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Each multi-bit count value is mapped to a sine value look-up table or memory 14
for a digital representation of an analog sine wave phase angle. The digital representation
is then fed through a digital-to-analog converter (DAC) 16 where the accumulating phase
angle results in a complete sinusoidal analog waveform. Further conditioning of the

20  analog signal by a filter [8anda phase-locked-loop (FLL) 20 often occurs to form the
desired clock.

Conventionally, the frequency of the desired end waveform typically relies on the
accuracy of the NCO. The degree of accuracy is typically characterized by the equation
Fco = Fref(A/B), where Fnco is the desired frequency and Fref is the digital input clock

25 fiequency. The "A" and "B" terms together represent a ratio of Fref to Fnco . The "B"
term traditionally represents a binary divisor dependeht on the number of output bits N in
the NCO. ;

In other words, the ratio A/B forces a 1/2" resolution when programming a
desired clock frequency Frco. The resulting problem is that a user desiring to program a

30 variable frequency clock to, for example, one gigahertz, because of the limited number of
available values for "B", might have to accept a frequency of 1.001 gigaheriz. In some
applications, such as automatic test equipment, this level of inaccuracy is problematic.

What is needed and currently unavailable is an NCO that provides a high leve] of
accuracy that correspondingly allows more flexibility in frequency resolution for variable

35  frequency clock generators and other circuits that utilize NCOs. The NCO described
herein satisfies these needs.
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20 draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS The invention will be better

understood by reference to the following nore detail ed description and

acconpanying drawings in which FIG 1 is a high-level block diagramof a

conventional circuit for generating a variable frequency clock; FIG~ 2 is
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The output of the register OUT may then be used as the accunul ator input.
Wth continued reference to Figure 2, the renmai nder accunul ator 50 includes
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With continued reference to Figure 2, the remainder accumulator 50 includes a
third adder 52 that receives a thirty-bit remainder input REMAINDER, along with an
20 increment value from a second multi-bit register 54, The output of the third adder is fed
as an input to a subiractor 56 and a comparator 58. A thirty-bit divisor value DIVISOR
provides a second input for the subtractor and comparator. A multiplexer 60 includes a
control input coupled to the comparé,tor output to selectively pass the subtractor output or
the third adder output to the second register 54.
25 Figure 3 illusn'atés a cycle-by-cycle example of how the multi-stage NCO
) operates. This example assumes a desired ratio between the desired frequency FNCO and
: the reference frequency FREF of 10/3. This assumption results in a programmed quotient
of three (3), a remainder of one (1), and a divisor of three (3).
With the assumptions above as one example, at cycle zero (0), the remainder
30 accumulator has an incremental value of zero, with the quotient accumulator output
incremented by three (3). With cycle 1, the remainder accumulator increments by one
(1), resulting in an addeﬁ output of two (2). The quotient accumulator increments by three
(3) again, for an output value, at the adder , of six (6).
‘With continued reference to Figure 3, at cycle 2 (the third clock pulse), the adder
35  input is incremented to generate a value of three (3) at the input to the subtractor and the
comparator. Since both inputs to the comparator are equal, a carry signal is generated and



QUOTI ENT, REMAI NDER, and DI VI SCR i nput values are entirely programmabl e by
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filters the waveform for optimum fidelity.
In another application, and referring back to Figure 2, the NCO 30 may be
employed as a standard circuit block to generate timestamp data. Timestamps are often
20  useful for establishing relative timings between signal occurances or events. For this
application, both of the accumulator outputs are used such that the quotient accumulator
output represents integers of a specified unit of time, such as nanoseconds.
Those skilled in the art will recognize the many benefits and advantages afforded
by the present invention, Of significant importance is the dual accumulator aspect of the
25  NCO, which enables the quotient to be regularly corrected during operation. This allows
) for a high degree of resclution flexibility for applications such as variable frequency
waveform generation and timestamping,
While the invention has been particularly shown and described with reference to
the preferred embodiments thereof, it will be understood by those skilled in the art that
30 various changes in form and detail may be made therein without departing from the spirit
and scope of the invention.



