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(57) ABSTRACT 

A switching DC-to-DC converter having at least one poWer 
channel including an inductor and a controller Which gen 
erates at least one poWer sWitch control signal for at least 
one poWer sWitch of each poWer channel. The converter is 
con?gured to operate in a continuous mode When the 
inductor current remains above Zero, to enter a discontinu 
ous pulse skipping mode of operation When the inductor 
current falls to Zero (Which occurs When the load current is 

beloW a threshold value), and to leave the discontinuous 
pulse skipping mode and resume continuous mode operation 
When the inductor current rises above Zero. The main 
difference betWeen the continuous and discontinuous pulse 
skipping modes is that in the continuous mode, a poWer 
sWitch has a duty cycle determined by a feedback signal 
indicative of the converter’s output potential VOut (so that the 
duty cycle is independent of the current draWn from the 
converter by the load), and in the discontinuous pulse 
skipping mode the poWer sWitch has a duty cycle Which is 
the longer of a minimum duty cycle and a discontinuous 
(non-pulse-skipping) mode duty cycle. The discontinuous 
pulse skipping mode is more efficient than the continuous 
mode under conditions of 10W load current. Preferably, the 
controller includes cycle-skipping circuitry operable in the 
discontinuous pulse skipping mode and optionally also the 
continuous mode to cause the poWer sWitch to remain off for 
at least one cycle under the condition that the converter’s 
output potential rises above a threshold. Preferably, the 
cycle-skipping circuitry includes a comparator Which com 
pares an error ampli?er output (indicative of the converter 
output potential) With a threshold potential, and logic cir 
cuitry (e.g., an AND gate coupled to the comparator output) 
Which asserts a latch-clearing signal once per sWitching 
cycle When the comparator output indicates that the con 
verter’s output has risen above the threshold. Other aspects 
of the invention are a sWitching controller for use in such a 
converter and a method for generating poWer sWitch control 
signals for such a converter in a discontinuous pulse skip 
ping mode of operation. 
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SWITCHING DC-TO-DC CONVERTER WITH 
DISCONTINUOUS PULSE SKIPPING AND 

CONTINUOUS OPERATING MODES WITHOUT 
EXTERNAL SENSE RESISTOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to switching DC-to 
DC converters, and to switching controllers for use in such 
converters. 

[0003] 2. Description of the Related Art 

[0004] One type of conventional sWitching poWer supply 
circuitry Which employs voltage feedback to achieve output 
voltage regulation is the DC-to-DC converter of FIG. 1, 
Which includes current mode sWitching controller chip 1, 
and buck converter circuitry external to the controller chip. 
The buck converter circuitry of FIG. 1 comprises NMOS 
transistor N1 (Which functions as a poWer sWitch), inductor 
L, current sense resistor Rsns, capacitor C, and feedback 
resistor divider RF1 and RF2, connected as shoWn. The FIG. 
1 circuit produces a regulated DC output voltage VOut across 
load RLOAD, in response to input DC voltage Vin. 

[0005] Controller chip 1 implements a control signal chan 
nel Which generates pulse Width modulated poWer sWitch 
control signals (“PWM sWitch control” signals) for poWer 
sWitches N1 and N2 in response to a ramped voltage (V050) 
and a train of set pulses (generated by oscillator and ramped 
voltage generation circuit 2), a feedback signal (supplied 
from Node A to the inverting input of error ampli?er 10) 
indicative of the DC-to-DC converter’s output potential, and 
a feedback signal indicative of current through sense resistor 
RSNS. One of the PWM sWitch control signals (asserted at 
the “Q” output of reset dominant latch 89) controls the gate 
of poWer sWitch N1. The other PWM sWitch control signal 
(asserted at the output of AND gate 102) controls the gate of 
poWer sWitch N2. 

[0006] Typically, each PWM sWitch control signal is a 
binary signal having periodically occurring leading edges, 
and trailing edges Which occur at times determined by the 
instantaneous value of the feedback signals. Speci?cally, the 
feedback provided from sense resistor RSNS to current sense 
amp 11 of controller 1 is a ramped voltage Which is 
compared (in comparator 106) With a reference potential 
(100 mV in the speci?c implementation shoWn in FIG. 1). 
The output of comparator 106 is provided to one input of 
AND gate 100. The feedback signal indicative of the DC-to 
DC converter output potential is asserted to the inverting 
input of error ampli?er 10, and the noninverting input of 
error ampli?er 10 is at a reference potential VREF. The 
output of error ampli?er 10 is compared (by comparator 8) 
With the ramped voltage VOSC summed With the current 
feedback signal from current sense amp 11, and the output 
of comparator 8 is provided to the other input of AND gate 
100. The output of AND gate 100 is a train of reset pulses 
Which drive one input of OR gate 113. The other input of 
gate 113 is driven by the output of skip comparator 114 
(Which compares the output of error ampli?er 10 and 
threshold potential Vth). The output of OR gate 113 is 
employed to reset the latch 89. The described use of the 
voltage VOSC improves stability through a technique knoWn 
as “ramp compensation.” The value of the output of current 
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sense ampli?er 11 depends on the current through sense 
resistor RSNS (and thus the current through inductor L). 

[0007] Controller chip 1 includes oscillator and ramped 
voltage generation circuit 2, comparators 8, 106, 107, and 
114, reset dominant latch 89 (having a “set” terminal 
coupled to receive the “set” pulse train from circuit 2, a 
“reset” terminal coupled to the output of OR gate 113, an 
output coupled to the gate of sWitch N1 and to the “set” 
terminal of latch 91, and an inverted output coupled to one 
input of AND gate 102), latch 91 (having a “reset” terminal 
coupled to the output of comparator 107 and an output 
coupled to the other input of AND gate 102), error ampli?er 
10 (having an inverting input coupled to Node A and a 
non-inverting input maintained at reference potential Vref), 
current sense ampli?er 11 (having a non-inverting input 
coupled to the node betWeen inductor L and resistor RSNS, 
an inverting input coupled to the buck converter circuitry’s 
output node, and an output coupled to an input of compara 
tor 106 and to summing node B). The other input of 
comparator 106 is maintained at a reference potential (Which 
is 100 mV above ground in an implementation of the FIG. 
1 circuit, as indicated in FIG. 1). 

[0008] Reference potential Vref (asserted to the noninvert 
ing input of error ampli?er 10) is typically set by control bits 
and is normally not varied during use of the circuit. In order 
to set (or vary) the regulated level of the output voltage Vout, 
resistors RF1 and RF2 With the appropriate resistance ratio 
Rn/RF2 are coupled to Node A. 

