
US 20010028570A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2001/0028570 A1 

Mullctt ct al. (43) Pub. Date: Oct. 11, 2001 

(54) CONVERTER OUTPUT REGULATION VIA (57) ABSTRACT 
CHANNEL RESISTANCE MODULATION 0F An output voltage regulation system allows independent 
SYNCHRONOUS RECTIFIERS output regulation of multi-output dc-dc sWitched-mode 

poWer converters. The channel resistance of MOSFET syn 
chronous output recti?ers are controlled to obtain the volt 

(76) Inventors: Charles E. Mullett, Santa Paula, CA a e dro re uired to kee the res ective out ut betWeen g P q P P P 
(US); Thomas M. Ingman, Somis, CA predetermined limits concurrent With Wide excursions in 
(US) output load. A typical circuit has a transformer With an input 

Winding coupled to a dc source. A transformer has at least a 
?rst and second output Winding. A sWitched-mode regulator 

Correspondence Address; means samples a portion of the ?rst output voltage and 
James F, Kirk provides at least a ?rst pulse-Width modulated drive voltage 
16276 Tisbury Cirde having a ?rst state and a second state to a ?rst input 
Huntington Beach, CA 92649_2142 (Us) semiconductor sWitch control terminal. The drive voltage 

?rst state turns the input semiconductor sWitch on and the 
(21) App1_ No; 09/792,689 drive voltage second state turns the input semiconductor 

sWitch off. The sWitched-mode regulator means is further 
(22) Filed; Feb, 23, 2001 characterized to adjust the ratio of the sWitch’s on time to the 

sWitch’s off time to control the ?rst output voltage to remain 
Related US, Application Data Within a predetermined range that is proportional to a 

precision reference voltage. A gate drive means is responsive 
(63) Non-provisional of provisional application No. to at least the ?rst pulse-Width modulated drive voltage for 

60/184,954, ?led on Feb, 25, 2000, providing a ?rst gate drive signal having a peak voltage 
sWing to the synchronous recti?er control terminal. A con 

Publication Classi?cation trol means samples a portion of the second dc output voltage 
and controls the peak voltage sWing of the ?rst gate drive 

(51) Int. Cl.7 .. . H02M 3/335 signal to control the second output voltage to remain Within 
(52) US. Cl. ........................................................ .. 363/2118 a predetermined range. 
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CONVERTER OUTPUT REGULATION VIA 
CHANNEL RESISTANCE MODULATION OF 

SYNCHRONOUS RECTIFIERS 

[0001] This application claims priority from Provisional 
Application Ser. No. 60/184,954 ?led Feb. 25, 2000 having 
the same inventors and assignee. 

BACKGROUND 

[0002] This invention relates to dc-to-dc poWer supplies 
for converting a single input voltage into tWo or more dc 
output voltages typically sense a single output voltage, 
usually the output voltage delivering the highest output 
poWer, and precisely regulate that output voltage While 
roughly regulating any additional output voltages. The pre 
cise regulation of a second or any number of additional 
output voltages is typically achieved by the use of dedicated 
individual series regulators, each output having its oWn 
series or pass regulator and a dedicated feedback arnpli?er. 
Post regulation using series or pass regulators is inef?cient 
because of the energy lost in the series pass transistor and 
costly in terms of the additional parts required for each 
individual output voltage. 

FIELD OF THE INVENTION 

[0003] This invention relates to the ?eld of poWer supplies 
and more particularly to the ?eld of poWer converters 
designed for use in industrial, of?ce or household appliances 
for the conversion of a single source of dc voltage to a 
plurality of output voltage sources. 

SUMMARY OF THE INVENTION 

[0004] In a sWitched-rnode regulator, a ?rst control system 
adjusts the ratio of an input sWitch’s on time to off time to 
control a ?rst output voltage to remain Within a predeter 
rnined range that is proportional to a precision reference 
voltage. The ?rst control system synchroniZes a gate drive 
signal to a ?rst synchronous recti?er. The ?rst synchronous 
recti?er gate is driven to be fully on or off. Synchronous 
recti?cation is discussed in US. Pat. No. 6,069,804, BI 
DIRECTIONAL DC-TO-DC CONVERTER, issued on May 
30, 2000, to Thomas M. Ingrnan, John W. Beecroft, and 
Charles E. Mullett, the content of Which is incorporated 
herein by reference in its entirety. A second control system 
samples a portion of a second output voltage and controls the 
synchroniZation and peak voltage sWing of a gate drive 
signal to a second synchronous recti?er that controls a 
second output voltage. The peak sWing of the gate drive to 
the second synchronous recti?er adjusts the channel resis 
tance of the second synchronous recti?er to regulate the 
second output voltage to remain Within a predetermined 
range. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] FIG. 1 is a schematic of a ?yback converter 
topology shoWing a diode connected betWeen the gate of a 
second synchronous recti?er and an error arnpli?er output; 

