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ABSTRACT 

In accordance With some embodiments, a pulse Width modu 
lator having a comparator With an applied adjustable Wave 
form to generate a bit stream With a controllably adjustable 
duty cycle is provided. 
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PULSE WIDTH MODULATOR 

TECHNICAL FIELD 

[0001] The present invention relates generally to signal 
generator circuits and in particular, to pulse Width modulator 
circuits. 

BACKGROUND 

[0002] Switching type voltage regulators and other devices 
use pulse Width modulators (PWMs) to generate pulse train 
(bit stream) signals With a controllably variable duty cycle. 
Duty cycle is the ratio of the duration during Which the stream 
is a binary assertion (e.g., high level) compared to the dura 
tion during Which the stream is a binary de-assertion (e.g., loW 
level) over a period of the signal. For example, in a system 
Where a high (‘ l) is an assertion, a 60% duty cycle implies that 
the high state last 60% of the period, While the loW state last 
only 40%. 
[0003] With sWitching voltage regulators, a PWM is typi 
cally used to turn sWitches on and off in order to increase or 
decrease the amount of energy supplied to a regulated voltage 
in order to control the voltage. The sWitches are typically on 
When the bit stream is asserted and off When it is not asserted. 
Thus, more or less energy can be supplied to the load by 
increasing or decreasing, respectively, the bit stream duty 
cycle. 
[0004] With reference to FIG. 1, a portion of a conventional 
PWM is shoWn. It comprises a triangular Waveform synthe 
siZer (or generator) 101 coupled to the negative input of a 
comparator 103. A variable voltage reference, controls the 
pulse duty cycle generated by the PWM and is coupled to the 
other (positive) input. The triangular Waveform generator 
generates a Waveform betWeen tWo ?xed voltages, for 
example, ground and VCC. The comparator compares the 
signal from the triangle Wave generator against the level of the 
variable reference. The comparator generates at its output a 
bit stream having a pulse Width that depends on the value of 
the variable voltage reference. With a higher reference, more 
of each triangle Wave causes the output to be loW resulting in 
a bit stream With a loWer duty cycle (assuming that the bit 
stream asserts When high). In contrast, When the variable 
reference is loWer, more of each triangle Wave causes the 
output to be high, resulting in a higher duty cycle. For 
example, When the reference is at the loW rail of the triangle 
Wave, the duty cycle is 100%, and When it is at its high rail, the 
duty cycle is 0%. Thus, the duty cycle can be controlled to be 
anyWhere betWeen 100 and 0 percent by correspondingly 
varying the reference betWeen Gnd and VCC. 
[0005] Unfortunately, the comparator circuit and circuit 
used to create the variable reference can be relatively com 
plex, especially if it is to perform With reasonable precision. 
With multi-phase sWitching regulators, Which typically use a 
separate PWM for each phase, this becomes even more prob 
lematic. In addition, distributing the variable reference signal 
into the multiple comparators can result in inconsistent ref 
erence levels and in noise. Accordingly, an improved solution 
is desired. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] Embodiments of the invention are illustrated by Way 
of example, and not by Way of limitation, in the ?gures of the 
accompanying draWings in Which like reference numerals 
refer to similar elements. 
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[0007] FIG. 1 shoWs a portion of a conventional pulse Width 
modulator using a variable reference comparator. 
[0008] FIG. 2A is a block diagram of a dual rail generator in 
accordance With some embodiments 
[0009] FIG. 2B is a graph illustrating a dual rail signal in 
accordance With some embodiments. 
[0010] FIG. 2C is a signal ?oW diagram of a dual rail 
generator in accordance With some embodiments. 
[0011] FIG. 3 is a schematic diagram of a dual rail genera 
tor in accordance With the signal ?oW diagram of FIG. 1 in 
accordance With some embodiments. 
[0012] FIG. 4 is a schematic diagram of a dual rail genera 
tor in accordance With FIGS. 2 and 3 in accordance With some 
embodiments. 
[0013] FIG. 5 is a schematic diagram of a sWitching voltage 
regulator With a ?xed reference comparator in accordance 
With some embodiments. 
[0014] FIG. 6 is a block diagram of a portion of a pulse 
Width modulator With a ?xed reference comparator in accor 
dance With some embodiments. 
[0015] FIG. 7 is a block diagram of a portion of a pulse 
Width modulator With a ?xed reference comparator using a 
dual rail generator in accordance With some embodiments 
[0016] FIG. 8 is a block diagram of a portion of a pulse 
Width modulator With a ?xed reference comparator formed 
from an inverter in accordance With some embodiments. 
[0017] FIG. 9 is a block diagram of a computer system 
having a voltage regulator With a PWM in accordance With 
some embodiments. 