[0009] Oscillator 2 asserts a clock pulse train (having ?Xed 
frequency and Waveform as indicated) to latch 89, and as 
long as the reset input to latch 89 is loW, each positive-going 
leading edge of this pulse train sets latch 89. Each time latch 
89 is set, the potential asserted by latch 89 (the Q output of 
latch 89) to the gate of transistor N1 causes transistor N1 to 
turn on. Although transistor N turns on at times in phase With 
the periodic clock pulse train, it turns off at times (deter 
mined by the feedback signals, reference potential Vref and 
the compensating ramp) that have arbitrary phase relative to 
the pulses of the periodic clock pulse train asserted to latch 
89 by oscillator 2. 

[0010] Each time latch 89 is set, the output of latch 89 sets 
latch 91, but since the inverted output of latch 89 goes loW, 
the output of AND gate 102 goes loW (thus preventing 
transistor N2 from turning on). After latch 89 has been set 
and before latch 89 is reset (While transistor N1 is on), 
transistor N2 remains off since the inverted output of latch 
89 is loW, forcing the output of AND gate 102 loW. Then, in 
response to each reset of latch 89, the inverted output of 
latch 89 goes high, thus forcing the output of AND gate 102 
high and turning on transistor N2. After N2 has been turned 
on (and N1 has been turned off), the output of comparator 
107 goes high (to reset latch 91 and turn off transistor N2) 
When the current IIND through inductor L falls to Zero. This 
sequence repeats during normal (continuous mode) opera 
tion of the FIG. 1 circuit (for as long as the output of 
comparator 106 remains high). During continuous mode 
operation of FIG. 1, the output of comparator 106 is high (a 
logical “one”), so that the reset times of latch 89 are 
determined by the output of comparator 8 (latch 89 is reset 
each time VOSC rises above the output of error ampli?er 10). 

[0011] When the current IIND through inductor L falls 
beloW a threshold value (e.g., under light load conditions), 
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the output of current sense ampli?er 11 drops below the 100 
mV threshold Which causes the output of comparator 106 to 
go loW. If this occurs, latch 89 cannot be reset until the 
output of ampli?er 11 rises back above 100 mV. Transistor 
N1 remains on, until the outputs of both comparator 106 and 
comparator 8 are high. Under light load conditions, this 
causes VOut to rise and the output voltage of error ampli?er 
10 to fall. When the output voltage of error ampli?er 10 (at 
node B) falls beloW Vth, comparator 114’s output is held 
high, Which drives the output of OR gate 113 high. This 
forces a constant high signal at the reset input of latch 89, 
and prevents latch 89 from setting. In this Way, the converter 
is forced to operate in a pulse skipping mode (in Which it 
skips pulses). In the pulse skipping mode, both transistors 
N1 and N2 remain off (for tWo or more cycles of VOSC) until 
latch 89 reset is released (i.e., until the output of OR gate 
goes loW). 

[0012] Upon entry into the pulse skipping mode (some 
times referred to as the “skip mode”), the reset input of latch 
89 is held high by OR gate 113 (Which forces the latch 89 
to be reset), N1 is forced off by latch 89, and N2 turns off 
and remains off once the inductor current IIND falls to Zero. 
The pulse skipping mode ends, and the FIG. 1 circuit returns 
to continuous mode operation, only When the output of error 
ampli?er 10 rises above a threshold value so as to cause the 
output of comparator 114 to go loW. When the output of 
comparator 114 is loW, the output of comparator 8 again 
controls the resetting of latch 89 as described. 

[0013] Oscillator 2 asserts ramped voltage VOsc (Which 
periodically increases at a ?xed ramp rate and then 
decreases, With a Waveform as indicated) at a second output 
thereof. 

[0014] In some variations on the FIG. 1 circuit, logic 
circuitry is provided to prevent transistor N2 from turning 
off When the inductor current reaches Zero amps, and to 
prevent comparator 114 from preventing latch 89 from 
setting (thus forcing the circuit to operate alWays in the 
continuous mode) When an appropriate control signal is 
asserted to the logic circuitry. 

[0015] Skip mode operation of the FIG. 1 converter 
achieves more efficient operation under loW load conditions 
than Would continuous mode operation. HoWever, the con 
ventional design of FIG. 1 is subject to several limitations 
and disadvantages, including in that the FIG. 1 requires a 
sense resistor (RSNS) external to the controller chip (chip 1). 

[0016] Multi-channel variations on the circuit of FIG. 1 
can readily be implemented by those of ordinary skill in the 
art. Other conventional DC-to-DC converters include a 
sWitching controller chip, and poWer channel circuitry (e.g., 
boost converter circuitry) other than buck converter circuitry 
external to the controller chip. Some conventional multi 
channel DC-to-DC converters employ sWitching controllers 
Which receive only feedback indicative of the potential at the 
converter’s output node and do not receive feedback indica 
tive of the current through the inductor of each individual 
poWer channel (eg the feedback supplied to current sense 
ampli?er 11 of FIG. 1). Another conventional DC-to-DC 
converter includes a sWitching regulator chip (Which per 
forms the functions of a sWitching controller and also 
includes internal poWer sWitches), and additional circuitry 
external to the regulator chip (in contrast With a converter 
that includes a controller chip having internal control signal 
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channel circuitry, and external poWer channel circuitry out 
side the controller chip). It is contemplated that all such 
conventional converters can be improved in accordance With 
the invention. 

SUMMARY OF THE INVENTION 

[0017] In preferred embodiments, the invention is a 
sWitching DC-to-DC converter having a controller Which 
generates poWer sWitch control signals for at least one poWer 
channel, and external circuitry (having at least one poWer 
channel including a ?rst poWer sWitch, an inductor coupled 
betWeen the ?rst poWer sWitch and the converter’s output 
node, and typically also a second poWer sWitch coupled With 
the ?rst poWer sWitch and the inductor). The external 
circuitry is external to the controller, the controller is typi 
cally implemented as an integrated circuit, and each poWer 
sWitch is typically an MOS transistor. The converter is 
con?gured to operate in a continuous mode When the current 
through the inductor remains above Zero. In typical imple 
mentations, during the continuous mode, the inductor cur 
rent remains positive as it rises and falls in response to the 
?rst and second poWer sWitches turning on and off 180 
degrees out of phase With respect to each other, With the ?rst 
poWer sWitch sWitching on and off once per sWitching cycle 
except in preferred implementations Which include cycle 
skipping circuitry operable in the continuous mode to cause 
the ?rst poWer sWitch and the second poWer sWitch to remain 
off during a cycle under the condition that the converter’s 
output potential rises above a threshold potential. 

[0018] The converter is also con?gured to enter a discon 
tinuous mode of operation When the inductor current falls to 
Zero (Which occurs When the load current is beloW a thresh 
old value), and to leave the discontinuous mode and resume 
continuous mode operation When the inductor current rises 
above Zero. The main difference betWeen the continuous and 
discontinuous modes of operation is as folloWs. In the 
continuous mode, the ?rst poWer sWitch has a duty cycle 
Which is independent of the current draWn from the con 
verter by the load. Also, the second poWer sWitch is turned 
on When the ?rst poWer sWitch turns off, and remains on 
until the ?rst poWer sWitch is turned on again In the 
discontinuous mode, the ?rst poWer sWitch has a duty cycle 
Which is dependent on load. Also in the discontinuous mode, 
the second poWer sWitch is turned on When the ?rst poWer 
sWitch turns off, and is turned on When the inductor current 
reaches Zero amps. The discontinuous mode is more ef?cient 
than the continuous mode under conditions of loW load 
current. 