[0006] FIG. 2a is a timing chart for the circuit of FIG. 1 
operating in the discontinuous rnode; 

[0007] FIG. 2b is a timing chart for the circuit of FIG. 1 
operating in the continuous rnode; 
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[0008] FIG. 3 is a schematic of a forWard converter 
topology shoWing a diode connected betWeen the synchro 
nous recti?er control terrninals and an error arnpli?er output; 

[0009] FIG. 4 is a timing chart for the circuit of FIG. 3 
operating in the discontinuous rnode; 

[0010] FIG. 5 is a schematic of a push-pull converter 
topology shoWing a diode connected betWeen a second 
synchronous recti?er control terminals and a second error 
arnpli?er output; 

[0011] FIG. 6 is a timing chart for the circuit of FIG. 5. 

PREFERRED EMBODIMENT 

[0012] FIG. 1 shoWs a tWo-output ?yback dc-to-dc con 
verter 42 having a dc voltage input Vin 20. The input 20 
receives input current from a dc voltage source (not shoWn). 
The dc voltage input 20 is referenced to a reference poten 
tial, such as ground 19. The converter of FIG. 1 provides at 
least a ?rst dc output voltage at a ?rst dc output voltage 
node, such as the regulated dc output voltage V1 at ?rst 
output node 21 applied to load 38. Output voltage V1 is 
?ltered by ?rst output capacitor 17. 

[0013] A second dc output voltage V2 is provided at a 
second dc output voltage node 22. Output voltage V2 is 
coupled to drive second load resistor 39. Output voltage V2 
is ?ltered by second output capacitor 18. 

[0014] Transformer 1 has input or primary Winding 2 With 
a ?rst terrninal coupled to the dc source Vin at node 20 and 
a second terminal connected to node 26. A ?rst output 
transforrner Winding 3 and a second output transforrner 
Winding 4 are shoWn. 

[0015] MOSFET (Metal Oxide Serniconductor Field 
Effect Transistor) sWitch 5 represents a ?rst input sernicon 
ductor sWitch, has a conduction channel betWeen its drain D 
and source S. The ?rst sWitch 5 is driven into conduction or 
into a cutoff state by control terminal or gate 25. The 
conduction channel of sWitch 5 is shoWn coupled in series 
With the primary Winding 2 and reference potential 19. The 
source of MOSFET sWitch 5 is connected to the reference 
potential or ground 19. 

[0016] The gate 25 of the ?rst input serniconductor sWitch 
5 is driven by the output of a sWitched-rnode regulator 
means such as the circuitry Within phantorn block 41 includ 
ing a PWM Controller 9, typically an integrated circuit such 
as a UC3844 from the Unitrode Div. of TeXas Instrurnent 
Inc. of Lexington, Mass. A control input 35 samples a 
portion of the ?rst output voltage V1 via the resistor divider 
formed by ?rst and second ?rst output voltage sarnpling 
resistors 13, 14. The sWitched-rnode regulator means 41 has 
an output terminal 40 that provides at least a ?rst pulse 
Width rnodulated drive voltage, such gate drive signal V3 
depicted by the top waveforms of FIGS. 2(a), 2(b), FIG. 4 
and FIG. 6. Drive signal V3 has a ?rst state or high level, 
and a second state, or loW level that is applied to the ?rst 
input serniconductor sWitch control terrninal, gate 25. 

[0017] The drive signal V3 ?rst state drives the input 
serniconductor sWitch 5 into conduction or into an on state. 
The drive signal V3 second state turns the input sernicon 
ductor sWitch MOSFET 5 off. The PWM controller 9, the 
UC3844, Within the sWitched-rnode regulator means 41, is 
further characteriZed to adjust the ratio of the sWitch’s on 
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time between times t0 and t1 to the sWitch’s off time betWeen 
times t1 and t3 to control the ?rst output voltage V1 at output 
21 to remain Within a predetermined range. The predeter 
mined range is typically Within a feW percent of a nominal 
voltage for all speci?ed input voltage Vin to input 20 to the 
input or primary Winding 2, load conditions at the ?rst 
output 21 and temperature ranges speci?ed for the design. 

