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until a power supply voltage exceeds a POR threshold 
voltage . 
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SWITCHING POWER CONVERTER WITH 
ZERO CURRENT AT STARTUP 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application is a continuation of International 
Application No . PCT / US2016 / 058957 filed Oct . 26 , 2016 , 
which claims the benefit of U . S . Provisional Application No . 
62 / 246 , 603 filed Oct . 26 , 2015 , both of which are hereby 
incorporated by reference in their entirety . 

TECHNICAL FIELD 
[ 0002 ] This application relates to power converters , and 
more particularly to a switching power converter with zero 
current at startup . 

V _ CC waveform during startup . Upon application of the 
input voltage , V _ CC begins to ramp up at a slope that 
depends primarily on the resistance for R1 , the capacitance 
for C1 , and the amplitude of the POR current . As the POR 
current is increased , the slope for the ramping of V _ CC is 
decreased , which lengthens the delay necessary before 
V _ CC crosses the POR threshold . At that point , V _ CC drops 
due to the power consumption by control functions initiated 
by the assertion of the POR output signal . V _ CC will then 
stabilize as the power switch cycles and drives the output 
voltage . 
0006 With regard to this POR process , note that it is 
conventional to have to design a switching power converter 
so as to satisfy a startup timing requirement at which the 
output voltage is regulated within a required output voltage 
tolerance ( the minimum V _ OUT regulation time ) . Achiev 
ing such a timing requirement is of course affected by the 
delay from the POR process . It is thus desirable to shorten 
the time needed for V _ CC to cross the POR threshold . 
However , achieving such a reduction in the POR process 
delay faces several hurdles . For example , the minimum 
V _ OUT regulation time must be satisfied even when the 
input voltage is at some minimum required value . To speed 
up the POR process despite such a relatively low value of the 
input voltage can be achieved by reducing the resistance of 
the startup resistor R1 . But such a resistance reduction then 
increases power dissipation , which lowers operating effi 
ciency and system reliability . To provide the low resistance 
while maintaining efficiency , it is conventional to decouple 
the start - up resistor after the POR process completion such 
as by isolating it through a switched - off depletion mode field 
effect transistor ( FET ) . But this increases cost and complex 
ity . Alternatively , the capacitance of the power supply 
capacitor C1 may be reduced but this capacitance has be 
sufficient to power the internal control circuitry during 
startup such that the capacitance has a well - defined mini 
mum value . 
[ 0007 ] Accordingly , there is a need in the art for a switch 
ing power converter power - on - reset circuit with reduced 
power consumption and increased operating speed . 

BACKGROUND 
[ 0003 ] Switching power converters such as flyback con 
verters or buck converters require a careful sequence of 
events at startup to ensure reliable and safe operation of both 
the switching power converter and any devices receiving 
power from the switching power converter . It is thus con 
ventional for a switching power converter to include a 
power - on - reset ( POR ) circuit to manage the startup process . 
An example switching power converter 100 including a 
POR circuit 105 is shown in FIG . 1 . An input voltage V _ IN 
such as the rectified input voltage from an AC mains drives 
a power supply capacitor C1 through a startup resistor R1 to 
produce the power supply voltage V _ CC . POR circuit 105 
monitors the V CC voltage to determine whether the V CC 
power supply voltage is sufficiently high before initiating 
startup of a power stage 110 in switching power converter 
100 through the assertion of a POR output signal ( POR _ 
OUT ) . A controller 115 responds to the assertion of the POR 
output signal by initiating the cycling of a power switch 
within a power stage 110 to drive an output voltage V _ OUT . 
During the cycling of the power switch , another path ( for 
example , the auxiliary winding in a flyback converter 
embodiment ) supports the V _ CC power supply voltage . 
0004 ] But the cycling of the power switch cannot occur 
until POR circuit 105 asserts the POR output signal . While 
POR circuit 105 monitors the power supply voltage V _ CC 
prior to asserting the POR output signal , it draws a POR 
current ( I POR ) that is discharged to ground . The amount of 
the POR current has a direct impact on the delay necessary 
during startup until the power supply voltage V _ CC reaches 
the POR threshold . The discharge of the POR current by 
POR circuit 105 is shown in further detail in FIG . 2 . The 
startup resistor R1 and power supply capacitor C1 are as 
discussed with regard to FIG . 1 . POR circuit 105 samples the 
power supply voltage V _ CC through a voltage divider 
formed by a serial combination of a resistor R2 and a resistor 
R3 to produce a divided version of V _ CC across resistor R3 . 
A serial combination of a resistor R4 and a zener diode D1 
produces a reference voltage across the zener diode D1 that 
a comparator U1 compares to the divided version of V _ CC . 
In response to the divided version of V _ CC exceeding the 
reference voltage , comparator U1 asserts the3 POR output 
signal ( POR _ OUT ) . Although such POR operation is con 
ventional , the voltage divider will discharge the POR current 
( I _ POR ) into ground . 
[ 0005 ] The load from the POR current may be better 
appreciated with reference to FIG . 3 , which illustrates the 

