
Although manufacturers offer
crystal and ceramic resonators

and packaged oscillators for many fre-
quencies, nonstandard frequencies may
not be readily available. When a unique
integrator application required a 2021-
Hz fixed-frequency clock, the circuit in
Figure 1 solved the problem and
required only a few extra and inexpen-
sive components. The heart of the oscil-
lator comprises a small assembly-lan-
guage process that exploits equalized,
fixed-length branch loops with only 12
instructions. A simple Visual Basic 
program, available at www.edn.com/

060427di2, provides a user-input win-
dow that calculates the number of loops
necessary to create the desired frequen-
cy and also determines the required
number of individual instruction peri-
ods needed to “top off” the duration of
the output period (Figure 2).

Including Microchip’s (www.micro
chip.com) PIC12F508 8-bit microcon-
troller, IC1, the circuit in Figure 1 uses
only four components. The microcon-
troller operates at clock-crystal fre-
quencies as high as 4 MHz and includes
a configuration option that uses the
IC’s internal 4-MHz oscillator, which is

accurate to �1% as the controller’s
base frequency. Another version of the
microcontroller, the PIC16F505, can
operate at clock-crystal frequencies as
high as 20 MHz.

To calculate the constants to program
the microcontroller for the desired out-

current through D1 approaches 1 mA,
and the current through LED1 averages
approximately 500 mA. Adjusting R1
counterclockwise reduces LED1’s for-
ward current from 500 mA to 0A.

When scaling the values of R1 and R2
for a different current-loop gain,
decreasing the gain impacts the circuit’s
conversion efficiency, and increasing
the gain makes the loop more sensitive
to component tolerances. To provide a
remote brightness control, you can
replace mechanical potentiometer R1
with a digitally programmed poten-
tiometer. Luxeon (www.luxeon.com),
the manufacturer of LED1, an LXHL-

BW02, specifies limits of 350-mA con-
tinuous current and 500-mA peak-
pulsed current. Figure 2 shows the cir-
cuit’s efficiency versus variations in
input voltage. Note that the circuit’s
efficiency increases as input voltage
decreases, which helps extend operat-
ing time in battery-powered-system
applications.

As temperature fluctuates, the cur-
rent through LED1 varies less than 3%
over the temperature range, a factor-of-
three improvement over a series-resis-
tor current-limiting circuit (Figure 3).
Although more complex than a single
resistor, the circuit in Figure 1 requires

only a few components. For L1, this pro-
totype uses Coilcraft’s (www.coilcraft.
com) MSS5131-103 surface-mount
inductor rated for 10 �H.

National Semiconductor’s data
sheet for the LM2852 outlines criteria
for selecting capacitors CIN, CSS, and
COUT. For efficient heat removal, the
circuit’s pc board should include gen-
erous copper-mounting pads and traces
for IC1 and LED1. At a forward current
of 350 mA, LED1 dissipates 1.1W, so
consult the manufacturer’s data sheet to
review its thermal-design recommen-
dations.EDN
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Figure 1 Delivering a fixed clock fre-
quency, this preprogrammed oscil-
lator uses few components.
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Figure 2 Circuit efficiency versus input voltage shows an
increase in efficiency for increasing LED current and
decreasing input voltage.
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Figure 3 Current through the LED varies less than 3%
over an operating-temperature range of 0 to 75�C.
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put frequency, you use the Visual Basic
program, editing the clock frequency of
4 MHz in this example if necessary.
Next, you enter the clock’s frequency
error in percentage points or parts per
million and the desired output fre-
quency in hertz. When you click on the
“Evaluate” control, the program com-
putes the high- and low-state coeffi-
cients, the number of appended
instructions, and the output’s duty
cycle. The program also calculates the
maximum initial percentage error of
the output frequency. The controller’s
instruction-execution times and clock
frequency impose constraints on the
desired output frequency, duty cycle,
and frequency error. For the 2021-Hz
clock in this application and a 4-MHz
clock frequency, the program calculates
the coefficients and number of discrete
instructions as 20, 21, and three,
respectively. Before compiling the
code and writing the results to the
microcontroller’s internal flash memo-
ry, you transcribe the coefficients into

the microcontroller’s assembly-lan-
guage program.

The controller’s assembly-language
listing, at www.edn.com/060427di2,
uses only 40 instructions, and its imple-
mentation leaves three of the con-
troller’s pins unused but available for a
user-defined enable input or for select-
ing one of several preset output fre-

quencies or coefficients. You can reduce
the pc-board area the basic design uses
if you select a microcontroller that
occupies a smaller package, such as 
six-lead SOT-23 versions of the
PIC10F200 or PIC10F220, and use its
internal 4-MHz clock oscillator instead
of an external crystal.EDN

Figure 2 Use this Visual Basic program to calculate programming coefficients
for the clock circuit.
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