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verter is well suited for use in a cell phone. The control system uses the output of the oscillator to control the power train. The
oscillator varies its frequency as a function of a pseudo random number generator, thereby reducing electromagnetic interference
caused by ripple in the output of the DC-DC converter.
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DC-DC CONVERTER WITH REDUCED
ELECTROMAGNETIC INTERFERENCE

Field of the Invention

[0001] The present invention is related to a DC-DC converter and
specifically a switching regulator DC-DC converter with an oscillator whose

frequency changes to reduce electromagnetic interference.

Backaground of the. Invention

[0002] Mobile terminals such as cellular phones have become ubiquitous
in modern society. Mobile terminals rely on sending an electromagnetic
signal through the air to a base station and receiving electromagnetic signals
through the air from the base station. An unfortunate side effect of the
convenience of this wireless communication is that the signal-carrying
electromagnetic radiation that forms the backbone of the communication may
interfere with other electronic devices. This phenomenon is known variously
as electromagnetic interference (EMI) or electromagnetic compatibility (EMC).
[0003] While interfering with other electronic devices like a computer or
television is problematic, it is also possible for multiple mobile terminals
operating in proximity to one another to have cross channel EMI. That is, one
mobile terminal may be transmitting in a first channel, but some of the signal
may spill over as noise into channels that are nearby in the frequency
spectrum and on which a second mobile terminal is trying to operate. This
spill over transmission is known by various terms, but is termed herein as
“side band transmission.”

[0004] To combat EMI in the United States, the FCC has promulgated
standards for emissions that limit how much radiation may be radiated within
certain frequency bands. On top of the FCC emissions rules, the various
communication protocols used by mobile terminals may impose more
restrictive limitations with specific attention paid to side band transmission
levels. For example, Annex A of the GSM 05.05 version 8.5.1, released 1999,
indicates that the maximum allowed signal for spurious side band signals is
the larger of -60dBc or -36dBm. This measurement is to be averaged over at

feast two hundred transmit power cycles.
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[0005] Against the backdrop of these standards, many mobile terminals
incorporate DC-DC converters in their internal circuitry to change a DC
voltage level of a battery to a lower or higher DC voltage level depending on
the needs of the internal circuitry of the mobile terminal. A common method
to implement a DC-DC converter uses a switching power supply that has a
switch that opens and closes at a predetermined frequency according to a
clock signal. Such switching power supplies exhibit a periodic ripple in their
output at the switching frequency. If the DC-DC converter is used to provide a
Vcc supply voltage to a saturated power amplifier, this ripple may mix with the
radio frequency carrier to generate spurious side band signals.

[0006] To combat this ripple, manufacturers tend to use low drop out linear
regulators for power control associated with power amplifiers instead of the
switching DC-DC converters. This substitution avoids the ripple issues, but
does so at the expense of decreased efficiency and shorter battery life. Thus,
there exists a need for a way to reduce spurs in a power amplifier's output
while using an efficient switching power supply as a supply voltage for power

amplifiers.

Summary of the Invention

[0007] The present invention minimizes spurious emissions by spreading
the frequency at which an oscillator in a switching power supply operates.
Specifically, the present invention represents a modification to a switching
power supply that can be used in a myriad of mobile terminals, although it is
especially well suited for use with Global System for Mobile Communications
(GSM) compatible mobile terminals.

[0008] The present invention spreads the frequency of the oscillator, in a
first embodiment, by providing a multi-bit shift register that outputs a pseudo
random number, in effect forming a pseudo random number generator. This
pseudo random number is provided to a pair of digital to analog converters
(DACs). One DAC controls and turns on a variable current source such that a
current is provided corresponding to the pseudo random number. The other
DAC controls and turns on a variable current sink such that a current is drawn
corresponding to the pseudo random number. A capacitor is selectively

connected to either the current source or the current sink by a switch. When
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the capacitor is connected to the current source, the capacitor is charged.
When the capacitor is connected to the current sink, the capacitor is
discharged. The rate of charging and discharging is set by the current that
flows as determined by the pseudo random number.

[0009] The voltage across the capacitor is measured by two comparators
that determine if the voltage has risen above or fallen below predetermined
set points. If the voltage has passed out of the range generated by the set
points, one of the comparators will trigger a flip-flop causing a clock signal to
be generated. This changes the position of the switch, causing the capacitor
to switch from charge to discharge or vice versa. Thus, if the capacitor was
charging and the voltage exceeded the set point, the flip-flop would be
triggered and the switch would move so that the capacitor was connected to
the current sink DAC. The capacitor then begins dischafging until the
comparator detects that the voltage is below the predefined set point and the
flip-flop is triggered again.

