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(54) DC TO DC CONVERTER HAVING SWITCH (57) ABSTRACT 

CONTROL AND METHOD OF OPERATION In a DC. to DC. converter, an input voltage is received via an 
_ _ inductor at an input terminal and stored onto a capacitor of an 

(76) Inventor? John M- Plgott, PhOen1X,AZ (Us) integrator. A ?rst switch is coupled between the input termi 
nal and a reference terminal such as ground and thereby ?uxes 

(21) App1_ NO_; 12/723,223 the inductor. The input voltage stored on the capacitor falls at 
a rate determined by the integrator circuit and an initial value 

. of the in ut volta e. After a time duration, the ?rst sWitch 
(22) Flled: Mar‘ 12’ 2010 becomespnoncondguctive. Current ?oWs from the inductor 

through a diode to an output terminal until a second sWitch 
Publication Classi?cation across the diode is made conductive. Stored voltage on the 

capacitor of the integrator increases in response to the second 
(51) Int‘ Cl‘ sWitch being conductive. The stored voltage on the capacitor 

G05F 1/10 (2006-01) is continuously compared With a reference voltage. The sec 
ond sWitch is made nonconductive When the stored voltage on 

(52) US. Cl. ...................................................... .. 323/283 the capacitor exceeds the reference voltage. 
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DC TO DC CONVERTER HAVING SWITCH 
CONTROL AND METHOD OF OPERATION 

RELATED APPLICATION 

[0001] This application is related to US application docket 
number RA48549ZC, titled “DC to DC CONVERTER HAV 
ING ABILITY OF SWITCHING BETWEEN CONTINU 
OUS AND DISCONTINUOUS MODES AND METHOD 
OF OPERATION,” by Pigott et al., assigned to the assignee 
hereof, and ?led on even date herewith. 

BACKGROUND 

[0002] 1. Field 
[0003] This disclosure relates generally to DC to DC to 
converters, and more speci?cally, to DC to DC converters 
having sWitch control. 
[0004] 2. RelatedArt 
[0005] DC to DC converters have an important role in sys 
tems because it is not uncommon for the poWer supply that is 
available to have a Wide voltage range. Because the poWer 
supply may be a battery, it is desirable that the DC to DC 
converter perform its conversion e?iciently. Ef?ciency is 
reduced by any poWer used by the DC to DC converter itself. 
Thus, for increasing ef?ciency, it is desirable to eliminate or 
reduce any poWer consumed during the conversion. Typically 
a diode is used in the conversion process but any current 
passing through the diode is a loss of poWer due to the voltage 
drop of about 0.7 volt of a forWard biased PN junction. 
Attempts have been made to eliminate this diode drop by 
using a sWitched transistor, but timing of the transistor is very 
critical for proper operation. If the transistor is conductive for 
too long, current can actually ?oW from the output back to the 
converter. If the transistor is becomes non-conductive too 
soon, poWer is Wasted through the diode. 
[0006] Thus, there is a need to eliminate or improve upon 
the issues raised above in performing a DC to DC conversion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The present invention is illustrated by Way of 
example and is not limited by the accompanying ?gures, in 
Which like references indicate similar elements. Elements in 
the ?gures are illustrated for simplicity and clarity and have 
not necessarily been draWn to scale. 
[0008] FIG. 1 is a circuit diagram of an embodiment; 
[0009] FIG. 2 is a timing diagram helpful in understanding 
the operation of the embodiment of FIG. 1; and 
[0010] FIG. 3 is a circuit diagram of a circuit element that 
may be used in the embodiment of FIG. 1. 

DETAILED DESCRIPTION 

[0011] In one aspect a DC to DC converter has a sWitch in 
parallel With a diode that is used to bypass the diode to 
improve ef?ciency. Connections are present for an inductor in 
Which current is to be passed through the inductor and corre 
sponding energy stored in the inductor Which lasts for a ?rst 
duration. The energy, in the form of current, is then coupled 
through the diode and, after a very short delay, through the 
sWitch to provide current at the output voltage. The timing of 
the sWitch becoming non-conductive is important to the e?i 
ciency of the converter and is achieved using an RC integrator 
that computes both the time of storing energy in the inductor 
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and the time that the inductor provides current to the output. 
This is better understood by reference to the folloWing 
description and the draWings. 
[0012] The terms “assert” or “set” and “negate” (or “deas 
sert” or “clear”) are used herein When referring to the render 
ing of a signal, status bit, or similar apparatus into its logically 
true or logically false state, respectively. If the logically true 
state is a logic level one, the logically false state is a logic level 
Zero. And if the logically true state is a logic level Zero, the 
logically false state is a logic level one. 

