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SYSTEMS AND METHODS FORA 
TRANSFORMERLESS POWER SUPPLY TO 
LIMIT HEAT GENERATION AT AN OUTPUT 
TRANSISTORVATIMED CURRENT DRAWS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is related to U.S. patent 
application Ser. No. 14/288,911, filed May 28, 2014, the 
entirety of which is herein incorporated by reference 

TECHNICAL FIELD OF THE INVENTION 

0002 This disclosure relates to power supplies and, in 
particular, to limiting heat generation in Supplying power. 

BACKGROUND 

0003 Power supplies commonly utilize transformers to 
step alternating current Voltages from a first level to a second 
level. Transformers can be both monetarily expensive as well 
as expensive from a size and weight perspective. Elimination 
of transformers in a circuit can potentially reduce all of 
money, size, and weight expenses in a power Supply. 

SUMMARY 

0004 Systems and methods are provided for a transform 
erless power Supply configured to limit heat generation at an 
output transistor. A power Supply input is configured to 
receive power from a time-varying input voltage source, 
where the time-varying input source provides a Voltage at the 
input that varies from a maximum level to a minimum level. 
An output transistor is responsive to the power Supply input, 
where the output transistor is configured to draw power from 
the power Supply input when the output transistoris activated. 
A timing circuit is configured to determine when the time 
varying input voltage is between a threshold level and the 
minimum level, wherein the timing circuit is configured to 
output an activation signal to the output transistor when the 
timing circuit detects that the time-varying input Voltage is 
between the threshold level and the minimum level, and a 
power Supply output is responsive to the output transistor, 
where the power Supply output is configured to output power 
drawn from the power Supply input via the output transistor. 
0005. As another example, a method of providing power 
via a transformerless power Supply configured to limit heat 
generation at an output transistor includes receiving power 
from a time-varying input Voltage source, where the time 
varying input Voltage source provides Voltage that varies from 
a maximum level to a minimum level. An output transistor is 
controlled to selectively draw power from the power supply 
input via an activation signal. A determination is made as to 
when the time-varying input Voltage is between a threshold 
level and the minimum level, where when the time-varying 
input voltage is between the threshold level and the minimum 
level, the activation signal is provided to the output transistor. 
Power drawn from the power supply is outputted via the 
output transistor. 
0006. As an additional example, a transformerless power 
Supply configured to limit heat generation at an output tran 
sistor includes a power Supply input configured to receive 
power from a time-varying input Voltage source. A phase 
control circuit is configured to generate a current control 
signal, where the current control signal commands power to 
be drawn from the power Supply through an output transistor, 
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where the current control signal commands the drawn power 
to have a minimum current when the time-varying input Volt 
age is at a maximum level, and where the current control 
signal commands the drawn power to have a maximum cur 
rent when the time-varying input Voltage is at a minimum 
level. A power Supply output is responsive to the output 
transistor, where the power Supply output is configured to 
output power drawn from the power Supply input via the 
output transistor, wherein the outputted power is at a consis 
tent power level. 
0007 As a further example, in a method of providing 
power via a transformerless power Supply configured to limit 
heat generationatan output transistor, power is received from 
a time-varying input Voltage source, where the time-varying 
input Voltage source provides Voltage that varies from a maxi 
mum level to a minimum level. A current control signal is 
generated, where the current control signal commands power 
to be drawn from the power Supply through an output tran 
sistor, where the current control signal commands the drawn 
power to have a minimum current when the time-varying 
input Voltage is at a maximum level, and where the current 
control signal commands the drawn power to have a maxi 
mum current when the time-varying input Voltage is at a 
minimum level. Power drawn from the power supply input is 
outputted via the output transistor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a block diagram depicting a transformer 
less power supply. 
0009 FIG. 2 is a block diagram depicting example com 
ponents of a transformerless power Supply. 
0010 FIG. 3 is a block diagram depicting a transformer 
less power Supply in accordance with one embodiment of the 
disclosure. 
0011 FIG. 4 is a diagram depicting an example rectifier 
circuit. 
0012 FIG. 5 is a diagram depicting an example timed 
current draw circuit. 
0013 FIG. 6 is a diagram depicting example voltages and 
currents measured during operation of the timing circuit of 
FIG.S. 
0014 FIG. 7 is a flow diagram depicting a method of 
providing power via a transformerless power Supply config 
ured to limit heat generation at an output transistor. 
0015 FIG. 8 is a block diagram depicting a transformer 
less power Supply inaccordance with another embodiment of 
the disclosure. 
0016 FIG. 9 is a diagram depicting a second example 
rectifier circuit. 
0017 FIG. 10 is a diagram depicting an example time 
varying current draw circuit. 
0018 FIG. 11 is a diagram depicting example currents and 
voltages of the time-varying current draw circuit of FIG. 10. 
0019 FIG. 12 is a diagram depicting input and output 
Voltages at certain points of the phase control circuit depicted 
in FIG. 10. 
0020 FIG. 13 is a flow diagram depicting a method of 
providing power via a transformerless power Supply config 
ured to limit heat generation at an output transistor. 