[0019] In preferred implementations, the discontinuous 
mode is a pulse skipping mode (referred to herein as a 
discontinuous skip mode) in Which the ?rst poWer sWitch 
has a duty cycle Which is the longer of a minimum duty cycle 
and a discontinuous mode duty cycle (the load-dependent 
duty cycle under Which the converter Would operate, When 
asserting the same output potential in response to the same 
input potential, if the circuitry for imposing the minimum 
duty cycle Were disabled or omitted). The minimum duty 
cycle is de?ned as a proportion of the continuous mode duty 
cycle under Which the converter Would assert the same 
output potential (as it does in the discontinuous skip mode) 
in response to the same converter input potential. In a typical 
implementation (to be described With reference to FIG. 2), 
the minimum duty cycle is 85% of the continuous mode duty 
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cycle. In the discontinuous skip mode, When the ?rst power 
switch operates With the minimum duty cycle, the convert 
er’s output voltage rises, and the error ampli?er’s output 
potential decreases. 

[0020] Preferably, the controller includes cycle-skipping 
circuitry operable in the discontinuous skip mode to cause 
the ?rst poWer sWitch to remain off for at least one cycle 
under the condition that the converter’s output potential rises 
above a threshold. In preferred embodiments, the cycle 
skipping circuitry includes a comparator Which compares an 
error ampli?er output (indicative of the converter’s output 
potential) With a threshold potential, and logic circuitry (e.g., 
an AND gate coupled to the output of the comparator) Which 
asserts a latch-clearing signal once per sWitching cycle When 
the comparator output indicates that the converter’s output 
has risen above the threshold. A latch (Which controls the 
times at Which the ?rst poWer sWitch turns off and on) 
receives each latch-clearing signal and causes the ?rst poWer 
sWitch to skip the next cycle in response to each latch 
clearing signal. In some embodiments, the cycle-skipping 
circuitry is operable in both the continuous mode and the 
discontinuous skip mode. 

[0021] Other aspects of the invention are a sWitching 
controller for use in such a converter (the controller having 
both a discontinuous mode and a continuous mode of 
operation), and a method for generating poWer sWitch con 
trol signals for a DC-to-DC converter in a discontinuous 
mode of operation (Without use of an external sense resistor) 
under conditions of loW load current, With the converter 
otherWise operating in a continuous mode. Typically, a 
sWitching controller that embodies the invention is imple 
mented as an integrated circuit, and each poWer sWitch is 
external to the controller chip and coupled to receive a 
poWer sWitch control signal from the controller chip. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a simpli?ed schematic diagram of a 
conventional current-mode sWitching DC-to-DC converter 
including a controller chip 1 Which generates PWM poWer 
sWitch control signals for tWo poWer sWitches (transistors 
N1 and N2) and Which uses a feedback signal from a sense 
resistor (RSNS) external to the controller to determine 
Whether the controller operates in a continuous mode or a 
skip mode. 

[0023] FIG. 2 is a simpli?ed schematic diagram of a 
preferred embodiment of a current-mode DC-to-DC con 
verter designed in accordance With the invention, Which 
includes a controller chip 21 Which generates PWM poWer 
sWitch control signals for tWo poWer sWitches (transistors 
N1 and N2) ) and Which generates a feedback signal 
(Without using a sense resistor external to the controller) 
Which determines Whether the controller operates in a dis 
continuous skip mode (in Which cycles are skipped in the 
sense that poWer sWitch N1 remains off for multiple sWitch 
ing cycles Without being reset), a discontinuous mode (With 
out pulse skipping), or a continuous mode. 

[0024] FIG. 3 is a timing diagram of signals generated 
during operation of the FIG. 2 circuit. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0025] A preferred embodiment of the invention Will be 
described With reference to FIG. 2. The DC-to-DC con 
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verter of FIG. 2 has a sWitching controller chip 21, and buck 
converter circuitry (de?ning a poWer delivery channel 
including poWer sWitches N1 and N2, Which are NMOS 
transistors as in FIG. 1) external to controller chip 21. 

[0026] The external buck converter circuitry is identical to 
that of FIG. 1 except in that sense resistor RSNS is omitted 
from FIG. 2, and elements of controller 21 Which are 
identically numbered to corresponding elements of control 
ler 1 of FIG. 1 are identical in FIGS. 1 and 2. Thus, the 
above description of relevant aspects of the FIG. 1 circuit 
Will not be repeated beloW With reference to FIG. 2, and 
only those respects in Which the structure and operation of 
FIG. 2 differ from the structure and operation of FIG. 1 Will 
be discussed beloW. 

[0027] With reference to FIG. 2, controller 21 includes 
error ampli?er 10, having a non-inverting input maintained 
at reference potential Vref, a summing node (Node B), 
current sense ampli?er 11 (having a non-inverting input tied 
to the source of transistor N1, an inverting input tied to the 
drain of N1, and an output coupled to Node B), oscillator 
and ramp generation circuit 2, comparators 8, 106, 107, and 
108, inverter 109, D-clock triggered latch 110, AND gates 
100, 101, 102, and 105, NAND gate 104, latches 90 and 91, 
and attenuator 93 (having gain equal to 0.85 in a preferred 
implementation), connected as shoWn. 

[0028] The output of attenuator 93 (a potential kVOut, 
Where k=0.85 in a preferred implementation) is asserted to 
the noninverting input of comparator 106. The inverting 
input of comparator is coupled to receive a ramped voltage 
Whose period is the same as that of VOSc(Wh1Ch1S generated 
as in FIG. 1 by circuit 2 Within the controller) and Whose 
peak level is proportional to the converter’s input potential 
Vin. 
[0029] The output of comparator 106 is provided to one 
input of NAND gate 104. The inverted output of latch 110 
is provided to the other input of NAN D gate 104. The output 
of NAND gate 104 is provided to one input of AND gate 
100. The output of comparator 8 is provided to the other 
input of AND gate 100. 
[0030] Controller 21 has a continuous mode of operation 
in Which the output of error ampli?er 10 is compared (by 
comparator 8) With the sum of the ramped voltage VOSC and 
the output of current sense ampli?er 11, the output of NAN D 
gate 104 is alWays high (a logical “one”) so that one input 
of AN D gate 100 is alWays high, and the output of AND gate 
100 is thus a train of binary reset pulses (Whose rising edges 
are determined by the rising edges of the output of com 
parator 8) Which are employed to reset the latch 90. Oscil 
lator 2 asserts a clock pulse train (identi?ed as “reset1” and 
having ?xed frequency and Waveform as indicated in FIG. 
3) to the “set” input of latch 90, and each positive-going 
leading edge of pulse train reset1 thus sets latch 90. Each 
time latch 90 is set, the potential asserted by latch 90 (the Q 
output of latch 90) causes AND gate 101 to turn on transistor 
N1. In the continuous mode of operation, although transistor 
N1 turns on at times in phase With periodic pulse train reset1, 
it turns off at times (determined by the feedback signal 
asserted from Node Ato ampli?er 10, by reference potential 
Vref, by the output of ampli?er 11 and by the ramp signal 
asserted by oscillator 2) that have arbitrary phase relative to 
the pulses of the periodic clock pulse train from oscillator 2. 

