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(57) ABSTRACT 

There is disclosed a circuit for simulating Zero cut-in voltage 
diode and a recti?er having Zero cut-in voltage characteris 
tic. The MOS transistors manufactured by the CMOS pro 
cess are used as circuit components and are properly biased 
so as to provide the rectifying capability, and thus are used 
as a rectifying diode. Furthermore, With a proper bias, the 
rectifying diode has Zero cut-in voltage and a low current 

(22) Filed: Dec. 20, 2000 loss, and thus a high ef?cient recti?er can be implement. 
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CIRCUIT FOR SIMULATING ZERO CUT-IN 
VOLTAGE DIODE AND RECTIFIER HAVING 
ZERO CUT-IN VOLTAGE CHARACTERISTIC 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a diode circuit and 
recti?er and, more particularly, to a MOS transistor circuit 
manufactured by the CMOS process for simulating Zero 
cut-in voltage diode and a Zero cut-in voltage recti?er 
including the diode. 

[0003] 2. Description of Related Art 

[0004] The conventional AC to DC full Wave recti?er is 
generally formed by diodes. Since the diode has a cut-in 
voltage of 0.6V, the recti?er Will have a poWer loss in 
voltage conversion. Particularly, When the input voltage is 
small, the negative in?uence caused by such a poWer loss 
becomes obvious and unacceptable. 

[0005] In the ?eld of contactless IC and the like, the poWer 
of IC is supplied from a small AC poWer generated by the 
induction of a coil, and thus, the ef?ciency of rectifying Will 
directly affect the use range of this IC. As a result, the 
operating ef?ciency of such an IC is determined by the 
performance of the recti?er. 

[0006] In the aforementioned AC to DC full Wave recti?er, 
a popular circuit, knoWn as a full Wave bridge recti?er, is 
illustrated in FIG. 6, Which has four diodes 902 to 905 
connected in a bridge structure. With such a circuit, When the 
AC poWer source 901 applies AC signal to the full Wave 
recti?er, the diodes 902 and 905 are turned on if the applied 
Waveform ACIN1>ACIN2. The AC signal charges the 
capacitor 906 through the diodes 902 and 905. On the 
contrary, if ACIN2>ACIN1, the diodes 903 and 904 are 
turned on, and the AC signal charges the capacitor 906 
through the diodes 903 and 904. As such, the AC poWer can 
be recti?ed to produce a DC poWer. 

[0007] FIG. 7 is the rectifying Waveform of a bridge 
recti?er, Which shoWs that, due to the in?uence of the cut-in 
voltage of the diode, the recti?ed DC voltage VDD only has 
a maXimum value of Vac-2*Vd, Where Vac is the voltage 
peak value of the AC poWer source 901 and Vd is the cut-in 
voltage of the diode. Therefore, the rectifying performance 
of the recti?er is greatly degraded. 

[0008] In order to solve such a problem, FIG. 8 shoWs 
another conventional recti?er circuit, Which uses metal 
oXide semiconductor (MOS) transistors 914 and 915 With 
N-type substrate to control the diodes for performing the 
rectifying operation of AC to DC conversion. When 
ACIN1—ACIN2>Vtn (Vtn is the threshold voltage of N-type 
MOS transistor), the N-type MOS transistor 915 is turned 
on, and the ACIN2 is applied to a loWest voltage VSS. When 
ACIN1—VDD>Vd, the diode 912 is turned on, and the AC 
poWer source starts to charge VDD. When ACIN2 
ACIN1>Vtn, the N-type MOS transistor 914 is turned on, 
ACIN1 is applied to a loWest voltage VSS. When ACIN2 
VDD>Vd, the diode 913 is turned on, and the AC voltage 
source starts to charge the VDD. 