DETAILED DESCRIPTION 

[0018] Disclosed herein are PWM solutions With compara 
tors not relying on a variable reference to adjust duty cycle. In 
accordance With some embodiments, a Waveform (such as a 
triangle, saWtooth, or sinusoidal Wave) is applied to a com 
parator With a ?xed reference to generate a bit stream With a 
controllable duty cycle. In some embodiments, the offset 
level of the applied Waveform can be varied to adjust the duty 
cycle. HoWever, before describing such PWMs, a dual rail 
generator that may be used to create an adjustable Waveform 
Will be discussed. 
[0019] Dual Rail Generator 
[0020] FIGS. 2A and 2B generally shoW a dual rail genera 
tor providing ?rst and second (High and LoW) voltage rail 
outputs, V H, and VL, based on applied amplitude (Vamp) and 
offset (V o?et) inputs, relative to a reference voltage (Vref). (In 
the depicted embodiment, the reference voltage is ?xed and 
set Within the dual rail generator and thus is not shoWn in FIG. 
1A. HoWever, in some embodiments, an externally applied 
and/or variable reference could be used. Moreover, the refer 
ence voltage could have a value of 0 in some embodiments.) 
Mathematically, VH:V,ef+Vamp Vo?et and VL:V,ef—VamP+ 
Vo?et. As graphically illustrated in FIG. 2B, this results in the 
difference betWeen the High and LoW rails being tWo times 
(tWice) the applied amplitude. They are symmetrical about 
the reference voltage (V ref) When there is no offset (Vo?set 
equals 0), but if an offset is applied, the High and LoW rails are 
equally shifted, either upWard or doWnWard in accordance 
With the offset value. Thus, by appropriately adjusting the 
Vmfm and Vamp signals, numerous different VH—VL combina 
tions may be attained. 
[0021] FIG. 2C shoWs a signal ?oW representation of the 
dual rail generator of FIG. 2A in accordance With some 
embodiments. It comprises adders 202, 204, 206, and 208 to 
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generate the High and LoW rails (V H, VL) in accordance With 
the equations set forth above. The reference voltage Vref is 
applied to adders 202, 204 and respectively added to Vamp and 
—Vamp thereby generating Vref+Vamp and VrejrVamp at their 
outputs. In turn, these outputs are respectively added to the 
offset (V o?et) at adders 204 and 208 to generate VH andVL, as 
indicated. 

