.
Once the M counter reaches 0, no further phase adjustment takes
place until the N counter reaches 0 indicating that ¥ frames have
been processed and the phase adjust cycle can start over again.
15 Logic in phase adjust S5 causes high select 43 to generate a
0 (selecting R1), 1 (selecting R2) or 2 (selecting R3) as follows.
Usually, high select 43 is 0 meaning no phase adjust is performed.
When the output sample clock rises, if the sign bit of the M
register is negative, high select 43 generates a 1 aand if the sign
20 bit of the M register is positive, high select 43 generates a 2.
The logic also checks the N counter. A phase adjust can occur
only once per rising edge of the output sample clock and only when
the M counter is not 0. When the N counter reaches 0, the N and M
counters are loaded with the value from the N regisﬁer and the
25 absolute value from the M register respectively.

By way of example, is M is 10 and N is 33, once every 33

frames, 10 frames will be adjusted by using the wvalue in R2 (which



1 April 2003 - 19 phase counting neans to determ ne the nunber of i nput
clock cycles for each of said four high phases; b) |ow val ue sel ect neans
coupled to said second nultiplexor means for selecting a predeterm ned one
of said values 10 provided by said register value control neans to pass to

said second conparator neans. 6. The tim ng generator definqugﬁlgbebn15
wherein said | ow phase courting nmeans further conprises a set regrsters
coupl ed between said register val ue dontrol neans and said second

mul ti pl exor nmeans for storing said values provided by said 5 register val ue

control Meangne tesH@nkh MW WAEHET A R gdgé'ﬂﬁ:@rgytg AR &gl Hilnoal d high
phase counting nmeans conprises a set of registers coupled to saird first

mul ti pl exghaseanst febe SL@IK WYTval ues representing for each of said high
phases, a predeterm ned nunber of input clock 5 cycles. 8. A timng
generator for generating a programmabl e output clock froman input clock

having a firstcpRORLErINGd {LeAuRRty) 5ol Lot pul Jhack hayl 19:2

proegrammuabl e frequency and duty cycle suc at each set o L&put

cl ock gyclgsthasitshagsedge 2fl eagt ltLoeachumf gai dadgisr Mout putcockacékecycl es
havi ng a correspondi ng hi gh phase and | ow phase, said timng generator
conpri si ngneat Hieghs pees &icobhtIh§éneafier rfeormedentd F§lenes Mirbér of

selects RS and 2 selects R4 and 3 selects R6,

Of course, the register sizes and speeds set forth above may
be varied to suit the performance of the timing generator requires

10 for a particular application.

Register value control 61 is a ROM used to look up values for
registers Rl - R6 for the divide by ratio. From the description
set forth herein, a suitable look up table which may be encoded in
the ROM for a particular input clock frequency would be readily

15 apparent to persons skilled in the field of the invention.
Alternatively, instead of a ROM, a Boolean logic or combinatorial
logic circuit could be used to generate the count high/low values.

Figure 7 is a block diagram showing a system in which the
invented timing controller may be used. As shown in Figure 2,

20 timing generators 101 and 102 receive an input ¢clock from
oscillator 0OSCl or oscillator OSC2 driven by crystals 103 and 105
respectively. Core 107 provides data used by control logic 51 of
the timing generator as described above. The output of timing
generator 101 is used to provide timing signals use by A/D

25 converter 115, The output of timing generator 102 is used to
provide timing signals use by A/D converter 117. Each A/D

converter has a corresponding D/A converter 119 and 121. The A/D

E¢



i nput clock cycles for each of said four high phases; 1 April 2003 - 20
10 b) | ow phase counting neans for counting the nunber of input clock
cycles for each of said four | ow phases; c¢) phase adjustnent neans for

adj usting predeterm ned ones ' of the high phases of said output clock
cycles to add or subtract an input clock cycle to the |ength Rbn$@d@3
predeterm ned ones of 15 the high phases; d) control |ogic neans fo

setting the input clock cycles required for each of said four high phases
and each of said four |ow phases. 9 1A system for converting anal og signals
to digital signals and digital signals to analog signals for transm ssion
of data anq uokf& S géwéls/eoyreauo@ Bﬁélyprsiigﬁgﬂprﬂr%'nﬂ@n@b axdf LEgkL anal og to
digital/digital to analog converter 5 coupled to a first timng generator
and. a seri alespattevkdy emeansutornebuplsiggals U ghtdadUB grapeqricedgsor; b)
a second analog to digital/digital to anal og converter coupled to a second
timng gendhgtdP-R4a %DWVFEWLFeW/\}élFFF%)Wé‘&%dfE}?r%’@f}pi’l§ﬁflta a source

of “data to heeprasesseds 10,0hcLi T oleradoascand clopk s0yLse.mans coupl ed

to said firs second fiTin rovidingTa pre eferm ned
cl ock skgnalignafieksi receaived fﬂrl’oﬁltoﬁrtdz $eCPIMkdd Bhng eg@lre@hah@rlsm%achﬂwcl ude:

i) high phase counting neans for counting the nunber of
D/A-A/D converter pair 115/119 communicate with core 107 through a
transmit FIFO 129 and a receive FIFQO 131 for processing of, for
example, voice input from LINEl and output to be sent to a
speaker. In general, the elements described abave, other than