DETAILED DESCRIPTION 

0021 FIG. 1 is a block diagram depicting a transformer 
less power Supply. A transformerless power Supply 102 
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receives power at 104 from a power source. For example, the 
transformerless power supply 102 may be configured to 
receive alternating current (AC) power, where a Voltage asso 
ciated with the Supplied power varies from a positive magni 
tude to a negative magnitude and back in a sinusoidal pattern. 
The transformerless power supply 102 processes the power 
(e.g., without or with limited use of transformers) received at 
104 and outputs power (e.g., current at a voltage) at 106 that 
is appropriate to power a load. Loads powered by the trans 
formerless power supply 102 may take a wide variety of 
forms. In one embodiment, a transformerless power Supply 
102 is configured to power one or more self-adjusting light 
sources, examples of which are described in U.S. patent 
application Ser. No. 14/288,911, filed on May 28, 2014, and 
entitled “Systems and Methods for Providing a Self-Adjust 
ing Light Source, the entirety of which is hereinincorporated 
by reference. 
0022 FIG. 2 is a block diagram depicting example com 
ponents of a transformerless power Supply. A transformerless 
power supply 202 receives power at 204 from a power source. 
In one example, the transformerless power Supply receives 
AC power at 204. The power received at 204 is provided to a 
rectifier circuit 206, which in one embodiment transforms the 
sinusoidal AC power to a time-varying input Voltage that 
varies from a maximum level to a minimum level, where both 
the maximum and minimum levels are positive Voltages. The 
time-varying input voltage from the rectifier circuit 206 is 
provided to a current draw timing circuit at 208. The current 
draw timing circuit 208 includes an output transistor. Heat 
generated at the output transistorisproportional to the current 
through the output transistor times the Voltage at which that 
current traverses the output transistor. To limit an amount of 
heat generated at the output transistor, the current draw timing 
circuit limits an amount of current that is permitted to traverse 
the output transistor during time periods when the time-vary 
ing input voltage has a high magnitude. Power is outputted at 
210 based on processing at the current draw timing circuit 208 
for powering a load. 
0023 FIG. 3 is a block diagram depicting a transformer 
less power Supply in accordance with one embodiment of the 
disclosure. A transformerless power supply 302 receives AC 
power at 304 from a power source. The power received at 304 
is provided to a rectifier circuit 306, which transforms the 
sinusoidal AC power to a time-varying input Voltage that 
varies from a maximum level to a minimum level, where both 
the maximum and minimum levels are positive or negative 
Voltages. 