[0022] FIG. 3 is a schematic diagram of a circuit to imple 
ment the signal ?oW diagram of FIG. 2C and generate the 
High and LoW reference signals, VH andVL. HoWever, instead 
of using the above described amplitude (Vamp) and offset 
(Vo?et) signals, referenced versions, Va and V017 (Where 
Va:V,e/+VamP and Vo?FVrejAVo?et) are used instead to more 
conveniently accommodate circuits (such as the circuit 
described beloW With reference to FIG. 4) that have an inher 
ent reference component. Therefore, Va and Voff are still 
amplitude and offset signals, as are those used for the diagram 
of FIG. 2C, except that they have an additional reference 
component built Within. 
[0023] The dual rail generator of FIG. 3 generally com 
prises a dual rail signal generator circuit 302 and an output 
driver section 322, coupled together as indicated. The dual 
rail signal generator 302 comprises adder circuits 303, 305, 
307, 308, 309, 311, and 313, coupled together as shoWn to 
appropriately add/subtract Vref, Va, and Voff in accordance 
With the above equations to generate High and LoW reference 
rails, VHref and VLref. The reference rails, VHref and VLref, 
correspond to VH and VL above in value but may not be 
suf?ciently ampli?ed (buffered) for use as supplies to an 
actual load. Accordingly, they are ampli?ed/regulated in the 
output driver section 322 by linear voltage regulators 322H 
and 322L, respectively, Which provide a their outputs the 
regulated High and LoW rails, VH and VL. 
[0024] In the depicted embodiment, each adder circuit in 
the dual rail reference generator section 302 has a voltage 
gain of AIl and is implemented With a difference adder, 
Which subtracts a ?rst value from a second value. As shoWn in 
FIG. 3, they are appropriately con?gured to perform the 
above equations for VH (V Href) and VL (VLref). It should be 
appreciated that they could be implemented With any suitable 
circuit for performing an addition or subtraction operations 
on tWo analog inputs, many of Which are knoWn to persons of 
ordinary skill. (BeloW, hoWever, With reference to FIG. 4, a 
novel approach using inverters is presented.) For simplicity 
sake, the gain of each adder is one but this certainly is not 
required. The High and LoW rail equations de?ned above 
could be implemented With adders having other gain values 
and depending on desired applications, variations on the 
above described equations may be desired (e. g., the addends 
could be Weighted differently). 
[0025] Each regulator (322H or 322L) is a unity gain linear 
regulator formed from an ampli?er coupled to PMOS and 
NMOS transistors, all coupled together as shoWn. The High 
side regulator 322H is formed from ampli?er 323, PMOS 
transistor P1 and NMOS transistor N1. It receives at its input 
(negative input of ampli?er 323) the High reference signal 
(VHre ), While its output is coupled to the gates of transistors 
P1 and N1. In turn, the transistor outputs (at their drains) are 
coupled back to the positive input of ampli?er 323. The LoW 
side regulator 322L is con?gured in the same Way except that 
it is formed from ampli?er 325, PMOS transistor P2 and 
NMOS transistor N2. (Note the term “PMOS transistor” 
refers to a P-type metal oxide semiconductor ?eld effect 
transistor. LikeWise, “NMOS transistor” refers to an N-type 
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metal oxide semiconductor ?eld effect transistor. It should be 
appreciated that Whenever the terms: “transistor”, “MOS 
transistor”, “NMOS transistor”, or “PMOS transistor” are 
used, unless otherWise expressly indicated or dictated by the 
nature of their use, they are being used in an exemplary 
manner. They encompass the different varieties of MOS 
devices including devices With different VTs and oxide thick 
nesses to mention just a feW. Moreover, unless speci?cally 
referred to as MOS or the like, the term transistor can include 
other suitable transistor types, e. g., junction-?eld-effect tran 
sistors, bipolar-junction transistors, and various types of three 
dimensional transistors, knoWn today or not yet developed.) 
[0026] Because each ampli?er is con?gured With negative 
feedback, the voltage at the input terminals are forced to equal 
one another. This results in the output voltages (V H, VL) 
tracking (or folloWing) the input voltages (V Hrej, VLref) and at 
the same time, being able to drive actual loads. Note that 
transistors N1 and P2 are represented With dashed lines. This 
is so because in some embodiments, the High side rail VHmay 
be used to primarily source current to its load, While the LoW 
side rail VL may primarily be used to sink current from its 
load. In such a case, N1 and P2 could be smaller than P1 and 
N2 or even omitted. 

[0027] FIG. 4 shoWs a dual rail generator circuit, in accor 
dance With some embodiments, that uses inverters for syn 
thesis and regulation of the tWo output rails, VH andVL, based 
on analog amplitude and offset voltage inputs, Va and V017, 
respectively. Va and Vo?are referenced versions of Vamp and 
Vo?et as de?ned above, based on an inherent reference volt 
age, Vref, corresponding to the trip point of inverters used in 
the circuit. 