[0031] One input of AND gate 101 is coupled to the 
noninverted output (Q output) of latch 90 and output of AN D 
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gate 101 (at Which PWM signal DRV1 is asserted) is 
coupled to the gate of transistor N1. The other input of AND 
gate 101 is coupled to receive a pulse train identi?ed as 
“reset2.” As shoWn in the timing diagram of FIG. 3, since 
the rising edges of the pulses of train reset2 lag the rising 
edges of the pulses of train reset1 by a ?xed phase, AND 
gate 101 causes transistor 101 to turn on a short, ?xed delay 
time after each time that latch 90 is set by a rising edge of 
pulse train reset1. 

[0032] The output of AND gate 101 is provided to the set 
terminal of latch 91, and the noninverted (Q) output of latch 
91 is asserted to one input of AND gate 102. The inverted 
output of latch 90 is coupled to the other input of AND gate 
102. Comparator 107 is disabled in the continuous mode, so 
the output of comparator 107 remains loW and latch 91 is 
never reset. Thus, in the continuous mode of operation, AND 
gate 102 forces transistor N2 off Whenever transistor N1 is 
on and forces transistor N2 on Whenever transistor N1 is off. 

[0033] As in FIG. 1, reference potential Vref (asserted to 
the noninverting input of error ampli?er 10) is typically set 
by control bits and is normally not varied during use of the 
circuit. In order to set (or vary) the regulated level of the 
output voltage Vout, resistors RF1 and RF2 With the appro 
priate resistance ratio RFl/RF2 are coupled to Node A. 

[0034] The output of AND gate 101 is inverted by inverter 
109 and asserted to the clock input of latch 110. The data 
input (input D) of latch 110 is held at a high level. In the 
continuous mode of operation, latch 110 is never cleared 
since the output of comparator 107 remains loW. Thus, the 
inverted output of latch 110 (Which is asserted to one input 
of NAND gate 104) remains loW in the continuous mode. 
Thus, in the continuous mode, the output of NAN D gate 104 
remains high and the output of AND gate 100 (Which 
controls the resetting of latch 90) is determined by the output 
of comparator 8. 

[0035] Comparator 108 and AND gate 105 are provided to 
implement cycle skipping, in both the above-described 
continuous operating mode and the discontinuous operating 
mode to be described beloW. The inverting input of com 
parator 108 is coupled to receive the output of error ampli?er 
10, and the noninverting input of comparator 108 is held at 
reference potential Vth. The output of comparator 108 is 
provided to one input of AND gate 105. The other input of 
AND gate 105 is coupled to receive periodic pulse train 
“reset3” (having period identical to that of pulse train reset1, 
but Whose pulses are slightly phase-delayed relative to those 
of reset1, as shoWn in the timing diagram of FIG. 3). Thus, 
When the converter’s output potential VOut rises too high, 
namely above a threshold potential (to cause the absolute 
value of the output of error ampli?er 10 to fall beloW 
reference potential Vth at comparator 108’s noninverting 
input), the output of comparator 108 goes high. If the output 
of comparator 108 is high at a time When reset3 is high, 
AND gate 105 asserts a high potential to the “clear” input of 
latch 90, thereby clearing latch 90. Note that this clearing is 
forced to occur after the setting of latch 90, but before the 
“reset2” signal alloWs transistor N1 to turn on, and thus it 
causes transistor N1 to remain off for the neXt cycle of pulse 
train reset1. Each such skipped cycle of transistor N1 tends 
to reduce the converter’s output potential VOut toWard a 
desired level (namely, a level beloW the above-noted thresh 
old potential). 
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[0036] In variations on the FIG. 2 embodiment, the con 
troller does not implement cycle skipping (e.g., elements 
105 and 108 are omitted). 

[0037] The main difference betWeen the continuous and 
discontinuous modes of operation is as folloWs. In the 
continuous mode, transistor N1 is turned on periodically and 
turned off at times determined by the output of comparator 
8 (the latter times being independent of the current draWn 
from the converter by the load), and transistor N2 turns on 
Whenever transistor N1 is turned off and transistor N2 
remains on until transistor N1 is turned on again. In the 
discontinuous mode, transistor N1 is turned on periodically 
and turned off at times determined by the output of com 
parator 8. Also in the discontinuous mode, transistor N2 
turns on When transistor N1 turns off, and transistor N2 turns 
off When the inductor current drops to Zero amps. 

[0038] The preferred embodiment shoWn in FIG. 2 imple 
ments a discontinuous pulse skipping mode (sometimes 
referred to herein as a discontinuous skip mode). While in 
the discontinuous skip mode, transistor N1 is turned on 
periodically and turned off (during each cycle) at a time 
determined by the later of the falling edge of comparator 
106’s output and the rising edge of comparator 8’s output. 
The FIG. 2 circuit is implemented so that, in the discon 
tinuous skip mode, transistor N1 is turned off at later times 
than it Would have been (i.e., so that transistor N1 has a duty 
cycle no shorter than 85% of the duty cycle that it Would 
have had) in the continuous mode. Thus, in the discontinu 
ous skip mode, there is a minimum duty cycle for transistor 
N1 Which causes the converter’s output voltage to increase 
and causes the output of error ampli?er 10 to drop. In the 
discontinuous skip mode, When the output of error ampli?er 
10 drops beloW the threshold potential (mentioned above 
With reference to elements 108 and 105), the output of AND 
gate 105 forces skipping of the subsequent sWitching cycle 
(i.e., it forces transistor N1 off for such cycle). The discon 
tinuous skip mode is more ef?cient than either the discon 
tinuous mode (Without pulse skipping) or the continuous 
mode under conditions of loW load current. 