[0013] ShoWn in FIG. 1 is a DC to DC converter 10 having 
a regulator 12, an N channel transistor 14, an inductor 16, a 
resistor 17, a capacitor 18, a capacitor 20, an N channel 
transistor 22, a P channel transistor 24, an N channel transis 
tor 25, an N channel transistor 26, an NAND gate 28, a D 
?ip-?op 30, an inverter 32, a P channel transistor 34, a diode 
36, a capacitor 38, and a load 40. Regulator 12 has an input 
connected to an output Vo of converter 10, a ?rst output 
connected to a node 46, and a second output providing an 
enable signal EN. Transistor 14 has a control electrode con 
nected to node 46, a source connected to ground, and a drain 
connected to a node 42. Inductor 16 has a ?rst terminal for 
receiving a poWer supply voltage Vin and a second terminal 
connected to node 42. Resistor 17 has a ?rst terminal con 
nected to node 42 and a second terminal connected to a node 
44. Capacitor 18 has a ?rst terminal connected to node 44 and 
a second terminal connected to ground. Capacitor 20 has a 
?rst terminal connected to node 44 and a second terminal 
connected to node 47. Transistor 22 has a ?rst current elec 
trode connected to the second terminal of capacitor, a control 
electrode for receiving an equalization signal EQ, and a sec 
ond current electrode connected to a node 45. Transistor 24 
has a source connected to a poWer supply terminal VDD, a 
control electrode connected to the second terminal of capaci 
tor 20, and a drain connected to a node 45. Transistor 25 has 
a drain connected to node 45, a gate connected to the second 
terminal of capacitor 20, and a source. Transistor 26 has a 
drain connected to the source of transistor 25, a control elec 
trode for receiving the enable signal, and a source connected 
to ground. NAND gate 28 has a ?rst input connected to node 
45, a second input for receiving the enable signal EN, and an 
output. D ?ip-?op 30 has a reset R input connected to the 
output of NAND gate 28, a D input connected to poWer supply 
terminal VDD, an output Q*, and a clock input C. Inverter 32 
has an input connected to node 46 and an output connected to 
the clock input C of D ?ip-?op 30. Transistor 34 has a gate 
connected to the output Q* of ?ip-?op 30, a ?rst current 
electrode connected to node 42, and a second current elec 
trode connected to outputVo. A diode has an anode connected 
to node 42 and a cathode connected to output Vo. Capacitor 38 
has a ?rst terminal connected to output V0 and a second 
terminal connected to ground. Load 40 is connected to output 
V0. 

[0014] In operation, inductor 16 ?rst stores energy While 
transistor 14 is conductive and then provides current based on 
its stored energy to output Vo. This process repeats at a rate 
commensurate With the poWer demands of load 40. At a time 
prior to inductor 16 storing energy, transistors 14 and 34 are 
non-conductive. In this condition, poWer to load 40 is being 
supplied by charge stored in capacitor 38. 
[0015] In order to maintain the voltage level at output Vo at 
the desired level, a next charging phase is begun by regulator 
12, Which senses output Vo, generating enable signal EN. 
This is shoWn as occurring at time t1 in FIG. 1. Enable signal 
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EN being generated causes transistor 26 to be conductive and 
NAND gate 28 to be responsive to its ?rst input. Transistors 
24 and 25 form an inverting ampli?er that is enabled When 
transistor 26 is conductive. The inverting ampli?er is used as 
a detector circuit. Prior to enable signal EN being generated, 
there is no current ?oWing through inductor 1 6 so that node 42 
is at Vin as is node 44. When enable signal EN is generated at 
time t1, equalization signal EQ responds to being enabled by 
transitioning from a logic loW to a logic high at substantially 
time t1. Equalization signal EQ at a logic high causes tran 
sistor 22 to be conductive so that nodes 45 and 47 are coupled 
together. Thus the input of inverting ampli?er at node 47 and 
the output of inverting ampli?er at node 45 is equalized. This 
con?guration of the output of an inverting ampli?er being 
applied to the input is called autozero. In this con?guration 
the voltage at nodes 45 and 47 is at the sWitch point of the 
inverting ampli?er, Which is the point at Which any increase in 
the input voltage Will result in the input being recognized as a 
logic high and any decrease in the input voltage Will result in 
the input being recognized as a logic loW. The voltage at node 
44 may have been affected by node 45 and 47 being coupled 
together so that equalization signal EQ is maintained at a 
logic high su?iciently long for node 44 to reach the level of 
poWer supply voltage Vin, the condition at Which no current is 
?oWing at node 42. After this su?icient time for node 44 to 
substantially reach voltage Vin, equalization signal EQ is 
sWitched to a logic loW, at time t2 as shoWn in FIG. 2, by 
regulator 12 to cause transistor 22 to be non-conductive and 
leaving node 47 in a ?oating condition. In this condition of 
node 44 being at voltage Vin and node 47 being precharged at 
the sWitch point of the detection circuit, a reference voltage is 
established across capacitor 20. 