[0028] The dual rail generator generally comprises a dual 
rail reference generator section 402 coupled to an output 
driver section 422. The reference generator portion 402 com 
prises Inverters U1, U2, U3 and resistors R1 to R8, While the 
output driver section 422 comprises inverters U4 to U11, 
transistors P1, P2, N1, N2, resistors RH and RL, and capaci 
tors CH and CL, all coupled together as shoWn. In some 
embodiments, the inverters are formed from PMOS and 
NMOS transistors With their gates coupled together to pro 
vide an inverter input and their drains coupled together to 
provide an inverter output. In some embodiments, the invert 
ers (except possibly U7 and U11) are designed to have the 
same trip points, and U1 -U5, U8 and U9 are siZed to have the 
same strengths. For example, the PMOS and NMOS transis 
tors in U1-U6, and U8-U10 may be designed to have the same 
current carrying capability. The actual trip point value is not 
necessarily critical, so long as the values in the inverters are 
suf?ciently close to one another, although it may be desirable 
to target the trip point at VCC/2 so that VH and VL may have 
a Wider operating range. U6 and U10 may be designed to be 
Weaker in strength. In contrast, U7 and U11 may be designed 
to be stronger, and their trip points need not necessarily be the 
same as the others. 

[0029] The reference generator portion 402 Will initially be 
discussed. Inverters U1 and U2, along With resistors R1-R4, 
make up a loW-side section to generate a reference signal 
(V Lref) for the loW rail, While inverter U3 and resistors R7 and 
R8 make up the high-side section to generate the high rail 
reference (VHre ). With the depicted embodiment, the high 
and loW side sections generate inverted versions, relative to 
inverter trip points, of the high and loW side rails. The output 
driver section thus comprises driver circuits that invert the 
reference signal to provide the high and loW rails. 
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[0030] inverter U1 is con?gured to be an inverting ampli?er 
having a gain of about R2/R1 acting on the Vamp component 
ofVa, Man-v8 to Vref (the trip point of the inverter). That is, an 
inverter, With feedback, acts similarly to an ampli?er With 
negative feedback, except that it has an inherent offset corre 
sponding to its trip point. Therefore, With resistors R1 and R2 
con?gured as shoWn, the inverter’s output voltage is equal to: 
(—R2/R1)(Va—Vref)+V,ef. When R1 and R2 are equal, this 
reduces to: ZVVEFVG, orVrefVamp. so, for example, ifV,ef:0. 
6V and Va:0.8V, then VUl Would be 0.4V. (Note that this 
analysis assumes that the inverter gain is high, Which may not 
be completely accurate, especially When inputs are close to 
the trip point. Accordingly, in some embodiments, the gain 
terms may be “tweaked” to achieve desired results, e.g., for a 
particular operating range.) 
[0031] Inverter ampli?er circuits U2 and U3 are essentially 
the same. They are con?gured to function as summing 
inverter ampli?ers (relative to the inverter trip points, i.e., the 
reference voltage). Summing inverter U2 sums the output 
from U1 (V U1, Which is VrefVamp) With Vof (V 0?et+V,ef), 
While U3 sums Va With Vof (Note that the high-side section 
doesn’t have an inverter stage corresponding to U1 in the 
loW-side path. This is so because in the high-side path, to 
generate V L, the Vamp component in Va is added rather than 
subtracted.) 
[0032] The gain and relative Weighting for the summed 
terms are determined by their associated resistors. With 
regard to U2, R4/R3 determines the gain for the VUl term 
While R4/R5 determines the gain for the Vofterm. The output 
of U2 (Vref) Will be: VL,ef:—(R4/R3)(VUl—V,e/)—(R4/R5) 
(V0fV,ef)+V,ef. Similarly, With regard to U3, R8/R7 deter 
mines the gain of the applied Va term, While R8/R6 deter 
mines the gain of the offset term Vof The output, VHre? is: 
VH,ef:—(R8/R7)(Va—V,ef) (R8/R6)(V0fV,ef)+V,ef Thus, if 
R3, R4, and R5 are the same and if R6, R7, and R8 are the 

