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control toggling of a hysteretic comparator for developing the 
pulse width modulation (PWM) signal that controls switch 
ing of the regulator. In a non-limiting implementation, a 
transconductance amplifier monitors the phase node Voltage 
of the inductor and Supplies an inductor Voltage-representa 
tive current to a ripple capacitor, which produces the synthetic 
ripple Voltage. Using the replicated inductor current for ripple 
regulation results in low output ripple, input Voltage feed 
forward, and simplified compensation. 
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1. 

SYNTHETIC RIPPLE REGULATOR 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of commonly 
assigned U.S. patent application Ser. No. 10/236,787, filed on 
Sep. 6, 2002 now U.S. Pat. No. 6,791,306, which is herein 
incorporated by reference for all intents and purposes. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to powers Supply circuits and 

related components, and is particularly directed to a DC-DC 
regulator including a synthetic ripple Voltage generator which 
generates an artificial or synthesized ripple waveform that 
controls the Switching operation of the regulator, reduces 
output ripple and improves DC accuracy. 

2. Description of the Related Art 
Electrical powerfor integrated circuits is typically Supplied 

by one or more direct current (DC) power sources. In a num 
ber of applications the circuit may require multiple regulated 
voltages that are different from he available supply voltage 
(which may be relatively low e.g., on the order of a few volts 
or less, particularly where low current consumption is desir 
able, such as in portable, battery-powered devices). More 
over, in many applications the load current may vary over 
several orders of magnitude. To address these requirements it 
has been common practice to employ pulse or ripple-based 
regulators, such as a hysteresis or bang-bang regulator. 

Such a ripple-based DC-DC voltage regulator employs a 
relatively simple control mechanism and provides a fast 
response to a load transient. The Switching of the ripple regu 
lator is asynchronous, which is advantageous in applications 
where direct control of the switching edges is desired. For this 
purpose, a ripple regulator typically employs a hysteresis 
comparator or the like that controls a gate drive circuit 
coupled to the control or gate drive inputs of a pair of elec 
tronic power switching devices, such as FETs or MOSFETS 
or the like. The gate drive circuit controllably switches or 
turns the Switching devices on and offin accordance with a 
pulse width modulation (PWM) switching waveform as 
known to those skilled in the art. 

In Such a hysteretic or bang-bang regulator, the output 
PWM signal waveform produced by hysteresis comparator 
transitions to a first state (e.g., goes high) when the output 
Voltage falls below a reference Voltage minus the compara 
tor's inherent hysteresis voltage and the comparator's PWM 
output transitions to a second state (e.g., goes low) when the 
output Voltage exceeds the reference Voltage plus the hyster 
esis Voltage. The application of or increase in load causes the 
output Voltage to decrease below the reference Voltage, in 
response to which the comparator triggers the gate drive to 
turn on the upper Switching device. Because the regulator is 
asynchronous, the gate drive control signal does not wait for 
a synchronizing clock, as is common in most fixed frequency 
PWM control Schemes. 

Principal concerns with this type of ripple regulator 
include large ripple Voltage, DC voltage accuracy, and 
Switching frequency. Since the hysteretic comparator directly 
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2 
sets the magnitude of the ripple Voltage, employing a smaller 
hysteresis Voltage reduces the power conversion efficiency, as 
Switching frequency increases with Smaller hysteresis. In 
order to control the DC output voltage, which is a function of 
the ripple wave shape, the peaks and Valleys of the output 
ripple voltage are regulated. The DC value of the output 
voltage is a function of the PWM duty factor. The output 
Voltage wave shape also changes at light loads, when current 
through the output inductor becomes discontinuous, produc 
ing relatively short spikes between which are relatively long 
periods of low Voltage. Since the ripple Voltage wave shape 
varies with input line and load conditions, maintaining tight 
DC regulation is difficult. 

In addition, improvements in capacitor technology 
changes the ripple wave shape. In particular, the current state 
of ceramic capacitor technology has enabled the equivalent 
series resistance or ESR (which produces the piecewise linear 
or triangular wave shape of the output Voltage waveform) of 
ceramic capacitors to be reduced to very low values. At very 
low values of ESR, however, the output voltage’s ripple shape 
changes from triangular to a non-linear shape (e.g., parabolic 
and sinusoidal). This causes the output Voltage to overshoot 
the hysteretic threshold, and results in higher peak-to-peak 
ripple. As a result, the very improvements that were intended 
to lower the output voltage ripple in DC-DC regulators can 
actually cause increased ripple when used in a ripple regula 
tOr. 