[0039] More speci?cally, When controller 21 is in the 
continuous mode of operation, it enters the discontinuous 
mode in response to the inductor current IIND falling to Zero, 
Which causes the output of comparator 107 to go high to 
reset latch 91 and to clear latch 110. When latch 110 is 
cleared, its output goes high so that the output of NAN D gate 
104 is loW Whenever the output of comparator 106 is high 
and high Whenever the output of comparator 106 is loW. 
Thus, each rising edge of the output of AN D gate 100 occurs 
(during each sWitching cycle) at a time determined by the 
later of a falling edge of comparator 106’s output and a 
rising each of comparator 8’s output. Since transistor N1 is 
turned on periodically (once during each sWitching cycle) 
and turned off (during each cycle) at a time determined by 
the output of AND gate 100, the duty cycle of transistor N1 
is determined (during each cycle of the discontinuous mode) 
by the time of occurrence of the later of the falling edge of 
comparator 106’s output and the rising edge comparator 8’s 
output (except in the case that AND gate 105 resets latch 90, 
as described elseWhere herein). 

[0040] In a preferred implementation of FIG. 2, compara 
tor 106 and attenuator 93 (and the circuitry for generating 
the ramped voltage provided to the inverting input of 
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comparator 106) are implemented as is the on-time signal 
generation circuit of US. patent application Ser. No. 09/687, 
010, ?led on Oct. 13, 2000, by Hidehiko Suzuki and 
assigned to the assignee of the present invention. In a 
preferred implementation in Which attenuator 93 has gain 
equal to 0.85, the negative-going pulse asserted at compara 
tor 106’s output during each cycle is in phase With each 
positive-going pulse asserted at comparator 8’s output dur 
ing each cycle, but each positive-going pulse asserted at 
comparator 106’s output has Width equal to 85% of the 
Width of each positive-going pulse asserted at comparator 
8’s output. Such 85% pulse Width ratio assures ef?cient 
operation of the FIG. 2 converter under conditions of both 
high and loW load current, With typical desired values of 
input potential VIN and output potential Vout. Other embodi 
ments of the invention are implemented With a pulse Width 
ratio other than 85%. 

[0041] The invention can be implemented in a voltage 
mode sWitching controller as Well as in a current mode 
sWitching controller (e.g., that of FIG. 2). In all embodi 
ments of the invention, discontinuous mode operation is 
achieved Without use of an external sense resistor, and 
results in less output ripple and higher ef?ciency than 
continuous mode operation under light load conditions. 

[0042] Other aspects of the invention are a sWitching 
controller for use in a sWitching DC-to-DC converter (the 
controller having a continuous mode and a discontinuous 
pulse skipping mode as described, and preferably also a 
discontinuous mode of operation Without pulse skipping as 
described), and a method for generating poWer sWitch con 
trol signals for a DC-to-DC converter in a discontinuous 
pulse skipping mode (discontinuous skip mode) of operation 
(Without use of an external sense resistor) under conditions 
of loW load current, With the converter otherWise operating 
in a continuous mode. In preferred embodiments, the 
method is a method for generating a poWer sWitch control 
signal for a DC-to-DC converter Which generates an output 
potential VOut at an output node in response to an input 
potential by sWitching at least a ?rst poWer sWitch having an 
input coupled to receive the input potential and an output 
coupled to a ?rst node, Wherein the converter has an inductor 
coupled betWeen the ?rst node and the output node so that 
an inductor current ?oWs through the inductor during opera 
tion of the converter, said method including the steps of: 

[0043] (a) in a continuous mode in Which the inductor 
current remains above Zero, generating the poWer 
sWitch control signal in response to a feedback signal 
indicative of the output potential Vout, such that said 
poWer sWitch control signal causes the ?rst poWer 
sWitch to operate With a continuous mode duty cycle 
determined by the feedback signal; and 

[0044] (b) entering a discontinuous pulse skipping 
mode When the inductor current falls to Zero, and in 
the discontinuous pulse skipping mode, generating 
the poWer sWitch control signal in response to a 
second feedback signal indicative of kVOut, Where k 
is a constant, and in response to the feedback signal, 
such that said poWer sWitch control signal causes the 
?rst poWer sWitch to operate With a duty cycle equal 
to the longer of a minimum duty cycle and a dis 
continuous mode duty cycle, Wherein the discontinu 
ous mode duty cycle is a duty cycle at Which the 
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converter Would operate in response to said feedback 
signal When said converter generates the output 
potential in response to the input potential during a 
discontinuous mode Without pulse skipping. 

[0045] In some embodiments, the converter also includes 
a second poWer sWitch having an input coupled to the ?rst 
node and an output coupled to a second node, and step (b) 
includes the step of determining When the inductor current 
falls to Zero by monitoring voltage across the second poWer 
sWitch. 

[0046] In some embodiments, step (b) includes the step of 
causing the ?rst poWer sWitch to remain off for at least one 
sWitching period in response determining that the output 
potential is above a predetermined threshold. In some 
embodiment, each of step (a) and (b) includes the step of 
causing the ?rst poWer sWitch to remain off for at least one 
sWitching period in response determining that the output 
potential is above a predetermined threshold. 

[0047] Typically, a sWitching controller that embodies the 
invention is implemented as an integrated circuit, and each 
poWer sWitch is external to the controller chip and coupled 
to receive a poWer sWitch control signal from the controller 
chip. 
[0048] It should be understood that While certain forms of 
the present invention have been illustrated and described 
herein, the invention is not to be limited to the speci?c forms 
or arrangements of parts described and shoWn or the speci?c 
methods described. 

What is claimed is: 
1. A sWitching DC-to-DC converter Which generates an 

output potential VOut at an output node in response to an 
input potential, said converter comprising: 

a sWitching controller con?gured to generate at least one 
sWitch control signal including a ?rst sWitch control 
signal in response to a ?rst feedback signal indicative 
of the output potential VOut and a second feedback 
signal indicative of kVOut, Where k is a constant, the 
sWitching controller having a sWitching period; and 

external circuitry including a ?rst poWer sWitch and an 
inductor, Wherein the ?rst poWer sWitch has an input 
coupled to receive the input potential and an output 
coupled to a ?rst node and is coupled to receive the ?rst 
sWitch control signal, the inductor is coupled betWeen 
the ?rst node and the output node, and an inductor 
current ?oWs through the inductor during operation of 
the converter, 

Wherein the sWitching controller is con?gured to operate 
in a continuous mode in Which the inductor current 
remains above Zero and the ?rst sWitch control signal 
causes the ?rst poWer sWitch to operate With a continu 
ous mode duty cycle determined by the ?rst feedback 
signal, and the sWitching controller is con?gured to 
enter a discontinuous pulse skipping mode in response 
to the inductor current falling to Zero, Wherein in the 
discontinuous pulse skipping mode, the ?rst sWitch 
control signal causes the ?rst poWer sWitch to operate 
With a duty cycle Which is the longer of a minimum 
duty cycle and a discontinuous mode duty cycle, 
Wherein the discontinuous mode duty cycle is a duty 
cycle at Which the converter Would operate in response 
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to said ?rst feedback signal When said converter gen 
erates the output potential in response to the input 
potential during a discontinuous mode Without pulse 
skipping. 

