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& (57) Abstract: A chip oscillator module (10) and its verification method in which the chip oscillator module is formed of a DCO
& (digital controlled oscillator) (11), a selector circuit (13), a programmable ROM (read only memory) (14), a register (15), and a com-

munication interface (16); inputted frequency set value is stored in the register through the communication interface for transferring
the DCO (11); when output frequency judged to be incorrect, a frequency set value verification procedure is proceeded; when output

=

value to be transferred to the DCO.

frequency judged to be correct, the frequency set value is programmed into the programmable ROM, for enabling the frequency set
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CHIP OSCILLATOR MODULE AND ITS VERIFICAITON
METHOD
BACKGROUND OF THE INVENTION
1. Field of the Invention:

The present invention relates to a chip oscillator module
and its verification method and, more particularly to such a chip
oscillator module, in which inputted frequency set value is stored
in a register through a communication interface for transferring to a
digital controlled oscillator; when output frequency judged to be
incorrect, a frequency set value verification procedure is proceeded;
when output frequency judged to be correct, the frequency set value
is programmed into a programmable ROM, for enabling the
frequency set value to be transferred to the digital controlled
oscillator.

2. Description of the Related Art:

Regular oscillators used in electronic circuits include two
types, namely, the RC (resistance-capacitance) oscillator and the
transistor oscillator. The manufacturing cost of a RC oscillator is

much cheaper than a transistor oscillator, however its precision is
much lower than a transistor oscillator. Therefore, conventional
RC oscillators are commonly used in circuits that are not critical
in frequency precision. Transistor oscillators are important base

components in 3C  (consumer  electronics, computer,
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communication) industries, and commonly used in motherboards,
instrument circuit boards, digital counters, mobile communication
devices.

FIG. 1 is a circuit diagram of the variable resistor control
logic of a conventional RC oscillator module. The circuit
comprises a base resistor Rb, a series of resistors R, 2R, 4R, 8R,
16R and 32R, fuses FO0, F1, F2, F3, F4 and FS5 respectively
connected in parallel to the resistors R, 2R, 4R, 8R, 16R and 32R,
selector switches S2, S4 and S6, and control switches S1, S3, S5
and S7. Electric current is connected to at least one of the fuses FO0,
F1, F2, F3, F4 and F5 to break the assigned fuse(s), so as to
regulate the resistance value. As indicated, the resistance value is
adjusted by employing an electric current to break at least one of
the fuses. However, if one fuse is broken erroneously, the circuit
cannot be reset. Any error causes a big loss. The error of a RC
oscillator is resulted from the tolerance of the rhesistors and the
capacitors. Because every resistor and every capacitor built in an
integrated circuit have a different tolerance, there are differences
among RC oscillator modules of same specification after setting
(fuse breaking procedure). Minimizing such differences depend on
component manufacturers’ techniques.

Therefore, it is desirable to provide a chip oscillator

module, which eliminates the aforesaid drawbacks.
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SUMMARY OF THE INVENTION

The present invention has been accomplished under the
circumstances in view. It is therefore the main object of the present
invention to provide a chip oscillator module and its verification
method, which eliminates the aforesaid drawbacks.

According to one aspect of the present invention, the chip
oscillator module is comprised of a DCO (digital controlled
oscillator), a selector circuit, a programmable ROM (read only
memory), a register, and a communication interface. The inputted
frequency set value is stored in the register through the
communication interface for transferring to the DCO. When output
frequency was judged to be incorrect, a frequency set value
verification procedure  is preceded. When output frequency was
judged to be correct, the frequency set value is programmed into
the programmable ROM, for enabling the frequency set value to be
transferred to the DCO. According to one embodiment of the
present invention, the digital controlled oscillator is comprised of a
RC oscillator, a digital rough adjustment variable resistor, and a
digital fine adjustment variable resistor. According to another
embodiment of the present invention, the digital controlled
oscillator is comprised of a voltage controlled oscillator and a
digital-analog converter.

According to another aspect of the present invention, an
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addition address line is set up when two or more correct frequency
set values are stored in the programmable ROM. Through the
communication interface, the user can set the address line and
select the desired correct frequency set value from the
programmable ROM.

