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- " PROGRAMMABLE CRYSTAL OSCILLATOR
| _ Backgrcggg Aﬂ_ '_ | ,
" The present invention relates to programmable crystal oscillators. In
particular the present in\'renﬁ'on is directed toward a programmable crystal
' oscillator having an adjustable capacitive load circuit coupled to the crystal
| - Crystal oscillators are W|dely used to generate timing srgnals for
electronic hardware, such as computers instrumentation, and _
telecommunications equrpment Crystal oscillators typically include a quartz
crystal and an oscillator crrcurt which electncally excrtes the crystal:so as to
generate an oscxllatmg srgnal at a resonant frequency determined by physrcal
characteristics of the crystal. The oscillator circuit or a separate output crrcurt |
. {buffer) wave-shapes the oscrllatmg signal into a trmlng pulse tram acceptable
to the electronic hardware. . ' '
| Trmmg frequencies are specxﬁed by the electronic hardware
manufacturers and thus vary over a wide frequency range. However a
N crystal's resonant frequency is determined by its physical characteristics, eg.,
size, shape, crysfal!ine structure, etc. Trimming 'the crystal's resonant
frequ‘ency can be achieved by selective metal plating the crystal faces.
Consequently, the manufacture of crystal oscillators is an involved process
~that is both time. consummg and costly. Thus suppliers of crystai oscxllators
- stock large numbers of crystal oscillators manufactured to a variety of
~standard output frequencies. "_However, if a customer requires a cusfom
frequency, a manufacturer generally must f'start from scratch” by dicing an
ingot into crystal wafers of specific dimensions and fhen_ subjecting the crystal
 wafers to nurnero'us processing steps (lapping, etching, and plating) all -
designed to achreve the custom output frequency.  Custom crystal oscillators
come at premium prices and require long manufactunng leadtrmes (months)
Since virtually all crystals are capable of oscillating, manufactunng
yreld is qurte high. However, |f the crystal's resonant frequency cannot be
| trimmed to meet one customer's frequency specification, the crystals are

typically inventoried in the hope that- they can be used to meet another
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_' customer's frequency specification. In the case of. custom crystal. OScillators
it is not uncommon for manufacturers to produce an oversupply of custom
. crystals to ensure a sufficient volume of crystals capable of meetmg customer
requurements in terms of both output frequency and quantlty The excess
“crystal oscullators are then placed in mventory Malntalmng large crystal |
| lnventones represents a srgmﬂcant manufactunng expense. .
_ - Disclosure of the Inven ion _

Systems and methods consrstent ‘with this invention resolve certain

disadvantages of conventional approac_he_s by providing a tlrmng circuit

compr_ising a crystal for generating a source frequency, an oscillator circuit

.. coupled to the'crystal, and.a programmable load circuit coupled- to the crystal.

A frequency multiplier circuit is coupled to the oscillator circuit to receive the
adjusted source frequency. Further, a programmmg circuit is included to
supply first programmmg data to the programmable load circuit to adjust the
crystal source frequency and second programmlng data to the frequency

- multiplier circuit. The frequency multlpller circuit, in turn, supplies an output
| 'frequency equal to a product of the adjusted source frequency and a
'm"ultiplication factor designated by the.second programming data.
| Advantages of the invention will be set forth in part in the description
which follows, and in part will- be obvious from the description, or may be =
leamed by practice of the invention. Addltlonally, advantages of the invention
~ will be realized and attained by means of the elements and comblnatrons

_ partlcularly pointed out in the appended claims. '
lt isto be understood that both the foregoing general descnptlon and
- the following detanled description are exemplary and explanatory only and are
" not restrictive of the invention, as claimed. | |