[0016] After equalization signal EQ sWitches to a logic loW, 
regulator 12 generates an energize signal at node 46 shoWn as 
occurring at time t3 in FIG. 2. This causes inverter 32 to 
transition its output, Which is coupled to the clock input of D 
?ip-?op 30, from a logic high to a logic loW. D ?ip-?op 30 is 
positive edge triggered so D ?ip-?op 30 is non-responsive to 
this logic high to logic loW transition so that the output at node 
48 remains at a logic high Which keeps transistor 34 non 
conductive. The logic high at node 46 causes transistor 14 to 
become conductive causing node 42 to sWitch to a logic loW 
as shoWn in FIG. 2. With node 42 being at a logic loW, current 
enters inductor 16 Where energy is stored. Node 42 at a logic 
loW causes charge to ?oW out from capacitor 18 at a rate based 
upon the resistance (R) of resistor 17 and the capacitance (C) 
of capacitor 18. This is commonly called the RC time con 
stant. Thus capacitor 18 is being discharged at a rate based 
upon the RC time constant. As node 44 reduces in voltage, as 
shoWn in FIG. 2 beginning substantially at time t3, node 47, 
Which is ?oating, reduces in voltage by the same amount. The 
voltage across capacitor 20 remains substantially constant, 
thus functioning as an autozero capacitor, so that node 47 
drops at the same rate as node 44. This ensures that node 47 is 
beloW the sWitch point of the detector made of transistors 24 
and 25. Thus node 45 is at a logic high Which means that the 
R input of D ?ip-?op 30 is at a logic loW. Capacitor 44 Will 
continue to discharge until regulator 12 changes the signal at 
node 46 to a logic loW. 

[0017] The transition of the signal at node 46, Which is 
shoWn in FIG. 2 as occurring at a time t4, to a logic loW causes 
transistor 14 to become non-conductive and inverter 32 to 
transition the clock input of D ?ip-?op 30 to a logic high. This 
positive edge of the clock input causes the Q* output of D 
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?ip-?op 30 to output the inverse of the signal at its D input. 
The D input is at a logic high due to being connected to 
positive poWer supply terminal VDD. Thus the Q* output 
transitions to a logic loW Which causes transistor 34 to 
become conductive. Transistor 34 thus has the affect of 
bypassing diode 36 and avoiding the extra voltage drop 
caused by a forWard biased PN junction. Because transistor 
46 becomes non-conductive before transistor 34 becomes 
conductive, current supplied from inductor 26 initially passes 
through diode 38 and thus the initial voltage at node 42 at time 
t4 is a diode drop above the output voltage V0. After the 
necessary transitions through inverter 32 and D ?ip-?op 30, 
transistor 34 bypasses diode 36 so that the voltage at node 42 
is substantially the same as the output voltage V0. With the 
voltage at node 42 at output voltage V0, the voltage at node 44 
begins to rise at substantially time t4 as shoWn in FIG. 2. The 
voltage at node 44 continues to rise causing node 47 to also 
rise at the same rate. When node 44 reaches the level of 
voltage Vin, node 47 reaches the sWitch point of the detector 
of transistors 24 and 25. The voltage across capacitor 29 
remains unchanged because node 47 is ?oating. When the 
voltage at node 47 reaches the sWitch point or perhaps slightly 
exceeds it, the output of the detector at node 45 sWitches from 
a logic high to a logic loW. NAND gate 28, With the enable 
signal EN still a logic high, sWitches its output from a logic 
loW to a logic high. This results in the R input of ?ip-?op 30 
sWitching to a logic high Which causes ?ip-?op 30 to reset its 
Q* output to a logic loW. The logic loW output from ?ip-?op 
30 causes transistor 36 to become non-conductive. Any addi 
tional stored energy in inductor 16 passes through diode 36. 
After a predetermined time suf?cient so that, preferably, 
inductor 16 is not supplying current through diode 36, enable 
signal EN is transitioned to a logic loW. Enable signal at a 
logic loW disables the detector and causes NAND gate 28 to 
provide a logic high output. In such case D ?ip-?op 30 is held 
in the reset condition Which is the condition Where a logic loW 
is output to transistor 34 and thus holding transistor 34 in the 
non-conductive state. 