[0018] The sWitched-mode regulator means 41 automati 
cally adjusts the duty ratio of the on time to the total cycle 
period of the on time plus the off time to control the ?rst 
output voltage V1 at ?rst output 21 to be proportional to a 
precision reference voltage Within the PWM Controller 9. 
MOSFET 6 and ?rst output capacitor 17, in combination, 
represent and are driven to function as a synchronous 
recti?er and capacitor ?lter means for coupling and ?ltering 
energy from the ?rst transformer output Winding 3 to the ?rst 
output node 21. The gate of the ?rst synchronous recti?er 6, 
MOSFET 6, is driven by a gate drive signal V5 shoWn in 
FIGS. 2(a) and 2(b). 

[0019] The gate of the second synchronous recti?er, MOS 
FET 7 and second output capacitor 18, in combination, are 
driven to function as a second synchronous recti?er having 
a conduction channel from drain 29 to source 27 connected 
in series With the second transformer output Winding 4, and 
a control terminal, such as the second synchronous recti? 
er’s gate 28. The second synchronous recti?er’s conduction 
channel, betWeen its drain 29 and its source 27, is driven into 
a conductive state by a pulse Width modulated recti?er drive 
voltage such as the second recti?er gate drive signal V6 
assuming a high or positive state as shoWn betWeen t1 and t2. 
During the tl-t2 interval, the synchronous recti?er couples 
energy from the second output Winding 4 to the second dc 
output voltage V2 at second output voltage node 22. 

[0020] Gate driver 10, PNP base to emitter resistor 15, and 
PNP transistor 8 Within phantom block 45 represent a gate 
drive means. Voltage Waveform V3, a gate drive signal from 
the output 40 of the PWM Controller 9, is applied to the gate 
driver input 44 of gate driver 10. Gate driver 10 inverts the 
signal out of PWM output terminal 40 and responds to the 
?rst pulse-Width modulated drive voltage V3 second state by 
providing a ?rst gate drive signal V5 to the ?rst synchronous 
recti?er control terminal, gate 31. 

[0021] The combination Within phantom block 47 of error 
ampli?er 12, the second resistor divider formed by the series 
combination of resistors 23 and 16, feedback capacitor 37 
and clamp diode 11, form a control means for sampling a 
portion of the second dc output voltage V2 via the resistor 
divider at the junction of resistors 23 and 16. The control 
means operates to automatically control the amplitude of the 
peak voltage sWing of the ?rst gate drive signal V6 so as to 
adjust the resistance of the conduction channel of the second 
synchronous recti?er MOSFET 7 to control the second 
output voltage V2 at second output voltage node 22 to 
remain Within a predetermined range. 

[0022] As shoWn in FIG. 2(a), in the case of discontinu 
ous conduction, ?rst recti?er gate drive signal VS terminates 
at t2 thereby terminating the energy transfer from the ?rst 
output Winding to the V1 output at ?rst output node 21 When 
the energy stored in the ?uX in the core of T1 is dissipated, 
the ?uX collapses and current ceases to How in the second 
output Winding 4 of transformer 1. The output of the gate 
driver 10 (V5) is applied directly to the ?rst synchronous 
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recti?er’s gate 31 of MOSFET 6, the main output sWitch. 
The gate drive to gate 31 is alWays at full amplitude. 
Regulation of the output voltage V1 is accomplished by 
controlling the duty ration of on time to off time, the pulse 
Width modulation of the ?rst input semiconductor sWitch, 
MOSFET 5, as described earlier. 

[0023] The invention applies to multi-output poWer sup 
plies that use synchronous recti?ers, typically MOSFETs, in 
the subordinate outputs. The regulation of each of subordi 
nate output is accomplished in like manner using a respec 
tive control means such as that shoWn in phantom block 47 
for sampling a portion of the subordinate dc output voltage 
and by altering the conduction channel resistance (“on 
resistance”) of the respective synchronous recti?er in 
response to changes in load current. In the embodiment of 
FIG. 1, phantom block 47 uses a conventional reference and 
an error ampli?er to monitor the subordinate output voltage 
and develop an error signal out of ampli?er 12. The error 
signal is used to clamp via diode 11, the peak amplitude of 
the gate drive signal to gate 28 of MOSFET 7, thus modi 
fying its channel resistance. 