same, the output equations reduce to: VLWf:—(VU1—V,ef)— 
(‘lof- Vref)+Vref and VHref:_(Va_Vrej)_(V0fVre/‘)+Vref The 
outputs, VLref and VHref, result in inverted, relative to the 
inverter trip points, versions of the high and loW rails. The 
ampli?ers (or drivers) in the output driver section 422 correct 
this in providing the high and loW rails. 
[0033] As an example to illustrate hoW the dual rail refer 
ence generator 402 Works, assume that R1:R2 (e.g., 10K 
Ohms), R3:R4:R5 (e.g., 10K Ohms) and R6:R7:R8 (e.g., 
10K Ohms). Also assume, as With the above example, that 
V,ef:0.6V, the offset is to be 0.1V (the appliedVofwould thus 
be 0.7V), andVamP is to be 0.2V (the appliedVa Would thus be 
0.5V andVUl Would be 0.4V). With these values, the high and 
loW rails should be 0.9V and 0.7V, respectively. Applying 
these values to the equations for U2 and U7, the LoW refer 
ence voltage, VLref, Would be 0.7 While the high reference 
voltage, VHrej, Would be 0.3V. This is correct because after 
being inverted by the output driver sections (relative to the 
0.6V reference), they become 0.5V and 0.9V respectively, 
Which are the correct values. 

