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(57) ABSTRACT 

Field Effect Transistors (FETs) are used to regulate current 
in a light emitting diode (LED). FETs are fundamentally 
voltage driven devices, Where output current is governed by 
junction voltage. Since junction voltage can be controlled 
With little or no support circuitry, FETs present a solution to 
current regulation Where cost, complexity, and perhaps even 
siZe are important. 
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FET CURRENT REGULATION OF LEDS 

[0001] This non-provisional application is a continuation 
of US. patent application Ser. No. 10/ 607,265 , Which claims 
the bene?t of US. Provisional Patent Application No. 
60/391,670 ?led Jun. 27, 2002. 

FIELD OF THE INVENTION 

[0002] The invention relates to a system for current regu 
lation of light emitting diodes using ?led effect transistors. 

BACKGROUND OF THE INVENTION 

[0003] Under analysis is a plurality of Light Emitting 
Diodes (LEDs) as shoWn in FIG. 1. With reference to FIG. 
1, the voltage source may ?rst undergo a voltage Waveform 
transformation (e.g., AC to DC) before driving multiple 
series blocks of LEDs, Where the M series blocks are 
connected together in parallel. Each of the M series blocks 
may have circuitry to control current. For conceptual con 
venience only a single series block of N LEDs is referred to 
throughout. 
[0004] Diodes are Well knoWn in electrical engineering to 
be “current-driven” devices. In practice “current-driven” 
means that a large change in device current is produced by 
a small change in applied voltage. An ideal diode described 
in basic literature is the quintessential current-driven device 
since, in this ideal, an in?nitesimal voltage change above a 
threshold produces in?nite current. Real diodes have com 
plicated internal behavior and, of course, ?nite current. 
Variations of internal behavior are taken advantage of to 
produce diodes of different types, such as Zener diodes. 
LEDs are diodes that produce light but otherWise are built to 
have common current voltage characteristics. 

[0005] With their characteristic of rapid current increase 
as voltage rises above a threshold, LEDs are considered to 
require external current limiting to prevent damage or fail 
ure. It has recently been shoWn, for example in US. Pat. No. 
6,461,019 “Preferred Embodiment to LED Light String” 
Which is hereby incorporated by reference, that by matching 
Waveform-dependent LED voltages to the stable source 
voltage, LED current can remain operationally stable With 
out current limiting circuitry. While this “direct drive” 
approach is simple, inexpensive and electrically ef?cient, 
With no added poWer loss, there are also several draWbacks 
to this “direct drive” method. 

[0006] One draWback to “direct drive” of LEDs is that the 
method of voltage matching requires a stable source volt 
age—this can often be met With AC line voltage (e.g., 120 
VAC) but it may dif?cult to meet With batteries having large 
voltage droop. A second draWback to “direct drive” is 
inherent sensitivity to voltage variations. These voltage 
variations are of tWo primary types: source and device. An 
example of source voltage variation is difference in line 
voltage betWeen, say, a place in California versus a place in 
Pennsylvania, Where the latter often is several volts closer to 
the nominal 120 VAC value. Device voltage variations, 
found in any ensemble of LEDs, are differences in the 
current versus voltage characteristics from LED to LED 
caused by manufacturing. An example of device variation is 
shoWn in FIG. 2 Where a 10% change in device voltage (for 
20 mA nominal current) causes about 70% change in device 
current (for 2.0 VDC nominal voltage). Another draWback to 
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direct drive of LEDs lies in design restriction, Where the 
number N of LEDs used in the series block is strictly 
determined by voltage matching, With little variation about 
this number N. 

[0007] Consider a series block of N LEDs directly driven 
With AC poWer, Without current control or any voltage 
transformation in FIG. 1. The voltage and current of this 
unregulated AC circuit is shoWn for one period in FIG. 3. As 
the voltage increases above the diode threshold Vth to its 
peak value, Vpk, and then falls back doWn again, the diode 
current rises sharply in a nonlinear fashion, in accordance to 
its current versus voltage response, to a peak value, Ipk, and 
then the LED current falls back doWn again to Zero current 
in a symmetric fashion. The average LED current, Iavg is 
obtained by integrating the area under this current spike over 
the period. With a typical value of average current at 20 mA, 
the peak current value is around 120 mA and the current 
pulse has an effective duty factor of around 1/6. This com 
bination of peak current and duty factor for unregulated AC 
drive is stressful to common LEDs, loWering their reliability 
and longevity. 