[0010] In addition to controlling the switch, the signal from the flip-flop
forms a clock signal for the shift register. To allow the system to settle, the
clock signal is divided by a predetermined number before being passed to the
shift register such that the pseudo random number changes only after a
predetermined number of signals from the flip-flop. In an exemplary
embodiment, a new pseudo random number is generated approximately once
every four milliseconds.

[0011]  Still further, the clock signal from the flip-flop acts as the square
wave for the switch in the power train portion of the DC-DC converter. This
square wave may be modified by a control function in the DC-DC converter if
needed or desired.

[0012] In a second embodiment, a pseudo random number generator
selectively controls an amount of capacitance used in a switching power
supply. Specifically, a switching power supply is formed from a plurality of
addressable capacitors. The output of the pseudo random number generator
determines if a given capacitor is turned on or “activated” so that it can be
charged or discharged.

[0013] In athird embodiment, a single DAC and a single capacitor are

used with current mirrors to reflect the current into the current source and
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current sink. This embodiment uses more current than the first embodiment,
but has the advantage of taking up less space.

[0014] In a fourth embodiment, a single DAC is used with a pair of
capacitors. One capacitor charges while the other discharges. When the
capacitor being charged reaches a threshold, a flip-flop toggles state. The
change in state of the flip-flop changes three switches so that the capacitor
that was charging now discharges, and the capacitor that was discharging
now charges. A comparator switches to the charging capacitor.

[0015] Those skilled in the art will appreciate the scope of the present
invention and realize additional aspects thereof after reading the following
detailed description of the preferred embodiments in association with the

accompanying drawing figures.

Brief Description of the Drawing Figures

[0016]  The accompanying drawing figures incorporated in and forming a
part of this specification illustrate several aspects of the invention, and
together with the description serve to explain the principles of the invention.
[0017] Figure 1 illustrates a conventional exemplary communication
system that may incorporate the present invention;

[0018] Figure 2 illustrates a block diagram of a portion of the electronics
within a typical mobile terminal;

[0019] Figure 3 illustrates a block diagram of a typical switching DC-DC
converter;

[0020] Figure 4 illustrates a block diagram of a first exemplary embodiment
of the switching power supply of the present invention;

[0021] Figures 5A and 5B illustrate a flow chart showing operation of the
embodiment of Figure 4 in use;

[0022] Figure 6 illustrates a block diagram of a second exemplary
embodiment of the switching power supply of the present invention;

[0023] Figures 7A and 7B illustrates a flow chart showing the embodiment
of Figure 6 in use;

[0024] Figure 8 illustrates a block diagram of a third exemplary

embodiment of the switching power supply of the present invention;
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[0025]  Figures 9A and 9B illustrates a flow chart showing operation of the
embodiment of Figure 8 in use;

[0026] Figure 10 illustrates a block diagram of a fourth exemplary
embodiment of the switching power supply of the present invention; and
[0027] Figures 11A and 11B illustrates a flow chart showing operation of

the embodiment of Figure 10.

Detailed Description of the Preferred Embodiments

[0028] The embodiments set forth below represent the necessary
information to enable those skilled in the art to practice the invention and
illustrate the best mode of practicing the invention. Upon reading the
following description in light of the accompanying drawing figures, those
skilled in the art will understand the concepts of the invention and will
recognize applications of these concepts not particularly addressed herein. It
should be understood that these concepts and applications fall within the
scope of the disclosure and the accompanying claims.

[0029] While the present invention could be used in myriad devices that
use a switching power supply, ithe present invention is optimized to be used in
a mobile terminal that operates according to the GSM protdcol. For the
purposes of illustrating the present invention, the following discussion will
assume that a mobile terminal, such as mobile terminals 10 in Figure 1
operate in a GSM communication environment 12. Thus, mobile terminals 10
communicate with base stations 14 through mobile terminal antennas 16 and
base station antennas 18 as is well understood.