SUMMARY 
[ 0008 ] To provide reduced power consumption while 
minimizing the duration of the startup process , a switching 
power converter power - on - reset ( POR ) circuit is provided 
that consumes virtually no current until the POR output 
signal is asserted in response to the power supply voltage 
( V _ CC ) exceeding the POR threshold voltage . This zero 
current during startup is quite advantageous since power 
consumption by a conventional POR circuit is a major factor 
in lengthening the time necessary until the power supply 
voltage exceeds the POR voltage threshold for asserting the 
POR output signal . A startup resistor in series with a power 
supply capacitor produces the power supply voltage in a 
conventional fashion during the startup process . Since the 
POR circuit draws no current until the POR voltage thresh 
old is reached , it does not slow the charging of the power 
supply voltage during that time . The startup resistor may 
thus have a relatively robust resistance to save power yet the 
POR delay is minimal . No depletion - mode FETs are thus 
required to isolate the startup resistor after startup , which 
advantageously lowers complexity and design costs . 
[ 0009 ] To achieve the zero startup current , the POR circuit 
includes a first current path formed by a diode - connected 
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transistor coupled to a zener diode through a first resistor . 
The first current path couples from a V _ CC power supply 
voltage node ( a node in between the startup resistor and the 
V _ CC power supply capacitor ) to ground but cannot begin 
conducting current until V _ CC rises sufficiently above the 
zener diode breakdown voltage . The POR current also 
includes a second current path coupled between the V _ CC 
power supply voltage node and ground . The second current 
path is formed by a current mirror transistor in series with a 
second resistor . The current mirror transistor has its gate 
coupled to the gate of the diode - connected transistor and its 
source coupled to the source of the diode - connected tran 
sistor so as to mirror the current in the diode - connected 
transistor . For example , the current in the current mirror 
transistor may be a multiple n of the current in the diode 
connected transistor , where n is a number greater than 1 . 
[ 0010 ] The voltage over the second resistor forms the POR 
output signal . Initially , the POR output signal will be ground 
since the zener diode is not conducting , which in turn 
prevents the second current path from conducting . As the 
first current path begins conducting due to the zener diode 
reaching its breakdown voltage , so does the second current 
path being conducting , which causes the POR output signal 
to begin to rise in voltage due to resistance of the second 
resistor . The POR circuit includes a switch transistor con 
figured to short the zener diode in the first current path . The 
POR output signal drives a gate of the switch transistor so 
as to force the switch transistor on as the POR output signal 
charges . The switching on of the switch transistor causes a 
rapid increase in current through the diode - connected tran 
sistor . In turn , the current through the current mirror tran 
sistor is rapidly increased , which causes the POR output 
signal to effectively rise to V _ CC . The POR output signal 
can thus be asserted high with virtually no current discharge 
until the zener diode reaches its breakdown voltage . These 
advantageous features may be better appreciated from the 
detailed description below . 