2. The converter of claim 1, Wherein the controller 
includes mode control circuitry coupled to the output node 
and con?gured to trigger entry into the discontinuous pulse 
skipping mode upon detecting that the inductor current is 
Zero and to trigger entry into the continuous mode When the 
inductor current rises from Zero to a level above Zero. 

3. The converter of claim 2, Wherein the external circuitry 
also includes a second poWer sWitch having an input coupled 
to a ?rst node and an output coupled to a second node, and 
the mode control circuitry includes: 

a ?rst comparator having one input coupled to the ?rst 
node, another input coupled to the second node, and an 
output at Which the ?rst comparator asserts a compara 
tor output; and 

a mode signal generation circuit having an input coupled 
to receive the comparator output, and being con?gured 
to produce in response to said comparator output a 
mode signal indicative of Whether or not the inductor 
current is above Zero. 

4. The converter of claim 3, Wherein the controller is a 
current mode sWitching controller, and Wherein the control 
ler also includes: 

?rst sWitch control signal generation circuitry coupled to 
receive the ?rst feedback signal; 

an attentuator having an input coupled to the output node 
and an attentuator output at Which the attenuator asserts 
the second feedback signal; 

a second comparator having an input coupled to receive 
the second feedback signal, another input coupled to 
receive a periodic ramped voltage having period equal 
to the sWitching period and peak level proportional to 
the input potential, and an output; and 

logic circuitry having an input coupled to receive the 
mode signal, another input coupled to the output of the 
second comparator, and an output coupled to the ?rst 
sWitch control signal generation circuitry. 

5. The converter of claim 4, Wherein the logic circuitry 
comprises: 

a NAN D gate having an input coupled to receive the mode 
signal, another input coupled to the output of the 
second comparator, and an output; and 

an AND gate having an input coupled to the output of the 
NAND gate, and another input and an output coupled 
to the ?rst sWitch control signal generation circuitry. 

6. The converter of claim 1, Wherein the controller 
includes cycle-skipping circuitry operable in at least the 
discontinuous pulse skipping mode to cause the ?rst poWer 
sWitch to remain off for at least one said sWitching period in 
response to the ?rst feedback signal indicating that the 
output potential is above a predetermined threshold. 

7. The converter of claim 6, Wherein the controller 
includes an error ampli?er having an input coupled to 
receive the ?rst feedback signal and an output, and the 
cycle-skipping circuitry includes: 

a comparator having an input coupled to the output of the 
error ampli?er, another input maintained at a threshold 
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potential, and an output at Which the comparator asserts 
a comparator output signal; and 

logic circuitry, having an input coupled to receive the 
comparator output signal, and con?gured to generate a 
control signal for causing the ?rst poWer sWitch to 
remain off for at least one said sWitching period When 
the comparator output signal indicates that the output 
potential is above the predetermined threshold. 

8. The converter of claim 7, Wherein the logic circuitry is 
an AND gate having a ?rst input coupled to receive the 
comparator output signal and a second input coupled to 
receive a periodic pulse train Whose pulses occur With said 
sWitching period. 

9. The converter of claim 7, Wherein the logic circuitry is 
con?gured to assert a latch-clearing signal once during each 
said sWitching period When the comparator output signal 
indicates that the output potential exceeds the predetermined 
threshold. 

10. The converter of claim 6, Wherein the cycle-skipping 
circuitry is operable in both the discontinuous pulse skipping 
mode and the continuous mode to cause the ?rst poWer 
sWitch to remain off for at least one said sWitching period in 
response to the ?rst feedback signal indicating that the 
output potential is above a predetermined threshold. 

11. The converter of claim 1, Wherein the sWitching 
controller is a current mode sWitching controller, the at least 
one sWitch control signal includes a second sWitch control 
signal, and the external circuitry is buck converter circuitry, 
said buck converter circuitry including: 

a second poWer sWitch having an input coupled to the ?rst 
node, an output coupled to a second node, and a control 
terminal coupled to receive the second sWitch control 
signal. 

12. The converter of claim 11, Wherein the controller 
includes mode control circuitry coupled to the output node 
and con?gured to trigger entry into the discontinuous pulse 
skipping mode upon detecting that the inductor current is 
Zero and to trigger entry into the continuous mode When the 
inductor current rises from Zero to a level above Zero, 
Wherein the mode control circuitry includes: 

a ?rst comparator having one input coupled to the ?rst 
node, another input coupled to the second node, and an 
output at Which the ?rst comparator asserts a compara 
tor output; and 

a mode signal generation circuit having an input coupled 
to receive the comparator output, and being con?gured 
to produce in response to said comparator output a 
mode signal indicative of Whether or not the inductor 
current is above Zero. 

13. The converter of claim 11, Wherein each of the ?rst 
poWer sWitch and the second poWer sWitch is an NMOS 
transistor. 

14. The converter of claim 13, Wherein the controller is 
implemented as an integrated circuit, and the external cir 
cuitry is external to said integrated circuit. 

15. The converter of claim 11, Wherein the controller is 
con?gured so that the continuous mode duty cycle is pro 
portional to a ratio of the input potential and the output 
potential. 

16. The converter of claim 1, Wherein the controller is 
implemented as an integrated circuit, and the external cir 
cuitry is external to said integrated circuit. 
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17. A switching DC-to-DC converter Which generates an 
output potential VOut at an output node in response to an 
input potential, said converter comprising: 

a switching controller con?gured to generate at least a 
?rst sWitch control signal and a second sWitch control 
signal in response to a ?rst feedback signal indicative 
of the output potential VOut and a second feedback 
signal indicative of kVOut, Where k is a constant, the 
sWitching controller having a sWitching period; and 

eXternal circuitry including a ?rst poWer sWitch, a second 
poWer sWitch, and an inductor, Wherein the ?rst poWer 
sWitch has an input coupled to receive the input poten 
tial, an output coupled to a ?rst node, and a control 
terminal coupled to receive the ?rst sWitch control 
signal, the second poWer sWitch has an input coupled to 
the ?rst node, an output coupled to a second node, and 
a control terminal coupled to receive the second sWitch 
control signal, the inductor is coupled betWeen the ?rst 
node and the output node, and an inductor current ?oWs 
through the inductor during operation of the converter, 

Wherein the sWitching controller is con?gured to operate 
in a continuous mode in Which the inductor current 
remains above Zero and the ?rst sWitch control signal 
causes the ?rst poWer sWitch to operate With a continu 
ous mode duty cycle determined by the ?rst feedback 
signal, and the sWitching controller is con?gured to 
enter a discontinuous pulse skipping mode in response 
to the inductor current falling to Zero, Wherein in the 
discontinuous pulse skipping mode, the ?rst sWitch 
control signal causes the ?rst poWer sWitch to operate 
With a duty cycle Which is the longer of a minimum 
duty cycle and a discontinuous mode duty cycle, 
Wherein the discontinuous mode duty cycle is a duty 
cycle at Which the converter Would operate in response 
to said ?rst feedback signal When said converter gen 
erates the output potential in response to the input 
potential during a discontinuous mode Without pulse 
skipping. 