SUMMARY OF THE INVENTION 

A synthetic ripple voltage generator for a DC-DC regulator 
according to an exemplary embodiment of the present inven 
tion includes a transconductance amplifier circuit and a ripple 
capacitor. The DC-DC regulator includes a hysteretic com 
parator which develops a pulse width modulation (PWM) 
signal provided to a Switching circuit that Switches an input 
Voltage via a phase node through an output inductor to 
develop an output Voltage at an output node. The transcon 
ductance amplifier circuit has an input for coupling to the 
output inductor and an output coupled to the ripple capacitor 
and for coupling to an input of the hysteretic comparator. In 
this manner, the transconductance amplifier circuit monitors 
Voltage applied to the output inductor and Supplies an induc 
tor Voltage-representative current to the ripple capacitor, 
which produces the synthetic ripple Voltage. Using the repli 
cated inductor current for ripple regulation results in low 
output ripple, input Voltage feed forward, and simplified com 
pensation. 
The transconductance amplifier circuit may be a single 

transconductance amplifier having a non-inverting input for 
coupling to the phase node and an inverting input for coupling 
to the output node or to a reference voltage. Alternatively, the 
transconductance amplifier circuit includes first and second 
transconductor amplifiers and a switch circuit. The first 
transconductance amplifier has an input for coupling to the 
output node and an output coupled to the ripple capacitor to 
discharge the ripple capacitor based on the output Voltage. 
The switch circuit has an input coupled to the output of the 
second transconductance amplifier, an output coupled to the 
ripple capacitor, and a control input for receiving the PWM 
signal. The Switch circuit is operative to couple the output of 
the second transconductance amplifier to charge the ripple 
capacitor based on the input voltage upon initiation of PWM 
cycles. The ripple capacitor may be referenced to ground or to 
the output node. A ripple resistor may be included which is 
coupled to the ripple capacitor to modify frequency response 
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and/or change bias Voltage. The ripple resistor may be refer 
enced to the output Voltage or to a Voltage source coupled in 
series with the ripple resistor. 
A method of synthetically generating ripple Voltage for a 

DC-DC regulator according to an embodiment of the present 
invention includes developing a ripple Voltage indicative of 
current through the output inductor, and applying the ripple 
Voltage to an input of the hysteretic comparator. The hyster 
etic comparator develops a PWM signal provided to a switch 
ing circuit that Switches an input Voltage via a phase node 
through an output inductor to develop an output Voltage at an 
output node. 
The developing a ripple Voltage indicative of ripple current 

through the output inductor may include sensing Voltage 
applied to the output inductor, converting the sensed Voltage 
to a sense current, and charging a capacitive device with the 
sense current. The sensing Voltage applied to the output 
inductor may include sensing Voltage at the phase node. The 
method may include referencing the capacitive device to the 
output node or to ground. The method may include coupling 
a resistive device to the capacitive device. The method may 
include referencing the resistive device to the output node or 
biasing the resistive device with a Voltage source. 

The developing a ripple Voltage indicative of ripple current 
through the output inductor may alternatively include con 
Verting the output Voltage into a first current, discharging a 
capacitive device with the first current, converting the input 
Voltage into a second current, and charging the capacitive 
device with the second current upon initiation of each PWM 
cycle using the PWM signal. 
The developing a ripple Voltage indicative of ripple current 

through the output inductor may alternatively include sensing 
ripple current through the output inductor and converting the 
sensed current into the ripple Voltage. 
A synthetic ripple regulator according to an exemplary 

embodiment of the present invention includes a hysteretic 
comparator, a Switching circuit, an output inductor, a 
transconductance amplifier circuit, and a capacitor. The hys 
teretic comparator has an output that provides a PWM signal 
and the Switching circuit alternately couples a phase node to 
opposite polarities of an input Voltage source based on the 
PWM signal. The output inductor is coupled between the 
phase node and an output node that develops a regulated 
output signal. The transconductance amplifier circuit has an 
input coupled to the output inductor and an output coupled to 
an input of the hysteretic comparator. The capacitor is 
coupled to the output of the transconductance amplifier and 
develops a ripple Voltage indicative of current through the 
output inductor. 
The transconductance amplifier circuit may be a single 