[0024] As the second load resistor 39 at second output 
node 22 decreases and the output voltage V2 tends to rise, 
the error signal loWers the amplitude of the gate drive signal 
to gate 28, Which increases the channel resistance and loWers 
the output voltage V2 to the required value. The range of 
control is limited by the internal “body” diode of the 
MOSFET 6, Which determines the maXimum voltage drop 
across the device in its conducting state. In its simplest form, 
as in FIG. 1, the invention is implemented in a multi-output 
?yback converter, but it can also be used in many other 
half-Wave and full-Wave topologies. 

[0025] The gate drive signal V5 out of output 31 of GATE 
DRIVE 45 is applied to the base of PNP transistor 8. The 
collector of PNP transistor 8 is connected to ground. The 
emitter of PNP transistor 8 is connected to the gate 28 of the 
second synchronous recti?er MOSFET sWitch 7, but the 
peak voltage rise of the emitter driven by output 31 is 
clamped by the error signal at the output of error ampli?er 
12 via diode 11. 

[0026] Error ampli?er 12 is shoWn con?gured as an inte 
grator, using capacitor 36 in a conventional connection 
betWeen its output 49 and the inverting input at 34. As the 
load on output V2 changes, the output V7 of error ampli?er 
12 changes inversely and diode 11 clamps the rise of the 
amplitude of gate drive signal V6 driven through base to 
emitter resistor 15. PNP transistor 8 enables the output V5 
of gate drive element or circuit 10 to pull the gate drive 
signal doWn quickly, and it also alloWs diode 11 to clamp the 
amplitude of V6 and control the conduction channel resis 
tance of synchronous recti?er 6. 

[0027] FIGS. 2(a) and 2(b) illustrate the operation of the 
circuit at tWo different load conditions With the circuit 
operating in the discontinuous and continuous modes, 
respectively. In both cases, the gate drive signal to the gate 
of the ?rst input semiconductor sWitch 5 originating at V3 
begins at time to and ends at time t1. In the discontinuous 
mode, shoWn in FIG. 2(a), the stored energy in transformer 
1 is totally delivered to the load during each cycle during the 
interval t1-t2. At t2 the current in the secondary Windings 
ceases and the voltage across each transformer output Wind 
ing collapses to Zero. During the interval t1-t2, the second 
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synchronous recti?er 7 conducts current to the output, and 
the output voltage is determined by the voltage across the 
secondary Winding 4 in series With the conduction channel 
of the second synchronous recti?er 7, MOSFET sWitch 7. 
Varying the resistance of the conduction channel of the 
second synchronous recti?er 7 changes the voltage across 
the sWitch and thus regulates the output voltage V2. 

[0028] FIG. 2(b) illustrates the continuous conduction 
case. The load current is high enough that the energy stored 
in transformer 1 is not fully delivered to the load during the 
second portion of the cycle, the interval t1-t3. In the con 
tinuous conduction case, the PWM control circuit 9 starts a 
neW cycle by initiating a neW pulse at time t3. The gate drive 
circuitry 10 inverts this signal to turn off the ?rst and second 
synchronous recti?ers 6 and 7. 

[0029] FIG. 3 illustrates the invention applied to a for 
Ward converter topology using transformer 101. Primary 
102 is connected to Vin. Input poWer sWitch 105 has drain 
126 connected to the second terminal of primary 102. The 
drain voltage is V4. The source 124 is connected to ground 
and the gate 125 is driven by PWM (pulse Width modulated) 
voltage V3 from output 140 from the output of a UC3844 
controller 109. V3 also drives gate drive circuit 110, Which 
provides complementary drive signals to PNP transistors 
108 and 238. Transformer 101 has a ?rst and second 
secondary 103, 104. The ?rst and main secondary 103 has a 
?rst terminal coupled to the cathode of clamp diode 134 and 
a ?rst terminal of inductor 239. The second terminal of 
inductor 239 is coupled to ?rst output capacitor 117 and to 
output voltage node 121 and to a resistor divider formed by 
resistors 113 and 114 Which provide a sample of the output 
voltage to the input of the PWM controller 109. The anode 
of recti?er 133 is connected to ground. 