[0008] The stress due to an AC Waveform can be reduced 
by transforming the voltage. A simple and inexpensive 
example is bridge recti?cation, resulting in the voltage and 
current shoWn in FIG. 4. Compared to the original AC 
Waveform, peak current is halved to around 60 mA While 
effective duty factor is doubled to around 1/3; this loWer peak 
value is particularly less stressful to common LEDs. With 
further Waveform smoothing, such as by adding a capacitor 
across the recti?er output to create rippled DC, peak LED 
current is closer to average LED current and the devices are 
stressed even less. Nonetheless, Without any LED current 
control the circuit remains sensitive to voltage variations 
discussed earlier. 

[0009] LED current control is often implemented using 
passive impedance elements, most commonly as resistors. 
For AC or pulsed drive sometimes reactive components such 
as capacitors or inductors are considered advantageous for 
various reasons. This type of LED current control has been 
the subject of a variety of patents, notably in the early Work 
of Okuno (“Light-emitting diode display, US. Pat. No. 
4,298,869, Nov. 3, 1981). The primary advantage offered by 
passive impedance elements is simplicity and cost. HoW 
ever, passive impedance elements are fundamentally soft 
limiters rather than hard limiters. A soft limiter exhibits 
current dependence on voltage Whereas a hard limiter keeps 
current constant over a range of voltage. 

[0010] The need therefore exists for a system for current 
regulation of a light emitting diodes. 

SUMMARY OF THE INVENTION 

[0011] The present invention uses Field Effect Transistors 
(FETs) to regulate LED current. FETs are fundamentally 
voltage driven devices, Where output current is governed by 
junction voltage. Since junction voltage can be controlled 
With little or no support circuitry, FETs present a solution to 
current regulation Where cost, complexity, and perhaps even 
siZe are important. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 illustrates a circuit comprising light emit 
ting diodes. 
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[0013] FIG. 2 shows one example of a device variation 
Where a 10% change in device voltage (for 20 mA nominal 
current) causes about 70% change in device current (for 2.0 
VDC nominal voltage). 

[0014] FIG. 3 illustrates the voltage and current of an 
unregulated AC circuit for one period. 

[0015] FIG. 4 illustrates a simple and inexpensive 
example of bridge recti?cation With resulting voltage and 
current. 

[0016] FIG. 5 shoWs parametric curves of current versus 
voltage for a ?xed number of LEDs and different values of 
resistance in the AC circuit. 

[0017] FIGS. 6a-6a' schematically shoW the relations of 
FETs as either N-channel or P-channel and “depletion” type 
or “enhancement” type according to Whether the device is on 
or off, respectively, With Zero applied voltage. 

[0018] FIG. 7 illustrates the regions of a typical set of PET 
output current versus input voltage curves, parametric in 
junction voltage. 

[0019] FIG. 8 illustrates a basic MOSFET current regu 
lator having desired constant output current ID for any input 
voltage VDS Within the active region. 

[0020] FIG. 9 illustrates that the FET imparts a hard 
limiting clamp to LED peak current at the value of IDS. 

[0021] FIG. 10 compares a slight increase With a circuit 
controlled by a large resistor instead, Where both circuits are 
designed for 25 mA average current at 125 VAC input. 

[0022] FIG. 11 shoWs the preferred embodiment of the 
FET current regulator of the instant invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0023] A resistor, for example, limits current only in 
proportion to voltage folloWing Ohm’s laW. Such a linear, or 
ramp, function added to the LED circuit can only achieve a 
nearly linear response, With current nearly proportional to 
voltage, at large resistance. FIG. 5 shoWs parametric curves 
of current versus voltage for a ?xed number of LEDs and 
different values of resistance in the AC circuit. As resistance 
increases and the circuit becomes less ef?cient, current 
becomes more linear to applied voltage and not a constant 
function. Since current is not held constant there is still some 
sensitivity to voltage variations. Thus these methods cannot 
fully regulate LED current to a (practically) constant value 
over a (practical) range of voltage. 

[0024] FIG. 5 also shoWs a curve labeled “FET” that 
exhibits nearly constant current over a large range of volt 
age. This method of current control achieves practical cur 
rent regulation by acting as a sufficiently constant current 
source over a Wide range of voltage. The present invention 
uses Field Effect Transistors (FETs) to regulate LED current. 
Current regulation is a common circuit objective and many 
implementations exist in the art. Constant current sources 
can be built With high sophistication Where the variations 
and associated voltage domains are both speci?ed precisely. 
The present invention takes an opposite approach and is 
concerned mainly With simplicity and loW cost. The pre 
ferred embodiment is comparable in simplicity and cost With 
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passive element schemes yet, as FIG. 5 shoWs, it provides 
a practical means for full current regulation. 