transconductance amplifier having a differential input 
coupled across the output inductor or coupled between the 
phase node and a reference Voltage. Alternatively, the 
transconductance amplifier circuit includes first and second 
transconductance amplifiers and a Switch. The first transcon 
ductance amplifier that discharges the capacitor based on the 
regulated output signal. The Switch couples the second 
transconductance amplifier to the capacitor based on the 
PWM signal to charge the capacitor based on input voltage 
during portions of PWM cycles. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The benefits, features, and advantages of the present inven 
tion will become better understood with regard to the follow 
ing description, and accompanying drawings where: 
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4 
FIG. 1 is a schematic diagram of a synthetic ripple regula 

tor implemented according to an exemplary embodiment of 
the present invention including a Summation unit that adds a 
synthetic ripple Voltage in the feedback control path; 

FIG. 2 is a schematic diagram of a synthetic ripple regula 
tor including an exemplary implementation of a synthetic 
ripple Voltage generator including a transconductance ampli 
fier; 

FIG. 3 is a schematic diagram of a synthetic ripple regula 
tor including another exemplary implementation of a syn 
thetic ripple Voltage generator in which the transconductance 
amplifier of FIG. 2 is coupled to a reference voltage; 

FIG. 4 is a schematic diagram of a synthetic ripple regula 
tor including another exemplary implementation of a syn 
thetic ripple Voltage generator including a ripple resistor and 
a Voltage source; 

FIG. 5 is a schematic diagram of a synthetic ripple regula 
tor including another exemplary implementation of a syn 
thetic ripple Voltage generator including a ripple resistor ref 
erenced to the output Voltage; 

FIG. 6 is a schematic diagram of a synthetic ripple regula 
tor including another exemplary implementation of a syn 
thetic ripple Voltage generator in which the ripple capacitor is 
referenced to a common reference Voltage; 

FIG. 7 is a schematic diagram of another synthetic ripple 
regulator illustrating that any one or more of the variations of 
the regulators of FIGS. 2-6 may be applied in any combina 
tion as appreciated by those of ordinary skill in the art 

FIG. 8 is a schematic and block diagram illustrating an 
alternative embodiment of the transconductance amplifier of 
FIGS. 2-7 including two transconductance amplifiers gener 
ating current based on the input and output voltages, respec 
tively. 

DETAILED DESCRIPTION 

The following description is presented to enable one of 
ordinary skill in the art to make and use the present invention 
as provided within the context of a particular application and 
its requirements. Various modifications to the preferred 
embodiment will, however, be apparent to one skilled in the 
art, and the general principles defined herein may be applied 
to other embodiments. Therefore, the present invention is not 
intended to be limited to the particular embodiments shown 
and described herein, but is to be accorded the widest scope 
consistent with the principles and novel features herein dis 
closed. 

FIG. 1 is a schematic diagram of a synthetic ripple regula 
tor 100 implemented according to an exemplary embodiment 
of the present invention including a Summation unit 101 that 
adds a synthetic ripple voltage VRIP in the feedback control 
path. The synthetic ripple regulator 100 employs a hysteresis 
comparator 10 that controls a gate drive circuit 20 with 
respective output drive ports 21 and 22. The drive ports 21 and 
22 are coupled to the control orgate drive inputs of a pair of 
electronic power Switching devices, respectively shown as an 
upper P-MOSFET (or PFET) device 30 and a lower N-MOS 
FET (or NFET) device 40. The switching devices 30 and 40 
have their drain-source paths coupled in series between first 
and second reference Voltages. Such as an input Voltage VIN 
and ground (GIN). An input filter capacitor 59 is coupled 
between VIN and GIN. The gate drive circuit 20 controllably 
switches or turns the two switching devices 30 and 40 on and 
off in accordance with a pulse width modulation (PWM) 
switching waveform supplied by comparator 10. The upper 
switching device 30 is turned on and off by an upper gate 
switching signal UG applied by the gate driver 20 and the 
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switching device 40 is turned on and off by a lower gate 
Switching signal LG applied by the gate driver 20. 
A common or phase voltage node 35 between the two 