The accompanying'drawings, which are incorporated in and constitute

a part of this specification, illustrate embodiments of the invention and
together with the description, serve to explain the principles of the invention.
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Brief Description of the Drawi |
~ Fig. 1is a plan view illustrating an exemplary package configuration for
a'programmable crystal oscillator package in accordance with an embodiment
of the present invention;
Fig. 2 is a block diagram of a programmable crystal oscnlator in
accordance with an embodiment of the present mventron
Fig. 3 is a detailed circuit schematlc ofa programmable capacrttve Ioad
cxrcurt included in the programmable crystal oscillator of Fig. 2; and - _
Flg 4isa schematic diagram of a phase locked Ioop crrcu:t-mcluded in
the programmable crystal oscillator of Fig. 2. o
Best Mode for Carrying Out the Invention
Reference will now be made in detail to the presently preferred - |
' embodrment of the invention, an example of whzch is illustrated in the
' accompanymg drawings. Wherever poss:ble the same reference numbers_' 3
wrll be used throughout the drawmgs to refer to the same or like parts. .
Consrstent with the present invention, a programmable crystal
oscﬂlator is provrded with a memory for storing output frequency-def' nang
parameters. Typically, one of these parameters is used to program an
adjustable capacntlve load circuit ‘coupled to the crystal, thereby to adjust the
' source (resonant) frequency of the crystal.. Addltlonal parameters are used to
program the output frequency of a phase-locked Ioop circuit coupled to
receive the adjusted source frequency A further parameter can also be used
to dee the frequency output of the phase-locked loop circuit to thereby
supply the desired output frequency As a result, by storing appropnate
parameters as program data in the memory and programmrng in accordance
wrth these parameters, nearly any crystal capable of oscillation may be
utilized in a crystal oscillator in accordance with-the present invention, whlch
can then be programmed to generate a wide range of specified oufput -
frequencres ‘Moreover, such frequency programmmg can be performed

expedlt:ously and at little expense
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An embodiment of a programmabie crystal escillater, in accordance
~ with the present invention, is illustrated in Fig. 1. This oecillate'r 20 may be .
' produce_d in a variety of industry standard sizes and in two basic package
* configurations, pin through and surface mounted (SMD), depending upon the-

| manner in which the_ps_cillator'is to be mounted in its particutar application.
' .'The' illustrated embodimen_t has _six input/output (1/O) terminals, consisting of
* a Signature clock terminal 21, a dedicated Program input terminal 22, a
' ground '('VSS) terminal 23, a supply IVOItage (VDD) terminal 24, a Signature
- output terminal 25 and a clock signal output (F,,l,.)lprogrammmg clock pulse

rnput (CLK,Y terminal 26. As will be described in detail below, programming
 datai is entered via terminal 22 at a tlmlng controlled by clock .pulses_ _(CLK;,,)
| applied to terminal 26. R -

When programmable crystal oscll!ator 20is programmed by the

'programmlng data, it produces a clock signal output (F,,) on terminal 26 of a
programmed frequency conforming to a customer speciﬁed target freq'uency_
anywhere within a wide. range, e.g., 380 KHz to 175 MHz, with an accuracy of |
+100 ppm (parts per miltion)' or better. In terms of percentage, 100 ppm is
~ equal to + 0.01% of the-target frequenc'y. In accordanee with a f_eature ofthe

- present invention, crystat oscillator 20 includes a programmable read only

o mernory (PROM) 50, (Fig” 2) into which programming data in the form of

 customer data may be entered via Program terrmnal 22, under timing control
imposed by clock pulses (CLK,,,) apphed to terminal 26 by the manufacturer at
the time the oscillator is programmed Thereafter, the customer data may be
read out on terminal 25 by applying clock pulses to terminal 21. If this
Signature data feature is omitted, the crystal oscrllator package confi guratlon
|llustrated in Fig. 1 may be reduced to four terminals.

- Programmable crystal oscillator 20, illustrated in greater detail by the
block diagram of Fig. 2, includes a crystal blank 3_0 electrically co_nnected
between pads 31 and 32 on an integrated circuit chip for excitation by an
oscilfator circuit 34 and thus to generate a source oscrllatlng signal. This
oscﬂlator circuit includes an arrangement of resistor, capacﬂor and inverter
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components-well knoWn_ in the crystal oscillator art and, thus, rreed not be

~described here. The'fre_quency of the source oscillating signal, appearing at

the output of oscillator circuit 34 as a reference frequency signal F, , is

largely determined by the physical characteristics of the crystal wafer.
!n accordance with a feature of the present mventlon programmable

