
US 20030095423A1 

(12) Patent Application Publication (10) Pub. N0.: US 2003/0095423 A1 
(19) United States 

Hirst 

(54) SYNCHRONOUS BRIDGE RECTIFIER 

(43) Pub. Date: May 22, 2003 

(57) ABSTRACT 

( ) Inventor' 13' Mark Hlrst’ B0156’ ID (Us) The present invention provides a synchronous full-Wave AC 

Correspondence Address, recti?er connectable to an AC voltage source. In one 
HEWLETTLPACKARD' COMPANY embodiment, the synchronous recti?er includes a full-Wave 
Intellectual Property Administration diode bridge having four bridge diodes. A poWer sWitch is 
PO BOX 272 400 coupled in parallel With each bridge diode, and each power 
For; Collins CO 80527_2400 (Us) sWitch has a poWer sWitch control gate. A poWer sWitch 

’ control circuit is coupled in parallel With each bridge diode. 
Each poWer sWitch control circuit provides a ?rst control 

(21) APPL N0. 09 /990 447 voltage to its associated poWer sWitch control gate to cause 
’ the poWer sWitch to turn on When the parallel-connected 

(22) Filed; Nov_ 21, 2001 bridge diode is forWard biased. Each poWer sWitch control 
circuit provides a second control voltage to its associated 
poWer sWitch control gate to cause the poWer sWitch to turn 

Publication Classi?cation off When the parallel-connect bridge diode is reverse biased. 
The poWer sWitch control circuits turn their associated 

nt. . .................................................. .. poWer sW1tc es on an o sync ronousy Wit t e 51 I C] 7 H02M 7/217 ' h d ff h l ' h h AC 
. . . ............................................................ .. vo tage source to provi et e u -Wave recti e output. 52 US Cl 363/127 l 'd h f 11 ~? dAC 

25 
20 

|_. _ . . - _ - . _ . ./ . . _ . .w _, 

. 3O 32 
1-7-41". /4s 

' :____54:~. ____ __]_8_Q\__1l 46 I $2 I [/40 [_____i__/<63_1__/¢ZQ_-1 
64 Tchargel I comparator ; ; Bypass I‘ 62 56 : Bypass comparator charge I - 
+ I I pump circuit circuit ;\ Switch : 66 | Switch ‘ ; circuit ‘(pump circuit ' 

i H _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _l l _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ l 

N 82 as j It ' 71 ' ' ' - 

: ' " ' ‘ ' ' " ' ' ' _ ' ' ' ' ' " “ ' "I 42 : 38 36 : l' ' ' “ ' ‘ ' “ ‘ ' ' ‘ ‘ ' ' ' ' ' I 

, Tcharge. ' comparator : ; Bypass 1 F58 607$ i Bypass : Comparator Charge . I 
I Dump Circuit circuit ii Switch : : Switch ‘/ 1 circuit pump circuit ' 

74 ——--\ - — — - - — - - - ~ - - - --'73 | 34 I I 77'———/--——-‘—--—-\—-----' ' 

50 75 72 . / , 44 76 52 7s 
34 ' - ~ - - - - ~ ~ ' 





Patent Application Publication May 22, 2003 Sheet 2 0f 3 US 2003/0095423 A1 



Patent Application Publication May 22, 2003 Sheet 3 0f 3 US 2003/0095423 A1 

4m .wwm 
05 wow N 

on 

mm 

Illll'lllllnl a; 8m 

,7 < - 

a .91 HQ .mbm LR 
@853 / 

0mm, 



US 2003/0095423 A1 

SYNCHRONOUS BRIDGE RECTIFIER 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This patent application is related to the following 
Non-Provisional US. Patent Application: Ser. No. 
XX/XXX,XXX, entitled “Charge-Pumped DC Bias Sup 
ply,” having Attorney Docket No. 10003739-1, is assigned 
to the same assignee as the present application, and is herein 
incorporated by reference. 

THE FIELD OF THE INVENTION 

[0002] The present invention relates generally to AC rec 
ti?ers, and more particularly to a recti?er With a combination 
diode bridge and synchronous sWitch bridge to rectify an AC 
input voltage and provide a DC output voltage. 

BACKGROUND OF THE INVENTION 

[0003] The ef?ciency of sWitch mode poWer converters 
has increased With improvements in the sWitches used in the 
conversion process. HoWever, While synchronous recti?ca 
tion has been utiliZed on step-doWn or buck converters in the 
output stage of DC-DC converters, recti?cation at the front 
end of the converter Where the primary AC-to-DC conver 
sion occurs, has been ignored. Although recti?ers of various 
forms have been developed, poWer converters continue to 
utiliZe the classic four-diode bridge recti?er to perform the 
AC to DC conversion. 

[0004] When a four-diode bridge recti?er is in operation, 
tWo of the four diodes are conducting at all times, resulting 
in continuous conduction losses through the bridge diodes 
that manifests itself in the form of Waste heat. The genera 
tion of Waste heat, in turn, typically necessitates the use of 
fans and large heat sinks to provide forced convection 
cooling of the converter. The diode conduction losses and 
the poWer to operate the convection fans represents energy 
that could otherWise be conserved or utiliZed for other 
purposes. 

[0005] Many electronic devices, including laser printers 
and copy machines, are at or near their maximum design 
limit for poWer use alloWed by a single poWer cord and a 
standard 15 ampere receptacle and Will require tWo poWer 
cords if this limit is exceeded. Environmental Protection 
Agency “loW poWer limit” requirements are also becoming 
increasingly dif?cult to satisfy. 

[0006] Electronic devices, including laser printers and 
copiers, Would bene?t from a more ef?cient primary AC-to 
DC conversion process that conserves energy, requires less 
space, and eliminates the need for heat sinks and forced 
convection cooling to remove Waste heat. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides a synchronous full 
Wave AC recti?er connectable to an AC voltage source. In 
one embodiment, the synchronous recti?er includes a full 
Wave diode bridge having four bridge diodes. A poWer 
sWitch is coupled in parallel With each bridge diode, and 
each poWer sWitch has a poWer sWitch control gate. ApoWer 
sWitch control circuit is coupled in parallel With each bridge 
diode. Each poWer sWitch control circuit provides a ?rst 
control voltage to its associated poWer sWitch control gate to 
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cause the poWer sWitch to turn on When the parallel 
connected bridge diode is forWard biased. Each poWer 
sWitch control circuit provides a second control voltage to its 
associated poWer sWitch control gate to cause the poWer 
sWitch to turn off When the parallel-connect bridge diode is 
reverse biased. The poWer sWitch control circuits turn their 
associated poWer sWitches on and off synchronously With 
the AC voltage source to provide the full-Wave recti?ed AC 
output. 