switching devices 30 and 40 develops a phase voltage 
VPHASE and is coupled to one end of an output inductor 50. 
having its other end coupled to an output node 55 developing 
an output signal VOUT. The output node 55 is coupled to an 
output capacitor 60 referenced to a prescribed reference 
potential, such as GIN. The output node 55 is coupled to an 
input of the summation unit 101, which receives an auxiliary 
ripple voltage VRIP at it other input. The summation unit 101 
adds VRIP to VOUT in the feedback path and provides the 
result to the inverting (-) input 11 of the hysteretic compara 
tor 10. The output node 55 is further coupled to the inverting 
(-) input 131 of an error amplifier 130. The error amplifier 
130 has its non-inverting (+) input 132 coupled to receive a 
DC reference voltage VREF, and has its output 133 coupled to 
the non-inverting (+) input 12 of hysteresis comparator 10. In 
the illustrated embodiments. VREF has a voltage representa 
tive of the voltage of VOUT under little or no load conditions. 
The error amplifier 130 serves to increase the DC regulation 
accuracy, providing high DC gain to reduce errors due to 
ripple wave shape, various offsets, and other errors. The error 
amplifier 130 operates as an integrator that generates an error 
reference Voltage provided to the non-inverting input 12 of 
hysteresis comparator 10. 

The summation unit 101 injects the auxiliary ripple voltage 
VRIP into the feedback path to input 11 of the hysteretic 
comparator 10, so as to be combined with the VOUT signal at 
node 55.VRIP may be generated by many methods, including 
an independent, clock-generated signal sufficient to provide 
the desired regulation of the regulator 100. In one embodi 
ment, VRIP is synchronized to the switching intervals of the 
regulator 100 and has a shape corresponding to, or otherwise 
indicative of the inductor current I through the output induc 
tor 50. The inductor current I, includes a ripple current, 
which, in the present example, is a triangular wave shaped 
ripple current. The inductor current I may also include a DC 
component. Many methods are known for sensing the current 
I, through the output inductor 50 and converting the sensed 
current into a proportional voltage for generating the VRIP 
signal, such as a current sensor and current to Voltage con 
verter. In one embodiment, VRIP is proportional to I, includ 
ing its AC and DC components. Alternatively, VRIP follows 
only the output inductor ripple current without the DC com 
ponent of I. In any event, VRIP is, or otherwise incorporates, 
a ripple Voltage indicative of the ripple current through the 
output inductor 50.VRIP may also include a separate DC or 
offset Voltage component in the various embodiments. 

It is noted that the ripple portion of the inductor current I, 
through the inductor 50 is related to, but not the same as, the 
output voltage ripple of the VOUT signal at node 55. The 
output Voltage ripple depends on many factors, including, for 
example, the type and configuration of the output capacitor 
60. If the capacitor 60 is a ceramic capacitor, for example, the 
output ripple Voltage may be very low especially in low-load 
conditions, which would otherwise cause regulation diffi 
culty at the comparator 10. The comparator 10 operates best 
with a ripple Voltage having a Sufficient magnitude relative to 
the hysteresis voltage difference of the comparator 10 and 
which has relatively clean or sharp transitions (e.g., peaks and 
valleys). Synthetically generating the ripple voltage VRIP 
based on I and adding to the feedback loop of the comparator 
10 provides a ripple signal Suitable for regulation and that is 
naturally synchronized to the Switching intervals of the regu 
lator 100. 
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6 
FIG. 2 is a schematic diagram of a synthetic ripple regula 

tor 200 including an exemplary implementation of a synthetic 
ripple Voltage generator including a transconductance ampli 
fier 110. Similar components as those for the regulator 100 
are shown with the same reference numbers. The output of the 
transconductance amplifier 110 is coupled to one terminal 
122 of a ripple capacitor 120 and to the inverting input 11 of 
the comparator 10. The transconductance amplifier 110 has 
its non-inverting (+) input 111 coupled to the phase node 35 
and its inverting (-) input 112 coupled to the output Voltage 
node 55. The output node 55 is further coupled to another 
terminal 121 of the capacitor 120 and to the inverting (-) input 
131 of the error amplifier 130. 

