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A white LED delivers a wide 
color spectrum and better vis-

ibility than do monochromatic LEDs. 
However, a white LED presents a high-
er forward-voltage drop than do its col-
orful counterparts and thus poses prob-
lems for operation from a single 1.5V 
cell. The self-oscillating step-up con-
verter in Figure 1 features a minimal 

component count and an easily assem-
bled transformer, T1.

During the time it takes to charge T1’s 
primary inductance, resistor R1 and T1’s 
added secondary winding provide suf-
ficient base current to turn on Q2. Q2’s 
collector current increases until its base 
current can no longer hold the transis-
tor in saturation. When Q2 comes out 

of saturation, T1’s magnetic flux and 
secondary-voltage polarity reverse. 
During T1’s primary-discharge inter-
val, the combination of T1’s secondary 
voltage in series with Q1’s base-emitter 
voltage applies reverse bias to Q2’s base 
and turns off the transistor. When Q2 
turns off, the voltage across T1’s primary 
inductance adds to the battery voltage 
and applies a forward bias to the LED, 
D1. The current through R1 determines 
the power applied to the LED and ap-
plies forward bias to Q1’s base-emitter 
junction to provide temperature-com-
pensated bias voltage for Q2.

The breadboarded circuit’s trans-
former, T1, comprises eight turns 
of AWG #30 insulated wire wound 
around the body of an unshielded 100-
�H axial-lead inductor, producing ap-
proximately 400 mV p-p across the 
secondary winding. (Editor’s note: 
Observe the winding’s polarity dots. 
If the circuit fails to oscillate, reverse 
the connections to either the prima-
ry or the secondary winding.) The 
circuit operates over an input volt-
age range from just above Q1’s base-
emitter voltage drop of approximate-
ly 0.6V to the LED’s forward-volt-
age drop of approximately 3V. The 
circuit’s switching frequency exceeds 
340 kHz at 1.5V input.EDN
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Simple single-cell white-LED driver 
uses improvised transformer
Jim Grant, Scientific Controls, Orlando, FL
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Figure 1 Two transistors and an easily assembled transformer drive a white 
LED from a single 1.5V battery.
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Based on the Motorola (now 
Freescale, www.freescale.com) 

heavily used but obsolete SAA1042 
stepper-motor-driver IC, this Design 
Idea describes a CPLD (complex-pro-
grammable-logic-device)-based im-
plementation of a stepper-motor driv-
er that can also replace the driver in 
SAA1027- or UCN5804B-based de-
signs. The design uses only six mac-
rocells of a Xilinx (www.xilinx.com) 
XC9536 CPLD and thus can imple-
ment multiple stepper-motor driv-
ers in one small-capacity CPLD. The 
CPLD stepper-motor driver requires 

clock, direction, step-size, and reset 
inputs. The clock input accepts logic-
level pulses and goes active on the 
pulse’s positive edge.

The direction, or CW/CCW (clock-
wise/counterclockwise), input deter-

mines the motor’s rotational direction. 
Depending on the motor’s electrical 
connections, holding this input at 0V 
normally produces CW rotation, and a 
logic-1 input produces CCW rotation. 
The step-size—that is, full- or half-
step—input determines the motor’s 
angular rotation for each clock pulse. 
Holding this input low commands the 
motor to execute a full step for each 
applied clock pulse, and a high input 

Implement a stepper-motor 
driver in a CPLD
Stephan Roche, Santa Rosa, CA
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TABLE 1 DRIVER OUTPUTS FOR EACH MACHINE STATE
Outputs Step 0 Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7

A 0 0 1 1 1 1 0 0

A_n 1 1 1 0 0 0 0 1

B 0 0 0 0 1 1 1 1

B_n 0 1 1 1 1 0 0 0
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produces a half-step. A high level on 
the reset input puts the motor in a pre-
viously defined state and commands 
the CPLD to ignore any incoming 
clock pulses.

The CPLD’s outputs comprise A 
and A_n and B and B_n phases, each 
of which controls one of the motor’s 
two coils through external power driv-
ers IC2 and IC3, which operate at the 
motor’s nominal voltage (Figure 1). A 
pair of Schottky diodes at each driv-
er’s output protects the drivers’ outputs 
during inductive-voltage transients in-
duced by reversing the windings’ cur-
rents. Using MOSFET drivers with 
internal diodes, such as Microchip’s 
(www.microchip.com) TC4424A dual 
driver, may eliminate the requirement 
for external diodes.

The CPLD’s program comprises an 
eight-state Moore fi nite-state machine 
that corresponds to the motor’s eight 
half-step states. Table 1 shows the driv-
er’s outputs for each machine state. In 
full-step state mode, the state machine 
executes only Step 0, Step 2, Step 4, 

and Step 6. At each clock pulse’s rising 
edge, the machine state changes from 
Step(n) to Step(n�1) if CW/CCW is 
high or from Step(n) to Step(n�1) if 
CW/CCW is low. You can download a 
generic VHDL implementation of the 

stepper-motor-driver fi rmware from this 
Design Idea’s online version at www.
edn.com/070215di2. Although written 
for an XC9536 CPLD, the code is also 
suitable for any CPLD or FPGA target 
device.EDN
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Figure 1 Emulating a dedicated stepper-motor controller, a programmable-logic 
device, IC1, applies stepper-motor signals to motor drivers IC2 and IC3.
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AS1109/10 - High Performance LED Driver

Easy to use, fast and powerful LED diagnostic modes. Ideal 
for critical LED applications like emergency light indicators, 
traffic signs and traffic lights, fixed or slow moving displays in 
elevators, public transports or large stadium displays.

100mA Output Current per Channel

Open, Short and Temperature Error Detection

Low-Current LED Diagnostic Mode

ADVANCED

FEATURES
DIAGNOSTICS

Detailed LED Error Detection
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Low-Current Diagnostic Mode
Flicker free testing of all LEDs in a display

Global Fault Monitoring
Allows fast LED error detection
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Part No. AS1109 AS1110

Output Channels # 8 16

LED Current (per Channel) mA 100 100

LED-to-LED Matching % ±2 ±3

Supply Voltage V 3 to 5.5 3 to 5.5

Package
SOIC150-16
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