According to still another aspect of the present invention,
the chip oscillator module verification method includes the steps of
(a) enabling the user to set the MSB (most significant bit) of the
verification frequency set value to be 1, and the other bits to be 0;
(b) inputting the verification frequency set value through the
communication interface to the register; (c) enabling the user to
connect the source pin of the selector circuit to the ground terminal
for letting the verification frequency set value to be transferred
from the register to the digital controlled oscillator; (d) measuring
the output frequency of the frequency output pin and judging
whether it is correct or not, and then proceeding to following step
(i) if positive, or to following step (e) if negative; (e) judging the
output frequency of the frequency output pin to be greater or
smaller than the set frequency value, and then proceeding to
following step (f) if greater, or to following step (g) if smaller; (f)
setting the bit in the verification frequency set value to be 0 and the
next bit to be 1, and then proceeding to following step (h); (g)

keeping the bit in the verification frequency set value to be 1 and
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then setting the next bit to be 1 too, and then proceeding to
following step (h); (h) judging whether verification frequency set
value has been verified to LSB (least significant bit) or not, and
then proceeding to following step (i) if positive, or returning to
step (b) if negative; (i) enabling the user to enable the write/read
enable pin of the programmable read only memory, and to record
the verification frequency set value from the register into the
programmable read only memory; and (j) enabling the user to open
the circuit of the source pin of the selector circuit, for letting the
correct frequency set value be transferred from the programmable
read only memory to the digital controlled oscillator so as to
complete the verification flow.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram of the variable resistor
controlled logic circuit of a RC oscillator module according to the
prior art.

FIG 2 is a circuit block diagram of a chip oscillator module
according to the present invention.

FIG. 3 is a chip oscillator module verification flow
according to the present invention.

FIG. 4 is a circuit block diagram of a chip oscillator module
made subject to a resistance-capacitance oscillator circuit design

according to the present invention.
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FIG. 5 is a circuit block diagram of a chip oscillator module

made subject to a voltage-controlled oscillator circuit design

according to the present invention.
FIG. 6A is a first type chips test curve obtained according
to the present invention.
FIG. 6B is a second type chips test curve obtained
according to the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring to FIG. 2, a chip oscillator module 10 is shown
comprising a DCO (digital controlled oscillator) 11, a selector
circuit 13, a programmable ROM (read only memory) 14, a register
15, and a communication interface 16. The DCO 11 is adapted to
produce an oscillation frequency. The selector circuit 13 is
controlled by the user to select the source for frequency set value.
The programmable ROM 14 is adapted to store the correct
frequency set value. The register 15 is adapted to store the verified
frequency éet value temporarily. The communication interface 16 is
adapted to let a frequer;cy set value be passed to the register 15.

Referring to FIG. 3, the frequency verification method of

the present invention is to be used to verify the aforesaid chip

oscillator module 10, comprising the steps as follows:
600 Start;

610 The user sets the MSB (most significant bit) of the
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620

630

640

650

660

670

680

verification frequency set value to be 1, and the other bits
to be 0;

Transfer the verification frequency set value through the
communication interface 16 to the register 15;

The user connects the source pin P/S of the selector circuit
13 to the ground terminal for enabling the verification
frequency set value to be transferred from the' register 15 to
the DCO 11;

Measure the output frequency of the frequency output pin
Out and judge whether it is correct or not? And then
proceed to step 690 if positive, or to step 650 if negative;
Judge the output frequency of the frequency output pin to
be greater or smaller than the set frequency value? And
then proceed to step 660 if greater, or to step 670 if
smaller;

Set the bit in the verification frequency set value to be 0
and the next bit to be 1, and then proceed to step 680;
Keep the bit in the verification frequency set value to be 1
and then set the next bit to be 1 too, and then proceed to
step 680;

Judge whether verification frequency set value has been
verified to LSB (least significant bit) or not? And then

proceed to step 690 if positive, or return to step 620 if
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negative;

690 The user enables the write/read enable pin WR of the
programmable ROM 14, and records the verification
frequency set value from the register 15 into the
programmable ROM 14; |

700 The user opens the circuit of the source pin P/S of the
selector circuit 13, for enabling the correct frequency set
value to be transferred from the programmable ROM 14 to
the DCO 11;

710 End.

FIG. 4 is a circuit block diagram of the chip oscillator
module 10 made subject to a reéistance-capacitance oscillator
circuit design, and comprised of a DCO (digital controlled
oscillator) 11, a voltage rectifier circuit 12, a selector circuit 13, a
programmable ROM 14, a register 15, and a communication
interface 16. The DCO 11 comprises a RC (resistance-capacitance)
oscillator 111, a digital rough adjustment variable resistor 112, and
a digital fine adjustment variable resistor 113. The RC oscillator
111 is adapted to generate an oscillation frequency subject to
capacitance charging discharging characteristics. The digital rough
adjustment variable resistor 112 is adapted to adjust the output
frequency of the RC oscillator 111 roughly. The digital fine

adjustment variable resistor 113 is adapted to adjust the output
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frequency of the RC oscillator 11 on a fine scale. The selector
circuit 13 is controlled by the user to select the source for
frequency set value. The programmable ROM 14 is adapted to store
the correct frequency set value. The register 15 is adapted to store
verified frequency set value temporarily. The communication
interface 16 is adapted to let frequency set value be passed to the
register 15.