In this manner, the transconductance amplifier 110 pro 
duces an output current I based on or otherwise propor 
tional to the voltage across the inductor 50. The ripple voltage 
capacitor 120 transforms the I current into an inductor 
current-representative Voltage having the desired waveform 
shape. At least one benefit of synthesizing the ripple wave 
form based on the inductor current I, is the inherent feed 
forward characteristic. For a step input Voltage change of 
VIN, the current I changes accordingly to modify the 
conduction interval of the power switching devices 30 and 40. 
As described in the prior disclosure, the ripple Voltage gen 
erated across the ripple Voltage capacitor 120 is Substantially 
similar inform and frequency with the current through induc 
tor 50. The amount of ripple at the output is relatively small 
during large load current transients, which also causes corre 
sponding changes in Switching frequency as described in the 
prior disclosure. 

FIG. 3 is a schematic diagram of a synthetic ripple regula 
tor 300 including another exemplary implementation of a 
synthetic ripple Voltage generator in which the transconduc 
tance amplifier 110 receiving the reference voltage VREF. 
Similar components as those for the regulators 100 and 200 
are shown with the same reference numbers. The regulator 
300 is substantially similar to the regulator 200 except that the 
inverting input 112 of the transconductance amplifier 110 is 
coupled to VREF instead of VOUT. The connection to VOUT 
in the regulator 200 results in relatively fast feedback in 
response to changes in VOUT which may be unstable in 
certain configurations. VREF is constant and does not change 
so that the VOUT feedback response characteristic at the 
input of transconductance amplifier 110 is eliminated for the 
regulator 300. 

FIG. 4 is a schematic diagram of a synthetic ripple regula 
tor 400 including another exemplary implementation of a 
synthetic ripple Voltage generator including a ripple resistor 
and a voltage supply 401. The regulator 400 is substantially 
similar to the regulator 300 in which similar components 
assume the same reference numbers. In this case, a ripple 
resistor RRIP has one end coupled to the output of the 
transconductance amplifier 110 and another end coupled to 
the positive terminal of the voltage source 401, having its 
negative terminal coupled to GIN. The voltage source 401 
develops a mid-supply voltage VMID. The voltage of VMID 
is based on the Supply Voltage for digital logic. In one embodi 
ment, for example, the supply voltage is 5V and VMID is 
approximately 1.5V. The voltage across the inductor 50 
includes a DC voltage level, due at least in part to its inherent 
DCR, which otherwise continuously charges the capacitor 
120 so that its voltage rises over time. The resistor RRIP 
provides compensation or otherwise modifies frequency 
response by discharging the capacitor 120 at the appropriate 
rate to prevent charge build-up. Also, in certain embodiments, 
the DC voltage on the capacitor may go too high and/or too 
low, so that it is biased to the mid-supply voltage VMID via 
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the relatively large resistor RRIP. The RC time constant of the 
ripple capacitor 120 and the resistor RRIP creates a “Zero” in 
the transfer function of the regulator 400. The effect of the 
Zero is taken into account when selecting the specific com 
ponent values to make the regulation loop stable. 

FIG. 5 is a schematic diagram of a synthetic ripple regula 
tor 500 including another exemplary implementation of a 
synthetic ripple Voltage generator including the ripple resistor 
RRIP referenced to VOUT. The regulator 500 is substantially 
similar to the regulator 400 in which similar components 
assume the same reference numbers. In this case, RRIP is 
provided and coupled between the output of the transconduc 
tance amplifier 110 and VOUT. The ripple resistor RRIP 
provides a similar function as previously described. Compen 
sation is potentially improved when referencing RRIP to 
VOUT in certain configurations. 

FIG. 6 is a schematic diagram of a synthetic ripple regula 
tor 600 including another exemplary implementation of a 
synthetic ripple Voltage generator in which the ripple capaci 
tor 120 is referenced to a common reference Voltage (e.g., 
GIN). The regulator 600 is substantially similar to the regu 
lator 300 in which similar components assume the same ref 
erence numbers. In this case, the terminal 121 of the capacitor 
120 is coupled to a common reference voltage, such as GIN, 
rather than to VOUT. The regulator 600 provides additional 
stability by eliminating the almost immediate feedback con 
nection to VOUT, at the cost of reduced responsiveness to step 
transitions of VOUT. 