[0030] The second secondary has a ?rst terminal con 
nected to the drain 132 of synchronous recti?er 107 and to 
a ?rst terminal of inductor 240. Synchronous recti?er 107 
has a source terminal 130 connected to ground and a gate 
terminal 131 that is connected to the emitter of PNP tran 
sistor 238. The PNP transistor 238 is connected via clamp 
diode 241 to the output of error ampli?er 112. The second 
terminal of the second secondary is connected to drain 129 
of synchronous recti?er 106. The drain voltage is identi?ed 
as V8. The gate 128 of recti?er 106 is connected via clamp 
diode 111 to the output of error ampli?er 112. 

[0031] A subordinate output V2 uses synchronous 
sWitches as synchronous recti?ers (MOSFETs) 106 and 107, 
just as recti?er diode 133 and clamp diode 134 are used on 
the main output V1. The gate drive circuit produces drive 
signals to gates 128 and 131 turn the sWitches on and off, 
causing them to conduct in the circuit of V2 just as the 
diodes conduct on the main output V1. Resistor divider 123, 
116 provides a scaled sample of the output voltage V2 to the 
inverting input of error ampli?er 112. As the output is 
unloaded and the voltage V2 begins to rise out of tolerance, 
the error ampli?er causes voltage V7 to begin to decrease. 
As V7 drops, diodes 111 and 241 clamp the gate voltages to 
MOSFETs 106 and 107 to loWer and loWer levels thereby 
increasing the channel resistance of the MOSFTS as they 
operate as synchronous recti?ers. The result is that the 
subordinate output V2 ?ltered by capacitor 118 drops into 
the proper range for V2. 
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[0032] FIG. 4 shoWs the key Waveforms of the circuit of 
FIG. 3 operating in the discontinuous mode. The continuous 
mode Waveforms are different in the same manner as in FIG. 
2. 

[0033] FIG. 5 illustrates a third alternative embodiment 
shoWing the invention used With a push-pull converter 
topology. A UC3846 PWM controller 209 drives gates 225, 
of ?rst and second input MOSFET sWitches 205, 255 Which 
alternately sWitch transformer 201 primary Windings 202, 
252 to ground in response to PWM drive signals from 
outputs 240241 from controller 209. The PWM signals also 
drive the inputs to gate drive circuits 210, 251 Which provide 
output drive voltages to a ?rst PNP 208 and a second PNP 
237. The primary is center taped at terminal 220. Input 
voltage Vin is applied to terminal 220. Resistors 213, 214 
form a divider that senses the output voltage V1 and 
provides a scaled sample to an input to the controller 209. 

[0034] A subordinate output V2 uses synchronous 
sWitches (MOSFETS) 206 and 207 as recti?ers, just as 
diodes 233 and 234 are used on the main output V1. 
MOSFETs 206 and 207 have respective drains 229 and 232 
that connect to Windings 204 and 254, respectively. The 
respective sources 227 and 230 are connected to ground. The 
gate drive circuits produce drive signals to turn the sWitches 
on and off, causing them to conduct in the circuit of V2 just 
as the diodes conduct on the main output V1. 

[0035] Primary Windings 202 and 252 are matched in turns 
count and joined at center tap 220. Secondary and subordi 
nate Windings 204 and 254 are matched in turns count and 
joined at center tap 255. Inductors 260, and 262 perform volt 
second averaging for outputs V1 and V2 respectively. A the 
output load at the V2 output decreases and the voltage rises, 
resistor divider 223 and 216 provides an error signal to the 
inverting input to ampli?er 212 causing its output voltage at 
V7 to begin to drop. The drive signals V5 and V6 are 
clamped via clamp diodes 235 and 236 by V7 as it moves to 
a loWer value thereby reducing the drive voltage to gates 231 
and 228, and thereby increasing their respective channel 
resistances and reducing the V2 output voltage. Control of 
the channel resistance of MOSFETs 206 and 207 is achieved 
in operation analogous to the control means of phantom 
block 47, diode 11 and PNP 8 With resistor 15 as shoWn and 
described above in connection With FIG. 1. 

[0036] FIG. 6 shoWs the key Waveforms of the circuit. 
Since this is a full-Wave topology, there are tWo conduction 
times, tO-t1 and t2-t3, and both of them shrink to Zero as the 
load on output V1 decreases to Zero. 