threshold . The POR circuit includes two current paths that 
couple from the V _ CC power supply voltage node to 
ground . A first current path includes a diode - connected 
transistor coupled to a zener diode through a first resistor . 
The first current path thus cannot begin conducting until the 
voltage across the zener diode reaches its breakdown volt 
age . As will be explained further herein , the POR circuit may 
be designed such that the POR voltage threshold for the POR 
circuit approximately equals a sum of the threshold voltage 
for the diode - connected transistor and the zener breakdown 
voltage ( Vz ) . 
[ 0018 ] The POR circuit includes a second current path in 
which a current mirror transistor is in series with a second 
resistor . The current mirror transistor has its source tied to 
the source of the diode - connected transistor and its gate tied 
to the gate of the diode - connected transistor . The current 
mirror transistor will thus mirror a current conducted by the 
diode - connected transistor . For example , the current mirror 
transistor may be sized relative to the diode - connected 
transistor such that current mirror transistor conducts n times 
the current in the diode - connected transistor , where n is a 
number greater than one . The mirrored current in the second 
current path develops the POR output signal voltage across 
the second resistor . The POR output signal will thus be 
grounded until the power supply voltage reaches the POR 
threshold voltage . The POR output signal will then begin to 
charge . As the POR output charges , it switches on a switch 
transistor that shorts the zener diode . This shorting of the 
zener diode in turn causes a rapid increase in the current 
through the diode - connected transistor , which in turn is 
mirrored into an even greater increase in current through the 
current mirror transistor . This increase in current in the 
second current path causes the POR output signal to charge 
to effectively the power supply voltage . 
[ 0019 ] An example POR circuit 400 is shown in FIG . 4 . 
The input voltage V _ IN drives a startup resistor R1 in series 
with a power supply capacitor C1 to produce the power 
supply voltage ( V _ CC ) at a power supply node 415 as 
discussed with regard to FIG . 1 . A first current path 405 in 
POR circuit 400 couples from power supply node 415 to 
ground . First current path 405 includes a diode - connected 
PMOS transistor S1 having its source electrically connected 
to power supply node 415 and a drain coupled to ground 
through a second resistor R2 and a zener diode D1 . 
[ 0020 ] A second current path 410 in POR circuit 400 also 
couples from power supply node 415 to ground . A current 
mirror PMOS transistor S2 has its source tied to power 
supply node 415 and a gate tied to a gate ( and drain ) of 
diode - connected transistor S1 . A drain of current mirror 
transistor S2 couples to ground through a third resistor R3 . 
Current mirror transistor S2 is thus forms a current mirror 
with diode - connected transistor S1 . The amount of current 
conducted through current mirror transistor S2 will depend 
upon its size ( width and length ) relative to the size of 
diode - connected transistor S1 . In particular , current mirror 
transistor S2 is sized relative to diode - connected transistor 
S1 such that current mirror transistor S2 conducts a current 
that is n times greater than the current conducted by diode 
connected transistor S1 . The current ( 11 ) conducted by 
diode - connected transistor S1 is essentially zero so long as 
the voltage across the zener diode D1 does not exceed its 
breakdown voltage ( Vz ) . In response to V _ CC surpassing 
the POR threshold voltage equals ( V _ CC - Vz - Vth , p ) / R2 , 
where Vz is the breakdown voltage for zener diode D1 , 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0011 ] FIG . 1 is a diagram of a conventional switching 
power converter . 
[ 0012 ] FIG . 2 is a circuit diagram of the POR circuit in the 
conventional switching power converter of FIG . 1 . 
[ 0013 ] FIG . 3 illustrates the V _ CC power supply voltage 
waveform during startup for the conventional switching 
power converter of FIG . 1 . 
[ 0014 ] FIG . 4 is a circuit diagram of a POR circuit that has 
zero startup current until the input voltage reaches the POR 
threshold voltage in accordance with an aspect of the 
disclosure 
[ 0015 ) FIG . 5 illustrates a flyback converter controller 
including the POR circuit of FIG . 4 in accordance with an 
aspect of the disclosure . 
[ 0016 ] Embodiments of the present disclosure and their 
advantages are best understood by referring to the detailed 
description that follows . It should be appreciated that like 
reference numerals are used to identify like elements illus 
trated in one or more of the figures . 