[0018] Capacitor 18 and resistor 17 function as an integra 
tor so that the voltage change from Vin to a loW value, pref 
erably ground, is integrated as a ?rst integration. Capacitor 18 
and resistor 17 are not a perfect integrator but operating over 
a time that is substantially shorter than the RC time constant 
provides a very good approximation of integration. Thus the 
capacitance of capacitor 18 and the resistance of resistor 17 
are chosen to ensure this is the case. A second integration is 
performed in reverse When the voltage level at node 42 is at 
the level of the output voltage V0. By using the same resis 
tance and capacitance connected to inductor 16 for both inte 
grations, there is no error introduced by variation in those 
values. The ?rst integration is a measure of the current ?oW 
ing in inductor 16 based on the time the voltage at node 42 is 
at ground. The second integration is a measure of the current 
that is ?oWing to the output to maintain the output voltage of 
V0 for load 40. If transistor 34 stays conductive too long, 
current Will actually reverse and begin ?oWing back to node 
42 Which is a Waste of poWer. Diode 36, With transistor 34 
non-conductive, prevents this reverse ?oW. Diode 36, hoW 
ever, Wastes poWer When current is passing through it from 
node 42 to the output. Thus it is bene?cial for transistor 34 to 
be conductive as long as current is passing from node 42 to the 
output. The return of node 44 to the level of voltage Vin 
indicates that the inductor current has substantially reached 
zero and thus it is time to make transistor 34 non-conductive. 
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The return of node 44 to the level of voltage Vin is detected at 
node 47 by transistors 24 and 25 and propagated through 
NAND gate 28 to ?ip-?op 30. Flip-?op 30 responds by tran 
sitioning the signal at node 48 from a logic loW to a logic high 
at time t5 as shoWn in FIG. 2 Which causes transistor 34 to 
become non-conductive. Due to the use of an RC time con 
stant for the integrator, When the output voltage is substan 
tially greater than the input voltage, the net effect of the ?rst 
and second integration is that the node 42 returns to the level 
of Vin a little before the stored energy has been completely 
transferred Which has the effect of easily ensuring that tran 
sistor 34 is non-conductive before all of the stored energy has 
been transferred. Upon transistor 34 becoming non-conduc 
tive, node 42 Will respond With a small amount of ringing as 
shoWn in FIG. 2. 

[0019] Transistors 24 and 25 operate as a detector as to 
When node 47 has reached the sWitch point of that inverting 
ampli?er formed by those tWo transistors and enabled by 
transistor 26. Capacitor 20 stores a voltage Which is the dif 
ference betWeen the voltage at Vin and the sWitch point of the 
inverting ampli?er. The effect is that node 47 begins at the 
sWitch point, folloWs the voltage drop on node 44, and then 
folloWs the rise in voltage on node 44. Thus, node 47 reaches 
the sWitch point When node 44 returns to the level of Vin. 
Thus, capacitor 20 and transistors 24 and 25 function as a 
detector When the voltage at node 44 crosses the level of 
voltage Vin. Transistor 22 is useful in establishing initial 
conditions for detecting the transition of node 44 across the 
level of Vin. 

[0020] An alternative andperhaps more general approach is 
shoWn in FIG. 3 comprising a comparator 50 that can function 
as the detector circuit of transistors 22, 24, 25, and 26 and 
capacitor 20. Comparator 50 has an inverting input coupled to 
node 44 of FIG. 1, a non-inverting input coupled to a refer 
ence voltage Vref, and enable input for receiving enable sig 
nal EN of FIG. 1, and an output coupled to node 45. Reference 
voltage Vref can be voltage Vin. In such case, When node 44 
is beloW Vin and the enable signal is active, comparator 50 
outputs a logic high on node 45. When node 44 rises and 
reaches the level of voltage Vin, comparator 50 transitions its 
output to a logic loW. This is the same functional operation as 
for the detector circuit of 22, 24, 25, and 26 and capacitor 20. 
For comparator 50 of FIG. 3, a different reference voltage 
than the level of voltage Vin may be effective. 
[0021] Thus, DC to DC converter 10 provides a very e?i 
cient control of transistor 34 so that there is very little time 
during Which current passes through diode 36. Diode 36 
remains useful for ensuring that a current path is alWays 
available from node 42 to V0 to alloW some margin in timing 
the conductivity of transistor 34. 