[0030] A more detailed view of an exemplary mobile terminal 10 is
presented in Figure 2. The mobile terminal 10 comprises a battery 20 which
powers the components of the mobile terminal 10 and in particular powers a
power amplifier (PA) 22. Because the power amplifier 22 may not operate at
the voltage level of the battery 20, a DC-DC converter 24 may be positioned
between the battery 20 and the power amplifier 22 to convert the output of the
battery (VBAT) to a suitable voltage (Vcc) for the power ampilifier 22.

[0031] The power amplifier 22 is part of a transmitter chain within the
mobile terminal 10. Specifically, the mobile terminal 10 may include a

conventional control system 26 that controls an input/output (I/O) interface 28
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that accepts user supplied inputs such as a voice signal and converts them to
an electric signal for processing. The control system 26 passes the signal
representative of the voice of the user to a baseband processor (BBP) 30
which performs preliminary processing steps on the signal to condition the
signal for transmission. Alternatively, the BBP 30 may receive the signals
directly from the input/output interface 28, as is well understood. The signal is
then passed to a transceiver (Tx/Rx) 32 where the signal is converted to a
radio frequency signal by mixing the signal with a carrier signal as is well
understood. The radio frequency signal is then passed to the power amplifier
22 to boost the signal strength to a level appropriate for transmission. The
boosted signal passes through a switch 34 and to the antenna 16 for
transmission.

[0032] In the receive mode, the mobile terminal antenna 16 receives
signals from the base station antenna 18 and passes the received signals
through the switch 34 to the transceiver 32. The transceiver 32 converts the
received signal from a radio frequency signal to a baseband signal before
passing the baseband signal to the baseband processor 30 as.is well
understood.

[0033] As noted, in conventional mobile terminals 10, if the DC-DC
converter 24 is a switching power supply, a ripple is present in the Vcc signal
that passes from the DC-DC converter 24 fo the power amplifier 22. This
ripple shows up in the output of the power amplifier 22 as a spur in the
frequency domain on either side of the carrier frequency. These spurs can
appear in the in the neighboring channels causing unwanted interference.
[0034] A more detailed schematic of a typical DC-DC converter 24 is
illustrated in Figure 3. In particular, the DC-DC converter is, in the illustrated
embodiment, a Buck converter 24A. The Buck converter 24A includes an
oscillator (OSC) 36, a converter control system 38, and a power train 40. The
converter control system 38 in this example includes an error amplifier 42 and
a modulator 44. The oscillator 36 outputs a saw-tooth voltage waveform
derived from the voltage on an internal capacitor (not illustrated). In the
example, the saw-tooth wave form ramps up and ramps down. Other

oscillators 36 may provide a ramp up followed by a rapid return. Regardless



WO 2004/084392 PCT/US2004/007307

of the particular wave form, the voltage is fed to the modulator 44 where it is
compared to an error voltage signal 46 from the error amplifier 42.

[0035] In the embodiment illustrated, the converter control system 38
operates according to a pulse width modulation scheme as is well understood,
although other arrangements are possible and applicable to the present
invention. Specifically, the error amplifier 42 of the converter control system
38 compares a feedback signal 48 to a voltage reference (VREF1) and
generates the error voltage signal 46. The feedback signal 48 may be
conditioned by phase compensation circuitry 49 for stability purposes. The
error voltage signal 46 provides the threshold level used by the modulator 44
in processing the signal from the oscillator 36 to generate a signal 50. When
the signal from the oscillator 36 is above the threshold determined by the error
voltage signal 46, the signal 50 provided to the power train 40 is low.
Conversely, when the signal 50 from the oscillator 36 is below the error
voltage signal 46 threshold, the power train 40 receives a high signal. In
general, the signal 50 driving the power train 40 is a square wave with a duty
cycle determined by the level of the error voltage signal.

[0036] The power train 40 includes an inductor 52, a capacitor 54, plus two
switches 56, 58. The switches 56, 58 are, in the illustrated embodiment a p-
channel FET and an N-channel FET respectively as is well understood for a
typical buck topology. The square wave signal 50 turns the switches 56, 58
on and off. When the signal 50 is low, switch 56 is ON and switch 58 is OFF.
This presents a voltage close to the voltage from the battery 20 to the inductor
52 causing an increase in current and storing energy in the inductor 52’s
magnetic field. Current is supplied to the power amplifier 22 and to the
capacitor 54. When the signal 50 is high, switch 56 is OFF and switch 58 is
ON. This connects the input of the inductor 52 to ground. As a result, the
inductor 52 provides decreasing current to the power amplifier 22, while
drawing energy from its magnetic field. As the output voltage droops, the
capacitor 54 discharges and provides some of the load current.