[0009] FIG. 9 is a rectifying Waveform of the recti?er 
circuit shoWn in FIG. 8. In comparison With the Waveform 
shoWn in FIG. 7, it is knoWn that this improved recti?er 

Mar. 14, 2002 

circuit is able to reduce a voltage drop equal to one cut-in 
voltage of a diode. That is, the maXimum value of the DC 
voltage VDD is only improved to be Vac-Vd. Under a 
condition of no current load, there is still a voltage loss of 
0.6V. Thus, the in?uence of the cut-in voltage can not be 
completely removed. 

[0010] In order to entirely remove the cut-in voltage of the 
diode so that the maXimum value of the VDD is Vac, US. 
Pat. No. 5,825,214 granted to Klosa discloses an “Integrated 
circuit arrangement With diode characteristic” for replacing 
the conventional diodes to realiZe a recti?er With Zero cut-in 
voltage. The schematic vieW of the circuit is illustrated in 
FIG. 10, Which comprises three inverters 921, 922, and 923 
and a P-type MOS transistor 924 for being used as a sWitch. 
The input end and output end of the inverter 921 are 
connected together, and thus the output voltage level is 
automatically set at the trigger point of the inverter. This 
voltage Will change positively With the level of the supply 
ing poWer. The voltage level set by the inverter 921 is 
directly applied to the input end of the inverter 922 Which 
receives poWer from an AC input ACIN. The tWo inverters 
921 and 922 have the same siZe and characteristic. There 
fore, When the ACIN is smaller than the VDD, the input of 
the inverter 922 is considered to be a high voltage level. 
Through the inverter 923, the P-type MOS transistor 924 is 
turned off so as to avoid a leakage current. On the other 
hand, When the ACIN is larger than the VDD, the input of 
the inverter 922 is considered to be a loW voltage level, the 
P-type MOS transistor 924 is turned on through the inverter 
923, so as to charge VDD. 

[0011] In the aforementioned circuit, the P-type MOS 
transistor 924 can be turned on completely to provide the 
advantage of Zero cut-in voltage. HoWever, if the inverters 
921 and 922 are operating at a high speed, it is inevitable that 
a high current loss problem Will be encountered. Therefore, 
the overall ef?ciency of the recti?er is unsatisfactory due to 
such a current loss. Consequently, it is desirable to provide 
an improved circuit to mitigate and/or obviate the afore 
mentioned problems. 

SUMMARY OF THE INVENTION 

[0012] Accordingly, the object of the present invention is 
to provide a circuit for simulating Zero cut-in voltage diode 
and a recti?er having Zero cut-in voltage characteristic, so as 
to improve the ef?ciency of rectifying, reduce the current 
loss, and avoid the output voltage drop caused by the cut-in 
voltage of diode. 

[0013] In accordance With a ?rst aspect of the present 
invention, there is provided a recti?er having Zero cut-in 
voltage characteristic for converting AC voltage input to DC 
voltage output, comprising: a constant bias circuit having a 
resistor and a N-type MOS transistor, the N-type MOS 
transistor having a drain connected to the resistor and a gate 
connected to the drain; a ?rst N-type MOS transistor having 
a gate connected to the gate of the N-type MOS transistor of 
the bias circuit, so as to form a Zero cut-in voltage diode; a 
second N-type MOS transistor having a gate connected to 
the gate of the N-type MOS transistor of the bias circuit, so 
as to form another Zero cut-in voltage diode; and a ?rst 
P-type MOS transistor and a second P-type MOS transistor 
connected in a cross couple structure Which are coupled to 
the ?rst and second N-type MOS transistors, Whereby a high 
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voltage level of the AC voltage input is applied to a high 
voltage level of the DC voltage output, and a loW voltage 
level of the AC voltage input charges a loW voltage level of 
the DC voltage output through one of the Zero cut-in voltage 
diodes. 