[0022] By noW it should be appreciated that there has been 
provided a DC. to DC. converter. The DC. to DC. converter 
includes an input terminal for receiving a ?rst terminal of an 
inductor, the inductor having a second terminal for receiving 
an input voltage. The DC to DC converter further includes a 
?rst sWitch having a ?rst terminal coupled to a ?rst node, a 
second terminal coupled to a ?rst reference terminal and a 
control terminal. The DC to DC converter further includes a 
regulator coupled to the control terminal of the ?rst sWitch for 
regulating conduction of the ?rst sWitch. The DC to DC 
converter further includes diode means coupled betWeen the 
?rst node and an output terminal for providing current ?oW 
only from the ?rst node to the output terminal. The DC to DC 
converter further includes a second sWitch having a ?rst ter 
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minal coupled to the ?rst node, a control terminal, and a 
second terminal coupled to the output terminal, the second 
sWitch selectively short circuiting the diode means. The DC to 
DC converter further includes an integrator coupled betWeen 
the ?rst node and a second reference terminal, the integrator 
having an output. The DC to DC converter further includes 
detector means coupled to the output of the integrator for 
detecting When voltage at the output of the integrator exceeds 
a reference voltage, and having an output. The DC to DC 
converter further includes logic circuitry having an input 
coupled to the output of the detector means and an output 
coupled to the control terminal of the second sWitch, the logic 
circuitry making the second sWitch conductive in response to 
the ?rst sWitch becoming nonconductive and making the sec 
ond sWitch nonconductive in response to the output of the 
detector means. The DC to DC converter may have a further 
characterization by Which the reference voltage is a voltage at 
the output of the integrator When the ?rst sWitch ?rst becomes 
conductive. The DC to DC converter may have a further 
characterization by Which the detector means comprises a 
?rst transistor of a ?rst conductivity type having a ?rst current 
electrode coupled to a poWer supply voltage terminal, a con 
trol electrode, and a second current electrode; a second tran 
sistor of a second conductivity type opposite the ?rst conduc 
tivity type having a ?rst current electrode coupled to the 
second current electrode of the ?rst transistor, a control elec 
trode coupled to the control electrode of the ?rst transistor, 
and a second current electrode coupled to a ground terminal; 
a third transistor having a ?rst current electrode coupled to the 
control electrode of the ?rst transistor, a second current elec 
trode coupled to the second current electrode of the ?rst 
transistor, and a control electrode for receiving an equaliza 
tion control signal; a logic gate having a ?rst input coupled to 
the second current electrode of the ?rst transistor, a second 
input for receiving an enable signal, and an output coupled to 
the input of the logic circuitry; and a capacitor having a ?rst 
electrode coupled to the output of the integrator and a second 
electrode coupled to the control electrode of the ?rst transis 
tor. The DC to DC converter may further comprise a fourth 
transistor of the second conductivity type having a ?rst cur 
rent electrode coupled to the second current electrode of the 
second transistor, a control electrode coupled to the regulator, 
and a second current electrode coupled to the ground termi 
nal. The DC to DC converter may have a further character 
ization by Which Wherein the detector means comprises a 
comparator circuit having a ?rst input coupled to the refer 
ence voltage, a second input coupled to the output of the 
integrator, and an output terminal for providing the output of 
the detector means. The DC to DC converter may have a 
further characterization by Which the logic circuitry com 
prises a ?ip-?op circuit having a clock input coupled to the 
regulator, a data input coupled to a poWer supply voltage 
terminal, a reset input coupled to the output of the detector 
means, and an output coupled to the control terminal of the 
second sWitch. The DC to DC converter may have a further 
characterization by Which the integrator comprises a resistor 
having a ?rst terminal coupled to the input terminal and 
having a second terminal; and a capacitor having a ?rst elec 
trode coupled to the second terminal of the resistor and a 
second electrode coupled to the second reference terminal. 