[0037] In the design of multi-output converters, it is pos 
sible to derive the main converter’s feedback from more 
than one output. For eXample, in FIG. 1 a resistor could be 
added from node 35 to output V2, With its value and that of 
resistor 13 chosen to provide the desired Weighting betWeen 
V1 and V2. With the feedback circuit of error ampli?er 12, 
output V2 Will be precisely regulated and its load changes 
Will not affect V1 as long as V2 is Within its range of control. 
At light loads, hoWever, it may not be possible to achieve 
enough voltage drop in MOSFET 7, due to the forWard 
voltage of its body diode, to maintain regulation. In this 
case, the output voltage, V2, Would rise. With the multiple 
feedback paths, the converter’s pulse Width Will be 
decreased, loWering both output voltages. Although this 
compromises the output regulation of the main output, the 
overall performance may make it WorthWhile. 
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[0038] While the invention has been explained in connec 
tion With several embodiments, it is intended that the 
appended claims be used to limit the scope of this patent. 

We claim: 
1. A?yback dc-to-dc converter having an input coupled to 

receive input current from a dc voltage source referenced to 
a reference potential, and provide at least a ?rst dc output 
voltage at a ?rst dc output voltage node and a second dc 
output voltage at a second dc output voltage node compris 
mg: 

a transformer having an input Winding coupled to the dc 
source and a second terminal, and at least a ?rst and 
second output Winding, 

at least a ?rst input semiconductor sWitch, having a 
conduction channel and a control terminal, the conduc 
tion channel being coupled in series With the primary 
Winding and the reference potential, 

a recti?er ?lter means for coupling and ?ltering energy 
from the ?rst transformer output Winding to the ?rst dc 
output voltage node, 

a synchronous recti?er having a conduction channel in 
series With the second transformer output Winding and 
a control terminal, the synchronous recti?er conduction 
channel being driven into a conductive state by a 
pulse-Width modulated recti?er drive voltage applied to 
its control terminal and synchroniZed to couple energy 
from the second output Winding to the second dc output 
voltage node, 

a sWitched-mode regulator means for sampling a portion 
of the ?rst output voltage and for providing at least a 
?rst pulse-Width modulated drive voltage having a ?rst 
state and a second state to the ?rst input semiconductor 
sWitch control terminal, the drive voltage ?rst state 
turning the input semiconductor sWitch on and the drive 
voltage second state turning the input semiconductor 
sWitch off, the sWitched-mode regulator means being 
further characteriZed to adjust the ratio of the sWitch’s 
on time to the sWitch’s off time to control the ?rst 
output voltage to remain Within a predetermined range 
that is proportional to the precision reference voltage, 

gate drive means responsive to at least the ?rst pulse 
Width modulated drive voltage second state for provid 
ing a ?rst gate drive signal having a peak voltage sWing 
to the syn chronous recti?er control terminal, 

a control means for sampling a portion of the second dc 
output voltage and for controlling the peak voltage 
sWing of the ?rst gate drive signal to control the second 
output voltage to remain Within a predetermined range. 

2. The dc-to-dc converter of claim 1 Wherein the recti?er 
?lter means for coupling and ?ltering energy from the ?rst 
transformer is a synchronous recti?er having a conduction 
channel in series With the ?rst transformer output Winding 
and a control terminal, the synchronous recti?er conduction 
channel being driven into a conductive state by a pulse 
Width modulated recti?er drive voltage applied to its control 
terminal to couple energy from the ?rst output Winding to 
the ?rst dc output voltage node, 

3. The dc-to-dc converter of claim 1 Wherein the control 
means for sampling a portion of the second dc output voltage 
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and for controlling the peak voltage sWing of the ?rst gate 
drive signal further comprises: 

an error ampli?er having a ?rst input connected to a 
precision reference level, a second input coupled to 
sample a portion of the second output voltage, and an 
output, 

a diode connected betWeen the synchronous recti?er 
control terminal and the error ampli?er output, the ?rst 
gate drive signal to the synchronous recti?er control 
terminal being buffered to permit the error ampli?er 
output operating through the diode to clamp the sWing 
of the ?rst gate drive signal applied to the synchronous 
recti?er control terminal, thereby controlling the resis 
tance of the conduction channel to control the second 
output voltage to remain Within a predetermined range. 