“erystal oscrllator 20 accommodates a wrde range of source frequencres eg.,

- 5.6396 MHz to 27.3010 MHz. That |s, the source frequency may vary from
crystal to_ crystal within this range. witho'ut_ jeopardizing the ability of crystal
oscillator 20 to be programm_ed.to output clock signals at any target frequency 3
specified by a customer wifh'inl, for example, a 380 KHz-1 75MH2 range, with
the industry standard accuracy of at least 100 ppm. In facti the diverse
- crystal source frequencies need hot be known in adva_nce of programming.
_ Still referr_ing fo Fig. 2, oscillator circuit 34 outputs the reference |
frequency F., which is'applied to a frequency multiplier 36, illustrated in
greater detail in Fig. 4. The freouency multiplier outputs clock signals at a
frequency F,, to a frequency divider 38 which divides the frequen'cy Fou by a
' programmable parameter N, received from programming network 42, to
i produce clock sngnals Fout of a programmed frequency conformmg to
customer specification. The F,, and F, signals are applied as separate
inputs to a multiplexor 40. Under the control of program control logic in
prograrriming network 42, imposed over line 43, rnultiplexor'40_ outputs either
- clock signals F,, or F,,, through an output buffer 44 and onto terminal 26.
in accordance with another fea'ture' of the present invention, crystal
oscillator 20 further includes a pair of load circuits 46 and 48 'that.'may be -
programmed, if necessary, to adjust the capacitive-load on crystal 30 and, in
turn, pull the crystal source frequency into a range of frequencies conducive
to optimal programming 'of crystal oscillator 20 to achieve not only the output
-frequency accuracy specified by a customer, but also a low phase locked loop
frequency conducive to stable operation of frequency mulﬁplier 36. _
Load circuits 46 and 48 are iilustrated in greater detail in Fig. 3. Load.
circuits 46 and 48 can include, for example, pluralities of Capa'citors 77,077,



| WO 98/34338 - | | ' PCT/US98/0179.

6.

and 87, to 87,, respectively. Capacitors 77, to 77, are respectively -
connected between ground and source electrodes of first switching elements
or transistors 78, to 78,, and capacitors 8'71 to 87, are respectively connected
~between ground and source electrcdes of second switching elements or
) transistors 88, to 88,. As further shown in Fig. 3, the gate of each of
transistors 781 to 78, is connected by a correspondlng one of output leads 76,
R to 76, from programming network 42, indicated collectively at 76 in Fig. 2.
The drain electrodes of these transistors are connected in common to a
source frequency input line 79 Canecﬁng crystal pad 31 fc oscillater cir_cuit
34. In a sfmilar fashicn' the 'gat'e e'lectrodes are respectively connected to
. output leads 861 to 86 from programmmg network 42, (collectrvely mdlcated
at86in Fig. 2), and the drain electrodes of transrstors 881 to 88, are
. connected in common to source frequency lnput line 89 connecting crystal
pad 32 to oscillator circuit 34. Addltlonally, fixed capacntors 75 and 85 (each
having a capacitance of, e.g., 35 pf) are provided as a nominal capacitance
load for crystal blank 30. | | |
' In re_sp_onse toa parerneter stored' in memory network 42, selected
output lines 76, to 76, and 86, to 86, are driven high to activate or turn-on
correSponding ones of transistors 78, to 78, and 88, fo 88,,. 'As a r_esr.rlt, |
- those of capacitors 77, to 77, and 87,t0 87, associated with the activated
transistors are coupled fo one of sourc_e frequency input lines 79 and 89. .
Thus, the capacitive loading of crystal blank 30 can be s_effn accordance with
the parameter stored in memory network 42, and the crystal source frequency
can therefore be "pulled” intc a desired range, Ie_avi_ng gross output- frequency
adjustmenf to be'accomplished by multiplier circuit 36. If no crystal frequency
pullmg is necessary, none of trans:stors 78, to 78, and 881 to 88, is activated.
Each of capacitors 77, to 77, and 871 to 87, may have a capacitance
of for example, 5pf. Moreover, capacitors 77, to 77, and 87, to 87, are
symmetncaily connected into source frequency mput lines 79 and 89,
respectively, such that for each one of capacitors 77, to 77, ‘connected to