[0023] Also disclosed is a method. The method includes 
receiving an input voltage via an inductor at an input terminal. 
The method also includes storing the input voltage onto a 
capacitor of an integrator circuit. The method also includes 
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making a ?rst switch conductive, the ?rst sWitch being 
coupled betWeen the input terminal and a ground, and thereby 
?uxing the inductor. The method also includes making the 
input voltage stored on the capacitor fall at a rate determined 
by the integrator circuit and an initial value of the input 
voltage. The method also includes ?oWing current from the 
inductor through a diode to an output terminal for providing 
an output voltage until a second sWitch across the diode is 
made conductive. The method also includes increasing stored 
voltage on the capacitor of the integrator in response to the 
second sWitch being conductive at a rate that is proportional 
to the output voltage minus the input voltage. The method 
also includes continuously comparing the stored voltage on 
the capacitor With a reference voltage. The method also 
includes making the second sWitch nonconductive When the 
stored voltage on the capacitor reaches and begins to exceed 
the reference voltage. The method may further include reduc 
ing voltage across the inductor by a diode voltage drop When 
the second sWitch is conducting. The method may further 
include controlling the time duration by a regulator circuit 
coupled to the ?rst sWitch. The method may further include 
enabling a comparator for the continuously comparing by 
providing an enable signal from the regulator circuit prior to 
making the ?rst sWitch conductive. The method may further 
include implementing the continuously comparing With an 
autozero capacitor coupled to an inverter Which is coupled to 
a logic gate, the inverter having an equalization transistor 
selectively coupled betWeen an input and an output thereof 
for setting a trip point voltage of the inverter to the input 
voltage. The method may have a further characterization by 
Which implementing the continuously comparing With a com 
parator circuit coupled to a logic gate, the comparator circuit 
having a ?rst input coupled to a reference terminal for receiv 
ing the reference voltage, a second input coupled to the 
capacitor of the integrator circuit and having an output 
coupled to the logic gate. The method may further include 
coupling a ?ip-?op betWeen detection circuitry and the sec 
ond sWitch, the ?ip-?op being reset When stored voltage on 
the capacitor reaches and exceeds the reference voltage to 
provide a control signal for biasing the second sWitch. 
[0024] Disclosed also is a DC to DC converter having a an 
input terminal for receiving a ?rst terminal of an inductor, the 
inductor having a second terminal for receiving an input 
voltage. The DC to DC converter also includes a ?rst transis 
tor sWitch having a ?rst current electrode coupled to a ?rst 
node, a second current electrode coupled to a ground terminal 
and a control terminal. The DC to DC converter also includes 
a regulator coupled to the control terminal of the ?rst transis 
tor sWitch for regulating conduction of the ?rst sWitch. The 
DC to DC converter also includes a diode having a cathode 
coupled to the ?rst node and an anode coupled to an output 
terminal for providing current ?oW only from the ?rst node to 
the output terminal. The DC to DC converter also includes a 
second transistor sWitch having a ?rst current electrode 
coupled to the cathode of the diode, a control terminal, and a 
second current electrode coupled to the anode of the diode, 
the second transistor sWitch selectively short circuiting the 
diode. The DC to DC converter also includes an RC integrator 
coupled betWeen the ?rst node and the ground terminal, the 
RC integrator having an output. The DC to DC converter also 
includes a detector coupled to the output of the RC integrator 
for detecting When voltage at the output of the RC integrator 
exceeds a reference voltage, and having an output. The DC to 
DC converter also includes a ?ip-?op having an input coupled 
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to the output of the detector and an output coupled to the 
control terminal of the second transistor sWitch, the ?ip-?op 
making the second transistor sWitch conductive in response to 
the ?rst transistor sWitch becoming nonconductive and mak 
ing the second transistor sWitch nonconductive in response to 
determining When capacitor voltage in the RC integrator 
exceeds the reference voltage. The DC to DC converter may 
have a further characterization by Which detector comprises: 
a capacitor having a ?rst electrode coupled to the output of the 
RC integrator, and having a second electrode; a P-channel 
transistor having a ?rst current electrode coupled to a poWer 
supply voltage terminal, a gate coupled to the second elec 
trode of the capacitor, and a second current electrode coupled 
to a node; a ?rst N-channel transistor having a ?rst current 
electrode coupled to the second current electrode of the 
P-channel transistor at the node, a gate coupled to the gate of 
the P-channel transistor, and a second current electrode; a 
second N-channel transistor having a ?rst current electrode 
coupled to the second current electrode of the ?rst N-channel 
transistor, a gate coupled to the regulator, and a second current 
electrode coupled to the ground terminal; and a logic gate 
having a ?rst input coupled to the node, a second input 
coupled to the regulator, and an output coupled to a reset input 
of the ?ip-?op. The DC to DC converter may have a further 
characterization by Which the reference voltage is a voltage at 
the output of the RC integrator When the ?rst sWitch ?rst 
becomes conductive. The DC to DC converter may have a 
further characterization by Which detector comprises: a com 
parator circuit having a ?rst input coupled to the output of the 
RC integrator, a second input for receiving the reference 
voltage, a third input coupled to the regulator for receiving an 
enable signal, and an output; and a logic gate having a ?rst 
input coupled to the output of the detector, a second input 
coupled to the regulator for receiving the enable signal and an 
output coupled to the input of the ?ip-?op. The DC to DC 
converter may have a further characterization by Which the 
input of the ?ip-?op is a reset input. The DC to DC converter 
may have a further characterization by Which the RC integra 
tor comprises: a resistor having a ?rst terminal coupled to the 
input terminal and having a second terminal; and a capacitor 
having a ?rst electrode coupled to the second terminal of the 
resistor at the output of the integrator, the capacitor having a 
second electrode coupled to the ground terminal. 
[0025] Although the invention is described herein With ref 
erence to speci?c embodiments, various modi?cations and 
changes can be made Without departing from the scope of the 
present invention as set forth in the claims beloW. For 
example, an RC integrator Was disclosed but another integra 
tor may be effective. Also at least some portions of the logic 
may be reversed and NAND gate 28 could then be some other 
type of logic gate such as a NOR gate. Accordingly, the 
speci?cation and ?gures are to be regarded in an illustrative 
rather than a restrictive sense, and all such modi?cations are 
intended to be included Within the scope of the present inven 
tion. Any bene?ts, advantages, or solutions to problems that 
are described herein With regard to speci?c embodiments are 
not intended to be construed as a critical, required, or essential 
feature or element of any or all the claims. 