[0025] FETs are fundamentally voltage driven devices, 
Where output current is governed by junction voltage. Since 
junction voltage can be controlled With little or no support 
circuitry, FETs present a solution to current regulation Where 
cost, complexity, and perhaps even siZe are important. FETs 
come in tWo basic varieties, JFETs and MOSFETs, Where 
MOSFETs have undergone considerable advancement in 
recent years. A variety of advanced MOSFET structures 
such as vertical DMOS are noW available at loW cost and in 
small packages. 

[0026] FETs may be either N-channel or P-channel. In 
addition, MOSFETs may be either “depletion” type or 
“enhancement” type according to Whether the device is on or 
off, respectively, With Zero applied voltage, as shoWn in 
FIG. 6. To avoid circuit complexity or a separate voltage 
source, the preferred embodiment of this invention uses 
depletion FETs that are normally on When the voltage 
betWeen FET Source (S) and Gate (G) is Zero. JFETs ?t into 
this “normally on” category, behaving essentially the same 
as depletion MOSFETs. 

[0027] A typical set of PET output current versus input 
voltage curves, parametric in junction voltage, has tWo 
regions. An N-channel, depletion MOSFET is used in FIG. 
7 to illustrate these regions—the three other MOSFET 
varieties exhibit similar properties With appropriate symme 
try. Input Drain-Source threshold voltage VDsmj) determines 
the separation of these tWo regions, Where VDsmj) depends 
on the designed Gate-Source voltage VGS and the ?xed 
device Gate-Source threshold voltage VGsmj) along a 
device-dependent curve. 

[0028] As FIG. 7 shoWs, beloW this Drain-Source thresh 
old voltage, VDSOIW the N-channel depletion FET operates 
in a “Passive” region Where its output (Drain) current ID 
rises With small input voltage VDS, like a passive impedance 
device. If used in this region, the FET Would act like a 
passive current limiter rather than an active current regula 
tor. HoWever, for values of VDS above the threshold VDSQIW 
the FET operates in its “Active” region, Where output 
current ID becomes constant With larger input voltage VDS. 
In this Active region, the FET serves as a current source to 

a series load, since the output current ID is determined solely 
by the FET internal junction voltage VGS. The FET junction 
voltage VGS is easily be made constant by connecting the 
Gate and Source together. A resistor can be used for this 
connection to create a prescribed nonZero VGS voltage. If the 
connection is made directly Without a resistor, then the case 
VGS=0 results. 

[0029] The basic MOSFET current regulator, shoWn in 
FIG. 8, has desired constant output current ID for any input 
voltage VDS Within the Active region. The voltage VDS in the 
Active region may be anyWhere Within a large voltage 
interval, for example, from as little as a feW Volts up to as 
much as a feW hundred Volts. The effect of the FET current 
regulator is to clamp the current to the maximum value of ID 
set by the Gate-Source voltage VGS. The value of VGS is 
?xed by the FET device properties and the regulating 
resistor Which, in turn, may be a simple Wire or Zero 
resistance. A JFET may be used instead of a MOSFET in 
FIG. 8 With the similar results. Moreover, the FET device 
parameters may be such that the resistor in FIG. 8 may not 
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be necessary (R=0). Also, multiple FETs can be combined in 
parallel With their individual current values adding to form 
a sum total. 

[0030] Consider AC input With no voltage transformation 
in FIG. 8. The FET imparts a hard limiting clamp to LED 
peak current at the value of IDS as shoWn in FIG. 9. The 
LED current spike shape is nearly constant, and its peak 
value is regulated by the FET. Thus the average LED current 
becomes proportional to the regulated peak current, ID. The 
ratio betWeen the average LED current Iavg and the FET 
current ID is the effective duty factor of the LED current 
spike. As voltage increases the Width of this current spike 
increases slightly and hence the regulated current increases 
slightly. FIG. 10 compares this slight increase With the same 
circuit controlled by a large resistor instead, Where both 
circuits are designed for 25 mA average current at 125 VAC 
input. For most applications the slight change in current 
from the PET is negligible and LED current is considered 
fully regulated to a practical constant value over the voltage 
range. 