- so_urce' frequency input line 79, a corresponding one of CapaCitors 87,to0 87,
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. is connected to source frequency input Iine' 89. Accordingly, pairs of

capacitors 77, to 77, and 87, to 8_7,,'(one from each group of capacitors 77, to
77,and 87, to 87,) are respectively connected to input lines 79 and 89, and
the incremental change of capacitance associated with each pair of
capacitors may be 2.5 pf As noted prev1ously, this capacrtance Ioadmg

- adjustment is effective to pull the crystal source frequency up or down as

. required to adjust the reference clock srgnal frequency me to a value .

approprrate for optimal frequency programming of crystal oscillator 20.
As seenin Fig. 4, frequenc’y'multiplier 36 includes a'freque'ncy divider

52 that divides the reference frequency Fby a programmable parameter Q

- stored in programming network 42 and applies the resultant clock signal

frequency toa phase detector 54 of a phase locked loop (PLL). The phase
locked loop includes a charge pump 56, a loop fi lter 60, and a voltage :
controlled oscillator 58 that produces the clock srgnal frequency F,,,, going to .
frequency divider 38 in Fig. 2. This clock signal frequency Fp,, is also fed back

| through a frequency dlvrder 64toa second input of phase detector 54.
. Divider 64 divides the F o frequency by a programmable parameter P aiso

stored in programming network 42.
‘During operation, parameters Q and P, further def‘ ned below are
supplied to program drwder circuits 52 and 64, respectively, from

- programmmg network 42. Reference frequency Fis thus divided by the

programmed parameter Q in d|V|der circuit 52 As noted above, F _
corresponds to the source frequency of crystal 30, and is therefore typrcally in

a range of 5.64 MHz to 27.3 MHz. IfQisan integer within a range of 132 to |
639, the quotient F.,/Q, i.e., the output of divider 52, can be made to fall

“within the range of 32 KHz to 50 -KHz ' regardless of the crystal source |

frequency The quotient F/Qi is the loop frequency of the phase locked loop
circuit shown in Fig. 4. .

The loop frequency i is supplred to phase comparator 54, along with the
output of divider 64 which outputs a control signal typlcally ata frequency

- substantially equal to the dafference between the output frequericies of
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 dividers 52 and 64. The control signal, in turn, is supplied to charge pump 56
which outputs a DC signal proportional to the frequency of the control signal.
The loop filter 66 is provided at the output of charge pump 56 in orderto -
define the response of the phase—-locked loop circuit.

. The DC signal is next supplied to voltage controlled oscillator (VCO)

- 58, which outputs clock signal-'F,,Il of_ a frequency controlied by the p'ote_ntial of

 theDC signal. Clock signal Fyy, is next fed back to one of the inputs of phase
detector 64 via P divider 64. Accordingly, with this phase locked loop
arrangement_, FowL is equal to the product of the loop frequency multiplied by
progra'mrnable P, an.integer in the range of 2048 to 4097, So that Fyy, is -
within the'range of 87.5 MHz .t_o' 175‘MHz. Clock signal Fp, is also suppliéd
to divider circuit 38 (see Fig. 2), where it is divided by any programmed one of
the following integer param'eters retrieved from programing network 42: 1, 2,

4,8, 16, 32, 64, 128 or 256, and then outputted as frequency Fout through
multiplexor 40 and output buffer 44, ' :

Phase detector 54, charge pump 56, loop filter 60 'and VCO 58 are
intended to represent a broad category' of circuits utilized to phase lock two
input signals which are well known in the art and will not be described further.

Generauy, the output frequency F,,L,_ and F, satisfy the followmg

| equatron '
- - Feu=F (PIQ).