[0014] In accordance With a second aspect of the present 
invention, there is provided a circuit for simulating Zero 
cut-in voltage diode comprising: a ?rst N-type MOS tran 
sistor having a gate and a drain connected together; a resistor 
connected to the drain of the ?rst N-type MOS transistor for 
forming a bias circuit; and a second N-type MOS transistor 
With the same characteristic as the ?rst N-type MOS tran 
sistor, having a gate connected to the gate of the ?rst N-type 
MOS transistor; Wherein the ?rst N-type MOS transistor is 
controlled by the resistor to be biased almost to a threshold 
voltage. 
[0015] In accordance With a third aspect of the present 
invention, there is provided a recti?er having Zero cut-in 
voltage characteristic for converting AC voltage input to DC 
voltage output, comprising: a constant bias circuit having a 
resistor and a P-type MOS transistor, the P-type MOS 
transistor having a drain connected to the resistor, and a gate 
connected to the drain; a ?rst P-type MOS transistor having 
a gate connected to the gate of the P-type MOS transistor of 
the bias circuit, so as to form a Zero cut-in voltage diode; a 
second P-type MOS transistor having a gate connected to the 
gate of the P-type MOS transistor of the bias circuit, so as 
to form another Zero cut-in voltage diode; and a ?rst N-type 
MOS transistor and a second N-type MOS transistor con 
nected in a cross couple structure Which are coupled to the 
?rst and second P-type MOS transistors, Whereby a loW 
voltage level of the AC voltage input is applied to a loW 
voltage level of the DC voltage output, and a high voltage 
level of the AC voltage input charges a high voltage level of 
the DC voltage output through one of the Zero cut-in voltage 
diodes. 

[0016] In accordance With a fourth aspect of the present 
invention, there is provided a circuit for simulating Zero 
cut-in voltage diode comprising: a ?rst P-type MOS tran 
sistor having a gate and a drain connected together; a resistor 
connected to the drain of the ?rst P-type MOS transistor, so 
as to form a bias circuit; and a second P-type MOS transistor 
With the same characteristic as the ?rst P-type MOS tran 
sistor, having a gate connected to the gate of the ?rst P-type 
MOS transistor; Wherein the ?rst P-type MOS transistor is 
controlled by the resistor to be based to VDD-Vtp, Where 
VDD represents a high voltage level of a DC voltage input 
and Vtp is a threshold voltage of the P-type MOS transistor. 

[0017] Other objects, advantages, and novel features of the 
invention Will become more apparent from the folloWing 
detailed description When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a schematic diagram of a recti?er having 
Zero cut-in voltage characteristic in accordance With a ?rst 
embodiment of the present invention; 

[0019] FIG. 2 is a schematic diagram of a circuit for 
simulating Zero cut-in voltage diode in accordance With the 
?rst embodiment of the present invention; 

[0020] FIG. 3 shoWs the characteristic curve of the circuit 
for simulating Zero cut-in voltage diode in accordance With 
the present invention; 
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[0021] FIG. 4 is a schematic diagram of a recti?er having 
Zero cut-in voltage characteristic in accordance With a 
second embodiment of the present invention; 

[0022] FIG. 5 is a schematic diagram of a circuit for 
simulating Zero cut-in voltage diode in accordance With the 
second embodiment of the present invention; 

[0023] FIG. 6 is the schematic diagram of a conventional 
full Wave recti?er; 

[0024] FIG. 7 shoWs the rectifying Waveform of the full 
Wave recti?er circuit shoWn in FIG. 6; 

[0025] FIG. 8 is a schematic diagram of another conven 
tional full Wave recti?er; 

[0026] FIG. 9 shoWs the rectifying Waveform of the full 
Wave recti?er circuit shoWn in FIG. 8; and 

[0027] FIG. 10 is a schematic diagram of a conventional 
Zero cut-in voltage diode. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0028] Referring to the draWings and initially to FIG. 1, 
there is shoWn a recti?er formed by the circuit for simulating 
Zero cut-in voltage diode in accordance With a preferred 
embodiment of the present invention. As shoWn, ACIN1 and 
ACIN2 represent the inputs of an AC voltage source, and 
VDD and VSS represent the high voltage level and loW 
voltage level of a DC voltage output. The transistors 101 and 
102 are P-type MOS transistors connected in a cross couple 
structure. That is, the gate and drain of transistor 101 are 
connected to the drain and gate of the transistor 102, 
respectively, such that one of the AC voltage source inputs 
ACIN1 and ACIN2 With a higher voltage level is applied to 
VDD. 