FIG. 7 is a schematic diagram of a synthetic ripple regula 
tor 700 illustrating that any one or more of the variations of 
the regulators 200-600 may be applied in any combination as 
appreciated by those of ordinary skill in the art. Again, similar 
components assume identical reference numbers. As illus 
trated, the inverting input of the transconductance amplifier 
110 is either coupled to VREF or VOUT, the terminal 121 of 
the capacitor 120 is either coupled to VOUT or GIN, and the 
optional resistor RRIP is referenced to either VOUT or 
VMID. Thus, any combination of the described variations is 
contemplated. 

FIG. 8 is a schematic and block diagram illustrating an 
alternative embodiment of the transconductance amplifier 
110. In this case, the functionality of transconductance ampli 
fier 110 is implemented as two independently controlled 
transconductance amplifiers 150 and 160 and an analog 
switch 170 receiving the PWM signal. As illustrated, the 
transconductance amplifier 150 has its non-inverting input 
receiving VIN and its inverting input coupled to GIN, while 
the transconductance amplifier 160 has its inverting input 
receiving VOUT and its non-inverting input coupled to GND. 
The output of the amplifier 150 is selectively switched 
through the analog switch 170 to capacitor 120 and the invert 
ing (-) input 11 of the hysteretic comparator 10. This alter 
native configuration allows the ramp current to be more pre 
cisely controlled for improved linearity. 

In operation, the transconductance amplifier 160 continu 
ously discharges the capacitor 120 at a rate based on the 
voltage level of VOUT and the transconductance amplifier 
150 charges the capacitor 120 at a rate based on VIN when 
coupled to the capacitor 120 via the analog switch 170. In the 
simplified embodiment illustrated, the analog switch 170 is 
responsive to the PWM signal to couple the output of the 
transconductance amplifier 150 to the capacitor 120 at the 
beginning of the PWM cycle when the PWM signal is 
asserted high. Since VIN is typically significantly larger than 
VOUT and since the analog switch 170 switches relatively 
quickly, the capacitor 120 is quickly charged without the 
potential delays otherwise associated with the phase node 35. 
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8 
The analog switch 170 decouples the transconductance 
amplifier 150 from the capacitor 120 in response to PWM 
going low. 

Although the present invention has been described in con 
siderable detail with reference to certain preferred versions 
thereof, other versions and variations are possible and con 
templated. Those skilled in the art should appreciate that they 
can readily use the disclosed conception and specific embodi 
ments as a basis for designing or modifying other structures 
for providing out the same purposes of the present invention 
without departing from the spirit and scope of the invention as 
defined by the following claim(s). 
The invention claimed is: 
1. A synthetic ripple voltage generator for a DC-DC regu 

lator having a hysteretic comparator that develops a pulse 
width modulation (PWM) signal provided to a switching 
circuit that Switches an input Voltage via a phase node through 
an output inductor to develop an output Voltage at an output 
node, said synthetic ripple Voltage generator comprising: 

a transconductance amplifier circuit having an input for 
coupling to the output inductor and an output for cou 
pling to an input of the hysteretic comparator, and 

a ripple capacitor coupled to said output of said transcon 
ductance amplifier circuit; 

wherein said transconductance amplifier circuit provides 
current to said ripple capacitor which develops a Voltage 
indicative of ripple current through the output inductor. 

2. The synthetic ripple Voltage generator of claim 1, 
wherein said transconductance amplifier circuit comprises a 
transconductance amplifier having a non-inverting input for 
coupling to the phase node and an inverting input for coupling 
to the output node. 

3. The synthetic ripple Voltage generator of claim 1, 
wherein said transconductance amplifier circuit comprises a 
transconductance amplifier having a non-inverting input for 
coupling to the phase node and an inverting input for coupling 
to a reference Voltage. 

4. The synthetic ripple Voltage generator of claim 1, 
wherein said ripple capacitor has a first end coupled to said 
output of said transconductance amplifier circuit and a second 
end for coupling to the output node. 