: Thus Feisa multrple of the loop frequency. Accordlngly, for relatwely low
loop frequencies, Fqy can be finely adjusted in small increments of the loop
frequency. If the loop frequency is too low, the phase locked loop can
become unstable, resulting in jitter. Thus, it has been determined thatan
optimal loop frequency range is 32 KHz to 50 KHz, with a preferred range of |

42395 KHz to 43.059 KHz. Loop frequencies above this range, but less than
200 KHz, can also be used with output frequency resolutron better than that
obtainable by conventlonal crystal oscillator PLLs.

Conventional crystal osclllator phase locked loops used in dlgltal cxrcmt
timing applications, however, operate ata significantly higher Ioop frequency,
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ie., greater than 200 KHz At these frequencres such conventronal crystal
| oscillators cannot achieve the same high frequency resolutlon attamable with
- the present invention. Typically, polysilicon capacztors for example, and
other low noise components, are incorporated into the phase-locked loop
typically used in the present mventlon so that it can operate with a loop -
frequency within the preferred range of 42 395 KHz to 43.059 KHz with -
_' relatlvely little jitter. S |
As dlscussed in greater detail in appllcants related patent appllcatlon
entitted WORLDWIDE MARKETING LOGISTICS NETWORK INCLUDING
STRATEGlCALLY LOCATED CENTERS FOR FREQUENCY-
- PROGRAMMING CRYSTAL OSCILLATORS TO CUSTOMER }
SPEClFlCATlON Serial No. 08\795,980, filed concurrently. herewrth the -
dlsclosure thereof being lncorporated herein by reference, the P, Q, and N |
| parameters alone may be insufficient to achleve an output frequency
sufﬁcrently close, eg., within’ 100 parts per mllllon (1 00 ppm) of a specified
target frequency. In whlch case, the crystal source frequency is pulled as
discussed above, to brmg the resultmg output frequency into the acceptable
accuracy range. - - _ o
Thus, the programmable crystal oscillator in accordance wrth the
- present invention can be used to'g'enerate an output frequency based ona
 wide range of crystal source frequencres The output frequency is obtalned
by adjustmg the source frequency WIth a programmable capacrtrve load, and
~ operating the phase—locked loop clrcurt at a relatively low ioop frequency As
a result, for any crystal having a source frequency within the relatively wide |
range of, e.g., 5.6396 MHz to 27.3010 MHz, crystal oscillator output
- frequencies within 100 ppm or less of a specified target frequency can be _
achieved by simply storing appropriate P, Q, N and crystal pullmg parameters :
in a PROM included in programmmg network 42, As pomted out in the cited
copendlng application, crystal osclllators 20 may be manufactured as generic
programmable crystal oscillators, wrthout regard to customer-specrﬂed output o .'

frequenmes and simply programmed in a matter of seconds to. generate
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output frequenciee 'inﬁeccordance'w'ith customer specifications.
.Consequently, there is no need to manufacture the crystals to a plurality of
standard frequencies, thus sir'nplifying; expediting, and cost-reducing the |
‘manufacturing process. Leadtimes from customer purchase order to product
delivery may thus be dramatically reduced. '
While the present mventlon has been descnbed in the context of using
a standard microprocessor-type c_rystal blank that oscillates in the range.of
- 5.6396 MHz to 27.3010 MHz, as noted above, it will be understood that the |
present invention may be achieved using an industry standard watth crystal
“mass produced to oscillate at 32.768 KHz. In this case, the desired low
| phase-tocked loop frequency' rnay be achieved'without the need for frequency

- dIVIder 52 in frequency multiplier 36 of Flg 4, Crystal blank 30 would then in

effect be coupled in direct drive relation with the phase-locked loop circuit. -
Since watch crystals, by virtue of mass production, are significantly Iess _
~ expensive than microprocessor-type crystal‘s further economies in the
producﬂon of programmable crystal oscillators in accordance wrth the present
invention may be achieved. .
| it will be apparent to those skllled in the art that various modifi catlons
and vanatlons can be made in the programmable crystal oscxllator of the
present invention and in construction of this programmable crystal osciltator' |
without departmg from the scope or spirit of the mventron
_ Other embodiments of the invention wﬂl be apparent to those skilled in
the art from consideration of the specification and practice of the mve_ntron
" disclosed herein. Itis intended that the speciﬁcation and examples be
considered as exemplary only, with a true scope and spirit of the invention

being indicated by the followrng claims.
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1. | A timing circuit compnsmg

a crystal for generating a source frequency;

a programmable load circuit coupled to said crystal;'-

an os’cillator circuit coupled to receive said source frequency';_

" a freqdency multiplier circuit coupled to said osciliato_r circuit for
receiving said source frequency, and - -

a programmrng circuit configured to supply first programming data to _'
said programmable load circuit to adjust said source freq_uency anﬁ-second '