DETAILED DESCRIPTION 
[ 0017 ] A POR circuit for a switching power converter is 
provided that has essentially zero current consumption until 
a V _ CC power supply voltage reaches a POR voltage 
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Vth , p is the threshold voltage for diode - connected transistor 
S1 , and R2 is the resistance of second resistor R2 . In turn , 
the POR output signal voltage equals n * 11 * R3 , which equals 
n * ( ( V _ CC - Vz - Vth , p ) * R3 / R2 , where R3 is the resistance of 
third resistor R3 . 
[ 0021 ] An NMOS switch transistor S3 is configured to 
short zener diode D1 when the POR output signal rises 
above a threshold voltage for the NMOS switch transistor . In 
particular , a drain of switch transistor S3 is tied to the 
cathode of zener diode D1 and its source is tied to ground . 
The gate of switch transistor S3 is tied to the drain of current 
mirror transistor S2 . The POR output signal thus drives the 
gate of switch transistor S3 and will cause it to conduct as 
the POR output signal rises above the threshold voltage 
( Vth , n ) of switch transistor S3 . 
[ 0022 ] With zener diode D1 shorted , the current in diode 
connected transistor S1 quickly increases to ( V CC - Vth , 
p ) / R2 . The voltage for the POR output signal will thus 
quickly increase to n * ( V _ CC - Vth , p ) * R3 / R2 . Through a 
proper selection of the values for n , R2 , and R3 , the POR 
output signal may be guaranteed to effectively equal V _ CC 
at the end of the startup period . It can also be shown that the 
POR threshold voltage at which POR circuit 400 drives the 
POR output signal from low ( ground ) to high ( V _ CC ) is 
Vz + Vth , p + Vth , n / ( n * R3 / R2 ) . If the factor Vth , n / ( n * R3 / R2 ) 
is relatively small , the POR threshold voltage essentially 
becomes Vz + Vth , p . Since zener diode D1 cannot conduct 
when V _ CC is less than Vz + Vth , p , there is essentially no 
current conducted through POR circuit 400 until V CC 
reaches the POR threshold voltage . Since the POR threshold 
voltage depends upon Vz , zener diode D1 may be replaced 
by a series of zener diodes to increase Vz . In that regard , it 
will be understood that zener diode D1 in POR circuit 400 
may represent either a single zener diode or a plurality of 
serially - connected zener diodes . 
[ 0023 ] With the power supply voltage fully asserted by the 
POR circuit , normal operation of the power switch in the 
corresponding switching power converter may ensue such 
that the power supply voltage is supplied through other 
means and POR circuit 400 deactivated . For example , a 
flyback converter 500 is shown in FIG . 5 that includes POR 
circuit 400 . For illustration simplicity , only the primary 
winding L1 of a the flyback converter transformer is shown 
for flyback converter 500 . A controller integrated circuit U1 
controls the switching of an NMOS power switch transistor 
Q1 to regulate an output voltage produced on a secondary 
side ( not illustrated ) of the transformer by driving a gate 
voltage of power switch transistor Q1 through an output 
terminal . Controller U1 includes a second NMOS transistor 
Q2 having a drain that couples to a source of power switch 
transistor Q1 through a switching terminal ( SW ) and having 
a source that couples to ground through a sense resistor RS . 
The sense resistor R2 couples between ground and an 
ISENSE terminal for controller U2 . 
[ 0024 ] During startup , transistor Q2 is off . A rectified AC 
mains voltage carried on an input node 510 will begin 
conducting through primary winding L1 because startup 
resistor R1 couples from input node 510 to output terminal 
505 and thus charges the gate of power switch transistor Q1 . 
The resulting source voltage for power switch transistor Q1 
functions as the input voltage V _ IN for POR circuit 400 , 
which couples in controller 400 between the switching 
terminal and a VCC terminal . The power supply capacitor 
couples between the VCC terminal and ground . POR circuit 

400 will thus function as discussed above to drive the power 
supply voltage during startup . When POR circuit 400 asserts 
the POR output signal , it is received by a controller 515 in 
controller integrated circuit U1 . Controller 515 then pro 
ceeds to switch on transistor Q2 and begin cycling power 
switch Q1 to regulate the output voltage . Transistor Q2 thus 
effectively grounds the source voltage for power switch 
transistor Q1 such that POR circuit 400 is deactivated . An 
auxiliary winding ( not illustrated ) would then be used to 
maintain the power supply voltage stored across power 
supply capacitor C1 . The current through primary winding 
L1 thus flows through the source of power switch Q1 into a 
source charging path 520 through POR circuit 400 to charge 
the power supply voltage during startup ( the POR period ) . In 
contrast , the current through primary winding L1 floss 
through power switch transistor Q1 into second transistor 
Q2 and out the ISENSE terminal in a switching current path 
525 after the POR period . 
[ 0025 ] As those of some skill in this art will by now 
appreciate and depending on the particular application at 
hand , many modifications , substitutions and variations can 
be made in and to the materials , apparatus , configurations 
and methods of use of the devices of the present disclosure 
without departing from the scope thereof . In light of this , the 
scope of the present disclosure should not be limited to that 
of the particular embodiments illustrated and described 
herein , as they are merely by way of some examples thereof , 
but rather , should be fully commensurate with that of the 
claims appended hereafter and their functional equivalents . 

1 . A power - on - reset ( POR ) circuit for a switching power 
converter , comprising : 

a power supply node for providing a power supply 
voltage ; 

a first current path coupled from the power supply node to 
ground , wherein the first current path includes a diode 
connected transistor coupled in series with a zener 
diode through a first resistor ; 

a second current path coupled from the power supply 
node to ground , wherein the second current path 
includes a current mirror transistor in series with a 
second resistor , and wherein a source of the current 
mirror transistor is tied to a source of the diode 
connected transistor and a gate of the current mirror 
transistor is tied to a gate of the diode - connected 
transistor , and 

a switch transistor coupled between a cathode of the zener 
diode and ground . 