[0034] (Again, it should be appreciated that the actual resis 
tor values, ampli?er gains, and Weights are not necessarily 
important, so long as the overall transfer functions for VH/ 
(Va, Vof) andVL/ (V a, V017) provide for suf?ciently consistent, 
predictable results for acceptable input and output operating 
ranges. This also applies to the circuits in the output driver 
section 422, discussed in the folloWing section.) 
[0035] The output driver section 422 comprises inverters 
U4 to U11, MOS transistors N1, N2, P1, P2, and load resistors 
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and capacitors RH, RL, CH, and CL. The loW side driver is 
formed from inverters U4 to U7, transistors P1, P2, resistor 
RL, and capacitor CL; While the high side driver comprises 
inverters U7 to U10, transistors P2, N2, resistor RH, and 
capacitor CH. 
[0036] With the loW side driver, inverters U4 and US are 
coupled together at their inverter outputs at node N1 in a 
mirrored con?guration. With this con?guration, they act like 
an inverting analog ampli?er to provide at an input (V be], VL) 
the analog inverse of the other input, relative to Vref (inverter 
trip points, Which are to be the same). Therefore, the voltage 
atVL Will be: VL—2V,ef—VL,ef(Note that as used in this circuit, 
the inverter inputs (at VLref and VL) function both as inputs 
and outputs. It may be helpful to think of them as ends of a 
see-saW, With a fulcrum in the middle pushing up to the 
reference voltage level. As one side goes up, the other goes 
doWn and When perfectly balanced, the inputs and node N1 
approach Vref. On the other hand, WhenVUefgoes up or doWn, 
i.e., in response to changes in Va and/or Vof it forces the 
voltage (VL) at the other end of the “see-saW” to go doWn or 
up in the opposite direction accordingly. 
[0037] Inverter U6 is a relatively Weak inverter, designed to 
have its trip point at Vref. With its input shorted to its output, 
it generates at its output the reference signal, Vref, and is 
coupled to the inverter outputs of mirrored inverters U4, U5 
(node N1) to provide them With a relatively Weak load. It 
serves to reduce their gain, acting like ballast to stabiliZe their 
analog performance. 
[0038] Inverter U7 is relatively large (e. g., tWice the current 
carrying capability as inverters U1, U2, U3, U4, or US) and 
has it trip point relatively close to those of the others, but this 
is not critical. It functions to drive push/pull output transistors 
P1, N1 to appropriately regulate VL. Thus, U4/U5, U6, and 
P1/N1 form the negative feedback loop to regulate VL. As VL 
goes up (e. g., due to changes in the output load), it causes N1 
to go loWer, Which causes N2 to go up thereby turning doWn 
P1 and turning up N1 to bring VL back doWn. It Works the 
same Way, but in the opposite direction, When VL goes doWn. 
Resistor RL and capacitor CL are coupled in series betWeen 
VL and VSS to provide stability at the output, VL. 
[0039] The high side driver is con?gured and operates 
essentially the same as the loW side driver, so it Will not be 
described to the same extent. HoWever, it’s Worth pointing out 
that in some embodiments, With the high side driver, because 
the high rail, VH, may serve primarily as a current source, the 
pull-up FET, P2, may be siZed larger than the pull-doWn 
transistor N2 and in some cases, N2 may be omitted alto 
gether. Conversely, With the loW side driver, the pull-doWn 
transistor N1 may be siZed larger than P1 When the loW rail, 
VL, serves primarily as a current sink. In some embodiments, 
P1 may be omitted altogether. 
[0040] PWM With Fixed Reference Comparator 
[0041] FIG. 5 shoWs an N-phase, sWitching type voltage 
regulator 501. It generally comprises a VR controller 503 
coupled to N sWitch drivers (or sWitches) S 1 to SN, one for 
each phase. In turn, the sWitches are coupled to N correspond 
ing output sections formed from inductors L 1 to LN, Which are 
coupled to a common, regulated output voltage node Vow at 
capacitor C. Feedback sensors 5071 to 507Nare coupled to the 
output (e. g., at the inductor) to provide output feedback infor 
mation back to the controller 503 for closed loop control of 
the output voltage Vol” (It should be appreciated that the 
depicted sWitching regulator is presented in a simpli?ed form, 
for illustrative purposes, to put into context the ?xed refer 
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ence type PWMs of this disclosure. Accordingly, the 
switches, output sections, feedback sensors and other ele 
ments knoWn in the art are not limited to any speci?c imple 
mentation but rather are intended to cover any devices suit 
able to perform their functions. Similarly, the depicted 
elements could be implemented in a single chip, a chip and 
external circuit board, or in multiple chips and/or multiple 
chips in combination With one or more circuit boards. For 
example, in some embodiments, the VR controller could be in 
a chip, While the sWitch drivers and/ or output sections could 
be implemented With external discrete components on a cir 
cuit board. On the other hand, they could all be implemented 
in a single module.) 
[0042] The VR controller comprises aphase control section 
504 coupled to ?xed reference PWM (FRPWM) circuits 
(PWMl to PWMN). It controls these PWMs to generate bit 
stream drive signals for their respective sWitches. For each 
PW M, it controls their duty cycle, in response to feedback 
from their associated sensor 507, to regulate the output volt 
age at a consistent level. It may also control their phase 
relationships, relative to each other and perform other tasks. 
Each PWM comprises a ?xed reference comparator to gen 
erate its bit stream. Such PWMs Will be discussed in more 
detail in the folloWing sections. 
[0043] FIG. 6 shoWs a portion of a PWM With a ?xed 
reference comparator in accordance With some embodiments. 
it generally comprises a variable Waveform generator 601 
coupled to a ?xed reference comparator 603 to generate at its 
output a bit stream With a controllably variable duty cycle. 
(As used herein, the term, “?xed reference comparator” refers 
to a circuit to compare an input against a substantially ?xed 
reference signal. The ?xed reference signal may be supplied 
to the comparator circuit, or it could be de?ned by or Within 
the comparator circuit itself. Moreover, the ?xed reference 
may actually be adjustable, e.g., for a trimming, calibration or 