[0008] In a second embodiment, the synchronous recti?er 
includes a full-Wave diode bridge having four bridge diodes. 
A poWer sWitch is coupled in parallel With each bridge 
diode, and each poWer sWitch has a poWer sWitch control 
gate. A comparator circuit is coupled in parallel With each 
bridge diode and is coupled to the poWer sWitch control gate 
of the parallel-connected poWer sWitch. Each comparator 
circuit compares the voltage level across the parallel-con 
nected bridge diode to a reference voltage. Each comparator 
circuit provides a ?rst control voltage to the poWer sWitch 
control gate When the voltage level across the bridge diode 
exceeds the reference voltage level to turn on the parallel 
connected poWer sWitch. Each comparator circuit provides a 
second control voltage to the poWer sWitch control gate 
When the voltage level across the bridge diode is less than 
the reference voltage level to turn off the parallel-connected 
poWer sWitch. Three charge pump circuits provide a proper 
biasing voltage to the comparator circuits so that the com 
parator circuit can properly bias their associated poWer 
sWitch control gate. The ?rst charge pump circuit is coupled 
to the ?rst comparator circuit, the second charge pump is 
coupled to the second comparator circuit, and the third 
charge is coupled to the third and fourth comparator circuits. 
The comparator circuits turn their associated poWer sWitches 
on and off synchronously With the AC voltage source to 
thereby provide a full-Wave recti?ed output. 

[0009] One aspect of the present invention provides a 
method for providing a full-Wave recti?ed AC output from 
an AC voltage source having an AC voltage level. The 
method includes receiving the AC voltage level for the AC 
voltage source and applying the AC voltage level to a 
full-Wave diode bridge recti?er having four diodes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a block diagram of one exemplary 
embodiment of a synchronous bridge recti?er according to 
the present invention. 

[0011] FIG. 2 is a schematic diagram of one embodiment 
of the synchronous bridge recti?er of FIG. 1. 

[0012] FIG. 3A is a schematic diagram of one exemplary 
embodiment of a ?rst charge pump circuit for the synchro 
nous bridge recti?er of FIG. 2. 

[0013] FIG. 3B is a schematic diagram of one exemplary 
embodiment of a second charge pump circuit for the syn 
chronous bridge recti?er of FIG. 2. 

[0014] FIG. 3C is a schematic diagram of one exemplary 
embodiment of a third charge pump circuit for the synchro 
nous bridge recti?er of FIG. 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0015] In the folloWing detailed description of the pre 
ferred embodiments, reference is made to the accompanying 
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drawings Which form a part hereof, and in Which is shown 
by Way of illustration speci?c embodiments in Which the 
invention may be practiced. It is to be understood that other 
embodiments may be utilized and structural or logical 
changes may be made Without departing from the scope of 
the present invention. The folloWing detailed description, 
therefore, is not to be taken in a limiting sense, and the scope 
of the present invention is de?ned by the claims. 

[0016] A full-Wave AC synchronous recti?er according to 
the present invention is illustrated generally at 20 in FIG. 1. 
Abridge recti?er according to the present invention replaces 
a standard four-diode bridge recti?er With a synchronous 
sWitch bridge. By controlling the sWitches at the line fre 
quency of the voltage source and bypassing the bridge 
diodes, the conduction losses of the bridge diodes are 
eliminated, leaving only minor conduction losses through 
the sWitches. As a result, the ef?ciency of the AC to DC 
conversion process is improved. 

[0017] Synchronous recti?er 20 includes a diode bridge 
recti?er 30, input terminals 32 and 34, output terminals 36 
and 38, bypass sWitches 40, 42, 44 and 46, bypass sWitch 
control circuits 48, 50, 52 and 54, and charge pump circuits 
70, 74, 78 and 82. Diode bridge recti?er 30 further includes 
discrete bridge diodes 56, 58, 60 and 62 connected in a 
recti?er con?guration. 

[0018] Synchronous recti?er 20 is designed to function as 
a full-Wave recti?er and converts an AC voltage source 64 
applied at input terminals 32 and 34 to a DC voltage at 
output terminals 36 and 38, With terminal 36 being the 
positive terminal and terminal 38 being the negative termi 
nal. The load 66 can be any load requiring a DC voltage to 
operate including, but not limited to, a DC converter or 
electronic equipment. Together, synchronous recti?er 20 and 
AC voltage source 64 form a poWer source 25 for providing 
a DC voltage to load 66. 

[0019] Synchronous recti?er 20 includes a synchronous 
sWitch bridge consisting of bypass sWitches 40, 42, 44 and 
46 and their associated sWitch control circuits 48, 50, 52 and 
54. Synchronous sWitch bridge in combination With recti?er 
30 is described in detail in this application. 

[0020] Diode bridge 30 is coupled betWeen AC input 
nodes 32 and 34. Diode bridge 30 comprises a ?rst diode 56 
having an anode coupled to AC input terminal 32 and a 
cathode coupled to positive DC output terminal 36, a second 
diode 58 having an anode coupled to negative DC output 
terminal 38 and a cathode coupled to AC input terminal 34, 
a third diode 60 having an anode coupled to AC input 
terminal 34 and a cathode coupled to positive DC output 
terminal 36, and a fourth diode 62 having an anode coupled 
to negative DC output terminal 38 and a cathode coupled to 
AC input terminal 32. 

[0021] Bypass sWitch 40 and comparator circuit 68 are 
coupled in parallel With bridge diode 56 betWeen AC input 
terminal 32 and positive DC output terminal 36. Comparator 
circuit 68 compares the voltage across bridge diode 56 With 
a reference voltage to determine When bridge diode 56 is 
forWard biased. When bridge diode 56 is forWard biased, 
comparator circuit 68 provides a ?rst comparator output 
voltage level to bypass sWitch 40 via a line 69 to turn on 
bypass sWitch 40, causing bridge diode 56 to be bypassed. 
When bridge diode 56 is reverse biased, comparator circuit 

May 22, 2003 

68 provides a second comparator output voltage level to 
bypass sWitch 40 via line 69 to turn off bypass sWitch 40, 
causing bridge diode 56 to be returned to the circuit. Charge 
pump circuit 70 is coupled betWeen AC input terminals 32 
and 34 and provides a voltage level to comparator circuit 68 
via a line 71 to alloW comparator circuit 68 to properly bias 
bypass sWitch 40. 

[0022] Bypass sWitch 42 and comparator circuit 72 are 
coupled in parallel With bridge diode 58 betWeen AC input 
terminal 34 and negative DC output terminal 38. Compara 
tor circuit 72 compares the voltage across bridge diode 58 
With a reference voltage to determine When bridge diode 58 
is forWard biased. When bridge diode 58 is forWard biased, 
comparator circuit 72 provides a ?rst comparator output 
voltage level to bypass sWitch 42 via a line 73 to turn on 
bypass sWitch 42, causing bridge diode 58 to be bypassed. 
When bridge diode 58 is reverse biased, comparator circuit 
72 provides a second comparator output voltage level to 
bypass sWitch 42 via line 73 to turn off bypass sWitch 42, 
causing bridge diode 58 to be returned to the circuit. Charge 
pump circuit 74 is coupled betWeen AC input terminals 32 
and 34 and provides a voltage level to comparator circuit 72 
via a line 75 to alloW comparator circuit 72 to properly bias 
bypass sWitch 42. 

