
Using a blue LED can pose prob-
lems when available power-sup-

ply voltages don’t meet or exceed the 
LED’s 3V forward-voltage drop. This 
Design Idea shows how to drive a 
blue LED from a 3V battery or anoth-
er power supply. The circuit in Figure 
1 uses the On Semiconductor (www.
onsemi.com) NCP1729 voltage in-
verter, IC1, to produce enough voltage 
to drive blue LED D1. Transistor Q1 
serves as a constant-current limiter for 
the LED’s forward current. When cur-
rent through the LED and RS increases 
to a level that develops enough base-
emitter voltage to turn on Q1, Q1’s col-
lector draws current from the voltage 
divider comprising R1 and R2 and forc-
es IC1 to shut down. The voltage in-
verter restarts when the voltage drop 
across RS falls below Q1’s base-emitter 

turn-on thresh-
old. Pulling tran-
sistor Q2’s base to 
ground through 
R2 turns on the 
circuit.

In this appli-
cation, the LED 
exhibits a volt-
age drop of ap-

proximately 3.3V at 10 mA forward-
bias current. Table 1 illustrates the 
LED’s applied voltage, VBAT�|VOUT|, 
and Q1’s base-emitter voltage for vari-
ous battery-voltage values.EDN

Figure 1 This circuit uses the On Semiconductor NCP1729 voltage inverter, 
IC1, to produce enough voltage to drive blue LED D1.
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To obtain a continuously variable duty 
cycle, Figure 2 shows how to con-
nect potentiometer R4 to the common 
junction of R1, R2, and R3. The output 
waveform’s duty cycle, DTC, follows 
the equation: DTC�(R1�R2�RVAR)/
(R1�2R2�R3�RPOT), where RPOT is 
the potentiometer’s end-to-end resis-
tance, and RVAR is the fraction of RPOT 
between the rotor and R1. As the equa-
tion shows, DTC depends linearly on 
RVAR. Switch S1 comprises one section 
of a 4066 CMOS quad bilateral SPST 
switch, IC2.

You can use the circuit in Figure 3 

to evaluate duty-cycle linearity. A ro-
tary switch and a tapped series string of 
16-k� resistors provide a 10-kHz sig-
nal with nine discrete, equally spaced 
duty-cycle values ranging from 2 to 
98%. For accurate results, use a 51⁄2-
digit multimeter to match the values 
of resistors R4 through R11 and a Tek-
tronix 3012 oscilloscope or equivalent 
to gather DTC data.

Microsoft’s (www.microsoft.com) 
Excel-spreadsheet software includes 
a linearity analysis that returns the 
following trend line for the duty-
cycle measurements: DTC�0.7565�

RVAR�2.1548; R2�1. The value of 1 
for R2 as Excel calculates shows that 
the transfer function is perfectly linear. 
Switch S1’s on-resistance and particu-
larly its leakage current slightly affect 
the DTC-versus-RVAR equation’s slope 
and intercept, but the equation re-
mains strictly linear. Using only one of 
IC2’s four switches eliminates leakage 
effects and crosstalk that would occur 
if other circuits used the remaining 
switches. In addition, using moderate-
ly low values for the resistor network 
further reduces leakage-current effects 
on circuit performance.EDN
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TABLE 1 LED APPLIED VOLTAGE
VBAT (V) VOUT (V) VBE(Q1) (V)

1.8 �1.5 0.41

2 �1.37 0.46

2.5 �0.79 0.42

3 �0.27 0.4

3.5 0.23 0.41
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