0024. As mentioned above, a transformerless power Sup 
ply is susceptible to high levels of heat generation when large 
amounts of current are outputted at the same time that the 
time-varying input Voltage is at a high magnitude level. The 
example of FIG.3 addresses this via a switch that only allows 
current to be outputted from the transformerless power supply 
302 when the time-varying input voltage is at a low level, such 
as below a threshold voltage level. This switch is embodied in 
an output transistor of a timed current draw circuit 308. The 
timed current draw circuit 308 is configured to determine 
when the time-varying input Voltage is between a threshold 
Voltage and a minimum magnitude level. The timed current 
draw circuit 308 is configured to output an activation signal to 
the output transistor when the timed current draw circuit 
detects that the time-varying input Voltage is between the 
threshold level and the minimum level, where current is per 
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mitted to flow through the output transistor to an output 310 of 
the transformerless power supply 302 when the activation 
signal is received. 
0025 FIG. 4 is a diagram depicting an example rectifier 
circuit. A rectifier circuit 400 receives AC power at 402. The 
AC power, which varies sinusoidally from a negative Voltage 
to a positive Voltage is provided to a bridge rectifier circuit 
404. The bridge rectifier circuit 404 includes a plurality of 
diodes that only permit flows of current in certain directions. 
The bridge rectifier circuit 404 transforms the sinusoidal 
input signal received at 402 into a “humped signal’ that varies 
from a minimum magnitude level to a maximum magnitude 
(e.g., as shown in the top, V rect plot 602 of FIG. 6). The 
output of the bridge rectifier circuit 404, V rect 406, is tapped 
and provided to the downstream timed current draw circuit. In 
one embodiment of the disclosure, certain capacitors (e.g., 
C1, C9) are included in the rectifier circuit 400 to smooth 
waveforms and eliminate noise. 
0026 FIG. 5 is a diagram depicting an example timed 
current draw circuit. The timed current draw circuit of FIG.5 
receives a time-varying input signal, V rect, at 502. The 
time-varying input signal 502 varies from a maximum mag 
nitude Voltage level to a minimum magnitude Voltage level. 
An output transistor 504 is responsive to the time-varying 
input signal 502. The output transistor 504 is configured to 
draw power when the output transistor is activated by an 
activation signal, opil out b506. Power drawn via the output 
transistor charges an output capacitor 508, where the input 
node to that capacitor 508 is tapped at 510 for drawing current 
to power a load. The activation signal 506 is generated by a 
timing circuit 512. The timing circuit 512 is configured to 
determine when the time-varying input signal's Voltage is 
between a threshold level and the minimum level. When the 
time-varying signal is in this low Voltage level range, the 
activation signal turns the output transistor 504 on via the 
activation signal 506. 
0027 Heat generated at the output transistor 504 is pro 
portional to the product of the amount of current flowing 
through the transistor 504 and the time-varying input signals 
voltage level at that time of current flow. By limiting the flow 
of current through the output transistor 504 to only time 
periods of low magnitude time-varying input signal Voltage, 
the power traversing the output transistor 504 and associated 
heat generation is minimized. Current is outputted via the 
output transistor 504 to the output capacitor 508 in pulses for 
charging the output capacitor 508 and powering external 
loads via node 510. During periods when the output transistor 
504 is off, substantially zero power is being drawing from the 
power Supply input. For many loads, such pulsed output 
power is acceptable for proper operation. 
0028. In one embodiment, the timing circuit 508 utilizes 
an operational amplifier 514 to generate the activation signal 
506. A first voltage divider circuit 516 steps the time-varying 
input signal's Voltage to an appropriate level for inputting to 
the operational amplifier 514 as a first input. The operational 
amplifier 514 further receives a signal representative of the 
threshold level, below which the activation signal 506 is to be 
outputted. A known voltage level (e.g., V, 15V) and a sec 
ond voltage divider 518 provide the signal that is representa 
tive of the threshold level to the operational amplifier 514 as 
a second input. As the first input from 516 varies over time, it 
is continually compared to the second input from 518. When 
the first input is at or below the second input's voltage level, 
the operational amplifier 514 outputs the activation signal 
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(e.g., via transistor X16) to the output transistor 506 to enable 
current flow to the output capacitor 508. 
0029 FIG. 6 is a diagram depicting example voltages and 
currents measured during simulated operation of the timing 
circuit of FIG. 5. At 602, the time-varying input voltage 
measured at V rect 502 of FIG. 5 is displayed, where the plot 
illustrates the humped signal from a rectifiercircuit that varies 
from a maximum level near 170 volts to a minimum level near 
Zero Volts. The activation signal is depicted at 604, as mea 
sured at 506 of FIG. 5. The activation signal is outputted at a 
high level by the timing circuit 512 when the input voltage 
V rect 502 is below the threshold of approximately 80 volts. 
In other embodiments, the threshold voltage can be varied as 
desired (e.g., to 10% of the spread between the maximum and 
minimum Voltage levels of the input signal 502. Such as to 
limit generated heat to a desired level). Thus, the activation 
signal is high when the time-varying input voltage is detected 
to be between the threshold level and the minimum magni 
tude level. The plot at 606 identifies the current flowing from 
the input at 502 of FIG. 5 to and through the output transistor 
504. Current only flows through the output transistor 504 
when the activation signal, depicted at 604, is high, which 
corresponds with time periods when the Voltage at the input 
502 is below the threshold value (e.g. -80 volts). The plot at 
608 indicates the flow of current into the rectifier circuit of 
FIG. 4 at 408. 