adjustment setting. the fact that it is referred to as “?xed” is 
meant to indicate that it is not adjusted during operation to 
adjust the duty cycle of the bit stream generated by the com 
parator.) The Waveform generator generates a periodic Wave 
form, cycling betWeen loW and high values. It may generate 
any suitable Waveform including but not limited to a sinusoi 
dal Waveform, a triangular Waveform, and a saW-tooth Wave 
form, although a linearly changing Waveform may be desired 
to provide for a linearly adjustable duty cycle. The Waveform 
generator has a control input to control the amplitude and/or 
offset of the Waveform. The Waveform generator output is 
coupled to the positive input of the ?xed reference compara 
tor 603 While a ?xed reference voltage Vref??xed is coupled to 
its negative input. When the Waveform is beloW the reference 
voltage, the comparator outputs a LoW, and When it is above 
the reference voltage, the comparator outputs a High. Thus, a 
bit stream is generated With a frequency corresponding to the 
frequency of the Waveform. Its duty cycle depends on the 
offset position of the Waveform relative to the reference volt 
age. By appropriately controlling the control input to the 
Waveform generator, the Waveform can be shifted upWard or 
doWnWard, relative to the reference voltage, to either increase 
or decrease the amount of time per cycle that the Waveform is 
beloW (or above) the ?xed reference voltage. In this Way, the 
bit stream duty cycle can be adjusted accordingly, corre 
sponding to the percentage of time during each cycle that it is 
above the reference level. (Alternatively, the variable Wave 
form’s amplitude could be adjusted to adjust the bit stream 
duty cycle.) 
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[0044] FIG. 7 shoWs a portion of a ?xed comparator PWM 
using a dual rail generator. The dual rail generator 201 pro 
vides adjustable high and loW rails, VH and VL to the triangu 
lar Waveform generator, Which Works in cooperation With the 
dual rail generator to generate a triangular Waveform cycling 
betWeen the loW and high rails. In some embodiments, the 
?xed reference (Vrefjxed) corresponds to the reference volt 
age (V ref) used in the dual rail generator 201. The positions of 
the high and loW rails, Which are controlled by the amplitude 
and offset controls, determines the height and offset of the 
triangle Wave signal relative to the reference voltage. There 
fore, they can be used to control the duty cycle of the output 
bit stream. In some embodiments, the amplitude may initially 
be set (e.g., at start-up or via periodic calibration), and the 
offset control can then be used by the PWM controller to 
control the duty cycle of the bit stream. (For information on a 
Waveform generator Working in cooperation With a dual rail 
generator to generate a variable Waveform, reference is made 
to co -pending, commonly oWned US patent application titled, 
SIGNAL GENERATING CIRCUIT, ?led on Dec. 19, 2006, 
Which is incorporated by reference into the present applica 
tion.) 
[0045] FIG. 8 shoWs the PWM portion of FIG. 7 With an 
inverter used as the ?xed reference comparator. In some 
embodiments, it’s designed to have a trip-point that corre 
sponds to the reference voltage (Vref) of the dual rail genera 
tor 201. In some embodiments Where a dual rail generator 
such as is shoWn in FIG. 4 is used, the trip-point may be 
designed to correspond to the trip points of inverters in the 
dual rail generator used to set the reference voltage (Vref). 
[0046] With reference to FIG. 9, one example of a computer 
system is shoWn. The depicted system generally comprises a 
processor 902 that is coupled to a voltage regulator 501 (as 
described With reference to FIG. 5), a Wireless interface 908, 
and to memory 906. It is coupled to the voltage regulator 501, 
Which in turn is coupled to a poWer supply 904, to receive 
from the voltage regulator at least one regulated voltage sup 
ply, derived from poWer supply 904. The Wireless interface 
908 is coupled to an antenna 910 to communicatively link the 
processor through the Wireless interface 908 to a Wireless 
netWork (not shoWn). 
[0047] It should be noted that the depicted system could be 
implemented in different forms. That is, it could be imple 
mented on a circuit board, or a chassis having multiple circuit 
boards. Similarly, it could constitute one or more complete 
computers or alternatively, it could constitute a component 
useful Within a computing system. 
[0048] The invention is not limited to the embodiments 
described, but can be practiced With modi?cation and alter 
ation Within the spirit and scope of the appended claims. For 
example, it should be appreciated that the present invention is 
applicable for use With all types of semiconductor integrated 
circuit (“IC”) chips. Examples of these IC chips include but 
are not limited to processors, controllers, chip set compo 
nents, programmable logic arrays (PLA), memory chips, net 
Work chips, and the like. 
[0049] Moreover, it should be appreciated that example 
siZes/models/values/ranges may have been given, although 
the present invention is not limited to the same. As manufac 
turing techniques (e.g., photolithography) mature over time, 
it is expected that devices of smaller siZe could be manufac 
tured. In addition, Well knoWn poWer/ ground connections to 
IC chips and other components may or may not be shoWn 
Within the FIGS. for simplicity of illustration and discussion, 
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and so as not to obscure the invention. Further, arrangements 
may be shown in block diagram form in order to avoid obscur 
ing the invention, and also in vieW of the fact that speci?cs 
With respect to implementation of such block diagram 
arrangements are highly dependent upon the platform Within 
Which the present invention is to be implemented, i.e., such 
speci?cs should be Well Within purvieW of one skilled in the 
art. Where speci?c details (e.g., circuits) are set forth in order 
to describe example embodiments of the invention, it should 
be apparent to one skilled in the art that the invention can be 
practiced Without, or With variation of, these speci?c details. 
The description is thus to be regarded as illustrative instead of 
limiting. 
What is claimed is: 
1. A circuit, comprising: 
a pulse Width modulator comprising: 