B programrrring data to said_" freqUency muitiblier circuit, such that'said '
frequency multiplier circuit supoiies' an output frequency Which is substantially '.
- equai toa product of said adjusted source frequency and a multipircatlon -
'~ factor deslgnated by sald second programmrng data.

2. Atiming circuit in accordance with claim 1, wherein said. -
programmable load circuit is a programmable capacitive Ioad circuit. _

3.  Atiming circuiti in accordance with claim 2, wherein said source -
frequency rs supplied over a source frequency line coupled to said crystai

- _said prograrnmable capacrtrve Ioad circuit comprises:

a plurality of capacitors, selected ones of said plurahty of capacrtors :
berng coupled to said source frequency line.

. 4. - Atiming circuit in accordance with clarm 3, wherein sald
. programmable capacitive load circuit further comprises:

- a plurality of swrtchmg elements each of which having a first terminal
_conn_ected in common fo said source frequency line, and a second terrnmal
coupled to a corresponding' one of said plurality of capacitors. |

5. A timing circuit in accordance with claim 4 wherein said
programmlng circuit generates a plurality of output srgnals in accordance wrth. '
said ﬁrst programming data stored therem said plurality of output srgnals
being supplied to said prograrnmable capacitive loading crrcurt_to activate

~selected ones of said plurality of switching elements, such as to connect

* corresponding ones of said capacitors to said source frequency line.
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6. A tlmmg cwcurt in accordance with claim 4, wherein each of said
plurality of switching element comprises an MOS transnstor |
7. - 'Atiming circuit in accordance with claim 1, where_in said
frequency- mmtiplier circuit includes a 'p”h'ase locked loop circuit. |
- 8. A timing circuit in accordance with claim 1, wherein said second |
programming data comprises a first parameter P and a second parameter Q,
- . said output frequency (F,.) and sand adjusted source frequency (Fag)
sat(sfymg ' ' o
Foe =Fug (PIQ).
9.  Atiming cirouit in accordance with claim 7, wheretn sald
frequency multrpher loop circuit compnses
a first divider for leldlng said adjusted source frequency by a first
parameter of said second programmmg data to generate a fi rst frequency.
| a second dlwder included in sald phase locked Ioop circuit for dividing
sald output frequency by a second parameter of said second programmmg
data to generate a_second frequency; a_nd
a detector included in said phase locked Ioop circuit and couoled to
receive said first and second_frequ_encies, said detector outputting a control
signal in response to said first and second frequencies for controlling a
generation of said output frequency. |
10.  Atiming circuit in accordance with claim 9, further comprising:
" a third divider circuit, coupled to an output of said phase locked loop
circuit and said programming circuit, for dividing said output frequency by a
third parameter of said second programmlng data stored in said programming
~ circuit. _ | o -
1. A fiming circuit in accordance With claim 7, wherein said
adjusted source frequency is supplied toa divider circuit to generate a !oop
: frequency of said phase locked _loop circuit less than 200 KHz.
12..  Atiming circuit in ac_c'ordance with claim 11, wherein said Ioop'
frequency is within a range of 32 KHz to 50 KHz. |

I
| S
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13. . A timing circuit in accordance with claim 11, wherein said loop
frequency is within a range of 42.395 KHz to 43.059 KHz.
| 14. A timing circuit in accordance with claim 9, wherein said
detector outputs said control signal in accordance with a phase difference
" between said first and second frequencres sard phase locked Ioop circuit -
further comprising: . .