10 crystals 103 and 105, core 107 and DSP 127 may be implemented on a

single integrated circuit having its own analog and digital supply

which may be reset and powered down by RESET and PDN signals
respectively. The details of the operation of the integrated
circuit are not important for an understanding of the invention,

15 but an example of such an integrated circuit may be found in co-
pending application Serial No. ‘filed where the
present invention may be utilized to generate an output clock used
by a sample rate generator based upon an oscillator clock input

and data provided by a core.



15 input clock cycles for each of said four high phases; ii) |ow phase
counting neans for counting the nunber of input clock cycles for each of
said four | ow phases; 1 April 2003 21 _ iii) phase adjustnent neans for
adj usting predeterm ned ones ' of the high phases of said output clock
cycles to add or subtract 20 an input clock cycle to the | engipriloposaid
predeterm ned ones of the high phases; iv) control |ogic neans for setting
the input clock cycles required for each of said four high phases and each
of said four |ow phases. .A AN . A ,r. A 16.AS{f. Ay .Ay. Ay . AQA(@ASL. A
(f.A@.A .A f9.ASL. AS . Ay. AA@. A@ . Ay ( ?"VEEF<r G

5~yt 0j e ZU] cal] ca] ca] ca] ca] ca] c<a] ca]<@aF¥3] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] cal] caU] cal] caU] ca] c<a! 56 @H z0V#$~yt oi d, ZU] ca] ca] ca] caU
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ax predetermined number of ocutput clock

++1+2+b_o0.U. ... /. T i d :

ca] oa) o8 o8 o abE AP BT Qep it N BB SRS SR R Py o ool o
0!0C0R1|1}ﬂéé§ﬁ%3h365¥%esponding high phase and low phase, said timing

4' 4c444445: 5u55} xsni d_Z] ca] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
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a] ca] ca] caj galcal sal cokead Galcal Galdrakedd High FRsflsd<<<<<<<<<<<

10 b) low phase counting means for counting the number of
input clock cycles for each of said low phases;

c) phase adjustment means for adjusting predetermined ones
of the high phases of said output clock cycles to add or subtract
an input clock cycle to the length of said predetermined ones of

1S the high phases;

d) control logic means for setting the input clock cycles

required for each of said high phases and each of said low phases.

2. The timing generator defined by Claim 1 wherein said
high phase counting means comprises:
a) a first flip-flop having R and $§ inputs and a Q output;
b) a first counter having an enable input coupled to the Q
5 output of said first flip-flop, a clock input coupled to said

input clock and a reset input;
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S said first comparator;

b) 2 second counter having an enable input coupled to the @
output of said second flip-flop, a clock input coupled to said
input clock and a reset input;

c) a second comparator coupled to said second counter and

10 adapted to receive the content of said second comparator as one
value to be compared;

d) a second multiplexor coupled to said second comparator,
said multiplexor adapted to pass to said second comparator a
second value to be compared, wherein said second comparator upon

15 determining that said two values to be compared are equal,

generates a MATCH signal which is input to the reset input of said
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decremented each output clock cycle;

10 ¢) a second register coupled which is loaded with a second
predetermined number representing the number of frames over which
said phase adjustments are to be made;

d) a second counter coupled to said second register which is
adapted to be loaded with said second predetermined number and

15 decremented once per frame;

e) phase adjust logic means coupled to said first counter,
second register, and said second counter for passing a value to
said control logic means which is used to set the input clock

cycles required for each of said four high phases

5. The timing generator defined by Claim 3 wherein said
control logic means comprises:

aj register value control means for providing values used
by said low phase counting means to determine the number of input

S clock cycles for each of said four low phases and by said high
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comprising:
a) high phase counting means for counting the number of

input clock cycles for each of said four high phases;
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signals and digital signals to analog signals for transmission of
data and voice signals over a network comprising:

a) a first analog to digital/digital to analog converter

5 coupled to a first timing generator and a serial interface means
for coupling to a digital signal processor;

b) a second analog to digital/digital to analog converter
coupled to a second timing generator and a transmit receive FIFQ
means for coupling to a source of data to be processed;

10 c) first and second clock source means coupled to said
first and second timing generators for providing a predetermined
clock signal;

wherein said first and second timing generators each include:

i) high phase counting means for counting the number of

15 input clock cycles for each of said four high phases;

ii} low phase counting means for counting the number of

input clock cycles for each of said four low phases;
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iv) <control legic means for setting the input clock cycles

required for each of said four high phases and each of said four

low phases.