[0023] Bypass sWitch 44 and comparator circuit 76 are 
coupled in parallel With bridge diode 60 betWeen AC input 
terminal 34 and positive DC output terminal 36. Comparator 
circuit 76 compares the voltage across bridge diode 60 With 
a reference voltage to determine When bridge diode 60 is 
forWard biased. When bridge diode 60 is forWard biased, 
comparator circuit 76 provides a ?rst comparator output 
voltage level to bypass sWitch 44 via a line 77 to turn on 
bypass sWitch 44, causing bridge diode 60 to be bypassed. 
When bridge diode 60 is reverse biased, comparator circuit 
76 provides a second comparator output voltage level to 
bypass sWitch 44 via line 77 to turn off bypass sWitch 44, 
causing bridge diode 60 to be returned to the circuit. Charge 
pump circuit 78 is coupled betWeen AC input terminals 32 
and 34 and provides a voltage level to comparator circuit 76 
via a line 79 to alloW comparator circuit 76 to properly bias 
bypass sWitch 44. 

[0024] Bypass sWitch 46 and comparator circuit 80 are 
coupled in parallel With bridge diode 62 betWeen AC input 
terminal 32 and negative DC output terminal 38. Compara 
tor circuit 80 compares the voltage across bridge diode 62 
With a reference voltage to determine When bridge diode 62 
is forWard biased. When bridge diode 62 is forWard biased, 
comparator circuit 80 provides a ?rst comparator output 
voltage level to bypass sWitch 46 via a line 81 to turn on 
bypass sWitch 46, causing bridge diode 62 to be bypassed. 
When bridge diode 62 is reverse biased, comparator circuit 
80 provides a second comparator output voltage level to 
bypass sWitch 46 via line 81 to turn off bypass sWitch 46, 
causing bridge diode 62 to be returned to the circuit. Charge 
pump circuit 82 is coupled betWeen AC input terminals 32 
and 34 and provides a voltage level to comparator circuit 80 
via a line 83 to alloW comparator circuit 80 to properly bias 
bypass sWitch 46. 

[0025] One embodiment of a full-Wave synchronous rec 
ti?er according to the present invention utiliZes n-channel 
metal-oXide ?eld-effect transistors (NMOS) as bypass 
sWitches. An inherent characteristic of NMOS transistors, 
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due to their construction, is that they exhibit properties of 
having a diode coupled betWeen the source and drain of the 
transistor that is “anti-parallel” to the normal direction of 
current ?oW through the transistors. In other Words, NMOS 
transistors behave electrically as though there is a discrete 
diode coupled betWeen the drain and source, Wherein the 
cathode of the diode is coupled to the drain and the anode is 
coupled to the source. This “diode” is referred to as a 
parasitic diode. Ap-channel metal-oxide ?eld-effect transis 
tor (PMOS) behaves similarly to an NMOS transistor, 
eXcept that the parasitic diode has its cathode coupled to the 
source and its anode coupled to the drain. 

[0026] In one embodiment of the present invention, as 
illustrated schematically in FIG. 2 and con?gured as 
described beloW, NMOS transistors are utiliZed as the 
bypass sWitches and their associated parasitic diodes are 
utiliZed to replace the discrete diodes and form the diode 
bridge recti?er, 30. Synchronous recti?er 20 includes a ?rst 
AC input terminal 32, a second AC input terminal 34, a 
positive DC output terminal 36, a negative DC output 
terminal 36, and four NMOS transistors 90, 92, 94 and 96. 

[0027] NMOS transistor 90 has a source coupled to AC 
input terminal 32, a drain coupled to positive DC output 
terminal 36, a gate coupled to comparator circuit 48. NMOS 
transistor 90 further comprises a parasitic diode 91 having 
an anode coupled to AC input terminal 32 and a cathode 
coupled to positive DC output terminal 36. 

[0028] Comparator circuit 48 is coupled in parallel With 
parasitic diode 91 and includes an operation ampli?er 100 
having a non-inverting terminal 102, an inverting terminal 
104, an output terminal 106, a negative voltage terminal 108, 
and a positive voltage terminal 110. Negative voltage ter 
minal 108 is coupled to AC input terminal 32 via a line 109, 
and positive voltage terminal 110 is coupled to a charge 
pump circuit 300 (see FIG. 3A). A ?rst resistor 112 is 
coupled betWeen inverting terminal 104 and positive DC 
output terminal 36. Asecond resistor 114 is coupled betWeen 
inverting terminal 104 and AC input terminal 32. A diode 
116 has an anode coupled to inverting terminal 104 and a 
cathode coupled to AC input terminal 32, and limits the 
voltage at inverting terminal 104. A capacitor 118 has a ?rst 
terminal coupled to inverting terminal 104 and AC input 
terminal 32, and functions as a high-frequency ?lter. A third 
resistor 120 is coupled betWeen non-inverting terminal 102 
and AC input terminal 32. A fourth resistor 122 is coupled 
betWeen output terminal 106 and the control gate of NMOS 
transistor 90. 

[0029] Asecond NMOS transistor 92 has a source coupled 
to negative DC output terminal 38, a drain coupled to AC 
input terminal 34, and a gate coupled to comparator circuit 
50. NMOS transistor 92 further comprises a parasitic diode 
93 having an anode coupled to negative DC output terminal 
38 and a cathode coupled to AC input terminal 34. 

[0030] Comparator circuit 50 is coupled in parallel With 
parasitic diode 93 and includes an operation ampli?er 130 
having a non-inverting terminal 132, an inverting terminal 
134, an output terminal 136, a negative voltage terminal 138, 
and a positive voltage terminal 140. Negative voltage ter 
minal 138 is coupled to negative DC output terminal 38 via 
a line 139, and positive voltage terminal 140 is coupled to 
a charge pump circuit 360 (see FIG. 3C). A ?rst resistor 142 
is coupled betWeen inverting terminal 134 and negative DC 
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output terminal 38. Asecond resistor 144 is coupled betWeen 
inverting terminal 134 and AC input terminal 34. A diode 
146 has an anode coupled to inverting terminal 134 and a 
cathode coupled to negative DC output terminal 38, and 
limits the voltage at inverting terminal 134. A capacitor 148 
has a ?rst terminal coupled to inverting terminal 134 and 
negative DC output terminal 38, and functions as a high 
frequency ?lter. A third resistor 150 is coupled betWeen 
non-inverting terminal 132 and negative DC output terminal 
38. A fourth resistor 152 is coupled betWeen output terminal 
136 and the control gate of NMOS transistor 92. 