4. Adc-to-dc converter having an input coupled to receive 
input current from a dc voltage source referenced to a 
reference potential, and to provide at least a ?rst dc output 
voltage at a ?rst dc output voltage node and a second dc 
output voltage at a second dc output voltage node compris 
mg: 

a transformer having an input Winding coupled to the dc 
source and a second terminal, and at least a ?rst and 
second output Winding, 

at least a ?rst input semiconductor sWitch, having a 
conduction channel and a control terminal, the conduc 
tion channel being coupled in series With the primary 
Winding and the reference potential, 

a recti?er ?lter means for coupling and ?ltering energy 
from the ?rst transformer output Winding to the ?rst dc 
output voltage node, 

a synchronous recti?er having a conduction channel in 
series With the second transformer output Winding and 
a control terminal, the synchronous recti?er conduction 
channel being driven into a conductive state by a 
pulse-Width modulated recti?er drive voltage applied to 
its control terminal to couple energy from the second 
output Winding to the second dc output voltage node, 

a sWitched-mode regulator means for sampling a portion 
of the ?rst output voltage and for providing at least a 
?rst pulse-Width modulated drive voltage having a ?rst 
state and a second state to the ?rst input semiconductor 
sWitch control terminal, the drive voltage ?rst state 
turning the input semiconductor sWitch on and the drive 
voltage second state turning the input semiconductor 
sWitch off, the sWitched-mode regulator means being 
further characteriZed to adjust the ratio of the sWitch’s 
on time to the sWitch’s off time to control the ?rst 
output voltage to remain Within a predetermined range 
that is proportional to the precision reference voltage, 

gate drive means responsive to at least the ?rst pulse 
Width modulated drive voltage for providing a ?rst gate 
drive signal having a peak voltage sWing to the syn 
chronous recti?er control terminal, 

a control means for sampling a portion of the second dc 
output voltage and for controlling the peak voltage 
sWing of the ?rst gate drive signal to control the second 
output voltage to remain Within a predetermined range. 

5. The dc-to-dc converter of claim 4 Wherein the recti?er 
?lter means for coupling and ?ltering energy from the ?rst 
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transformer is a synchronous recti?er having a conduction 
channel in series With the ?rst transformer output Winding 
and a control terminal, the synchronous recti?er conduction 
channel being driven into a conductive state by a pulse 
Width modulated recti?er drive voltage applied to its control 
terminal to couple energy from the ?rst output Winding to 
the ?rst dc output voltage node, 

6. The dc-to-dc converter of claim 4 Wherein the control 
means for sampling a portion of the second dc output voltage 
and for controlling the peak voltage sWing of the ?rst gate 
drive signal further comprises: 

an error ampli?er having a ?rst input connected to a 
precision reference level, a second input coupled to 
sample a portion of the second output voltage, and an 
output, 

a diode connected betWeen the synchronous recti?er 
control terminal and the error ampli?er output, the ?rst 
gate drive signal to the synchronous recti?er control 
terminal, being buffered to permit the error ampli?er 
output operating through the diode to clamp the sWing 
of the ?rst gate drive signal applied to the synchronous 
recti?er control terminal, thereby controlling the resis 
tance of the conduction channel to control the second 
output voltage to remain Within a predetermined range. 

7. Adc-to-dc converter having an input coupled to receive 
input current from a dc voltage source referenced to a 
reference potential, and to provide at least a ?rst dc output 
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voltage at a ?rst dc output voltage node and a second dc 
output voltage at a second dc output voltage node compris 
ing: 

a synchronous recti?er having a conduction channel in 
series With a transformer output Winding for a second 
output and a control terminal, the synchronous recti?er 
conduction channel being driven into a conductive state 
by a pulse-Width modulated recti?er drive voltage 
applied to its control terminal, 

gate drive means responsive to at least a ?rst pulse-Width 
modulated drive voltage for providing a ?rst gate drive 
signal having a peak voltage sWing to the synchronous 
recti?er control terminal, 

an error ampli?er having a ?rst input connected to a 
precision reference level, a second input coupled to 
sample a portion of the second output voltage, and an 
output, 

a clamp diode connected betWeen the synchronous recti 
?er control terminal and the error ampli?er output, the 
?rst gate drive signal to the synchronous recti?er 
control terminal, being buffered to permit the error 
ampli?er output operating through the diode to clamp 
the sWing of the ?rst gate drive signal applied to the 
synchronous recti?er control terminal, thereby modu 
lating the resistance of the synchronous recti?er con 
duction channel to control the second output voltage to 
remain Within a predetermined range. 

* * * * * 