[0029] Furthermore, the N-type MOS transistor 106 is 
connected to a resistor 105 for forming a constant bias 
circuit. The N-type MOS transistor 103 is connected to the 
bias circuit so as to form a circuit for simulating Zero cut-in 
voltage diode With a loW current loss. Similarly, the N-type 
MOS transistor 104 is connected to the bias circuit so as to 
form another circuit for simulating Zero cut-in voltage diode 
With a loWer current loss. 

[0030] For the purpose of convenient description, a single 
circuit for simulating Zero cut-in voltage diode is illustrated 
in FIG. 2. The gate and drain of the N-type MOS transistor 
106 are connected together. One end of the resistor 105 is 
connected to the VDD, and the other end thereof is con 
nected the drain of the N-type MOS transistor 106 so as to 
form a bias circuit. Furthermore, the gate of the N-type MOS 
transistor 106 is connected to the gate of the N-type MOS 
transistor 103 or 104. The sources of the transistor 106 and 
the transistor 103 or 104 are all connected to VSS. More 
over, the transistor 103 or 104 and the transistor 106 have the 
same characteristic. Therefore, by setting the resistance 
value of the resistor 105, the current ?oWing through the 
transistor 106 can be controlled. When the current is of 
several microamperes (,uA), the transistor 106 is biased 
almost to its threshold voltage. Since the gates of the 
transistor 103 or 104 and the transistor 106 are connected 
together, and the transistor 103 or 104 and the transistor 106 
have the same characteristic, the transistor 103 or 104 is also 
biased to the threshold voltage. 



US 2002/0030527 A1 

[0031] After being biased, the operation of the circuit for 
simulating Zero cut-in voltage diode is analyzed as folloWs: 

[0032] 1. When ACIN1>VSS, the transistor 103 or 
104 is operating in a saturation region. The current 
?oWing from ACIN to VSS is the aspect ratio of the 
transistor 103 or 104 to the transistor 106 multiplied 
by the bias current. This current is de?ned as the 
leakage current. The value of this current is designed 
to be several microamperes. As such, this operation 
region is deemed as a “diode” operating in a reverse 
bias region. 

[0033] 2. When ACIN<VSS, the source of the tran 
sistor 103 or 104 is changed from VSS to ACIN. The 
relation betWeen the current and ACIN is: 
ld=K*(VAcIN)2, Where K is a constant. This opera 
tion region is deemed as the “diode” operating in a 
forWard bias region, and its characteristic curve is 
shoWn in FIG. 3. 

[0034] Referring to FIG. 1 again, When the aforemen 
tioned circuit is applied to a practical recti?er circuit, the 
cross coupled P-type MOS transistors 101 and 102 are 
coupled to the N-type MOS transistors 103 and 104 of the 
circuit for simulating Zero cut-in voltage diode. Conse 
quently, the operation of the recti?er is as folloWs: 

[0035] 1. When ACIN—ACIN2>|Vtp| (Vp is the 
threshold voltage of the P-type MOS transistor), the 
P-type MOS transistor 101 is turned on, and ACIN1 
is applied to VDD. At this moment, if ACIN2 is 
smaller than VSS, ACIN2 starts to charge VSS 
through the circuit for simulating Zero cut-in voltage 
diode formed by the transistor 104 and the bias 
circuit. 

[0036] 2. When ACIN2—ACIN1>|Vtp|, the P-type 
MOS transistor 102 is turned on, and ACIN2 is 
applied to VDD. At this moment, if ACIN1 is smaller 
than VSS, ACIN1 starts to charge VSS through the 
circuit for simulating Zero cut-in voltage diode 
formed by the transistor 103 and the bias circuit. 

