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outputs of D flip-flops IC2A and IC2B in Figure 1. IC1A XORs
the Q output of flip-flop IC2B with the DIR input, and the
circuit transforms the output into an XNOR by using IC1B
as a controlled inverter. IC1B then drives the D input of flip-
flop IC2A. Similarly, IC1C XORs the Q output of IC2A with the
DIR input. The output of IC1C drives XOR IC1D, which acts
as a noninverting buffer. The output of IC1D drives the D
input of IC2B. Using XOR gate IC1D as a buffer keeps the
propagation delays to the D inputs of the flip-flops equal,
which helps the circuit avoid any race conditions. The STEP
signal is the step-rate input, which drives the clock inputs
of both flip-flops.

The last design task is to add the appropriate-sized tran-
sistors to drive the stepper motor. In the case of the unipo-
lar motor, output signals A, B, C, and D can directly drive
the transistors. To drive a bipolar motor, you can use the A
and C outputs to drive one-half of two H-bridges and the B
and D outputs to drive the other corresponding half of the

H-bridges. This design is possible because the B output is
the inverse of A, and D is the inverse of C. (DI #2176) 
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The state diagram for the stepper-motor controller compris-
es just 2 bits.

The next-state maps correspond to two simple logic equa-
tions.
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TABLE 2—PRESENT-STATE/NEXT-STATE
ASSIGNMENT TABLE

New personal digital assistants, pagers, and other battery-
powered systems operate at or below 2.7V, but power-on
resets with thresholds below 2.6V are not commonly avail-
able. You can resolve this problem using a circuit that com-
bines a 1.2V reference and a micropower regulator (Figure
1a). IC1 integrates these two functions in a tiny SOT-143
package. A power-on-reset function must become active
before the supply voltage reaches its nominal value, and IC1

operates properly for supply voltages above 1.21V.
The R1/R2 divider and internal 1.204V reference establish

a threshold that determines when the circuit asserts an
active-low at the output. For the values in the figure, this
threshold is 2.25V (Figure 1b). IC1 has an open-drain out-
put, so R3 and C1 control the length of the active-low pulse,
RESET. In this case, the pulse length, or reset interval, is
approximately 54 msec, which is sufficient reset time for

Low-voltage reset operates below 2.7V
BOB KELLY, MAXIM INTEGRATED PRODUCTS, SUNNYVALE, CA
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A 1.2V reference and micropower regulator in IC1 (a) provide an active-low reset pulse of approximately 54 msec at power-up
or when VCC dips below 2.25V (b).
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most mCs and other digital circuits.
Low power consumption distinguishes this circuit. The

IC typically draws only 5 mA, and the R1/R2 divider draws
slightly more than 1 mA in a 2.7V application. Pullup resis-
tor R3 consumes power only when the supply voltage
droops out of tolerance, so the power loss is minimal in nor-
mal operation.

To prevent erratic behavior, IC1 offers approximately 6 mV
of built-in hysteresis. For more hysteresis, you can add a
large-value resistor, RHYST, between the IC’s input and output;

to reject short transients, IC1 has an inherent glitch immu-
nity of 35 msec with 100 mV of overdrive. The input capac-
itance works with R1 and R2 to provide some lowpass-filter
action. For further immunity from transients, which is
unnecessary unless the power bus is noisy, you can form an
additional lowpass filter by adding a small-value capacitor,
CG, to the input pin. (DI #2174) e
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The circuit in Figure 1 is an easy-to-make attention-getter
and runs for a week or longer on two AA cells. In September,
I used this circuit for a school fundraiser, and it helped me
generate more than $100. My dad showed me a circuit in
EDN that did the same thing, but it uses more parts (see
“Alternating LED flasher uses minimal parts,” EDN, Nov 20,
1997, pg 104).

The main element of this circuit is LED1, a Radio Shack
276-036 blinking red LED. D1 can be almost any silicon diode.
The forward bias of D1 brings the turn-on voltage of LED2 up
to 2.5V. R1 is a current-limit resistor for LED1, and this resis-
tor also reduces the current of LED1 for longer battery life.

LED2 is a Radio Shack 276-041 red LED. When you apply
power, LED1 turns on and drops the voltage across LED2 to
1V. When LED1 turns off, the voltage across LED2 equals 3V,
and LED2 turns on. (DI #2172) e
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Alternating LED blinker uses four parts
ANDY MENG, CINCINNATI, OH

This blinking-LED circuit, designed by a seventh grader, uses
only four parts.