18. The converter of claim 17, Wherein the controller 
includes cycle-skipping circuitry operable in at least the 
discontinuous pulse skipping mode to cause the ?rst poWer 
sWitch to remain off for at least one said sWitching period in 
response to the ?rst feedback signal indicating that the 
output potential is above a predetermined threshold, and 
Wherein during the continuous mode When the ?rst feedback 
signal indicates that the output potential is not greater than 
the predetermined threshold, the ?rst poWer sWitch is on 
When the second poWer sWitch is off, and the ?rst poWer 
sWitch is off When the second poWer sWitch is on, and the 
?rst poWer sWitch sWitches on and off once per each said 
sWitching period. 

19. The converter of claim 18, Wherein the controller 
includes an error ampli?er having an input coupled to 
receive the ?rst feedback signal and an output, and the 
cycle-skipping circuitry includes: 

a comparator having an input coupled to the output of the 
error ampli?er, another input maintained at a threshold 
potential, and an output at Which the comparator asserts 
a comparator output signal; and 

logic circuitry, having an input coupled to receive the 
comparator output signal, and con?gured to generate a 
control signal for causing the ?rst poWer sWitch to 
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remain off for at least one said sWitching period When 
the comparator output signal indicates that the output 
potential is above the predetermined threshold. 

20. The converter of claim 19, Wherein the logic circuitry 
is an AND gate having a ?rst input coupled to receive the 
comparator output signal and a second input coupled to 
receive a periodic pulse train Whose pulses occur With said 
sWitching period. 

21. The converter of claim 19, Wherein the logic circuitry 
is con?gured to assert a latch-clearing signal once during 
each said sWitching period When the comparator output 
signal indicates that the output potential eXceeds the prede 
termined threshold. 

22. The converter of claim 18, Wherein the cycle-skipping 
circuitry is operable in both the discontinuous pulse skipping 
mode and the continuous mode to cause the ?rst poWer 
sWitch to remain off for at least one said sWitching period in 
response to the ?rst feedback signal indicating that the 
output potential is above a predetermined threshold. 

23. The converter of claim 17, Wherein each of the ?rst 
poWer sWitch and the second poWer sWitch is an NMOS 
transistor. 

24. The converter of claim 17, Wherein the controller is 
con?gured so that the continuous mode duty cycle is pro 
portional to a ratio of the input potential and the output 
potential. 

27. The converter of claim 17, Wherein the controller 
includes mode control circuitry coupled to the output node 
and con?gured to trigger entry into the discontinuous pulse 
skipping mode upon detecting that the inductor current is 
Zero and to trigger entry into the continuous mode When the 
inductor current rises from Zero to a level above Zero. 

28. The converter of claim 27, Wherein the mode control 
circuitry includes: 

a ?rst comparator having one input coupled to the ?rst 
node, another input coupled to the second node, and an 
output at Which the ?rst comparator asserts a compara 
tor output; and 

a mode signal generation circuit having an input coupled 
to receive the comparator output, and being con?gured 
to produce in response to said comparator output a 
mode signal indicative of Whether or not the inductor 
current is above Zero. 

29. The converter of claim 28, Wherein the controller is a 
current mode sWitching controller, and Wherein the control 
ler also includes: 

?rst sWitch control signal generation circuitry coupled to 
receive the ?rst feedback signal; 

an attentuator having an input coupled to the output node 
and an attentuator output at Which the attenuator asserts 
the second feedback signal; 

a second comparator having an input coupled to receive 
the second feedback signal, another input coupled to 
receive a periodic ramped voltage having period equal 
to the sWitching period and peak level proportional to 
the input potential, and an output; and 

logic circuitry having an input coupled to receive the 
mode signal, another input coupled to the output of the 
second comparator, and an output coupled to the ?rst 
sWitch control signal generation circuitry. 
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30. The converter of claim 29, wherein the logic circuitry 
comprises: 

a NAN D gate having an input coupled to receive the mode 
signal, another input coupled to the output of the 
second comparator, and an output; and 

an AND gate having an input coupled to the output of the 
NAND gate, and another input and an output coupled 
to the ?rst sWitch control signal generation circuitry. 

31. The converter of claim 17, Wherein the sWitching 
controller is a current mode sWitching controller, the exter 
nal circuitry is buck converter circuitry, and the controller 
includes mode control circuitry coupled to the output node 
and con?gured to trigger entry into the discontinuous pulse 
skipping mode upon detecting that the inductor current is 
Zero and to trigger entry into the continuous mode When the 
inductor current rises from Zero to a level above Zero, 
Wherein the mode control circuitry includes: 

a ?rst comparator having one input coupled to the ?rst 
node, another input coupled to the second node, and an 
output at Which the ?rst comparator asserts a compara 
tor output; and 

a mode signal generation circuit having an input coupled 
to receive the comparator output, and being con?gured 
to produce in response to said comparator output a 
mode signal indicative of Whether or not the inductor 
current is above Zero. 

32. A sWitching controller having a sWitching period for 
use With poWer channel circuitry of a sWitching DC-to-DC 
converter, Wherein the poWer channel circuitry generates an 
output potential VOut at an output node in response to an 
input potential, the poWer channel circuitry includes a ?rst 
poWer sWitch and an inductor, the ?rst poWer sWitch has an 
input coupled to receive the input potential and an output 
coupled to a ?rst node, and the inductor is coupled betWeen 
the ?rst node and the output node so that an inductor current 
?oWs through the inductor during operation of the converter, 
said controller comprising: 

sWitch control signal generation circuitry con?gured to 
generate at least one sWitch control signal including a 
?rst sWitch control signal in response to set and reset 
signals; and 

additional circuitry coupled to the sWitch control signal 
generation circuitry and to receive a ?rst feedback 
signal indicative of the output potential VOut and a 
second feedback signal indicative of kVOut, Where k is 
a constant, Wherein the additional circuitry is con?g 
ured to generate the set signals and the reset signals in 
response to the ?rst feedback signal and the second 
feedback signal, Wherein the controller is con?gured to 
operate in a continuous mode in Which the inductor 
current remains above Zero and the ?rst sWitch control 
signal causes the ?rst poWer sWitch to operate With a 
continuous mode duty cycle determined by the ?rst 
feedback signal, and the controller is con?gured to 
enter a discontinuous pulse skipping mode in response 
to the inductor current falling to Zero, Wherein in the 
discontinuous pulse skipping mode, the ?rst sWitch 
control signal causes the ?rst poWer sWitch to operate 
With a duty cycle Which is the longer of a minimum 
duty cycle and a discontinuous mode duty cycle, 
Wherein the discontinuous mode duty cycle is a duty 
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cycle at Which the converter Would operate in response 
to said ?rst feedback signal When said converter gen 
erates the output potential in response to the input 
potential during a discontinuous mode Without pulse 
skipping. 