[0037] By alternately charging VSS, the AC poWer can be 
converted into DC poWer. Furthermore, the recti?er is 
formed by diode circuit With Zero cut-in voltage, thereby 
having the Zero cut-in voltage characteristic. In addition, 
because the circuit is primarily formed by MOS transistors, 
the current loss is small (only several microamperes) no 
matter the recti?er is operating at high speed or loW speed. 
Accordingly, it is able to implement a high ef?cient recti?er 
having a loW current loss. 

[0038] FIG. 4 shoWs a recti?er having Zero cut-in voltage 
characteristic in accordance With another preferred embodi 
ment of the present invention. As shoWn, the transistors 303 
and 304 are N-type MOS transistors Which are connected in 
a cross couple structure. That is, the gate and drain of the 
transistor 303 are connected to the drain and gate of the 
transistor 304, respectively, such that one of the AC voltage 
source inputs ACIN1 and ACIN2 With a loWer voltage level 
is applied to VSS. 

[0039] Moreover, the P-type MOS transistor 305 is con 
nected to a resistor 306 for forming a constant bias circuit. 
The P-type MOS transistor 301 is connected to the bias 
circuit so as to form a circuit for simulating Zero cut-in 
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voltage diode With loW current loss. Similarly, the P-type 
MOS transistor 302 is connected to the bias circuit so as to 
form a circuit for simulating Zero cut-in voltage diode With 
loW current loss. 

[0040] The circuit for simulating Zero cut-in voltage diode 
as described above is individually illustrated in FIG. 5. As 
shoWn, the gate and drain of the P-type MOS transistor 305 
are connected together. One end of the resistor 306 is 
connected to VSS, and the other end thereof is connected to 
the drain of the P-type MOS transistor 305 so as to form a 
bias circuit. The gate of the P-type MOS transistor 305 is 
connected to the gate of the P-type MOS transistor 301 or 
302. The sources of the transistor 305 and the transistor 301 
or 302 are all connected to VDD. The transistor 301 or 302 
and the transistor 305 have the same characteristic. There 
fore, by setting the resistance value of the resistor 306, the 
transistor 305 can be biased to VDD-Vtp (Vtp is the 
threshold voltage of the P-type MOS transistor). Accord 
ingly, When ACIN>VDD, the circuit is deemed as a “diode” 
operating in a forWard bias region. When ACIN<VDD, the 
leakage current is only several microamperes and the circuit 
is deemed as a “diode” operating in a reverse bias region. 
The operation of this embodiment is similar to the previous 
one, and thus a detailed description is deemed unnecessary. 

[0041] Referring to FIG. 4 again, When the aforemen 
tioned circuit is applied to a practical recti?er circuit, the 
cross-coupled N-type MOS transistors 303 and 304 are 
coupled to the P-type MOS transistors 301 and 302 of the 
circuit for simulating Zero cut-in voltage diode. The opera 
tion of the recti?er is as folloWs: 

[0042] 1. When ACIN1—ACIN2>Vtn, the N-type 
MOS transistor 304 is turned on, and ACIN2 is 
applied to VSS. When ACIN1 is larger than VDD, 
ACIN1 starts to charge VDD through the P-type 
MOS transistor 301. 

[0043] 2. When ACIN2—ACIN1>Vtn, the N-type 
MOS transistor 303 is turned on, and ACIN1 is 
applied to VSS. When ACIN2 is larger than VDD, 
ACIN2 starts to charge VDD through the P-type 
MOS transistor 302. 

[0044] Similarly, by alternately charging VDD, the AC 
poWer can be converted into DC poWer, and the recti?er can 
be provided With Zero cut-in voltage characteristic, so as to 
implement a high efficient recti?er having a loW current loss. 

[0045] Although the present invention has been explained 
in relation to its preferred embodiment, it is to be understood 
that many other possible modi?cations and variations can be 
made Without departing from the spirit and scope of the 
invention as hereinafter claimed. 