[0037] The present invention lies in the oscillator 36 and is illustrated
variously in Figures 4, 6, 8, and 10 with accompanying flow charts in Figures
5A, 5B, 7A, 7B, 9A, 9B, 11A, and 11B. Specifically, the present invention
periodically varies the frequency at which the oscillator 36 operates thus
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periodically changing the frequency of any ripple that appears in Vcc. Since
the frequency of the ripple changes, the location in the frequency spectrum of
the spurs changes. By moving the location of the spurs in the frequency
spectrum, the energy at any given frequency is reduced, thereby helping meet
the side band emissions requirements.

[0038] In a first embodiment, illustrated in Figure 4, the oscillator 36
includes a pseudo random number generator 60 and a clock generation circuit
62. The pseudo random number generator 60 includes a seven bit shift
register 64 with a most significant bit (MSB) output 66 and a least significant
bit (LSB) output 68. Two outputs (which in the exemplary embodiment are the
MSB output 66 and the next most significant bit output 70) are directed to an
exclusive OR (XOR) gate 72. The output of the XOR gate 72 is fed back into
an input of the shift register 64, thereby causing the shift register 64 to count
in a pseudo random fashion and thus output a pseudo random number. This
is known as a linear feedback shift register (LFSR) and is well known in the
art. Other pseudo random number generators 60 could also be used if
needed or desired. Likewise, the number of bits in the shift register may vary
from embodiment to embodiment as needed or desired.

[0039] In addition to the outputs sent to the XOR gate 72, the outputs
collectively are sent to the clock generation circuit 62. The clock generation
circuit 62 includes a first digital to analog converter (DAC) 74 and a second
digital to analog converter (DAC) 76. The DACs 74, 76 translate the digital
signal from the pseudo random number generator 60 into an analog setting
that controls variable current sources 78, 80 respectively. That is, the amount
of current that flows through the current sources 78, 80 is varied by the DACs
74, 76. The current sources 78, 80 are selectively connected to a capacitor
C1 by a switch 82. The first current source 78 is connected to a reference
voltage supply (VREF2) 84 and thus provides current to the capacitor C1
when connected thereto, while the second current source 80 is connected to
ground and thus acts as a current sink for the capacitor C1 when connected
thereto. When the switch 82 is connected to the first current source 78, the
capacitor C1 charges. When the switch 82 is connected to the second current

source 80, the capacitor C1 discharges.
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[0040] As capacitor C1 charges and discharges, a voltage is present at
node 86 corresponding to the charge on the capacitor C1. The voltage at
node 86 has a saw tooth voltage waveform due to the current that flows into
and out of the capacitor C1. This voltage at node 86 is presented to
comparators 88, 90. First comparator 88 compares the voltage at node 86 to
a predefined voltage level Viop and second comparator 90 compares the
voltage at node 86 to a predefined voltage level Vbot. If the voltage at node
86 exceeds Viop, the first comparator 88 sends a signal to a flip-flop 92. If the
voltage at node 86 dips below Vbot, the second comparator 90 sends a signal
to the flip-flop 92.

[0041] The act of sending a signal to the flip-flop 92 from either comparator
88 or 90 causes a clock pulse (CLK1) to be output by the flip-flop 92. This
clock pulse controls the switch 82 and is further directed to a divide by N
element (/N) 94. The divide by N element 94 may have a counter which
counts the pulses received in CLK1 and determines if N pulses have been
received. Once N pulses have been received, the divide by N element 94
outputs a pulse (CLK2) which is received by the shift register 64 at clock input
(CLK2) 96. Thus, the divide by N element 94 effectively divides CLK1 by N to
arrive at CLK2. The receipt of the CLK2 signal causes the shift register to
perform a “count” and change the pseudo random number being output.
[0042] In an exemplary embodiment, the value of N in the divide by N
element 24 is such that the pseudo random number output by the shift
register changes approximately once every four milliseconds. Since a clock
pulse is usually emitted from the flip-flop 92 approximately every four
microseconds, N is in the neighborhood of 1000. Having the pseudo random
number change approximately once every four milliseconds happens to
correspond to the frequency of the transmission bursts in the GSM protocol
and the measurement standard propounded under the GSM protocol.
Likewise, this time period allows the transient response of the DC-DC
converter 24 to settle between changes of the pseudo random number.
[0043] A signal derived from the capacitor voltage 86 is sent from the
oscillator 36 to the converter control system 38 as needed or determined by

the converter control system 38.
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[0044] A flow chart of the present invention in use is presented in Figures
5A and 5B. The process is continuous as long as the mobile terminal 10 is in
the transmit mode, so the choice of a starting point is arbitrary. However, for
the purposes of explanation, the process begins when the shift register 64
receives a CLK2 signal at the clock input 96 (block 100) in Figure 5A. The
shift register 64 increments the count to a new pseudo random number (block
102). The new pseudo random number sets the DACs 74, 76 and thus the
current level through the current sources 78, 80 (block 104).