[0026] The term “coupled,” as used herein, is not intended 
to be limited to a direct coupling or a mechanical coupling. 

[0027] Furthermore, the terms “a” or “an,” as used herein, 
are de?ned as one or more than one. Also, the use of intro 
ductory phrases such as “at least one” and “one or more” in 
the claims should not be construed to imply that the introduc 
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tion of another claim element by the inde?nite articles a or 
“an” limits any particular claim containing such introduced 
claim element to inventions containing only one such ele 
ment, even When the same claim includes the introductory 
phrases “one or more” or “at least one” and inde?nite articles 
such as “a” or “an.” The same holds true for the use of de?nite 
articles. 
[0028] Unless stated otherwise, terms such as “?rst” and 
“second” are used to arbitrarily distinguish betWeen the ele 
ments such terms describe. Thus, these terms are not neces 
sarily intended to indicate temporal or other prioritization of 
such elements. 

What is claimed is: 
1. A DC. to DC. converter, comprising: 
an input terminal for receiving a ?rst terminal of an induc 

tor, the inductor having a second terminal for receiving 
an input voltage; 

a ?rst sWitch having a ?rst terminal coupled to a ?rst node, 
a second terminal coupled to a ?rst reference terminal 
and a control terminal; 

a regulator coupled to the control terminal of the ?rst 
sWitch for regulating conduction of the ?rst sWitch; 

diode means coupled betWeen the ?rst node and an output 
terminal for providing current ?oW only from the ?rst 
node to the output terminal; 

a second sWitch having a ?rst terminal coupled to the ?rst 
node, a control terminal, and a second terminal coupled 
to the output terminal, the second sWitch selectively 
short circuiting the diode means; 

an integrator coupled betWeen the ?rst node and a second 
reference terminal, the integrator having an output; 

detector means coupled to the output of the integrator for 
detecting When voltage at the output of the integrator 
exceeds a reference voltage, and having an output; and 

logic circuitry having an input coupled to the output of the 
detector means and an output coupled to the control 
terminal of the second sWitch, the logic circuitry making 
the second sWitch conductive in response to the ?rst 
sWitch becoming nonconductive and making the second 
sWitch nonconductive in response to the output of the 
detector means. 

2. The DC. to DC. converter of claim 1 Wherein the 
reference voltage is voltage at the output of the integrator 
When the ?rst sWitch ?rst becomes conductive. 

3. The DC. to DC. converter of claim 1 Wherein the 
detector means comprises: 

a ?rst transistor of a ?rst conductivity type having a ?rst 
current electrode coupled to a poWer supply voltage 
terminal, a control electrode, and a second current elec 
trode; 

a second transistor of a second conductivity type opposite 
the ?rst conductivity type having a ?rst current electrode 
coupled to the second current electrode of the ?rst tran 
sistor, a control electrode coupled to the control elec 
trode of the ?rst transistor, and a second current elec 
trode coupled to a ground terminal; 

a third transistor having a ?rst current electrode coupled to 
the control electrode of the ?rst transistor, a second 
current electrode coupled to the second current electrode 
of the ?rst transistor, and a control electrode for receiv 
ing an equalization control signal; 

a logic gate having a ?rst input coupled to the second 
current electrode of the ?rst transistor, a second input for 
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receiving an enable signal, and an output coupled to the 
input of the logic circuitry; and 

a capacitor having a ?rst electrode coupled to the output of 
the integrator and a second electrode coupled to the 
control electrode of the ?rst transistor. 

4. The DC. to DC. converter of claim 3 further compris 
ing: 

a fourth transistor of the second conductivity type having a 
?rst current electrode coupled to the second current elec 
trode of the second transistor, a control electrode 
coupled to the regulator, and a second current electrode 
coupled to the ground terminal. 

5. The DC. to DC. converter of claim 1 Wherein the 
detector means comprises a comparator circuit having a ?rst 
input coupled to the reference voltage, a second input coupled 
to the output of the integrator, and an output terminal for 
providing the output of the detector means. 

6. The DC. to DC. converter of claim 1 Wherein the logic 
circuitry comprises a ?ip-?op circuit having a clock input 
coupled to the regulator, a data input coupled to a poWer 
supply voltage terminal, a reset input coupled to the output of 
the detector means, and an output coupled to the control 
terminal of the second sWitch. 

7. The DC. to DC. converter of claim 1 Wherein the 
integrator comprises: 

a resistor having a ?rst terminal coupled to the input ter 
minal and having a second terminal; and 

a capacitor having a ?rst electrode coupled to the second 
terminal of the resistor and a second electrode coupled to 
the second reference terminal. 

8. A method comprising: 
receiving an input voltage via an inductor at an input ter 

minal; 
storing the input voltage onto a capacitor of an integrator 

circuit; 
making a ?rst sWitch conductive, the ?rst sWitch being 

coupled betWeen the input terminal and a ground, and 
thereby ?uxing the inductor; 

making the input voltage stored on the capacitor fall at a 
rate determined by the integrator circuit and an initial 
value of the input voltage; 

after a time duration, making the ?rst sWitch nonconduc 
tive; 

?oWing current from the inductor through a diode to an 
output terminal for providing an output voltage until a 
second sWitch across the diode is made conductive; 

increasing stored voltage on the capacitor of the integrator 
in response to the second sWitch being conductive at a 
rate that is proportional to the output voltage minus the 
input voltage; 

continuously comparing the stored voltage on the capacitor 
With a reference voltage; and 

making the second sWitch nonconductive When the stored 
voltage on the capacitor reaches andbegins to exceed the 
reference voltage. 

