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Instead of using a counter-controlled,
pushbutton-activated range switch,
you can use an optical encoder. Inex-
pensive encoders are available, and
they occupy minimal space on the
front panel of an instrument. More-
over, an encoder gives you the oppor-
tunity to select the optimum operating
speed. However, at positions near the
transition points in counter position,
mechanical shocks can provoke false
switching. The circuit in Figure 1 over-
comes the false-switching problem.

Output S0 of the optical encoder
controls the up/down inputs of coun-
ters IC1 and IC2. Output S90 connects
to the clock input of the HEF4516
binary counter (IC1). When this
counter reaches 0 or 15, the output CO
goes low and clocks (via an inverter)
the HEF4510 decimal counter (IC2).
Simultaneously, the binary counter assumes a value of eight.
Thus, it requires eight pulses of the optical encoder to alter
the position of the decimal counter. You must stop turning
the optical encoder within eight pulses, which in practice is
eminently possible. When you want more security, you can
feed the outputs Q3 and Q4 of the decimal counter to an
exclusive OR gate. When the output of the XOR gate is high,
changing the state of the decimal counter requires a mini-
mum of four pulses from the optical encoder.

The circuit provides control with bidirectional hysteresis.

To stop the decimal counter at zero when counting down, the
counter resets when output Q9 of the 1-of-10 decoder
HEF4028 (IC3) goes high. To limit the number of decoder
positions, you can load the decimal counter one position
lower than the maximum output position you want to reach
with the output decoder. The configuration in Figure 1 loads
the decimal counter with the value five when Q6 (the sev-
enth position) of IC3 goes high. (DI #2255). e
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FIGURE 1

Optical encoder controls range switch
W DIJKSTRA, WAALRE, THE NETHERLANDS

An optical encoder, immune to false switching, takes the place of a counter-con-
trolled range switch.
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Many digitally controlled potentiometers (for example, the
LM1971/2/3 from National Semiconductor, www.
national.com) incorporate a three-wire serial digital interface,
using data, clock, and enable lines. In Figure 1, the poten-
tiometer’s nomenclature for these lines is Data-In, Clk, and
Load/Shift, respectively. The assembler program in Listing 1
provides an interface to an SAB80535 mC. The main idea of
the method is to use the capture/compare capability of Timer
2 in the mC to provide the timing relationship between the
Data-In and Clk signals. The principal control of the interface
comes from subroutine S16BIT in Listing 1.

To program the potentiometer, the mC must send 2 bytes
to it—the “channel address,” followed by the attenuation
value with its most significant bit first. Sending a byte starts

by loading the number of bits to send into the mC’s BCOUNT
register and initiating the P1 lines (setting P1.0 through P1.3
to a low state). Next, Timer 2 starts with overload enabled.
The routine sets two digital compare/capture units (CC1 and

The rising edge of the clock signal validates data loading into
the Data-In and Load/Shift pins of the potentiometer.

mmC controls digital potentiometer
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CC3 in the mC) to the “compare” mode by writing
88H into the CCEN register. The contents of the
register decrease after each interrupt. In this way,
eight consecutive interrupts occur, each to send 1
bit of data. The interrupt subroutine at address
006BH manages the transmission of the data bits
via P1.2.

The CC1 unit generates the Clk signal on pin
P1.1 when the contents of the Timer 2 count regis-
ter (composed of TH2 and TL2 8-bit registers) equal
the values set in registers CCL1 and CCH1. This
value depends on the length of the interrupt sub-
routine. After transmission of the last bit, the rou-
tine stops Timer 2 by setting the value 0ECH in reg-
ister T2CON. During data transmission, the main
program spends its time waiting in the loop, as
long as the bit FLAGS.0 is at logic 1. This bit clears
in the last pass of the subroutine and sets just before
Timer 2 starts. Transmission of the second byte of
data occurs in exactly the same way after the rou-
tine reprograms the related registers. The Channel
and Volume registers hold the 2 bytes to send.

Figures 2 and 3 show the timing relationships
of the interface. In Figure 2, the 2 bytes Channel
and Volume are 05AH and 081H, respectively. Data
is valid on the rising edge of the Clk signal. Figure
3 shows the time dependence in the interrupt-rou-
tine calls and the Clk rising edges. In this design, it
takes approximately 740 msec to program 2 bytes
into the potentiometer with an 8-MHz clock fre-
quency (a 1.5-msec machine-cycle time). (DI
#2256). e
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LISTING 1—S16BIT SUBROUTINE

FIGURE 2

FIGURE 3

The rising edge of the clock signal appears approximately 32 mmsec after
the CC3 compare/capture unit in the mmC generates an interrupt.

The subroutine in Listing 1 provides a simple serial digital interface to
National’s (and others’) digital potentiometers.