[0045] The switch 82 moves to the current source 78 (block 106). The
capacitor C1 charges based on the DAC 74 setting (block 108). The
comparator 88 determines if the voltage on the capacitor C1 as measured at
node 86 is greater than Vtop (block 110). If the answer is no, the capacitor
C1 continues to charge. If the answer is yes, the comparator 88 sets the flip-
flop 92 (block 112). As a result of the signal to the flip-flop 92, the flip-flop 92
generates a CLK1 signal (block 114). The CLK1 signal from the flip-flop 92
moves the switch 82 to the current source 80 which sinks current (block 116).
[0046] The CLK1 signal from the flip-flop 92 also travels to the divide by N
element 94. The divide by N element 94 determines if the number of pulses
in the CLK1 signal since the last change in the pseudo random number
divided by N is greater than 1 (block 118). If the answer is yes, N pulses have
been received by the divide by N element 94 since the last change in the
pseudo random number, the divide by N element 94 sends a CLKZ2 signal to
the clock input 96 of the shift register 64, and the process repeats. If
however, the answer to block 118 is no, fewer than N pulses have been
received by divide by N element 94 since the last change in the pseudo
random number, then the divide by N element 94 increments a count tracking
the pulses, and the capacitor C1 discharges based on the setting of DAC 76
(block 120) as illustrated in Figure 5B.

[0047] The comparator 90 determines if the voltage on the capacitor C1 as
measured at node 86 is less than Vbot (block 122). If the answer is no, the
capacitor C1 continues to discharge. If the answer is yes, the comparator 90
resets the flip-flop 92 (block 124). As a result of the signal to the flip-flop 92,
the flip-flop 92 generates a CLK1 signal (block 126). The CLK1 signal moves

10
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the switch 82 to the current source 78 (block 128). The CLK1 signal from the
flip-flop 92 also travels to the divide by N element 94.

[0048] The divide by N element 94 determines if the number of pulses in
the CLK1 signal since the last change in the pseudo random number divided
by N is greater than 1 (block 130). If the answer is yes, N pulses have been
received by the divide by N element 94 since the last change in the pseudo
random number, the divide by N element 94 sends a CLK2 signal to the clock
input 96 of the shift register 64 and the process repeats. If however, the
answer to block 130 is no, fewer than N pulses have been received by divide
by N element 94 since the last change in pseudo random number, then divide
by N element 94 increments a count and the capacitor C1 charges based on
the setting for first DAC 74 (block 108) (Fig. 5A).

[0049] As noted above, the pseudo random number generator 60 may take
a number of different forms. Likewise, the clock generation circuit 62 may
take a number of different forms. Other embodiments of the clock generation
circuit 62 are set forth below.

[0050] A second embodiment of the clock generation circuit 62 is
presented in Figure 6. In this embodiment, the pseudo random number
generator (PNG) 60 outputs the pseudo random number, which in turn
controls switches 152, 154, 156. The switches 152, 154, 156 selectively
activate capacitors C2, C3, and C4 respective to node 158. It should be
appreciated that the pseudo random number output by the pseudo random
number generator 60 maps which capacitors are activated. Also, there may
be more or fewer capacitors than C2-C4. For example, if the pseudo random
number generator 60 used a seven bit register, there might be seven
capacitors, with each bit mapping to a capacitor. As another alternative, a
varactor could be used in place of a plurality of capacitors, and the amount of
capacitance would be set by the pseudo random number.