‘a charge pump crrcunt recelvmg sald control S|gna! and outputting a DC
signal i in response thereto;

a loop filter; and _ .

a voltage controlled oscillat_or coupled to said charge pump through |

.' said loop filter, said voltage controlled oscillator generating said output
frequency under a control of said DC srgnal | _

15.  Atiming crrcurt in accordance with clarm 1, further comprising a
dedicated external programmmg termmal for entering said fi rst and second
programmtng data for storage m a programmable read only memory included
in said programming circuit. _ '

16. A programmable timing circuit compnsmg

a crystal;

~ an oscillator circuit coupled to excite said crystal mto generatrng a
source frequency;. _

a capacitive load circuit coupled to said crystal and conﬁgured to be
programmable to a desired load capacltance, such as to selectively adjust
said source frequency; and | o

| a phase locked: loop crrcunt coupled said oscnllator circuit, said phase
. locked loop circuit generatmg an output frequency as a product of said
adjusted source frequency and a multiplication factor.

17. A programmable tnmmg circuit in accordance with clarm 16,
further comprising:.

a memory, coupled to said phase locked ioop circuit and to said
programmable capacitive load circuit, for storing programmlng data mcludmg

- afirst parameter for programming said capacitive load circuit to said desired

T e =



TR O AR

-14-

PCT/US98/01796.

load capacitance and a -second parameter for prcgramming said phase
locked loop 'ci'rcuit to said multiplication factor. .
18. A programmable timing circuit in accordance with claim 17,
wherem said memory compnses a PROM.
19. A programmable tnmmg circuit i in accordance with claim 17,
wherein said crystal is coupled to said oscdlator circuit by an mput fine, sald '
“programmable capacntnve load cxrcunt compnsmg
 a plurality of capacitors; and

a plurality of switching e!ements each having a first termmarcoupled

- to a corresponding one of said plurallty of capacuto_rs and a second terminal

coupled to said inp,ut line, said memory supplying said first parameter as a
plurality of signals to éctivate selected ones of said plurality of SWitching
elements, thereby cocpling-said_ ccrrespcnding ones of said plurality of -
capacﬂors to said input line. - ' |
20. A programmable tlmlng circuit in accordance with claim 19,

_ whereun each of said plurallty of swntchmg elements compnses an MOS
_tran31stor _ o S

21. A prografﬁm‘able timing circuit in accordance with claim' 17,
further comprising a dedi_cated programming terminal accommodating
- external entry of said programming data for storagé in séi_d memory.
2. A programmable crystal oscillator, comprising:

a crystal having an associated source frequency;

an oscillator circuit; _

'input lines coupling said crystal to said oscillator circuit;

- a progi'ammable capaciﬁve load, coupled'to said input lines, for

: adjusﬁrig said source frequency according-to a loéding parametér; |

a phase locked loop circuit cdupled to @ceive said adjusted source

frequency and to generate a loop frequency in response thereto, said phase
“focked loop circuit muitiplying s'aid_ loop frequency 'by a frequency parameter
to generate a desired. output fréquency; and '
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a programming circuit coupled to sald programmable capaciti\_/e load
circuit and to said phase'locked loop circuit, said programming circuit storing

said loading and frequency parameters for respectively programming said

capacrtlve load circuit and said phase locked loop circuit.

- 23. The programmable crystal oscillator i in accordance with
clalm 22, wherein said crystal is an industry standard watch crystal havnng an’
assoclated source frequency of essentially 32.768 KHz '
24. A timing circuit in accordance with claim 1, further comprlsmg
a first PROM for storing identification data;.
- a program terminal for programmmg said first PROM W|th said

' identification data; and

a first output terminal for reading said identification data out of said first

256, A tirrring'circuit in accordance with claim 24, further cOrnpris'ing:
‘a second PROM prograrnrned by said first and second programming
data entered through said prograrn terminal; and
a second output terminal for outputtmg said output frequency and for-

' recelvmg clock pulses fo clock sald |dent|ﬁcat|on data into first PROM and to
] clock said first and second programming data mto said second PROM

26. A tlmmg circuit in accordance with claim 25, further lncludmg a

second input terminal for receiving clock signals to read said |dent1f' cation

data from said first PROM out onto said first outbut terminal.
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