5. The synthetic ripple voltage generator of claim 1, 
wherein said ripple capacitor has a first end coupled to said 
output of said transconductance amplifier circuit and a second 
end coupled to ground. 

6. The synthetic ripple voltage generator of claim 1, further 
comprising a ripple resistor coupled to said ripple capacitor. 

7. The synthetic ripple voltage generator of claim 6, further 
comprising: 

a Voltage source referenced to ground; and 
said ripple resistor having a first end coupled to said ripple 

capacitor and a second end coupled to said Voltage 
SOUC. 

8. The synthetic ripple voltage generator of claim 6, 
wherein said ripple resistor has a first end coupled to said 
ripple capacitor and a second end for coupling to the output 
node. 

9. The synthetic ripple voltage generator of claim 1, 
wherein said transconductance amplifier circuit comprises: 

a first transconductance amplifier having an input for cou 
pling to the output node and an output coupled to said 
ripple capacitor to discharge said ripple capacitor based 
on the output Voltage; 

a second transconductance amplifier having an input for 
receiving the input Voltage and an output, and 

a Switch circuit, having an input coupled to said output of 
said second transconductance amplifier, an output 



applied to the output inductor comprises sensing Voltage at 
the phase node. 

ing the capacitive device to ground. 
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coupled to said ripple capacitor, and a control input for 
receiving the PWM signal, said switch circuit operative 
to couple said output of said second transconductance 
amplifier to said ripple capacitor to charge said ripple 
capacitor based on the input voltage upon initiation of 5 
PWM cycles. 

10. A method of synthetically generating ripple Voltage for 
a DC-DC regulator including a hysteretic comparator that 
develops a pulse width modulation (PWM) signal provided to 
a Switching circuit that Switches an input Voltage via a phase 
node through an output inductor to develop an output Voltage 
at an output node, said method comprising: 

10 

developing a ripple Voltage indicative of current through 
the output inductor; and 

applying the ripple Voltage to an input of the hysteretic 
comparator. 

11. The method of claim 10, wherein said developing a 

15 

ripple Voltage indicative of current through the output induc 
tor comprises: 2O 

sensing Voltage applied to the output inductor; 
converting the sensed Voltage to a sense current; and 
charging a capacitive device with the sense current. 
12. The method of claim 11, wherein said sensing voltage 

25 

13. The method of claim 11, further comprising referenc 
ing the capacitive device to the output node. 

14. The method of claim 11, further comprising referenc 
30 

15. The method of claim 11, further comprising coupling a 
resistive device to the capacitive device. 

16. The method of claim 15, further comprising referenc 
ing the resistive device to the output node. 

17. The method of claim 15, further comprising biasing the 35 
resistive device with a Voltage source. 

18. The method of claim 10, wherein said developing a 
ripple Voltage indicative of current through the output induc 
tor comprises: 

converting the output voltage into a first current; 40 
discharging a capacitive device with the first current; 
converting the input Voltage into a second current; and 
charging the capacitive device with the second current 
upon initiation of each PWM cycle using the PWM 
signal. 

19. The method of claim 10, wherein said developing a 
45 

ripple Voltage indicative of ripple current through the output 
inductor comprises: 

sensing ripple current through the output inductor, and 
converting sensed current into the ripple Voltage. 
20. A synthetic ripple regulator, comprising: 
a hysteretic comparator having a first input and having an 

output that provides a pulse width modulation (PWM) 
signal; 

a Switching circuit that alternately couples a phase node to 
opposite polarities of an input voltage source based on 
said PWM signal; 

an output inductor coupled between said phase node and an 
output node that develops a regulated output signal; 

a transconductance amplifier circuit having an input 
coupled to said output inductor and an output coupled to 
said first input of said hysteretic comparator; and 

a capacitor, coupled to said output of said transconduc 
tance amplifier circuit, that develops a ripple Voltage 
indicative of ripple current through said output inductor. 

21. The synthetic ripple regulator of claim 20, further com 

50 

55 

60 

65 

prising an error amplifier having a first input receiving a 

10 
reference Voltage, a second input coupled to said output node, 
and an output coupled to a second input of said hysteretic 
comparator. 