[0051] In this context, the capacitors C2, C3, and C4 may be physically
connected to the node regardless of the position of the switches 152, 154,
156, but the capacitors C2, C3, and C4 are effectively open circuits until the
switches 152, 154, and 156 are closed. Thus, as used herein, “activate” or
“activated” means that the corresponding switch is closed and the capacitor

completes a circuit. Node 158 acts like the node 86 in the first embodiment
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and is the point from which measurements are made by comparators 88, 90
to trigger the flip-flop 92. The saw-tooth signal at node 158 may be used by
the modulator 44 (Figure 3). The flip-flop 92 generates the CLK1 signal as
previously described which may go to a divide by N element (not shown in
Figure 6) and a switch 160. The switch 160 selectively connects the node
158 to one of the current sources 162 or 164. The current source 162
charges the capacitors that are activated by the switches 152, 154, 156 when
the current source 162 is connected to node 158 by the switch 160. The
current source 164 discharges the capacitors C2, C3, and C4 that are
activated when the current source 164 is connected to node 158 by the switch
160.

[0052] Whereas in the first example the current doing the charging and
discharging varied based on the pseudo random number generator 60, this
embodiment varies the capacitance as a function of the output of the pseudo
random number generator 60. Varying the capacitance effectively changes
the period of the charging and discharging as effectively as changing the
current levels that do the charging and discharging.

[0053] A flow chart illustrating the functionality of the second embodiment
is presented in Figures 7A and 7B. Again, because of the continuous nature
of the process, the starting point is somewhat arbitrary. The pseudo random
number generator (FNG) 60 outputs a new pseudo random number (PN)
(block 200). The PN determines which of the capacitors are activated, and
the switches 152, 154, 156 are opened or closed based on the PN (block
202). The switch 160 also moves to complete the circuit with the current
source 162 (block 204). The current flows through the current source 162 into
the activated capacitors, and the activated capacitors charge (block 206).
[0054] The voltage at node 158 is presented to the comparators 88 and 90
and a determination is made as to whether the voltage at node 158 is greater
than Vtop (block 208). If the answer is no, the activated capacitors continue
to charge. If the answer to block 208 is yes, the voltage at node 158 is
greater than Vtop, then the comparator 88 sets the flip-flop 92 (block 210).
The flip-flop 92 generates a pulse in the CLK1 signal (block 212). The CLK1

signal pulse causes the switch 160 to move to current source 164 (block 214).
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The current source 164 draws current out of the activated capacitors and the
activated capacitors discharge (block 216).

[0055]  As the capacitors discharge, the comparator 90 determines if the
voltage at node 158 is less than Vbot (block 218). If the answer is no, the
capacitors continue to discharge. If the answer to block 218 is yes, the
voltage at node 158 has dropped below Vbot, then the comparator 90 resets
the flip-flop 92 (block 220) as illustrated in Figure 7B. The flip-flop generates
a pulse in the CLK1 signal (block 222).

[0056] It should be appreciated that periodically a determination may be
made as to whether it is time to change the PN (block 224). This may be
done through the divide by N element 94 (not shown in Figure 6) or other
technique as needed or desired. Further, the determination may be made at
various locations in the flow chart, although only one is illustrated. In the
embodiment illustrated, if the determination is negative, then the switch 160 is
moved to current source 162 (block 204) and the process continues:
otherwise, a new PN may be generated (block 200).

[0057] A third embodiment is illustrated in Figure 8. The PNG 60 outputs a
pseudo random number to a DAC 250 that in turn controls a variable current
source 252. The variable current source 252 outputs a current that is
mirrored from a first Field Effect Transistor (FET) 254 to a second FET 256
and a third FET 258. The current mirrored into the second FET 256 forces a
current to exist in a fourth FET 260. The current in the fourth FET 260 is
mirrored into a fifth FET 262. While FETs are illustrated, other current
mirroring mechanisms could also be used.

[0058] The third FET 258 acts as a current sink and the fifth FET 262 acts
as a current source for the capacitor C1 depending on the position of the
switch 264. This embodiment has the advantage of taking up less space in a
semiconductor than the two DAC arrangement of Figure 4, but at the expense
of wasted current.

[0059]  The comparators 88, 90 measure the voltage at node 266 and set
and reset the flip-flop 92 much as previously described. The flip-flop 92
generates a CLK1 signal, whose pulses move the switch 264 and periodically
cause a new pseudo random number to be generated by the PNG 60. The

13
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saw-tooth signal on the capacitor C1 at node 266 may be used by the
modulator 44 (Figure 3) as previously explained.