FIG. 5 is a circuit block diagram of the chip oscillator
module 10 made subject to a voltage controlled oécillator circuit
design, and comprised of a DCO (digital controlled oscillator) 11, a
voltage rectifier circuit 12, a selector circuit 13, a programmable
ROM 14, a register 15, and a communication interface 16. The
DCO 11 comprises a VCO (voltage controlled oscillator) 115, and a
digital-analog converter 116. The VCO 115 controls the oscillator’s
output frequency subject to the nature of the variation of a varactor
with the intensity of reverse voltage. The selector circuit 13 is
controlled by the user to select the source for frequency set value.
The programmable ROM 14 is adapted to store the correct
frequency set value. The register 15 is adapted to store verified
frequency set value temporarily. The communication interface 16 is
adapted to let frequency set value be passed to the register 15.

FIGS. 6A and 6B are first type IC chips test curve and

second type IC chips test curve obtained according to the present
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invention. The test curve of the first type IC chips was obtained by
using same oscillation frequency to measure the variation of
resistance value. The test curve of the second type IC chips was
obtained by using same resistance value to measure the oscillated
frequency variation. As illustrates, the frequency difference
between IC chips of the same type is insignificant.

Referring to FIGS. 4 and 6A again, the resistance value of
the digital rough adjustment variable resistor 112 and the resistance
value and precision of oscillation frequency of the digital fine
adjustment variable resistor 113 are explained by means of the
example of the first type of IC chips. When the oscillation
frequency desired to be 4MHz and the range of oscillation
frequency assumed to be 2MHz, the set frequency value will be
AMHz+1MHz, i.e., the maximum value will be 5SMHz and the
minimum value will be 3MHz. The resistance values required of
5MHz and 3MHz are 15KQ and 24.25KQ respectively. 24.25KQ
(the resistance value of 3MHZ)-15KQ(the resistance value of
5MHz)=9.25KQ, which is the resistance value of the digital rough
adjustment variable resistor 112. 15KQ(the resistance value of
5MHz)-9.25KQ(the resistance value of the digital rough adjustment
variable resistor 112)=5.75KQ, which is the resistance value of the
digital fine adjustment variable resistor 113. The precision of

oscillated frequency depends upon the number of bits of the digital

10
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fine adjustn;ent variable resistor 113.. For example, if the digital
fine adjustment variable resistor 113 is of 10 bits, the precision
will be 2000000/210 (=1953.125); if of 20 bits, the precision will
be 2000000/220 (=1.907). Therefore, the higher the number of bits‘
of the digital fine adjustment variable resistor 113 is, the better the
precision of the oscillated frequency will be.

Referring to FIGS. 2, 4 and 5 again, a voltage rectifier
circuit 12 and a temperature compensation circuit 114 may be
added to the chip oscillator module 10. The voltage rectifier circuit
12 provides the chip oscillator module 10 with the necessary
working voltage. The temperature compensation circuit 114
improves the stability and accuracy of the output of oscillation
frequency of the oscillator.

In each of the aforesaid embodiments, the chip oscillator
module 10 can be made in the form of an independent electronic
component, or built in an integrated circuit.

Referring to FIGS. 4 and 5 again, the programmable ROM
14 can be any of a variety of programmable read only memories
that are capable of maintaining memorized value intact upon power
failure. The programmable ROM 14 can be used to store one or a
number of correct frequency set values. When the programmable
ROM 14 used to store a number of correct frequency set values, an

additional address line 17 is necessary. Through the communication

11
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interface 16, the user can set the address line 17 and select the
desired correct frequency set value from the programmable ROM
14.

A prototype of chip oscillator module and its verification
method has been constructed with the features of the annexed
drawings of FIGS. 1~6. The chip oscillator module and its
verification method functions smoothly to provide all of the
features discussed earlier.

Although particular embodiments of the invention have
been described in detail for purposes of illustration, various
modifications and enhancements may be made without departing
from the spirit and scope of the invention. Accordingly, the

invention is not to be limited except as by the appended claims.