[0031] As seen previously, the LED circuit With AC input 
and no voltage transformation has small effective duty factor 
Which, in turn, yields a large ratio betWeen peak and average 
current. The large peak current required for desired average 
current may stress the LEDs, loWering their reliability or 
longevity. It Was also shoWn that recti?cation provides a 
simple means to decrease this stress—the bridge recti?er 
approximately doubles effective duty factor and halves the 
required peak current for the same value of average current. 
Moreover, better performance is further obtained by better 
approximating an AC to DC conversion through addition of 
circuit components to smooth the recti?ed output. One 
sufficiently large capacitor can suf?ce to reduce DC ripple to 
an acceptably loW value. The resultant preferred embodi 
ment to the FET current regulator is shoWn in FIG. 11. One 
or more JFETs or depletion MOSFETS can be combined in 
parallel to perform the current regulation of the one MOS 
FET draWn. Moreover, the MOSFET resistor may have Zero 
value, depending on device parameters and desired LED 
current. 

[0032] Note that FIG. 11 shoWs a load resistor having 
resistance RL. This optional resistor can be used to offset 
some of the poWer dissipation through the FET for cases 
Where the number N of LEDs is relatively small. In these 
cases the FET may dissipate signi?cant poWer to regulate 
current even at loW end of the voltage range, so the added 
load resistor merely absorbs some of this dissipated poWer 
by taking up some of the unneeded voltage. In this Way FETs 
may be used that are rated at loWer poWer dissipation or 
voltage range than Would be possible to use reliably Without 
the load resistor. Note also that for a DC input voltage, the 
AC to DC converter in FIG. 11 is not needed, and for a 
different type of input Waveform other circuitry may be used 
to transform the Waveform to DC, if so desired. In any case, 
the FET current regulator maintains the same basic hard 
limiting properties as described previously. 

[0033] Finally, in theory one can achieve greater current 
control by cascading one or more FETs in series. With the 
devices being used in practice, hoWever, the MOSFETs are 
already packaged into integrated circuits having excellent 
current control, and the extra cost associated With cascading 
FETs has not been found to be justi?able. Instead, the 
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versatility of a single FET for many designs shoWs to be 
mainly a matter of packaging into a small enough but also 
thermally efficient enough device. 

[0034] While the foregoing invention has been shoWn and 
described With reference to the preferred embodiments, it 
Will be understood by those of skill in the art that various 
changes in form and detail may be made therein Without 
departing from the spirit and scope of the invention. 

1. A system for current regulation of a light emitting 
diode, said system comprising: 

a voltage source, 

a light emitting diode electrically connected to said volt 
age source for supplying light to an area, 

at least one ?eld effect transistor electrically connected to 
said voltage source and said light emitting diode, 

Wherein said ?eld effect transistor is a voltage driven 
component having an output current governed by a 
junction voltage of said ?eld effect transistor. 

2. The system for current regulation of a light emitting 
diode according to claim 1, Wherein said junction voltage is 
made constant by connecting a gate and a source of said ?eld 
effect transistor together. 

3. The system for current regulation of a light emitting 
diode according to claim 1, Wherein a resistor is electrically 
connected betWeen said gate and said source to create a 
predetermined nonZero gate-source voltage. 

4. The system for current regulation of a light emitting 
diode according to claim 1, Wherein said gate and said 
source are electrically connected to create a substantially 
Zero gate-source voltage. 

5. The system for current regulation of a light emitting 
diode according to claim 1, Wherein a current supplied to 
said light emitting diode is limited by a maximum output 
current value de?ned the output voltage of the ?eld effect 
transistor set by a gate-source voltage. 

6. The system for current regulation of a light emitting 
diode according to claim 1, Wherein said ?eld effect tran 
sistor alloWs current to pass as long as said current is no 
greater than a maximum output current value de?ned the 
output voltage of the ?eld effect transistor set by a gate 
source voltage. 

7. The system for current regulation of a light emitting 
diode according to claim 1, Wherein an average current 
delivered to said light emitting diode is proportional to a 
maximum output current value de?ned the output voltage of 
the ?eld effect transistor set by a gate-source voltage. 

8. The system for current regulation of a light emitting 
diode according to claim 1, Wherein said ?eld effect tran 
sistor is disposed upstream of said light emitting diode. 

9. The system for current regulation of a light emitting 
diode according to claim 1, Wherein said ?eld effect tran 
sistor is disposed doWnstream of said light emitting diode. 

10. The system for current regulation of a light emitting 
diode according to claim 1, Wherein an optional resistor may 
be electrically connected betWeen said gate and said source. 

11. The system for current regulation of a light emitting 
diode according to claim 1, Wherein at least tWo ?eld effect 
transistors are electrically connected to said voltage source 
and said light emitting diode. 

* * * * * 