[0060] A flow chart of the operation of the embodiment of Figure 8 appears
in Figures 9A and 9B. The pseudo random number generator (PNG) outputs
a new pseudo random number (PN) (block 300). The DAC 250 receives the
PN and sets the current level for the variable current source 252 (block 302).
The current passes through the current source 252 and is mirrored about by
the various FETs (block 304). The switch 264 moves to FET 262 (block 306).
The capacitor C1 charges (block 308).

[0061] The comparator 88 determines if the voltage at node 266 is greater
than Viop (block 310). If the answer to the inquiry at block 310 is no, then the
capacitor C1 continues to charge. If the answer to the inquiry at block 310 is
yes, the voltage at node 266 is greater than Vtop, then the comparator 88 sets
the flip-flop 92 (block 312). The flip-flop 92 generates a pulse in the CLK1
signal (block 314).

[0062] The pulse in the CLK1 signal causes the switch 264 to move to the
FET 258 (block 316). The capacitor C1 now discharges through FET 258
(block 318) as illustrated in Figure 9B. The comparator 90 determines if the
voltage at node 266 is less than Vbot (block 320). If the answer to the inquiry
at block 320 is no, then the capacitor C1 continues to discharge. If, however,
the answer to the inquiry at block 320 is yes, the voltage at node 266 is less
than Vbot, then the comparator 90 resets the flip-flop 92 (block 322).

[0063] The flip-flop 92 generates a pulse in the CLK1 signal (block 324). It
should be appreciated that periodically a determination may be made as to
whether it is time to change the PN (block 326). This may be done through
the divide by N element 94 (not shown in Figure 8) or other technique as
needed or desired. Further, the determination may be made at various
locations in the flow chart, although only one is illustrated. In the embodiment
illustrated, if the determination is negative, then the switch 264 may move to
the FET 262 (block 306) and the capacitor C1 charges (block 308); otherwise,
a new PN may be generated (block 300).

[0064] A fourth embodiment is illustrated in Figure 10. The PNG 60
outputs a pseudo random number that is passed to a DAC 350. The DAC

350 controls a variable current source 352 that alternately charges two
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capacitors C5 and C6. A comparator 354 compares VREF to the voltage at
node 356. The voltage at node 356 is set by the position of the switch 358
and the positions of the switches 360, 362. The comparator 354 outputs a
signal to the flip-flop 92 which generates a CLK1 signal for use by the PNG
60. The saw-tooth voltage at node 356 may be used by the modulator 44
(Figure 3) as previously explained.

[0065] As shown, C8 is charging from the variable current source 352 and
C5 is discharging. When the switches 360 and 362 switch, C5 is charging
and C6 is discharging. The position of switch 358 determines if the voltage at
node 356 is the voltage on C5 or the voltage on C6. The fIip-rop 92 and the
state thereof control the switch settings for the switches 358, 360, and 362.
The voltage seen by the comparator 354 is a rising ramp followed by a rapid
drop as the other discharged capacitor is switched in and then a rising ramp
as that capacitor is charged. Note that this circuit may need a start-up or
watch dog monitor since a non-oscillating mode does exist.

[0066] The functionality of the embodiment of Figure 10 is set forth as a
flow chart in Figures 11A and 11B. The PNG 60 outputs a new PN (block
400). The DAC 350 receives the PN and sets the current level of the variable
current source 352 (block 402). Current flows through the variable current
source 352 to the capacitor C6 (block 404). The capacitor C6 charges (block
406). Meanwhile, the switch 362 closes the loop for capacitor C5, and
capacitor C5 discharges (block 408).

[0067] The comparator 354 determines if the voltage at node 356 is
greater than VREF (block 410). If the answer is no, then the capacitor C6
continues to charge and the capacitor C5 continues to discharge. If, however,
the answer to the inquiry at block 410 is yes, the voltage at node 356 is
greater than VREF, then the comparator 354 clocks the flip-flop 92 (block
412). The flip-flop 92 generates a pulse in the CLK1 signal (block 414).
Further, the flip-flop 92 toggles the switches 358, 360, 362 (block 416).
[0068]  Current now flows through the switch 360 to the capacitor C5 (block
418) and the comparator 354 measures the voltage at node 356 as a function
of the charge on the capacitor C5. The capacitor C5 charges (block 420) as
illustrated in Figure 11B, and the capacitor C6 discharges (block 422).
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[0069] The comparator determines if the voltage at node 356 is greater
than VREF (block 424). If the answer is no, then the capacitor C5 continues
to charge (block 420). If the answer to the inquiry at block 424 is yes, then
the comparator clocks the flip-flop 92 (block 426). The flip-flop 92 generates a
pulse in the CLK1 signal (block 428) and toggles the switches 358, 360, and
362 (block 430).