12
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What the invention claimed is:

1. A chip oscillator module comprised of a digital
controlled oscillator, a selector circuit, a programmable read only
memory, a register, and a communication interface, wherein:

said communication interface is adapted to let the user
input a frequency set value into said register;

said register is adapted to temporarily store the verified
frequency set value been transmitted through said communication
interface, and to transfer the verified frequency set value to said
digital controlled oscillator through said selector circuit or to
program the verified frequency set value into said programmable
read only memory;

said programmable read only memory is adapted to store
the correct frequency set value, or to transfer the correct frequency
set value to said digital controlled oscillator through said selector
circuit;

said selector circuit is controlled by the user to select the
source for frequency set value, for enabling the correct frequency
set value to be transferred from said programmable read only
memory to said digital controlled oscillator or the wverified
frequency set value to be transferred from said register to said
digital controlled oscillator;

said digital controlled oscillator is adapted to receive the

13
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verified frequency set value from said register or the correct
frequency set value from said programmable read only memory, and
then to output a correct oscillation frequency.

2. The chip oscillator module as claimed in claim 1,
wherein said digital controlled oscillator is comprised of a
resistance-capacitance oscillator, a digital rough adjustment
variable resistor, and a digital fine adjustment variable resistor,
said resistance-capacitance oscillator comprising at least one
capacitor and one resistor and adapted to generate an oscillation
signal subject to discharging and discharging operation of the at
least one capacitor thereof.

3. The chip oscillator module as claimed in claim 1,
wherein said digital controlled oscillator is comprised of a voltage
controlled oscillator and a digital-analog converter, said digital
controlled oscillator controlling an output frequency thereof

subject to the nature of the variation of a varactor with the intensity

~of reverse voltage.

4. The chip oscillator module as claimed in claim 1, further
comprising a voltage rectifier adapted to provide said digital
controlled oscillator with stabilized power source.

5. The. chip oscillator module as claimed in claim 2,
wherein said digital controlled oscillator further comprises a

temperature compensation circuit adapted to control the

14
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temperature of said digital controlled oscillator within a
predetermined range.

6. The chip oscillator module as claimed in claim 3,
wherein said digital controlled oscillator further comprises a
temperature compensation circuit ‘adapted to control the
temperature of said digital controlled oscillator within a
predetermined range.

7. The chip oscillator module as claimed in claim 1, which
is made in the form of an independent electronic component.

8. The chip oscillator module as claimed in claim 1, which
is built in an integrated circuit.

9. The chip oscillator module as claiméd in claim 1,
wherein said programmable read only memory is capable of
maintaining memorized value intact upon power failure.

10. The chip oscillator module as claimed in claim 1,
wherein said programmable read only memory is capable of storing
at least one correct frequency set value.

11. The chip oscillator module as claimed in claim 1,
further comprising an address line set by the user through said
communication interface for selecting the desired correct frequency
set value from said programmable read only memory.

12. A chip oscillator module verification method used to

verify the chip oscillator module as claimed in claim 1, comprising

15



10

15

20

WO 2004/100378 PCT/US2003/010758
the steps of:

(a) enabling the user to set the MSB (most significant bit)
of the verification frequency set value to be 1, and the other bits to
be 0;

(b) inputting the verification frequency set value through
the communication interface to the register;

(¢) enabling the user to connect the source pin of the
selector circuit to the ground terminal for letting the verification
frequency set value to be transferred from the register to the digital
controlled oscillator;

(d) measuring the output frequency of the frequency output
pin and judging whether it is correct or not, and then proceeding to
following step (i) if positive, or to following step (e) if negative;

(e) judging the output frequency of the frequency output
pin to be greater or smaller than the set frequency value, and then
proceeding to following step (f) if greater, or to following step (g)
if smaller;

(f) setting the bit in the verification frequency set value to
be 0 and the next bit to be 1, and then proceeding to following step
(h); |

(g) keeping the bit in the verification frequency set value to
be 1 and then setting the next bit to be 1 too, and then proceeding to

following step (h);

16
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(h) judging whether verification frequency set value has

been verified to LSB (least significant bit) or not, and then

proceeding to following step (i) if positive, or returning to step (b)
if negative;

(i) enabling the user to enable the write/read enable pin of
the programmable read only memory, and to record the verification
frequency set value from the register into the programmable read
only memory; and

(j) enabling the user to open the circuit of the source pin of
the selector circuit, for letting the correct frequency set value be
transferred from the programmable read only memory to the digital

controlled oscillator so as to complete the verification flow.

17
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