What is claimed is: 
1. A recti?er having Zero cut-in voltage characteristic for 

converting AC voltage input to DC voltage output, com 
prising: 

a constant bias circuit having a resistor and a N-type MOS 
transistor, the N-type MOS transistor having a drain 
connected to the resistor and a gate connected to the 

drain; 
a ?rst N-type MOS transistor having a gate connected to 

the gate of the N-type MOS transistor of the bias 
circuit, so as to form a Zero cut-in voltage diode; 
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a second N-type MOS transistor having a gate connected 
to the gate of the N-type MOS transistor of the bias 
circuit, so as to form another Zero cut-in voltage diode; 
and 

a ?rst P-type MOS transistor and a second P-type MOS 
transistor connected in a cross couple structure Which 
are coupled to the ?rst and second N-type MOS tran 
sistors, Whereby a high voltage level of the AC voltage 
input is applied to a high voltage level of the DC 
voltage output, and a loW voltage level of the AC 
voltage input charges a loW voltage level of the DC 
voltage output through one of the Zero cut-in voltage 
diodes. 

2. The recti?er as claimed in claim 1, Wherein the ?rst and 
second N-type MOS transistors and the N-type MOS tran 
sistor of the constant bias circuit have the same character 
istic. 

3. The recti?er as claimed in claim 1, Wherein the N-type 
MOS transistor of the constant bias circuit is controlled by 
the resistor to be biased almost to a threshold voltage. 

4. A circuit for simulating Zero cut-in voltage diode 
comprising: 

a ?rst N-type MOS transistor having a gate and a drain 
connected together; 

a resistor connected to the drain of the ?rst N-type MOS 
transistor for forming a bias circuit; and 

a second N-type MOS transistor With the same charac 
teristic as the ?rst N-type MOS transistor, having a gate 
connected to the gate of the ?rst N-type MOS transis 
tor; 

Wherein the ?rst N-type MOS transistor is controlled by 
the resistor to be biased almost to a threshold voltage. 

5. A recti?er having Zero cut-in voltage characteristic for 
converting AC voltage input to DC voltage output, corn 
prising: 

a constant bias circuit having a resistor and a P-type MOS 
transistor, the P-type MOS transistor having a drain 
connected to the resistor, and a gate connected to the 
drain; 
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a ?rst P-type MOS transistor having a gate connected to 
the gate of the P-type MOS transistor of the bias circuit, 
so as to form a Zero cut-in voltage diode; 

a second P-type MOS transistor having a gate connected 
to the gate of the P-type MOS transistor of the bias 
circuit, so as to form another Zero cut-in voltage diode; 
and 

a ?rst N-type MOS transistor and a second N-type MOS 
transistor connected in a cross couple structure Which 
are coupled to the ?rst and second P-type MOS tran 
sistors, Whereby a loW voltage level of the AC voltage 
input is applied to a loW voltage level of the DC voltage 
output, and a high voltage level of the AC voltage input 
charges a high voltage level of the DC voltage output 
through one of the Zero cut-in voltage diodes. 

6. The recti?er as claimed in claim 5, Wherein the ?rst and 
second P-type MOS transistors and the P-type MOS tran 
sistor of the constant bias circuit have the same character 
istic. 

7. The recti?er as claimed in claim 6, Wherein the P-type 
MOS transistor of the constant bias circuit is controlled by 
the resistor to be based to VDD-Vtp, Where VDD is the high 
voltage level of the DC voltage input and Vtp is a threshold 
voltage of the P-type MOS transistor. 

8. A circuit for simulating Zero cut-in voltage diode 
comprising: 

a ?rst P-type MOS transistor having a gate and a drain 
connected together; 

a resistor connected to the drain of the ?rst P-type MOS 
transistor, so as to form a bias circuit; and 

a second P-type MOS transistor With the same character 
istic as the ?rst P-type MOS transistor, having a gate 
connected to the gate of the ?rst P-type MOS transistor; 

Wherein the ?rst P-type MOS transistor is controlled by 
the resistor to be based to VDD-Vtp, Where VDD 
represents a high voltage level of a DC voltage input 
and Vtp is a threshold voltage of the P-type MOS 
transistor. 