0030 FIG. 7 is a flow diagram depicting a method of 
providing power via a transformerless power Supply config 
ured to limit heat generation at an output transistor. The 
method includes receiving power from a time-varying input 
Voltage source at 702, where the time-varying input Voltage 
Source provides Voltage that varies from a maximum level to 
a minimum level. At 704, an output transistor is controlled to 
selectively draw power from the power Supply input via an 
activation signal. At 706, a determination is made as to when 
the time-varying input voltage is between a threshold level 
and the minimum level, where when the time-varying input 
voltage is between the threshold leveland the minimum level, 
the activation signal is provided to the output transistor. At 
708, power drawn from the power supply is outputted via the 
output transistor. 
0031 FIG. 8 is a block diagram depicting a transformer 
less power Supply inaccordance with another embodiment of 
the disclosure. A transformerless power supply 802 receives 
AC power at 804 from a power source. The power received at 
804 is provided to a rectifier circuit 806, which transforms the 
sinusoidal AC power to a time-varying input Voltage that 
varies from a maximum level to a minimum level, where both 
the maximum and minimum levels are positive or negative 
Voltages. 
0032. While the example of FIGS. 3-7 limits heat genera 
tion by blocking current flow during periods of high input 
voltage, the time-varying current draw circuit 808 varies the 
flow of current based on the input Voltage to limit heat gen 
eration. The time-varying current draw circuit 808 generates 
a current control signal that commands power to be drawn 
through an output transistor, where the current control signal 
commands the drawn power to have a minimum current when 
the time-varying input Voltage is at a maximum level and to 
have a maximum current when the time-varying input Voltage 
is at a minimum level. A power supply output at 810 is 
responsive to the output transistor of the time-varying current 
draw circuit 808 and is configured to output power drawn 
from the power supply input 804 at a consistent power level. 
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0033 FIG. 9 is a diagram depicting a second example 
rectifier circuit. A rectifier circuit 900 receives AC power at 
902. The AC power, which varies sinusoidally from a negative 
Voltage to a positive Voltage is provided to a bridge rectifier 
circuit 904. The bridge rectifier circuit 904 includes a plural 
ity of diodes that only permit flows of current in certain 
directions. The bridge rectifier circuit 904 transforms the 
sinusoidal input signal received at 902 into a humped signal 
that varies from a minimum magnitude level to a maximum 
magnitude. The output of the bridge rectifier circuit 904, 
V rect 906, is tapped and provided to the downstream timed 
current draw circuit. 
0034 FIG. 10 is a diagram depicting an example time 
varying current draw circuit. An input signal, V rect 1002, is 
received, such as from a rectifier circuit as depicted in FIG.9. 
The time-varying input voltage at 1002 is provided to a phase 
control circuit 1004, such as via a voltage divider at 1006 that 
adjusts the input voltage 1002 to an appropriate level for input 
into operational amplifiers of the phase control circuit. The 
phase control circuit 1004 is configured to generate a current 
control signal 1008, where the current control signal com 
mands power to be drawn from the power Supply through an 
output transistor 1010. The current control signal 1008 com 
mands the drawn power to have a minimum current when the 
time-varying input Voltage at 1002 is at a maximum leveland 
to have a maximum current when the time-varying input 
Voltage at 1002 is at a minimum Voltage. 
0035. In one example, the phase control circuit 1004 gen 
erates the current control signal 1006 using two operational 
amplifiers 1012, 1014. The first operational amplifier 1012 
acts as a Voltage inverter. Because the phase of the current 
desired at 1010 is opposite that of the input voltage 1002, the 
first operational amplifier 1012 is configured to output a sig 
nal that represents an inverse (e.g., proportional to 1/Vr in 
from 1006 or -Vr in from 1006) of the time-varying input 
voltage at 1002. The second operational amplifier 1014 works 
in concert with an intermediate transistor 1016 and a feed 
back loop to convert the inversed voltage from the first opera 
tional amplifier 1012 into a current. The desired current 
through the intermediate transistor 1016 is desired to be small 
in magnitude, but proportional to the inverse of the time 
varying input voltage at 1002. 