[0031] A third NMOS transistor 94 has a source coupled 
to AC input terminal 34, a drain coupled to positive DC 
output terminal 36, and a gate coupled to comparator circuit 
52. NMOS transistor 94 further comprises a parasitic diode 
95 having an anode coupled to AC input terminal 34 and a 
cathode coupled to positive DC output terminal 36. 

[0032] Comparator circuit 52 is coupled in parallel With 
parasitic diode 95 and includes an operation ampli?er 160 
having a non-inverting terminal 162, an inverting terminal 
164, an output terminal 166, a negative voltage terminal 168, 
and a positive voltage terminal 170. Negative voltage ter 
minal 168 is coupled to AC input terminal 34 via a line 169, 
and positive voltage terminal 170 is coupled to a charge 
pump circuit 330 (see FIG. 3B). A ?rst resistor 172 is 
coupled betWeen inverting terminal 164 and positive DC 
output terminal 36. Asecond resistor 174 is coupled betWeen 
inverting terminal 164 and AC input terminal 34. A diode 
176 has an anode coupled to inverting terminal 164 and a 
cathode coupled to AC input terminal 34, and limits the 
voltage at inverting terminal 164. Acapacitor 178 has a ?rst 
terminal coupled to inverting terminal 164 and AC input 
terminal 34, and functions as a high-frequency ?lter. Athird 
resistor 180 is coupled betWeen non-inverting terminal 162 
and AC input terminal 34. A fourth resistor 182 is coupled 
betWeen output terminal 166 and the control gate of NMOS 
transistor 94. 

[0033] A fourth NMOS transistor 96 has a source coupled 
to negative DC output terminal 38, a drain coupled to AC 
input terminal 32, and a gate coupled to comparator circuit 
54. NMOS transistor 96 further comprises a parasitic diode 
97 having an anode coupled to negative DC output terminal 
38 and a cathode coupled to AC input terminal 32. 

[0034] Comparator circuit 54 is coupled in parallel With 
parasitic diode 97 and includes an operation ampli?er 190 
having a non-inverting terminal 192, an inverting terminal 
194, an output terminal 196, a negative voltage terminal 198, 
and a positive voltage terminal 200. Negative voltage ter 
minal 198 is coupled to negative DC output terminal 38 via 
a line 199, and positive voltage terminal 200 is coupled to 
a charge pump circuit 360 (see FIG. 3C). A?rst resistor 202 
is coupled betWeen inverting terminal 194 and AC input 
terminal 32. A second resistor 204 is coupled betWeen 
inverting terminal 194 and negative DC output terminal 38. 
Adiode 206 has an anode coupled to inverting terminal 194 
and a cathode coupled to negative DC output terminal 38, 
and limits the voltage at inverting terminal 194. A capacitor 
208 has a ?rst terminal coupled to inverting terminal 194 and 
negative DC output terminal 38, and functions as a high 
frequency ?lter. A third resistor 210 is coupled betWeen 
non-inverting terminal 192 and negative DC output terminal 
38. A fourth resistor 212 is coupled betWeen output terminal 
196 and the control gate of NMOS transistor 96. 
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[0035] FIGS. 3A, 3B and 3C illustrate exemplary embodi 
ments of charge pump circuits used With the synchronous 
bridge recti?er according to the present invention. See also 
US. patent application Ser. No. (Attorney Docket 
No. HP 10003739-1) titled “Charge-Pumped DC Bias Sup 
ply,” Which is incorporated herein by reference. Other 
suitable charge pump circuits for use With present invention 
Will become apparent to those skilled in the art after reading 
this application. 

[0036] FIG. 3A illustrates one exemplary embodiment of 
charge pump circuit 300. Charge pump 300 comprises a ?rst 
capacitor 302 With a ?rst terminal coupled to AC input 
terminal 34 and a second terminal coupled to a ?rst node 
304. A ?rst diode 306 has an anode coupled to AC input 
terminal 32 and a cathode coupled to node 304. A second 
diode 308 has an anode coupled to node 304 and a cathode 
coupled to a second node 310. A second capacitor 312 has 
a ?rst terminal coupled to AC input terminal 32 and a second 
terminal coupled to the second node 310. A resistor 314 has 
a ?rst terminal coupled to node 310 and a second terminal 
coupled to an output node 316. A third capacitor 318 has a 
?rst terminal coupled to AC input terminal 32 and a second 
terminal coupled to output node 316. AZener diode 320 has 
an anode coupled to AC input terminal 32 and a cathode 
coupled to output node 316. Output node 316 is coupled via 
a line 322 to the positive voltage terminal 110 of operational 
ampli?er 100. 

[0037] FIG. 3B illustrates one exemplary embodiment of 
charge pump circuit 330. Charge pump 330 comprises a ?rst 
capacitor 332 With a ?rst terminal coupled to AC input 
terminal 32 and a second terminal coupled to a ?rst node 
334. A ?rst diode 336 has an anode coupled to AC input 
terminal 34 and a cathode coupled to node 334. A second 
diode 338 has an anode coupled to node 334 and a cathode 
coupled to a second node 340. A second capacitor 342 has 
a ?rst terminal coupled to AC input terminal 34 and a second 
terminal coupled to the second node 340. A resistor 344 has 
a ?rst terminal coupled to node 340 and a second terminal 
coupled to an output node 346. A third capacitor 348 has a 
?rst terminal coupled to AC input terminal 34 and a second 
terminal coupled to output node 346. A Zener diode has an 
anode coupled to AC input terminal 34 and a cathode 
coupled to output node 346. Output node 346 is coupled via 
a line 352 to the positive voltage terminal 170 of operational 
ampli?er 160. 

[0038] FIG. 3C illustrates one exemplary embodiment of 
charge pump circuit 360. Charge pump 360 comprises a ?rst 
capacitor 362 With a ?rst terminal coupled to AC input 
terminal 32 and a second terminal coupled to a ?rst node 
364. A ?rst diode 366 has an anode coupled to AC input 
terminal 34 and a cathode coupled to node 364. A second 
diode 368 has an anode coupled to node 334 and a cathode 
coupled to a second node 370. A second capacitor 372 has 
a ?rst terminal coupled to negative DC output terminal 38 
and a second terminal coupled to node 370. A resistor 374 
has a ?rst terminal coupled to node 370 and a second 
terminal coupled to an output node 376. A third capacitor 
378 has a ?rst terminal coupled to negative DC output 
terminal 38 and a second terminal coupled to output node 
376. A Zener diode has an anode coupled to negative DC 
output terminal 38 and a cathode coupled to output node 
376. Output node 376 is coupled via a line 382 to positive 
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voltage terminal 140 of operational ampli?er 130 and to 
positive voltage terminal 200 of operational ampli?er 190. 