9. The method of claim 8 further comprising: 
reducing voltage across the inductor by a diode voltage 

drop When the second sWitch is conducting. 
10. The method of claim 8 further comprising: 
controlling the time duration by a regulator circuit coupled 

to the ?rst sWitch. 
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11. The method of claim 10 further comprising: 
enabling a comparator for the continuously comparing by 

providing an enable signal from the regulator circuit 
prior to making the ?rst sWitch conductive. 

12. The method of claim 8 further comprising: 
implementing the continuously comparing With an autoZ 

ero capacitor coupled to an inverter Which is coupled to 
a logic gate, the inverter having an equalization transis 
tor selectively coupled betWeen an input and an output 
thereof for setting a trip point voltage of the inverter to 
the input voltage. 

13. The method of claim 8 further comprising: 
implementing the continuously comparing With a com 

parator circuit coupled to a logic gate, the comparator 
circuit having a ?rst input coupled to a reference termi 
nal for receiving the reference voltage, a second input 
coupled to the capacitor of the integrator circuit and 
having an output coupled to the logic gate. 

14. The method of claim 8 further comprising: 
coupling a ?ip-?op betWeen detection circuitry and the 

second sWitch, the ?ip-?op being reset When stored volt 
age on the capacitor reaches and exceeds the reference 
voltage to provide a control signal for biasing the second 
sWitch. 

15. A DC. to DC. converter, comprising: 
an input terminal for receiving a ?rst terminal of an induc 

tor, the inductor having a second terminal for receiving 
an input voltage; 

a ?rst transistor sWitch having a ?rst current electrode 
coupled to a ?rst node, a second current electrode 
coupled to a ground terminal and a control terminal; 

a regulator coupled to the control terminal of the ?rst 
transistor sWitch for regulating conduction of the ?rst 
sWitch; 

a diode having a cathode coupled to the ?rst node and an 
anode coupled to an output terminal for providing cur 
rent ?oW only from the ?rst node to the output terminal; 

a second transistor sWitch having a ?rst current electrode 
coupled to the cathode of the diode, a control terminal, 
and a second current electrode coupled to the anode of 
the diode, the second transistor sWitch selectively short 
circuiting the diode; 

an RC integrator coupled betWeen the ?rst node and the 
ground terminal, the RC integrator having an output; 

a detector coupled to the output of the RC integrator for 
detecting When voltage at the output of the RC integrator 
exceeds a reference voltage, and having an output; and 

a ?ip-?op having an input coupled to the output of the 
detector and an output coupled to the control terminal of 
the second transistor sWitch, the ?ip-?op making the 
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second transistor sWitch conductive in response to the 
?rst transistor sWitch becoming nonconductive and 
making the second transistor sWitch nonconductive in 
response to determining When capacitor voltage in the 
RC integrator exceeds the reference voltage. 

16. The DC. to DC. converter of claim 15 Wherein the 
detector comprises: 

a capacitor having a ?rst electrode coupled to the output of 
the RC integrator, and having a second electrode; 

a P-channel transistor having a ?rst current electrode 
coupled to a poWer supply voltage terminal, a gate 
coupled to the second electrode of the capacitor, and a 
second current electrode coupled to a node; 

a ?rst N-channel transistor having a ?rst current electrode 
coupled to the second current electrode of the P-channel 
transistor at the node, a gate coupled to the gate of the 
P-channel transistor, and a second current electrode; 

a second N-channel transistor having a ?rst current elec 
trode coupled to the second current electrode of the ?rst 
N-channel transistor, a gate coupled to the regulator, and 
a second current electrode coupled to the ground termi 
nal; and 

a logic gate having a ?rst input coupled to the node, a 
second input coupled to the regulator, and an output 
coupled to a reset input of the ?ip-?op. 

17. The DC. to DC. converter of claim 15 Wherein the 
reference voltage is a voltage at the output of the RC integra 
tor When the ?rst sWitch ?rst becomes conductive. 

18. The DC. to DC. converter of claim 15 Wherein the 
detector comprises: 

a comparator circuit having a ?rst input coupled to the 
output of the RC integrator, a second input for receiving 
the reference voltage, a third input coupled to the regu 
lator for receiving an enable signal, and an output; and 

a logic gate having a ?rst input coupled to the output of the 
detector, a second input coupled to the regulator for 
receiving the enable signal and an output coupled to the 
input of the ?ip-?op. 

19. The DC. to DC. converter of claim 18 Wherein the 
input of the ?ip-?op is a reset input. 

20. The DC. to DC. converter ofclaim 15 Wherein the RC 
integrator comprises: 

a resistor having a ?rst terminal coupled to the input ter 
minal and having a second terminal; and 

a capacitor having a ?rst electrode coupled to the second 
terminal of the resistor at the output of the integrator, the 
capacitor having a second electrode coupled to the 
ground terminal. 


