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Drive High Intensity White LEDs Efficiently Using the PIC16C781
INTRODUCTION

High intensity white LED’s are rapidly gaining popular-
ity because of their high light output for relatively low
input current. Applications include small flashlights,
backlighting, night visibility strobes for pedestrians and
bikers, just to mention a few. This Technical Brief
discusses how to design a high efficiency LED driver
with minimum components using the PIC16C781.

Theory Of Operation

The circuit, shown in Figure 1, is essentially a Boost
mode switching regulator with current feedback. Out-
put voltage is determined by the inherent forward bias
voltages of the LEDs. Output current is determined by
the peak charge current of L1. This configuration differs
slightly from the normal Boost mode configuration in
that the load circuit is comprised of only the white LEDs
in parallel with the power inductor, L1, instead of in
series with the supply voltage and the power inductor.
Each power cycle consists of a charge phase, when
energy is stored in L1, and a discharge phase, when
the stored energy is delivered to the LEDs. The charge/
discharge cycle time is equal to the inverse of the
Programmable Switch Mode Controller (PSMC)
frequency. 

During the charge phase Q1 is turned on, allowing cur-
rent to flow through L1. Current rises linearly in L1, in
accordance with Equation 1. Current in L1 is sensed by
the voltage across R6. When the voltage across R6,
amplified by the Op Amp, reaches the intended inten-
sity threshold voltage (determined by the DAC output)
Comparator 1 output will go low. When Comparator 1
goes low, the PSMC output is immediately terminated,
removing the drive to Q1. The PSMC is configured for
Pulse Width Modulation (PWM), which means that the
output will remain low until the start of the next charge/
discharge cycle. The PSMC is also configured for a
maximum duty cycle, so the inductor charge time is lim-
ited even if the inductor current does not reach the
intensity threshold.

During the discharge phase, the current in L1 is initially
identical to the current when the charge phase termi-
nated. The stored energy in L1 causes the voltage
across L1 to reverse and rise to the combined forward-
bias voltages of D1 through D4 at the initial L1 dis-

charge current level. Current in L1 falls approximately
linearly, in accordance with Equation 2, until the voltage
across L1 falls below the combined forward junction
breakdown voltages of D1 through D4, at which time
current in L1 ceases to flow and the residual charge of
L1 rings with the parasitic capacitance of the surround-
ing circuitry for the duration of the PSMC cycle time, or
until the charge in L1 is dissipated, whichever occurs
first.

High efficiency is achieved since no power-hungry cur-
rent limiting resistor is required to protect the LEDs.
Current limiting is inherent in the current Feedback
mode of the switching regulator.

The control loop is designed to be discontinuous for
reasons of EMI and stability. ‘Discontinuous’ means
that the stored energy in L1 is completely dissipated
during the discharge phase. In other words, the current
in L1 falls to zero in every cycle. 

Switch SW1 controls power and mode changes. Pin
RA4 of U1 is an open drain output. When power is off,
the output drive of RA4 is also off, so the base current
of Q2 is zero and Q2 is off. When SW1 is closed, Q2 is
biased on by current flow from the emitter to base of Q2
through R8. Power initialization of U1 includes driving
the output of RA4 low. With RA4 low, Q1 is held on by
current through R9. When Q2 is biased on, the voltage
at the base of Q2 is VBATT - 0.7V. Subsequent SW1
closings pulse RA5 high with the base voltage of Q2.
The U1 program recognizes the RA5 pulses as mode
changes. Modes include:

• Constant on

• 50% duty cycle flashing
• 25% duty cycle flashing
• Power off

• Dim/Bright (button held for longer than 0.5 
seconds)

The Power Off mode waits for SW1 to be released then
enters an infinite loop, driving the open drain output of
RA4 high. With RA4 high, current stops flowing through
the emitter base junction of Q2 biasing Q2 off, thereby
removing power from U1. When the voltage at the U1
VDD and AVDD pins falls below the brown-out threshold
voltage, U1 enters Brown-out Reset keeping RA4 in the
RESET high impedance state.
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FIGURE 1:  CIRCUIT DESIGN
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Circuit Design

The inductor is determined from the applied voltage
(VS), the desired peak current (i), and the time to reach
the peak (t) (see Equation 1).

