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Digitally Controlled Pots
Program PWM’s Features

CIRCLE 522

T he circuit described here is a
switching 12-V, 10-A power sup-
ply whose topology is that of a

conventional single-switch forward
converter (Fig. 1). To derive the pulse-
width modulation for its switch, the
converter uses peak-current control.
The front end processes the ac-line
power and delivers an unregulated 320
V dc to the downstream dc-dc converter
in the power mesh. 

After processing the power delivered
by the front end, the power mesh drives
a regulated 12 V dc at 10 A at the front
end’s output. Included in the secondary
control is an error amplifier that com-
pares the 12-V dc output voltage with a
reference voltage. It also provides opto-
coupled feedback to the primary con-
trol. The primary-control section of the
power supply is designed around the
low-cost UC3844A pulse-width-modu-
lator (PWM) current-mode controller
(Figs. 2a and 2b). In addition to control-
ling the transformer switches in the
power mesh, the pulse-width-modulat-
ed output of the PWM regulates the
power supply’s output voltage. 

Two key features of the PWM, the
operating frequency and the overcur-
rent limit, are programmed by Xicor’s
digitally controlled potentiometers
(U303 and U302). Using electronic
potentiometers rather than their tradi-
tional mechanical counterparts offers
lower cost, higher reliability, and auto-
matic calibration during production
testing. The PWM clock frequency is set
by C305 (CT) and the Thevenin resis-
tance (RT) formed by R310, R318, and
potentiometer U303 (Fig. 2a, again).
For high values of RT, f ≈ 1.72/RTCT.
Setting the converter frequency precise-
ly to its design target value of 110 kHz
reduces the design margin needed

when designing the supply’s expensive
magnetic components.

The PWM’s overcurrent limit is estab-

lished by the 1-V zener diode connect-
ed to the PWM comparator’s noninvert-
ing input (Fig. 2b, again). This voltage’s

1. In addition to the 12-V output level, both the switching frequency and overcurrent limit are
programmed by digitally controlled potentiometers in this 10-A switching supply.
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2. The clock frequency is set by C305 (CT) and the Thevenin resistance (RT) at U301, pin 4 (a).
The overcurrent limit is controlled by the 1-V zener diode internal to U301 (b).



limit controls the maximum value of
the transformer’s primary peak current.
The voltage at the inverting input is
proportional to the sum of the switch/
output current through R1 and the cur-
rent through R309 (which is generated
by the programmed voltage of digitally
controlled potentiometer U302). The

nominal onset of overcurrent protec-
tion is 10.67 A.

From the measured data, the pro-
grammable converter frequency can be
varied from 101.7 kHz to 122.9 kHz.
The overcurrent protection onset can
range from 8.09 A to 13.85 A. A “bed-
of-nails” interface, similar to those used

for parametric testing, supplies low-
cost access to the DCP pins through test
points 301 to 306. R301 and C304 pro-
vide the proper turn-on slope for the 5-
V output or VREF. As a result, the proper
initial wiper setting of the DCP can be
recovered from nonvolatile memory
during power-up.
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Embedded Processor Directly 
Drives An On-Screen Display 

CIRCLE 521

V isualization of measurement
results or application status is an
increasingly requested feature.

However, the generation of images on a
TV screen does not always require
expensive cards or chips. In some cases,
a black-and-white picture will suffice. 

The black-and-white video signal
accepted by standard TV equipment
requires only three discrete voltage lev-
els. This signal can be further separated
into two binary components: the syn-
chronization signal and the picture sig-
nal. This property can be utilized
advantageously during video-signal
synthesis. The synchronization signal is
always the same. Only the picture com-
ponent differs from image to image.

The synchronization signal can easi-
ly be generated by an intelligent timer
peripheral, according to a static
lookup table. A suitable timer periph-
eral is often present on-chip in mod-
ern microcontrollers or DSPs. 

The on-screen display (OSD) is
formed by a picture data stream con-
sisting of pixel values (black = 0, white
= 1). The simplest way to generate such

a data stream is to
make use of al-
most any serial on-
chip interface, such as a synchronous
serial port or an SPI peripheral. This
interface simply transmits data from a
pixel map stored in memory. This
operation must be aligned with the
synchronization signal generated by
the timer. This requirement can easily
be met by taking advantage of the
timer-interrupt feature.

The above idea was tested using the
DSP56F805 from Motorola. The im-

plementation of the OSD circuit is
shown in Figure 1. The circuitry needed
to convert the two digital signals into
an analog-video signal and the output
amplifier needed to match the 75-Ω
input impedance of the TV set can be
arranged in a configuration as simple
as that shown in Figure 2.

When considering image quality, a
compromise must be made between
resolution and the memory space
needed for the picture pixel map. The
required computing power increases
with picture resolution. More perfor-
mance is required than the raw power
needed to actually display the pic-
ture—the creation of the picture in
memory can be even more demanding
than displaying the image itself. 

In this application, the compromise
between resolution and memory space
resulted in a resolution of 256 by 287
pixels with about 20% of the comput-
ing power consumed by the display
process. The maximum reasonable res-

1. The on-screen display (OSD) combines a synchronization signal
generated by an on-chip timer peripheral with the pixel-data signal
output, also generated on-chip using an SPI peripheral.

3. This sample video image features a
display resolution of 256 by 287 pixels.
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2. This simple circuitry converts the two digital signals into an analog-
video signal and matches the 75-Ω input impedance of the TV set.