[0039] Synchronous bridge recti?er 20, as illustrated in 
FIG. 2, operates as folloWs to provide a DC voltage betWeen 
positive DC output node 36 and negative DC output node 
38. With no voltage source present at AC input terminals 32 
and 34, all devices are off. When an AC voltage source 64 
is ?rst applied betWeen AC input terminals 32 and 34, 
recti?cation is initially performed by the four parasitic 
diodes 91, 93, 95 and 97, that are coupled in the classic diode 
bridge con?guration. This initial recti?cation typically 
occurs during the ?rst one-to-three AC cycles While charge 
pump circuits 300, 330 and 360 are charging. Once the 
charge pump circuits have become charged and are provid 
ing the required voltage levels to the positive voltage 
terminals 110, 140, 170 and 200 of operational ampli?ers 
100, 130, 160 and 190, respectively, comparator circuits 48, 
50, 52 and 54 compare a voltage level across their associated 
parasitic diode to a reference voltage level. The comparator 
circuits turn on their associated NMOS transistor When the 
voltage level across the parasitic diode exceeds the reference 
voltage level, and turn off their associated NMOS transistor 
When the voltage level across the parasitic diode is less than 
the reference voltage level, thereby performing recti?cation 
through synchronous sWitching of the bypass sWitches. 

[0040] Each comparator circuit utiliZes a near-Zero voltage 
level as its reference voltage level. The reference voltage 
level for comparator circuit 48 is the level at non-inverting 
terminal 102 With respect to AC input terminal 32. The 
reference voltage for comparator circuit 50 is the level at 
non-inverting terminal 132 With respect to negative DC 
output terminal 38. The reference voltage for comparator 
circuit 52 is the level at non-inverting terminal 162 With 
respect to AC input terminal 34. The reference voltage for 
comparator circuit 54 is the level at non-inverting terminal 
192 With respect to negative DC output terminal 38. Resis 
tors 120, 150, 180 and 210 represent impedances necessary 
to maintain current ?oW into their associated non-inverting 
terminals at near-Zero levels. 

[0041] During a positive half-cycle of AC voltage source 
64, When AC input terminal 32 is positive, recti?cation is 
performed by turning on NMOS transistors 90 and 92 and by 
turning off NMOS transistors 94 and 96. As AC voltage 
source 64 begins a positive half-cycle, parasitic diodes 91 
and 93 begin to conduct current and become forWard biased. 
The voltage drop across parasitic diode 91, from its anode at 
input 32 to its cathode at positive DC output terminal 36, is 
positive With respect to the near-Zero reference voltage at 
non-inverting terminal 102 of operational ampli?er 100. 
Comparator circuit 48 senses that the voltage drop across 
parasitic diode 91 exceeds the reference voltage and pro 
vides a control voltage level, via output terminal 106 and 
resistor 122, to the gate of NMOS transistor 90 to thereby 
forWard bias the gate With respect to input terminal 32 and 
turn on NMOS transistor 90. Likewise, the voltage drop 
across parasitic diode 93, from its anode at negative DC 
output terminal 38 to its cathode at AC input terminal 34, is 
positive With respect to the near-Zero reference voltage at 
non-inverting terminal 132 of operational ampli?er 130. 
Comparator circuit 50 senses that the voltage drop across 
parasitic diode 93 exceeds the reference voltage and pro 
vides a control voltage level, via output terminal 136 and 
resistor 152, to the gate of NMOS transistor 92 to thereby 
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forward bias the gate with respect to negative DC output 
terminal 38 and turn on NMOS transistor 92. 

[0042] During the same positive half-cycle, parasitic 
diodes 95 and 97 are reverse-biased and are not conducting 
current. The voltage drop across parasitic diode 95, from its 
anode at AC input terminal 34 to its cathode at negative DC 
output terminal 36, is negative with respect to the near-Zero 
reference voltage at non-inverting terminal 132 of opera 
tional ampli?er 130. Comparator circuit 52 senses that the 
voltage drop across parasitic diode 95 is less than the 
reference voltage and maintains NMOS transistor 94 in the 
off position. Likewise, the voltage drop across parasitic 
diode 97, from its anode at negative DC output terminal 38 
to its cathode at AC input terminal 32, is negative with 
respect to the near-Zero reference voltage at non-inverting 
terminal 192 of operational ampli?er 190. Comparator cir 
cuit 54 senses that the voltage drop across parasitic diode 97 
is less than the reference voltage and maintains NMOS 
transistor 96 in the off position. 

[0043] Thus, during a positive half-cycle of AC voltage 
source 64, parasitic diodes 91 and 93 are bypassed by 
NMOS transistors 90 and 92, respectively. During the posi 
tive half-cycle, current ?ows in the path from AC voltage 
source 64 into AC input terminal 32, through NMOS tran 
sistor 90, external load 66, NMOS transistor 92, and back to 
voltage source 64 via AC input terminal 34. 

[0044] Conversely, during a negative half-cycle of AC 
voltage source 64, when AC input terminal 34 is positive, 
recti?cation is performed by turning off bypass switches 90 
and 92 and by turning on bypass switches 94 and 96. As AC 
voltage source 64 begins a negative half-cycle, parasitic 
diodes 95 and 97 begin to conduct current and become 
forward biased. The voltage drop across parasitic diode 95, 
from its anode at AC input terminal 34 to its cathode at 
positive DC output terminal 36, is positive with respect to 
the near-Zero reference voltage at non-inverting terminal 
162 of operational ampli?er 160. Comparator circuit 52 
senses that the voltage drop across parasitic diode 95 
exceeds the reference voltage and provides a control voltage 
level, via output terminal 166 and resistor 182, to the gate of 
NMOS transistor 94 to thereby forward bias the gate with 
respect to input terminal 34 and turn on NMOS transistor 94. 
Likewise, the voltage drop across parasitic diode 97, from its 
anode at negative DC output terminal 38 to its cathode at AC 
input terminal 32, is positive with respect to the near-Zero 
reference voltage at non-inverting terminal 192 of opera 
tional ampli?er 190. Comparator circuit 54 senses that the 
voltage drop across parasitic diode 97 exceeds the reference 
voltage and provides a control voltage level, via output 
terminal 196 and resistor 212, to the gate of NMOS tran 
sistor 96 to thereby forward bias the gate with respect to 
negative DC output terminal 38 and turn on NMOS tran 
sistor 96. 

[0045] During the same negative half-cycle, parasitic 
diodes 91 and 93 are reverse-biased and are not conducting 
current. The voltage drop across parasitic diode 91, from its 
anode at AC input terminal 32 to its cathode at positive DC 
output terminal 36, is negative with respect to the near-Zero 
reference voltage at non-inverting terminal 102 of opera 
tional ampli?er 100. Comparator circuit 48 senses that the 
voltage drop across parasitic diode 91 is less than the 
reference voltage and maintains NMOS transistor 90 in the 
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off position. Likewise, the voltage drop across parasitic 
diode 93, from its anode at negative DC output terminal 38 
to its cathode at AC input terminal 34, is negative with 
respect to the near-Zero reference voltage at non-inverting 
terminal 132 of operational ampli?er 130. Comparator cir 
cuit 50 senses that the voltage drop across parasitic diode 93 
is less than the reference voltage and maintains NMOS 
transistor 92 in the off position. 