33. The controller of claim 32, Wherein the additional 
circuitry includes: 

mode control circuitry con?gured to trigger entry of the 
controller into the discontinuous pulse skipping mode 
upon detecting, When coupled to the output node, that 
the inductor current is Zero, and con?gured to trigger 
entry into the continuous mode upon detecting, When 
coupled to the output node, that the inductor current 
rises from Zero to a level above Zero. 

34. The controller of claim 33, Wherein the poWer channel 
circuitry also includes a second poWer sWitch having an 
input coupled to the ?rst node and an output coupled to a 
second node, and Wherein the mode control circuitry 
includes: 

a ?rst comparator having one input con?gured to be 
coupled to the ?rst node, another input con?gured to be 
coupled to the second node, and an output at Which the 
?rst comparator asserts a comparator output; and 

a mode signal generation circuit having an input coupled 
to receive the comparator output, and being con?gured 
to produce in response to said comparator output a 
mode signal indicative of Whether or not the inductor 
current is above Zero. 

35. The controller of claim 34, Wherein the controller is a 
current mode sWitching controller, and Wherein the addi 
tional circuitry also includes: 

an attentuator having an input con?gured to be coupled to 
the output node and an attentuator output at Which the 
attenuator asserts the second feedback signal; 

a second comparator having an input coupled to receive 
the second feedback signal, another input coupled to 
receive a periodic ramped voltage having period equal 
to the sWitching period and peak level proportional to 
the input potential, and an output; and 

logic circuitry having an input coupled to receive the 
mode signal, another input coupled to the output of the 
second comparator, and an output coupled to the ?rst 
sWitch control signal generation circuitry. 

36. The controller of claim 35, Wherein the logic circuitry 
comprises: 

a NAN D gate having an input coupled to receive the mode 
signal, another input coupled to the output of the 
second comparator, and an output; and 

an AND gate having an input coupled to the output of the 
NAND gate, and another input and an output coupled 
to the ?rst sWitch control signal generation circuitry. 

37. The controller of claim 32, Wherein the additional 
circuitry also includes: 

cycle-skipping circuitry operable in at least the discon 
tinuous pulse skipping mode to assert to the sWitch 
control signal generation circuitry a control signal 
When the output potential is above the predetermined 
threshold, and Wherein the sWitch control signal gen 
eration circuitry is con?gured to cause the ?rst poWer 
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switch to remain off for at least one said switching 
period in response to said control signal. 

38. The controller of claim 37, Wherein the additional 
circuitry also includes an error ampli?er having an input 
coupled to receive the ?rst feedback signal and an output, 
and the cycle-skipping circuitry includes: 

a comparator having an input coupled to the output of the 
error ampli?er, another input maintained at a threshold 
potential, and an output at Which the comparator asserts 
a comparator output signal; and 

logic circuitry, having an input coupled to receive the 
comparator output signal, and con?gured to assert the 
control signal to the sWitch control signal generation 
circuitry When the comparator output signal indicates 
that the output potential is above the predetermined 
threshold. 

39. The controller of claim 38, Wherein the logic circuitry 
is an AND gate having a ?rst input coupled to receive the 
comparator output signal and a second input coupled to 
receive a periodic pulse train Whose pulses occur With said 
sWitching period. 

40. The controller of claim 37, Wherein the cycle-skipping 
circuitry is operable in both the discontinuous mode and the 
continuous mode to assert the control signal to the sWitch 
control signal generation circuitry When the output potential 
is above the predetermined threshold. 

41. The controller of claim 32, Wherein said controller is 
con?gured so that the continuous mode duty cycle is pro 
portional to a ratio of the input potential and the output 
potential. 

42. The controller of claim 32, Wherein said controller is 
a current mode sWitching controller, the at least one sWitch 
control signal includes a second sWitch control signal, and 
the poWer channel circuitry is buck converter circuitry 
including a second poWer sWitch having an input coupled to 
the ?rst node, an output coupled to a second node, and 
Wherein said additional circuitry includes: 

mode control circuitry con?gured to be coupled to the 
output node, to trigger entry into the discontinuous 
pulse skipping mode upon detecting that the inductor 
current is Zero, and to trigger entry into the continuous 
mode When the inductor current rises from Zero to a 
level above Zero. 

43. The controller of claim 42, Wherein the mode control 
circuitry includes: 

a ?rst comparator having one input con?gured to be 
coupled to the ?rst node, another input coupled to the 
second node, and an output at Which the ?rst compara 
tor asserts a comparator output; and 

a mode signal generation circuit having an input coupled 
to receive the comparator output, and being con?gured 
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to produce in response to said comparator output a 
mode signal indicative of Whether or not the inductor 
current is above Zero. 

44. A method for generating a poWer sWitch control signal 
for a DC-to-DC converter Which generates an output poten 
tial VOut at an output node in response to an input potential 
by sWitching at least a ?rst poWer sWitch having an input 
coupled to receive the input potential and an output coupled 
to a ?rst node, Wherein the converter has an inductor coupled 
betWeen the ?rst node and the output node so that an 
inductor current ?oWs through the inductor during operation 
of the converter, said method including the steps of: 

(a) in a continuous mode in Which the inductor current 
remains above Zero, generating the poWer sWitch con 
trol signal in response to a feedback signal indicative of 
the output potential Vout, such that said poWer sWitch 
control signal causes the ?rst poWer sWitch to operate 
With a continuous mode duty cycle determined by the 
feedback signal; and 

(b) entering a discontinuous pulse skipping mode When 
the inductor current falls to Zero, and in the discon 
tinuous mode, generating the poWer sWitch control 
signal in response to a second feedback signal indica 
tive of kVOut , Where k is a constant, and in response to 
the feedback signal, such that said poWer sWitch control 
signal causes the ?rst poWer sWitch to operate With a 
duty cycle equal to the longer of a minimum duty cycle 
and a discontinuous mode duty cycle, Wherein the 
discontinuous mode duty cycle is a duty cycle at Which 
the converter Would operate in response to said feed 
back signal When said converter generates the output 
potential in response to the input potential during a 
discontinuous mode Without pulse skipping. 

45. The method of claim 44, Wherein the converter also 
includes a second poWer sWitch having an input coupled to 
the ?rst node and an output coupled to a second node, and 
Wherein step (b) includes the step of: 

determining When the inductor current falls to Zero by 
monitoring voltage across the second poWer sWitch. 

46. The method of claim 44, Wherein step (b) includes the 
step of: 

causing the ?rst poWer sWitch to remain off for at least one 
sWitching period in response determining that the out 
put potential is above a predetermined threshold. 

47. The method of claim 46, Wherein step (a) includes the 
step of: 

causing the ?rst poWer sWitch to remain off for at least one 
sWitching period in response determining that the out 
put potential is above the predetermined threshold. 

* * * * * 