0036. The time-varying current draw circuit of FIG. 10 
further includes a current mirror at 1018. The current mirror 
1018 includes two or more gate-tied transistors. A first current 
mirror transistor 1020 resides on a control branch of the 
time-varying current draw circuit and draws a small magni 
tude current based on the draw of intermediate transistor 
1016, as commanded by the phase control circuit 1004. The 
first transistor 1020 is of small size. In the example of FIG.10, 
the current mirror 1018 includes two larger transistors 1022 
positioned on an operational branch of the time-varying cur 
rent draw circuit. The second transistors draw current that 
proportional to the current of the first transistor 1020 of the 
current mirror, with the proportion being based on the differ 
ence in size between the first transistor 1020 and the second 
transistors 1022 of the current mirror 1018. Current from the 
operational branch of the current mirror 1018 is drawn via 
transistors 1022 through output transistor 1010 to charge 
capacitor 1024, where an output is tapped at 1026 for power 
ing an external load. 
0037 FIG. 11 is a diagram depicting example currents and 
voltages of the time-varying current draw circuit of FIG. 10. 
The time-varying input voltage at 1002 of FIG. 10 is depicted 
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at 1102. At 1104, a total current drawn from the source 
through both branches of the current mirror 1018 is depicted. 
In the plot at 1104, the current is opposite in phase to the 
corresponding time-varying input Voltage at 1102, with low 
levels of current flowing when the time-varying input Voltage 
is high, and larger currents flowing when the time-varying 
input Voltage is low. In one example, a discontinuity in the 
current flow is indicated at points corresponding with mini 
mum Voltages of the time-varying input, where that time 
varying input Voltage is less than the turn-on Voltage of cer 
tain of the larger second transistors 1022 of the current mirror 
1018 or the output transistor 1010. 
0038. The current identified at 1104 is approximately 
equal to the sum of the currents depicted at 1106, 1108. The 
current at 1106 is the current through the first transistor 1020 
of the current mirror and the control branch of the time 
varying current draw circuit, while the current at 1108 is the 
current through the operational branch and second transistors 
1022 of the current mirror 1018. It is noted that the currents 
1106, 1108 are in common phase, with the magnitude at 1108 
being Substantially larger based on the use of larger second 
transistors at 1022 when compared to the first transistor at 
1020. The opposite phase current through the operational 
branch and output transistor 1010 makes for a consistent 
power output through the output transistor 1010 throughout 
each cycle of the time-varying input voltage at 1002 
0039 FIG. 12 is a diagram depicting input and output 
Voltages at certain points of the phase control circuit depicted 
in FIG. 10. The time-varying input voltage at 1002 of FIG. 10 
is shown at 1202. A proportional voltage measured at 1006 is 
shown at 1204 that is based on the voltage divider and pro 
vides a stepped-down input to the first operational amplifier 
1012 of the phase control circuit 1004. An output of that 
operational amplifier 1012 is inverted, as shown at 1206. That 
signal is provided to the Voltage-to-current converting opera 
tional amplifier 1014 and intermediate transistor 1016 to 
facilitate the flow of currents through the current mirror 1018 
that are opposite in phase to the time-varying Voltage at the 
input 1002. The current through the operational branch and 
the output transistor 1010 charges the output capacitor 1024, 
as shown at 1208, where the input to that capacitor can be 
tapped for powering an external load. 
0040 FIG. 13 is a flow diagram depicting a method of 
providing power via a transformerless power Supply config 
ured to limit heat generation at an output transistor. At 1302, 
power is received from a time-varying input Voltage source, 
where the time-varying input Voltage source provides Voltage 
that varies from a maximum level to a minimum level. At 
1304, a current control signal is generated, where the current 
control signal commands power to be drawn from the power 
Supply through an output transistor, where the current control 
signal commands the drawn power to have a minimum cur 
rent when the time-varying input Voltage is at a maximum 
level, and where the current control signal commands the 
drawn power to have a maximum current when the time 
varying input Voltage is at a minimum level. At 1306, power 
drawn from the power Supply input is outputted via the output 
transistor. 