[0046] To summarize, during the positive half-cycle of AC 
voltage source 64, NMOS transistors 90 and 92 are turned 
on to bypass parasitic diodes 91 and 93, while NMOS 
transistors 94 and 96 are turned off. Conversely, during the 
negative half-cycle of AC voltage source 64, NMOS tran 
sistors 94 and 96 are turned on to bypass parasitic diodes 95 
and 97, while NMOS transistors 90 and 92 are turned off. 
Thus, during the positive half-cycle, current ?ows in the 
path from AC voltage source 64 into AC input terminal 34, 
through NMOS transistor 90, external load 66, NMOS 
transistor 92, and back to voltage source 64 via AC input 
terminal 34. Similarly, during the negative half-cycle, cur 
rent ?ows in the path from AC voltage source 64 into AC 
input terminal 34, through NMOS transistor 94, external 
load 66, NMOS transistor 96, and back to AC voltage source 
64 via AC input terminal 32. Thus, recti?cation is achieved 
by continuously switching NMOS transistors 90, 92, 94 and 
96 synchronously with AC voltage source 64. 

[0047] During the recti?cation process, the charge pumps 
provide a voltage level to the comparator circuits to power 
the operational ampli?ers and to allow the operational 
ampli?ers to properly bias the control gates of the associated 
power switches. Charge pump 300, as illustrated by FIG. 
3A, provides a voltage level to positive voltage terminal 110 
of operational ampli?er 100. The source gate of NMOS 
transistor 90 is coupled to AC input terminal 32. Therefore, 
charge pump 300 is designed to provide a voltage level to 
operational ampli?er 100 that is suf?ciently higher than the 
voltage level at AC input terminal 32 (approximately 15 
volts higher) so that the output of operational ampli?er 100 
at output terminal 106 can properly bias the control gate of 
NMOS transistor 90 to turn it on when parasitic diode 91 is 
forward biased. During a ?rst half-cycle of AC voltage 
source 64, AC input terminal 32 is positive and diode 306 
becomes forward biased. Current then ?ows from AC input 
terminal 32, through diode 306 and back to AC voltage 
source 64 via capacitor 306. Capacitor 306, referred to as the 
“pump” capacitor, is consequently charged with the positive 
pole being node 304. As AC voltage source 64 passes its 
positive peak, diode 306 becomes reverse biased while 
diode 308 become forward biased, and the charge on pump 
capacitor 302 is “pumped” into “storage” capacitor 312. 
During the second half-cycle of AC voltage source 64, AC 
input terminal 32 is negative and diodes 306 and 308 are 
forward-biased, resulting in no current ?ow into input ter 
minal 32 from voltage source 64. Consequently, a half-wave 
recti?ed current signal is supplied to storage capacitor 312 
resulting in a DC voltage level being provided at output 
terminal 322. Resistor 314, capacitor 318 and Zener diode 
320 serve to ?lter and stabiliZe the output voltage level at 
output node 332, which is referenced to AC input terminal 
32. 

[0048] Charge pump 330, as illustrated by FIG. 3B, 
provides a voltage level to positive voltage terminal 170 of 
operational ampli?er 160. The gate of NMOS transistor 94 
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is coupled to AC input terminal 34. Therefore, charge pump 
330 is designed to provide a voltage level to operational 
ampli?er 160 that is suf?ciently higher than the voltage level 
at AC input terminal 34 (approximately 15 volts higher) so 
that the output of operational ampli?er 160 at output termi 
nal 166 can properly bias the control gate of NMOS tran 
sistor 94 to turn it on When parasitic diode 95 is forWard 
biased. During a ?rst half-cycle of AC voltage source 64, AC 
input terminal 34 is positive and diode 336 becomes forWard 
biased. Current then ?oWs from AC input terminal 34, 
through diode 336 and back to AC voltage source 64 via 
capacitor 332. Capacitor 332, referred to as the “pump” 
capacitor, is consequently charged With the positive pole 
being node 334. As AC voltage source 78 passes its negative 
peak, diode 336 becomes reverse-biased While diode 338 
become forWard biased, and the charge stored by pump 
capacitor 332 is “pumped” into “storage” capacitor 342. 
During the second half-cycle of AC voltage source 64, AC 
input terminal 34 is negative and diodes 336 and 338 are 
reverse-biased, resulting in no current ?oW into input ter 
minal 34 from voltage source 64. Consequently, a half-Wave 
recti?ed current signal is supplied to “storage” capacitor 342 
resulting in a DC voltage level being provided at positive 
voltage terminal 352. Resistor 344, capacitor 348 and Zener 
diode 350 serve to ?lter and stabiliZe the output voltage level 
at output node 352, Which is referenced to AC input terminal 
34. 

[0049] Charge pump 360, as illustrated by FIG. 3C, 
provides a voltage level to positive voltage terminals 140 
and 200 of operational ampli?ers 130 and 190, respectively. 
Because the source gates of NMOS transistors 92 and 96 are 
both coupled to negative DC output terminal 38, operational 
ampli?ers 140 and 200 can share a single charge pump 
circuit rather than each requiring its oWn charge pump 
circuit. Therefore, charge pump circuit 360 is designed to 
provide a voltage level to operational ampli?ers 130 and 190 
that is suf?ciently higher than the voltage level at DC output 
terminal 38 (approximately 15 volts higher) so that the 
output of operational ampli?ers 130 and 190 at output 
terminals 136 and 196 can properly bias the control gates of 
NMOS transistors 92 and 96 to turn them on When their 
associated parasitic diodes 93 and 97 are forWard biased. 
Charge pump 360 operates similarly to charge pump 330, as 
described by FIG. 3B above, eXcept that the voltage at 
output node 376 is referenced to negative DC output termi 
nal 38. When AC input terminal 34 is positive, “pump” 
capacitor 362 is charged. When AC input terminal 34 is 
negative, the stored charge in capacitor 362 is “pumped” to 
storage capacitor 372. Resistor 374, capacitor 378 and Zener 
diode 380 serve to ?lter and stabiliZe the output voltage level 
at output node 382, Which is referenced to negative DC 
output terminal 38. 