22. The synthetic ripple regulator of claim 20, wherein said 
transconductance amplifier circuit comprises a transconduc 
tor amplifier having a first input coupled to said phase node 
and a second input coupled to said output node. 

23. The synthetic ripple regulator of claim 20, wherein said 
transconductance amplifier circuit comprises a transconduc 
tor amplifier having a first input coupled to said phase node 
and a second input coupled to a reference Voltage. 

24. The synthetic ripple regulator of claim 20, wherein said 
capacitor has a first end coupled to said output of said 
transconductance amplifier circuit and a second end coupled 
to said output node. 

25. The synthetic ripple regulator of claim 20, wherein said 
capacitor has a first end coupled to said output of said 
transconductance amplifier circuit and a second end coupled 
to ground. 

26. The synthetic ripple regulator of claim 20, further com 
prising: 

a resistive device having a first end coupled to said output 
of said transconductance amplifier circuit and a second 
end; and 

a Voltage source coupled between said second end of said 
resistive device and ground. 

27. The synthetic ripple regulator of claim 20, further com 
prising a resistive device having a first end coupled to said 
output of said transconductance amplifier circuit and a second 
end coupled to said output node. 

28. The synthetic ripple regulator of claim 20, wherein said 
transconductance amplifier circuit comprises: 

a first transconductance amplifier having an input coupled 
to said output node and an output coupled to said capaci 
tor to discharge said capacitor based on said regulated 
output signal; 

a second transconductance amplifier having an input 
coupled to said input Voltage source and an output; and 

a Switch that couples said output of said second transcon 
ductance amplifier to said capacitor based on said PWM 
signal to charge said capacitor based on input Voltage 
during portions of PWM cycles. 

29. A synthetic ripple voltage generator for a DC-DC 
regulator having a hysteretic comparator that develops a 
pulse width modulation signal provided to a switching circuit 
that controls switching of voltage across an output inductor 
which is coupled to an output node developing an output 
voltage, said synthetic ripple voltage generator comprising: 

a transconductance amplifier circuit having an input for 
coupling to the output inductor and an output for cou 
pling to an input of the hysteretic comparator, and 

a ripple capacitor coupled to said output of said transcon 
ductance amplifier circuit, 

wherein said transconductance amplifier circuit provides 
current to said ripple capacitor which develops a volt 
age indicative of tipple current through the output induc 
for: 

30. The synthetic ripple voltage generator of claim 29, 
wherein said transconductance amplifier circuit comprises a 
transconductance amplifier having a pair of inputs for cou 
pling across the output inductor: 

31. The synthetic ripple voltage generator of claim 29, 
wherein said tipple capacitor has a first end coupled to said 
output of said transconductance amplifier circuit and a sec 
Ond end for coupling to either one of the output node and 
ground. 
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32. The synthetic ripple voltage generator of claim 29, 
fiurther comprising a ripple resistor having One end coupled 
to said ripple capacitor and another end coupled to either one 
of the output node and a voltage source providing a constant 
voltage level. 

33. A method of synthetically generating ripple voltage for 
a DC-DC regulator including a hysteretic comparator that 
develops a pulse width modulation signal provided to a 
switching circuit that controls switching of voltage applied to 
an output inductor coupled to an output node which develops 
an output voltage, said method comprising: developing a 
ripple voltage indicative of current through the output induc 
tor, and applying the ripple voltage to an input of the hyster 
etic comparator: 

34. The method of claim 33, wherein said developing a 
ripple voltage indicative of current through the output induc 
tor comprises. Sensing voltage applied to the output inductor, 

10 

15 

12 
converting the sensed voltage to a sense current, and charg 
ing a capacitive device with the sense current. 

35. The method of claim 33, wherein said sensing voltage 
applied to the output inductor comprises sensing voltage at 
the input node. 

36. The method of claim 33, wherein said sensing voltage 
applied to the output inductor comprises sensing voltage 
across the output inductor: 

37. The method of claim 33, firther comprising coupling a 
resistive device to the capacitive device. 

38. The method of claim 37, wherein said developing a 
ripple voltage indicative of ripple current through the output 
inductor comprises: sensing ripple current through the out 
put inductor, and converting sensed current into the ripple 
voltage. 