[0070] It should be appreciated that periodically, a determination may be
made as to whether it is time to change the PN (block 432). This may be
done through the divide by N element 94 (not shown in Figure 10) or other
technique as needed or desired. Further, the determination may be made at
various locations in the flow chart, although only one is illustrated. If it is not
time for a new PN, the process repeats from block 404. If it is time for a new
PN, the process repeats from block 400.

[0071] While comparators 88, 90 are used throughout the exemplary
embodiments, it is also possible to use inverter gates therefore. The ratio of
the top and bottom transistor size may be skewed to change the logic
threshold.

[0072] Those skilled in the art will recognize improvements and
modifications to the preferred embodiments of the present invention. All such
improvements and modifications are considered within the scope of the

concepts disclosed herein and the claims that follow.
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Claims

What is claimed is:

1. A DC-DC switching power supply, comprising:
a power train;
a variable frequency oscillator having an output; and
a control system adapted to control the power train as a function of the

output of the variable frequency oscillator.

2. The DC-DC switching power supply of claim 1 wherein said variable

frequency oscillator comprises a pseudo random number generator.

3. The DC-DC switching power supply of claim 2 wherein said variable
frequency oscillator further comprises a digital to analog converter that takes
a pseudo random number output by the pseudo random number generator

and sets a current level as a function of the pseudo random number.

4. The DC-DC switching power supply of claim 2 wherein said variable
frequency oscillator further comprises a plurality of capacitors, said capacitors

activated as a function of an output of the pseudo random number generator.

5. The DC-DC switching power supply of claim 3 wherein said variable
frequency oscillator further comprises a capacitor adapted to charge and

discharge as a function of said current level.

6. The DC-DC switching power supply of claim 5 wherein said variable
frequency oscillator further comprises a plurality of current mirrors adapted to
create a current sink and a current source so that the capacitor may charge

and discharge.
7. The DC-DC switching power supply of claim 3 wherein said variable

frequency oscillator further comprises a pair of capacitors both selectively

charged and discharged in turn.
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8. The DC-DC switching power supply of claim 2 wherein said variable
frequency oscillator further comprises a pair of digital to analog converters
adapted to take a pseudo random number output by the pseudo random
number generator and set a current level for charging and discharging a

capacitor as a function of the pseudo random number.

9. The DC-DC switching power supply of claim 1 wherein said switching
power supply comprises a buck converter.

10. The DC-DC switching power supply of claim 1 wherein said switching

power supply comprises a boost converter.

11. The DC-DC switching power supply of claim 1 wherein said control
system selectively gates a clock signal from the variable frequency oscillator

to the power train.

12. A method of operating a DC-DC converter comprising:
generating a variable frequency with an oscillator; and

controlling a power train as a function of the variable frequency output.

13. The method of claim 12 wherein generating the variable frequency output
with the oscillator comprises generating the variable frequency as a function

of a pseudo random number generator.

14. The method of claim 13 wherein generating the variable frequency output
as a function of the pseudo random number generator comprises using a

linear feedback shift register.
15. The method of claim 12 wherein controlling the power train as a function

of the variable frequency output comprises selectively gating the variable

frequency output to the power train.
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16. The method of claim 13 wherein generating a variable frequency output
comprises generating a pseudo random number with the pseudo random

number generator.

17. The method of claim 16 wherein generating a variable frequency output
comprises providing the pseudo random number to a pair of digital to analog

converters to set a current level used to charge and discharge a capacitor.

18. The method of claim 16 wherein generating a variable frequency output
comprises using the pseudo random number to activate selected ones of a

plurality of capacitors and charging and discharging activated capacitors.

19. The method of claim 16 wherein generating a variable frequency output
comprises using the pseudo random number to set a current level and

mirroring the current through a plurality of current mirrors.

20. The method of claim 16 wherein generating a variable frequency output
comprises alternately charging and discharging a pair of capacitors with a
current whose level is set by the pseudo random number.

21. The method of claim 16 further comprising using an output from a flip-flop

to trigger generation of a new pseudo random number.
22. The method of claim 21 further comprising dividing the output from the

flip-flop by a predetermined number such that a new pseudo random number

is generated approximately once every 4 milliseconds.
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