EQUATION 1

Since the initial time and current are both zero, ∆t and
∆i in Equation 1 reduce to t and i. The applied voltage
is three AAA alkaline cells which, at a nominal 1.5 volts
each, amount to 4.5 volts. At this writing, the
PIC16C781 minimum voltage is 4.0 volts which
requires three cells. The maximum PSMC frequency
will be used to minimize the inductor size. The
PIC16C781 internal oscillator operates at a nominal
4 MHz. At that clock rate, the maximum PSMC fre-
quency is 250 kHz. At 250 kHz a single PSMC cycle is
4 microseconds. If we use the 75% maximum duty
cycle limit of the PSMC, the maximum charge time will
be 3 microseconds allowing a minimum 1 microsecond
for discharge. The LEDs are rated for 30 milliamps con-
tinuous current, or 100 milliamps peak current at a 10%
duty cycle. For maximum intensity, we want the peak
current to limit at 100 milliamps. Maximum inductor dis-
charge current is equal to the peak inductor charge cur-
rent, which occurs at the end of the charge phase and
beginning of the discharge phase. This means that the
inductor must charge to 100 milliamps in
3 microseconds with an applied voltage of 4.5 volts.
Substituting these values in Equation 1 results in an
inductor value of 135 micro Henrys. The closest stan-
dard value from Coilcraft is 150 micro Henrys, which
will result in a peak current of 90 milliamps.

Discharge time is a variation of Equation 1. The initial
voltage is the combined forward bias voltage of the
4 LEDs at 90 milliamps (VD). This was measured and
determined to be 3.89 volts per LED, or 15.56 volts for
all four in series. The sign of VD is negative since the
voltage source is the inductor. The change in discharge
current (∆i) is -90 milliamps, since it is going from the
initial 90 milliamp current to zero. Rearranging the
terms of Equation 1 to solve for time results in Equation
2.

EQUATION 2

Again, ∆t and ∆i reduce to t and i since it is assumed
that the current goes to zero. Solving Equation 2 for t
reveals that the discharge time is 971 nanoseconds,
which is about 97% of the available time. This confirms
discontinuous operation.

Dimming is controlled by limiting the peak current.
Peak current is limited by terminating the charge time
early. This is accomplished by sensing the current, via
the voltage across R6 and terminating the charge
phase at the instant the desired peak current occurs.
The maximum DAC output with the internal voltage ref-
erence selected is about 3.05 volts. The Op Amp gain
(G) should be such that the Op Amp output is 3.05 volts
at the maximum inductor current. At 90 milliamps, the
voltage across R6 is 0.09 volts. So 0.09 * G = 3.05 or G
= 3.05/0.09. We need a gain of 33.9. The gain of the Op
Amp configuration shown in Figure 1 is G = (1+ R1/R2).
Assuming that R2 is 1 k, R1 is determined to be 32.9 k.
The closest standard value is 33 k.

With power off, transistor Q2 is biased off by R7. The
leakage into RA4 can be 1 microamp. To keep the emit-
ter-base voltage of Q2 below 0.5 volts, R7 must be no
greater than 0.5/1e-6, or 800 k Ohms. We’ll let R7 be
390 k Ohms for a margin of error factor of about 2. At
power on, transistor Q2 is initially biased on by emitter-
base current through R8. Q2 supplies current to U1 and
associated U1 output drives. Power current for the
LEDs comes directly from the battery. The minimum
DC current gain (hFE) of Q2 is 100. Assuming a maxi-
mum U1 supply current of 5 milliamps, the emitter-base
current of Q2 needs to be 1/100th of that, or
50 microamps. VBATT is assumed to be 4.5 volts. The
base of a forward biased Q2 is about 0.7 volts below
VBATT, or 3.8 volts. R8 computes to be 3.8/(50e-
6+1.8e-6), or 73.4 k Ohms. Again, allowing for a mar-
gin of error factor of 2 we’ll use 33 k Ohms for R8 and
R9.