0041. This application uses examples to illustrate the 
invention. The patentable scope of the invention includes 
other examples. 
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What is claimed is: 
1. A transformerless power Supply configured to limit heat 

generation at an output transistor, comprising: 
a power Supply input configured to receive power from a 

time-varying input Voltage source, wherein the time 
varying input source provides a Voltage at the input that 
varies from a maximum level to a minimum level; 

an output transistor responsive to the power Supply input, 
wherein the output transistor is configured to draw 
power from the power Supply input when the output 
transistor is activated; 

a timing circuit configured to determine when the time 
varying input Voltage is between a threshold level and 
the minimum level, wherein the timing circuit is config 
ured to output an activation signal to the output transistor 
when the timing circuit detects that the time-varying 
input voltage is between the threshold level and the 
minimum level; and 

a power Supply output responsive to the output transistor, 
wherein the power Supply output is configured to output 
power drawn from the power Supply input via the output 
transistor. 

2. The supply of claim 1, wherein substantially Zero power 
is drawn from the power Supply input when the time-varying 
input voltage is greater than the threshold Voltage. 

3. The supply of claim 1, wherein power is drawn from the 
power Supply input in pulses. 

4. The supply of claim 1, wherein power drawn by the 
output transistoris a function of a voltage of the power supply 
input and an amount of current drawn through the output 
transistor. 

5. The supply of claim 4, wherein heat generated by the 
output transistor is proportional to the Voltage of the power 
Supply input and the amount of current drawn through the 
output transistor. 

6. The supply of claim 1, wherein heat generation at the 
output transistor is limited by only drawing current through 
the output transistor when the time-varying input Voltage is 
below the threshold level. 

7. The supply of claim 1, wherein the threshold level (V) 
is equal to 10% of the maximum level (VA) minus the 
minimum level (VA). 

8. The supply of claim 1, wherein the timing circuit com 
prises an operational amplifier that is configured to compare 
the input voltage to the threshold level. 

9. The supply of claim 8, wherein the operational amplifier 
compares a first Voltage that is proportional to the input Volt 
age to a second Voltage that is proportional to the threshold 
level. 

10. The supply of claim 1, wherein the power supply output 
comprises an output capacitor that is responsive to the power 
drawn from the power Supply input via the output transistor. 

11. The supply of claim 1, wherein the time-varying input 
Voltage source is provided to the power Supply input via a 
bridge rectifier circuit. 

12. A method of providing power via a transformerless 
power Supply configured to limit heat generation at an output 
transistor, comprising: 

receiving power from a time-varying input Voltage source, 
wherein the time-varying input Voltage source provides 
Voltage that varies from a maximum level to a minimum 
level; 

controlling an output transistor to selectively draw power 
from the power Supply input via an activation signal; 



US 2016/0043653 A1 

determining when the time-varying input Voltage is 
between a threshold level and the minimum level, 
wherein when the time-varying input Voltage is between 
the threshold leveland the minimum level, the activation 
signal is provided to the output transistor; 

outputting power drawn from the power Supply via the 
output transistor. 

13. The method of claim 12, wherein substantially zero 
power is drawn from the power Supply input when the time 
varying input Voltage is greater than the threshold Voltage. 

14. The method of claim 12, wherein power is drawn from 
the power Supply input in pulses. 

15. The method of claim 12, wherein power drawn by the 
output transistoris a function of a Voltage of the power Supply 
input and an amount of current drawn through the output 
transistor. 
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16. The method of claim 15, wherein heat generated by the 
output transistor is proportional to the Voltage of the power 
Supply input and the amount of current drawn through the 
output transistor. 

17. The method of claim 12, wherein heat generation at the 
output transistor is limited by only drawing current through 
the output transistor when the time-varying input Voltage is 
below the threshold level. 

18. The method of claim 12, wherein the threshold level 
(V) is equal to 10% of the maximum level (VA) minus the 
minimum level (VA). 

19. The method of claim 12, wherein the timing circuit 
comprises an operational amplifier that is configured to com 
pare the input voltage to the threshold level. 

20. The method of claim 19, wherein the operational ampli 
fier compares a first Voltage that is proportional to the input 
Voltage to a second Voltage that is proportional to the thresh 
old level. 