2 . The POR circuit of claim 1 , wherein the diode - con 
nected transistor is a PMOS transistor having a source tied 
to the power supply node and a drain coupled to the first 
resistor . 

3 . The POR circuit of claim 1 , wherein the current mirror 
transistor is a PMOS transistor having a source tied to the 
power supply node and a drain coupled to the second 
resistor . 

4 . The POR circuit of claim 3 , wherein the switch 
transistor is an NMOS transistor having a gate tied to the 
drain of the PMOS transistor , a drain tied to the cathode of 
the zener diode , and a source tied to ground . 

5 . The POR circuit of claim 1 , wherein the switching 
power converter includes : 

a startup resistor ; and 
a power supply capacitor in series with the startup resistor 

through the power supply node . 
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6 . The POR circuit of claim 5 , wherein the switching 
power converter is a flyback converter including an input 
node for carrying a rectified AC mains voltage , and wherein 
the startup resistor is coupled to the input node . 

7 . The POR circuit of claim 6 , wherein the POR circuit is 
included within a controller integrated circuit for the flyback 
converter . 

8 . The POR circuit of claim 7 , wherein the controller 
integrated circuit includes a switching terminal for driving a 
gate of a power switch transistor coupled to a primary 
winding for the flyback converter , and wherein the startup 
resistor is coupled between the input node and the switching 
terminal . 

9 . The POR circuit of claim 1 , wherein the switching 
power converter is a buck converter . 

10 . The POR circuit of claim 1 , wherein the current mirror 
transistor is sized relative to the diode - connected transistor 
such that the current mirror transistor conducts a larger 
current than a current conducted by the diode - connected 
transistor . 

11 . A method , comprising : 
during a power - on - reset ( POR ) procedure for a switching 

power converter , receiving a source voltage at a first 
terminal of a startup resistor having a second terminal 
coupled through a power supply node to a power 
supply capacitor to charge the power supply node with 
an increasing power supply voltage ; 

in a first current path coupled to the having a diode 
connected transistor in series with a zener diode 
through a first resistor , conducting no current while the 
increasing power supply voltage is less than a POR 
threshold voltage that depends upon a breakdown volt 
age for the zener diode ; 

in the first current path , conducting a first current path 
current in response to the power supply voltage becom 
ing greater than the POR threshold voltage ; and 

mirroring the first current path current through a second 
current path having a current mirror transistor config 
ured to form a current mirror with the diode - connected 
transistor to form a second current path current through 
the second current path to charge a POR output signal 
across a second resistor in the second current path . 

12 . The method of claim 11 , further comprising : 
in response to the charging of the POR output signal , 

switching on a switch coupled between a cathode of the 
zener diode and ground to short the zener diode to 
increase the first current path current ; and 

in response to the increase in the first current path current , 
increasing the second current path current to charge the 
POR output signal to substantially equal the power 
supply voltage . 

13 . The method of claim 12 , further comprising : 
rectifying an AC mains voltage to produce a rectified 

input voltage that drives a serial combination of a 
startup resistor and a power supply capacitor to provide 
the source voltage at a terminal of the power supply 
capacitor . 

14 . The method of claim 12 , wherein mirroring the first 
current path current forms the second current path current to 
be greater than the first current path current . 

15 . The method of claim 12 , further comprising : 
in response to the charging of the POR output signal 

substantially to the power supply voltage , initiating a 
cycling of a power switch transistor . 

16 . The method of claim 15 , further comprising ground 
ing the source voltage in response to the charging of the 
POR output signal substantially to the power supply voltage . 

17 . A power - on - reset ( POR ) circuit for a switching power 
converter , comprising : 

a power supply node for providing a power supply 
voltage ; 

a first current path coupled from the power supply node to 
ground , wherein the first current path includes a diode 
connected transistor coupled in series with a zener 
diode through a first resistor ; 

means for mirroring a current conducted by the first 
current path to produce a mirror current for charging a 
POR output signal ; and 

a switch transistor coupled between a cathode of the zener 
diode and ground . 

18 . The POR circuit of claim 17 , wherein the diode 
connected transistor is a PMOS transistor having a source 
tied to the power supply node and a drain coupled to the first 
resistor . 

19 . The POR circuit of claim 17 , wherein the switch 
transistor is an NMOS switch transistor . 

20 . The POR circuit of claim 17 , wherein the switching 
power converter includes : 

a startup resistor ; and 
a power supply capacitor in series with the startup resistor 

through the power supply node . 
* * * * * 