When U1 is reset, and before the U1 output pins have
been configured by the initialization code, all U1 port
pins are configured as high impedance inputs. In this
state it is possible for the gate of Q1 to float high,
thereby biasing Q1 on. To avoid this condition, R4 pro-
vides a relatively low impedance to ground for the
MOSFET gate keeping Q1 biased off until the PSMC
output becomes active. R3 limits the transient current
into the gate of Q1, slowing the slew rate to help control
EMI emissions.

SUMMARY

The integrated peripherals of the PIC16C781 enhance
the capability and significantly reduce the part count for
this application. Besides the LEDs and microcontroller,
only one active device is required. Dimming and sev-
eral modes of operation are possible with only a single
momentary switch. The open drain output of RA4
makes it possible to add a second low cost active
device in lieu of a second switch for power control. The
autonomous nature of the PSMC control loop means
that the code is minimal. With 11 remaining I/O pins
there is plenty of reserve capability to expand the role
of the microcontroller for additional tasks.
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Source and object code accompany this application
and are available for free download from the Microchip
web site www.microchip.com. 

MEMORY USAGE

Program memory ROM and RAM requirements for the
PIC16C781 are as follows:

ROM
184 Words Used
840 Words Free

RAM
4 Bytes Used
124 Bytes Free
DS91060B-page 4   2002 Microchip Technology Inc.



Note the following details of the code protection feature on PICmicro® MCUs.

• The PICmicro family meets the specifications contained in the Microchip Data Sheet.
• Microchip believes that its family of PICmicro microcontrollers is one of the most secure products of its kind on the market today, 

when used in the intended manner and under normal conditions.
• There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our knowl-

edge, require using the PICmicro microcontroller in a manner outside the operating specifications contained in the data sheet. 
The person doing so may be engaged in theft of intellectual property.

• Microchip is willing to work with the customer who is concerned about the integrity of their code.
• Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not 

mean that we are guaranteeing the product as “unbreakable”.
• Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of 

our product.

If you have any further questions about this matter, please contact the local sales office nearest to you.
Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip’s products as critical com-
ponents in life support systems is not authorized except with
express written approval by Microchip. No licenses are con-
veyed, implicitly or otherwise, under any intellectual property
rights.
  2002 Microchip Technology Inc.
Trademarks

The Microchip name and logo, the Microchip logo, KEELOQ,
MPLAB, PIC, PICmicro, PICSTART and PRO MATE are
registered trademarks of Microchip Technology Incorporated
in the U.S.A. and other countries.

FilterLab, microID, MXDEV, MXLAB, PICMASTER, SEEVAL
and The Embedded Control Solutions Company are
registered trademarks of Microchip Technology Incorporated
in the U.S.A.

dsPIC, dsPICDEM.net, ECONOMONITOR, FanSense,
FlexROM, fuzzyLAB, In-Circuit Serial Programming, ICSP,
ICEPIC, microPort, Migratable Memory, MPASM, MPLIB,
MPLINK, MPSIM, PICC, PICDEM, PICDEM.net, rfPIC, Select
Mode and Total Endurance are trademarks of Microchip
Technology Incorporated in the U.S.A. and other countries.

Serialized Quick Turn Programming (SQTP) is a service mark
of Microchip Technology Incorporated in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.
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U.S.A., All Rights Reserved.
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Microchip received QS-9000 quality system 
certification for its worldwide headquarters, 
design and wafer fabrication facilities in 
Chandler and Tempe, Arizona in July 1999 
and Mountain View, California in March 2002. 
The Company’s quality system processes and 
procedures are QS-9000 compliant for its 
PICmicro® 8-bit MCUs, KEELOQ® code hopping 
devices, Serial EEPROMs, microperipherals, 
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design and manufacture of development 
systems is ISO 9001 certified.
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