a quotient accunul ator, the quotient accunul ator having a programmabl e
I nput for receiving a QUOTI ENT val ue, a reference clock input and a
multi-bit output, the output adapted for transmtting an output vaule OUT
representing an accunul ated 5 quotient sum the nulti-bit output
incrementing by a predeterm ned anount in response to each reference clock
period; a renWHAEIS SEAIMBIAISr, the remai nder accunul at or havi ng
programabl e i nputs for receiving respecti ve REMAI NDER and DI VI SOR val ues,
a a reference clock input and a nulti-bit output representing an
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wher el n ah easgceon Iigguetrfor r%ge%%rﬂg lt}?et remaindel acctmnlator multi-bit output, the
comparator operative to :gcnerate an increment carry signal for application to the quotient
accumulator when the remainder multi-bit output reaches the predefined integer value,

15
2. A numeric counter oscillator according to ¢laim 1 wherein the quotient

accumulator comprises:

a shift register having a clock input for receiving the input reference clock
signal; :

5 a first summing stage for receiving the quotient input, and comprising a

second input coupled to the accumulator output; and :

a second summing stage disposed in series with the first stage and having
an input coupled to the comparator output to receive the carry increment signal, the
second summing stage further comprising an output coupled to the input of the shift

10 register.

3. A numeric counter oscillator according to claim 1 wherein the remainder

accumulator comprises:

a third summing stage having an input for receiving the REMAINDER

15  wvalue; : '

a subtractor with a pair of inputs for receiving,m respectively, the summed
output from the third summing stage and the DIVISOR value; and

a second shift register for incrementing the remainder accumulator output
in response to the input clock, and feeding back the oufput to the third summing stage.



a third summ ng stage having an input for receiving the REMAI NDER 15 val ue;
a subtractor with a pair of inputs for receiving ,mrespectively, the
sumred output fromthe third sunm ng stage and the DI VI SOR val ue; and a
second shift register for incrementing the remai nder accumul ator output in
response to the input clock, and feeding back the output to the third
sunmypng stage. 20 10 4. A nuneric counter oscillator for providing a
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nunmeri c counter oscillator according to claim4 wherein_the means for 20
accumul ating & r enADHEGFIC SoRtEAEHIAIOR accop B e IELY W, P ZRGBES 1 he

remai ndepoahelafikg 84R5tde Vi Somprises:
a quotient accumulator, the quotient accumulator having a programmable
input for receiving 2 QUOTIENT value, & reference clock input and a multi-bit output,
15  the output adapted for transmitting an ontput vaule OUT representing an accumulated
quotient sum, the multi-bit output incrementing by a predetermined amount in response to

each reference clock period.

6. A numeric counter oscillator according to claim 4 wherein the means for
20 accumulating 2 remainder sum comprises:

a remainder accumulator, the remainder accumulator having
programmable inputs for receiving respective REMAINDER and DIVISOR values, aa
reference clock input and a multi-bit output representing an accumulated digital
remainder sum less than a predefined digital integer, the remainder accumulator further

25  comprising a comparator having a first input for receiving a programmed divisor value,
and a second input for receiving the remainder accumulator multi-bit output, the
comparator operative to generate an increment carry signal for application to the quotient
accurmulator when the remainder multi-bit output reaches the predefined integer value.

7. A method of generating a desired numeric counter oscillator frequency
based on a reference frequency, the desired frequency and reference frequency having the
relationship A/B, where B comprises a DIVISOR, and the decimal solution comprises a
QUOTIENT + REMAINDER, the method including the steps: ‘

5 generating a reference clock having the reference frequency and peried,



programmabl e i nputs for receiving respecti ve REMAI NDER and DI VI SOR val ues,
a a reference clock input and a nulti-bit output representing an

accurul ated digital renainder stun | ess than a predefined digital integer,
t he remai nder accumnul ator further 2 5 conprising a conparator having a
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generating a carry increnent for accunulation in the first counter. 15