[0050] A synchronous bridge recti?er according to the 
present invention replaces a standard four-diode bridge 
recti?er With a synchronous sWitch bridge. By controlling 
the sWitches at the line frequency of the voltage source and 
bypassing the bridge diodes, the conduction losses of the 
bridge diodes are eliminated, leaving only minor conduction 
losses through the sWitches. As a result, the ef?ciency of the 
AC to DC conversion process is improved. As an eXample, 
consider a 120 Vac source supplying 8A rms, Which yields 
a poWer consumed of 960 Watts. A standard four diode 
bridge recti?er Will dissipate approximately 12.8 Watts of 
energy (8A times tWo diode voltage drops of 0.8V) Which 
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yields an AC-to-DC conversion ef?ciency of 98.666%. A 
synchronous recti?er according to the present invention Will 
dissipate approximately 5.5 Watts (8A times 8A times 0.043 
Ohms times tWo sWitches—resistance being that of an 
IRFPS60N50C transistor) Which yields and AC-to-DC con 
version ef?ciency of 99.427%. Thus, the present invention 
reduces losses by approximately 7.3 Watts, Which may 
eliminate the need for heat sinking and forced air convection 
cooling of the poWer converter. As the “on” impedance of 
the poWer sWitches continues to improve, so Will the oper 
ating ef?ciency of the present invention. 

[0051] The present invention also alloWs poWer converters 
to operate more ef?ciently at very loW poWer levels. As an 
eXample, consider a 120 Vac source supplying 0.5 Arms for 
a total poWer consumption of 60 Watts. A standard four 
diode bridge recti?er Will dissipate approximately 0.8 Watts 
Which yields an AC-to-DC conversion ef?ciency of 
98.666%. A synchronous recti?er according to the present 
invention Will dissipate approximately 0.0215 Watts Which 
yields an AC-to-DC conversion ef?ciency of 99.964%. 
Thus, the present invention reduces losses by approximately 
0.7785 Watts, Which may alloW a product that is on the verge 
of failing EPA loW poWer limits to pass With margin. 

[0052] In conclusion, a poWer converter utiliZing the 
present invention improves the ef?ciency of the AC-to-DC 
conversion process and reduces the generation of Waste heat 
by bypassing the standard bridge diodes and performing 
recti?cation through synchronous control of bypass 
switches. The reduction in Waste heat may alloW heat sinks 
to be removed from the poWer converter, thus saving space, 
and in-turn may eliminate the need and cost of forced 
convective cooling. Elimination of cooling fans further 
reduces energy consumed by the converter. UL and CSA 
standards presently limit poWer use on a standard 120 Vac, 
15A receptacle to 1500W. The improvement in ef?ciency 
may alloW products presently exceeding this design limit to 
utiliZe a single poWer cord rather than tWo poWer cords. The 
improvement in ef?ciency also yields additional energy that 
is available for other system uses Within the product and 
improves the ability of products to meet EPA loW poWer 
limits. Furthermore, the components of the present invention 
can be selected to optimiZe performance for a given product, 
and as the “on” resistance of the poWer sWitches continues 
to improve, so too Will the potential operating efficiency of 
the present invention. Electronic devices, including laser 
printers and copiers, Would especially bene?t from the 
poWer and space saving characteristics of the present inven 
tion. 

[0053] Although speci?c embodiments have been illus 
trated and described herein for purposes of description of the 
preferred embodiment, it Will be appreciated by those of 
ordinary skill in the art that a Wide variety of alternate and/or 
equivalent implementations may be substituted for the spe 
ci?c embodiments shoWn and described Without departing 
from the scope of the present invention. Those With skill in 
the chemical, mechanical, electromechanical, electrical, and 
computer arts Will readily appreciate that the present inven 
tion may be implemented in a very Wide variety of embodi 
ments. This application is intended to cover any adaptations 
or variations of the preferred embodiments discussed herein. 
Therefore, it is manifestly intended that this invention be 
limited only by the claims and the equivalents thereof. 
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What is claimed is: 
1. A full-Wave AC synchronous bridge recti?er connect 

able to an AC voltage source, the system comprising: 

a full-Wave diode bridge recti?er having four bridge 
diodes; 

a poWer sWitch connected in parallel With each bridge 
diode, each poWer sWitch having a control gate; and 

a poWer sWitch control circuit in parallel With each bridge 
diode and electrically coupled to the control gate of the 
associated poWer sWitch, Wherein each poWer sWitch 
control circuit provides a ?rst control voltage to its 
associated poWer sWitch control gate When the parallel 
connected bridge diode is forWard-biased to turn on the 
poWer sWitch, and provides a second control voltage to 
its associated poWer sWitch control gate When the diode 
is reverse-biased to turn off the poWer sWitch to provide 
recti?cation through synchronous control of the poWer 
sWitches. 

2. The bridge recti?er of claim 1, Wherein the bridge 
diodes comprise four discrete diodes coupled to form the 
full-Wave diode bridge recti?er. 

3. The bridge recti?er of claim 1, Wherein each poWer 
sWitch is an n-channel transistor having a source coupled to 
the anode and a drain coupled to the cathode of its parallel 
connected bridge diode, and having a control gate coupled 
to its associated sWitch control circuit. 

4. The bridge recti?er of claim 3, Wherein the bridge 
diodes comprise four parasitic diodes, one parasitic diode 
associated With each n-channel transistor, coupled to form 
the full-Wave diode bridge recti?er. 

5. The bridge recti?er of claim 1, Wherein each poWer 
sWitch is a p-channel transistor. 

6. The bridge recti?er of claim 1, Wherein each poWer 
sWitch control circuit further comprises a comparator circuit 
to compare a voltage across its associated bridge diode to a 
reference voltage. 

7. The bridge recti?er of claim 1, Wherein each poWer 
sWitch control circuit further comprises a charge pump 
circuit to provide a voltage level to the comparator circuit to 
enable the comparator circuit to properly bias the poWer 
sWitch control gate. 

8. The bridge recti?er of claim 7, Wherein each compara 
tor circuit comprises: 

an operational ampli?er having an inverting terminal, a 
noninverting terminal, an output terminal, a positive 
voltage terminal coupled to the charge pump circuit, 
and a negative voltage terminal coupled to the anode of 
the bridge diode; and 

a ?rst resistor coupled betWeen the inverting terminal and 
the anode of the bridge diode; and 

a second resistor coupled betWeen the inverting terminal 
and the cathode of the bridge diode; and 

a third resistor coupled betWeen the noninverting terminal 
and the anode of the bridge diode. 

9. The bridge recti?er of claim 8, Wherein the comparator 
circuit further comprises hysteresis and comparator limits to 
prevent inadvertent sWitching of the associated poWer 
sWitch. 

10. The bridge recti?er of claim 8, Wherein the compara 
tor circuit includes a ?lter on the operational ampli?er 
inverting terminal for high frequency rejection. 
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11. The bridge recti?er of claim 10, Wherein the ?lter 
comprises a capacitor coupled betWeen inverting terminal 
and the negative voltage terminal of the operation ampli?er. 