a comparator having an associated reference level, and 
an adjustable Waveform generator coupled to said com 

parator to provide it With a periodic Waveform, the 
comparator to generate a bit stream having a control 
lably adjustable duty cycle corresponding to adjust 
ment of the position of the periodic Waveform. 

2. The circuit of claim 1, in Which the periodic Waveform 
comprises a triangle Wave. 

3. The circuit of claim 2, in Which the adjustable Waveform 
generator comprises a control to adjust the offset of the peri 
odic Waveform, relative to the reference level, in order to 
adjust said duty cycle. 

4. The circuit of claim 3, in Which the adjustable Waveform 
generator comprises a dual rail generator coupled to a triangle 
Waveform generator to generate said adjustable periodic 
Waveform. 

5. The circuit of claim 4, in Which the comparator com 
prises an inverter, the associated reference level correspond 
ing to the trip point of the inverter. 

6. The circuit of claim 5, in Which the dual rail generator 
comprises at least one inverter con?gured to function as an 
analog ampli?er, said at least one inverter having a trip point 
substantially the same as the inverter of the comparator. 

7. The circuit of claim 1, in Which the comparator’s asso 
ciated reference level is de?ned by a voltage reference 
coupled to an input of the comparator. 

8. A voltage regulator comprising at least one pulse Width 
modulator as de?ned in claim 1. 

9. A method, comprising: 
comparing a periodic Waveform against a ?xed reference to 

generate a bit stream having a controllably variable duty 
cycle; and 
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providing a control to adjust the periodic Waveform relative 
to the ?xed reference level in order to adjust the duty 
cycle. 

10. The method of claim 9, in Which the periodic Waveform 
comprises a triangular Wave form. 

11. The method of claim 10, further comprising generating 
the triangular Waveform using a dual rail generator. 

12. The method of claim 1 in Which providing a control to 
adjust the Waveform comprises providing an offset control to 
adjust the offset of the Waveform relative to the ?xed refer 
ence. 

13. The method of claim 9, in Which the ?xed reference is 
coupled to a comparator to compare the Waveform against the 
?xed reference. 

14. The method of claim 9, in Which comparing comprises 
comparing the Waveform using an inverter to compare the 
Waveform against the trip point of the inverter. 

15. A computer system, comprising: 
a microprocessor; 
a voltage regulator coupled to the microprocessor to pro 

vide it With a regulated voltage supply, the voltage regu 
lator comprising at least one a pulse Width modulator 
comprising: a comparator having an associated refer 
ence level, and an adjustable Waveform generator 
coupled to said comparator to provide it With a periodic 
Waveform, the comparator to generate a bit stream hav 
ing a controllably adjustable duty cycle corresponding 
to adjustment of the position of the periodic Waveform; 
and 

a poWer supply coupled to the voltage regulator to provide 
it With poWer to generate the regulated voltage supply. 

16. The system of claim 15, in Which the poWer supply 
comprises a re-chargeable battery. 

17. The system of claim 15, in Which the periodic Wave 
form comprises a triangle Wave. 

18. The system of claim 17, in Which the adjustable Wave 
form generator comprises a control to adjust the offset of the 
periodic Waveform, relative to the reference level, in order to 
adjust said duty cycle. 

19. The system of claim 18, in Which the adjustable Wave 
form generator comprises a dual rail generator coupled to a 
triangle Waveform generator to generate said adjustable peri 
odic Waveform. 

20. The system of claim 19, in Which the comparator com 
prises an inverter, the associated reference level correspond 
ing to the trip point of the inverter. 

* * * * * 