12. The bridge recti?er of claim 8, Wherein the compara 
tor circuit further comprises a voltage limiting device to 
limit the voltage level at the operational ampli?er inverting 
terminal When the associated poWer sWitch is off. 

13. The bridge recti?er of claim 12, Wherein the voltage 
limiting device comprises a diode coupled betWeen the 
inverting and negative voltage terminals of the operational 
ampli?er. 

14. The bridge recti?er of claim 12, Wherein the voltage 
limiting device comprises a diac coupled betWeen the invert 
ing terminal and the negative voltage terminal of the opera 
tional ampli?er. 

15. A full-Wave AC synchronous recti?er connectable to 
an AC voltage source across a ?rst input node and a second 
input node, the recti?er comprising: 

a diode-bridge recti?er comprising four bridge diodes; 

a sWitch coupled in parallel With each bridge diode, each 
sWitch having a control gate; 

?rst, second and third charge pump circuits, each provid 
ing a biasing voltage; and 

four comparator circuits, one coupled in parallel With each 
bridge diode and to the associated sWitch control gate, 
the ?rst receiving a biasing voltage from the ?rst charge 
pump circuit, the second receiving a biasing voltage 
from the second charge pump circuit, and the third and 
fourth receiving a biasing voltage from the third charge 
pump circuit, Wherein each comparator circuit com 
pares a voltage level across the associated bridge diode 
to a reference voltage, turns on the associated sWitch 
When the reference voltage eXceeds the voltage level 
across the bridge diode, and turns off the sWitch When 
the voltage level across the bridge diode eXceeds the 
reference voltage to provide synchronous recti?cation 
through control of the sWitches. 

16. The bridge recti?er of claim 15, Wherein the bridge 
diodes comprise four discrete diodes coupled to form the 
diode-bridge recti?er. 

17. The bridge recti?er of claim 15, Wherein each sWitch 
is an n-channel transistor having a source coupled to the 
anode and a drain coupled to the cathode of its parallel 
connected bridge diode, and having a control gate coupled 
to its associated sWitch control circuit. 

18. The bridge recti?er of claim 17, Wherein the bridge 
diodes comprise four parasitic diodes, one parasitic diode 
associated With each n-channel transistor, coupled to form 
the diode-bridge recti?er. 

19. The bridge recti?er of claim 15, Wherein each sWitch 
is a p-channel transistor. 

20. The bridge recti?er of claim 15, Wherein each com 
parator circuit comprises: 

an operational ampli?er having inverting terminal, a 
noninverting terminal, an output terminal, a positive 
voltage terminal coupled to the charge pump circuit, 
and a negative voltage terminal coupled to the anode of 
the bridge diode; and 

a ?rst resistor coupled betWeen the inverting terminal and 
the anode of the bridge diode; and 
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a second resistor coupled between the inverting terminal 
and the cathode of the bridge diode; and 

a third resistor coupled betWeen the noninverting terminal 
and the anode of the bridge diode. 

21. The bridge recti?er of claim 20, Wherein the com 
parator circuit further comprises a voltage limiting device to 
limit the voltage level at the operational ampli?er inverting 
terminal When the associated sWitch is off. 

22. The bridge recti?er of claim 21, Wherein the voltage 
limiting device comprises a diode having an anode coupled 
to the operational ampli?er inverting terminal and a cathode 
coupled to the operational ampli?er negative voltage termi 
nal. 

23. The bridge recti?er of claim 20, Wherein the anode of 
the bridge diode associated With the ?rst comparator circuit 
is coupled to a ?rst AC input terminal, the 

24. The bridge recti?er of claim 23, Wherein the ?rst 
charge pump circuit comprises: 

a ?rst capacitor coupled betWeen the second AC input 
terminal and a ?rst node; 

a ?rst diode having an anode coupled to the ?rst AC input 
terminal and a cathode coupled to the ?rst node; 

a second diode having an anode coupled to the ?rst node 
and a cathode coupled to a second node; 

a second capacitor coupled betWeen the ?rst AC input 
terminal and the second node; 

a resistor coupled betWeen the second node and an output 

node; 
a third capacitor coupled betWeen the ?rst AC input 

terminal and the output node; 

a Zener diode having an anode coupled to the ?rst AC 
input terminal and a cathode coupled to the output 
node; and 

a line connecting the output node to the positive voltage 
terminal of the ?rst comparator circuit operational 
ampli?er. 

25. The bridge recti?er of claim 23, Wherein the second 
charge pump circuit comprises: 

a ?rst capacitor coupled betWeen the ?rst AC input 
terminal and a ?rst node; 

a ?rst diode having an anode coupled to the second AC 
input terminal and a cathode coupled to the ?rst node; 

a second diode having an anode coupled to the ?rst node 
and a cathode coupled to a second node; 

a second capacitor coupled betWeen the second AC input 
terminal and the second node; 

a resistor coupled betWeen the second node and an output 
node; 
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a third capacitor coupled betWeen the second AC input 
terminal and the output node; 

a Zener diode having an anode coupled to the second AC 
input terminal and a cathode coupled to the output 
node; and 

a line connecting the output node to the positive voltage 
terminal of the second comparator circuit operational 
ampli?er. 

26. The bridge recti?er of claim 23, Wherein the third 
charge pump circuit comprises: 

a ?rst capacitor coupled betWeen the ?rst AC input 
terminal and a ?rst node; 

a ?rst diode having an anode coupled to the second AC 
input terminal and a cathode coupled to the ?rst node; 

a second diode having an anode coupled to the ?rst node 
and a cathode coupled to a second node; 

a second capacitor coupled betWeen the second node and 
the negative DC output terminal; 

a resistor coupled betWeen the second node and an output 
node; 

a third capacitor coupled betWeen the second node and the 
output node; 

a Zener diode having an anode coupled to the negative DC 
output terminal and a cathode coupled to the output 
node; and 

a line connecting the output node to the positive voltage 
terminal of both the third comparator circuit opera 
tional ampli?er and the fourth comparator circuit 
operational ampli?er. 

27. Amethod of providing a full-Wave recti?ed AC output 
from an AC voltage source having an AC voltage level, the 
method comprising: 

receiving the AC voltage level from the AC voltage 
source; 

applying the AC voltage level to a full-Wave diode bridge 
recti?er having four bridge diodes; 

providing a ?rst control voltage to a poWer sWitch control 
gate of a poWer sWitch coupled in parallel With each 
bridge diode to cause the poWer sWitch to turn on When 
the parallel connected bridge diode is forWard biased, 
and providing a second control voltage to the poWer 
sWitch control gate of the poWer sWitch coupled in 
parallel With each bridge diode to cause the poWer 
sWitch to turn off When the parallel connected bridge 
diode is reverse biased, thereby turning the poWer 
sWitches on and off synchronously With the AC voltage 
level to provide the full-Wave recti?ed AC output. 

* * * * * 


