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Overlap—the short period dur-
ing which a push-pull drive’s

two transistors are both simultane-
ously on—is a common problem with

these drives in a center-tapped trans-
former’s primary. Overlap causes a large
current spike and increased switching
losses. The fact that saturated transis-

tors turn off more slowly than they turn
on causes the problem. One method of
preventing overlap is to provide a time
delay after turning off one transistor
and before turning on the other one.
This method requires several extra
components and must include enough
delay for a worst-case scenario. This
Design Idea uses cross-coupled gates
to prevent one transistor from turning
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is T and is a system constant. D is the
duty cycle of the PWM wave, and TR
is the time during which the diode
conducts. At the end of TR, the diode
current falls to 0A. The period of the
wave is T�D�T�TR for DCM. The
difference of the PWM period, T, and
(D�T�TR) is the dead time.

The switch that operates the induc-
tor is usually a BJT (bipolar-junction
transistor) or a MOSFET. A MOSFET
is preferable because of its ability to
handle large current, better efficien-
cy, and higher switching speed. How-
ever, at low voltages, a suitable MOS-
FET with low enough gate-to-source
threshold voltage is hard to find and
can be expensive. So, this design uses a
BJT (Figure 2).

 Microcontrollers offer PWM fre-
quencies of 10 kHz to more than 200
kHz. A high PWM frequency is desir-
able because it leads to a lower induc-
tor value, which translates to a small
inductor. The Tiny13 AVR micro-
controller from Atmel (www.atmel.
com) has a “fast” PWM mode with a
frequency of approximately 37.5 kHz
and a resolution of 8 bits. A higher
PWM resolution offers the ability to
more closely track the desired output
voltage. The maximum inductor cur-
rent from Equation 1 is 0.81A for a
20-�H inductor. The transistor that
switches the inductor should have a
maximum collector current greater
than this value. A 2SD789 NPN tran-
sistor has a 1A collector-current limit,
so it is suitable for this dc/dc converter.
The maximum load current achievable
with these values, from Equation 4, is
54 mA and thus meets the requirement
of maximum required load current for
an output voltage of 7.5V.

The Tiny13 microcontroller boasts
two high-speed PWM channels and
four 10-bit ADC channels. Another
PWM channel and an ADC channel
create the second dc/dc converter for
an output voltage of 15V and a maxi-
mum load current of 15 mA. The in-
ductor for this converter has a value
of 100 �H. To calculate the output-
capacitor value, use Equation 6. For a
5-mV ripple, the value of the capaci-
tor for 7.5V output voltage is 270 �F,
because the output current is 50 mA
and the PWM-time period is 27 �sec,
so this circuit uses the nearest larger
value of 330 �F. Similarly, for the 15V
output voltage, the required capacitor
value is 81 �F, so the design uses a 100-
�F capacitor.

The programs for the microcontroller
are in C and use the open-source AVR
GCC compiler (www.avrfreaks.net).
They are available in the Web version
of this Design Idea at www.edn.com/

080515di1. The AVR Tiny13 micro-
controller operates at an internal clock
frequency of 9.6 MHz without an in-
ternal-clock-frequency divider, so the
PWM frequency is 9.6 MHz/256�37.5
kHz. The internal reference voltage
is 1.1V. The main program alternate-
ly reads two channels of ADCs that
monitor the output voltages in an in-
terrupt subroutine. The main program
executes an endless loop, monitor-
ing the output voltage by reading the
ADC values and adjusting the PWM
values accordingly.EDN
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Figure 2 An Atmel Tiny13 AVR microcontroller regulates two boost-dc/dc-con-
verter outputs using its internal ADCs and PWMs.

Cross-coupled gates prevent
push-pull-driver overlap
Richard Rice, Oconomowoc, WI
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Often, when you are designing
with high-speed ECL (emitter-

coupled logic), you have too little time
between clock cycles to implement
logic functions using gates between
flip-flops. In these cases, you can derive
equivalent-logic functions using the
wired-OR and flip-flop complementary
inverted outputs (references 1, 2, and
3). You can parallel the emitter-follow-
er outputs of ECL with a pulldown resis-
tor to implement the OR function with
almost no time-delay penalty. Comple-
mentary outputs—one inverted—pro-
vide delay-free logic inversions.

This Design Idea uses the older Mo-

torola (www.motorola.com) 10H ECL
logic family, the fastest available when
I was building the design (Figure 1).
Newer ECL families are much faster,
but the same wired-OR principle ap-
plies. For clarity, the figure omits pow-
er and 50� pulldown resistors. This
design needed an XOR comparison
between a PRBS (pseudorandom-bi-
nary-sequence) data stream and a lo-
cal PRBS reference for a BER (bit-er-
ror-rate) counter running at 250 Mbps
(Figure 1a). A problem occurred with
the design, however: The clock peri-
od at 250 Mbps is 4 nsec, whereas the
10H107 XOR/XNOR gate’s maximum

propagation delay is 1.7 nsec. In addi-
tion, the 10H131 flip-flop’s maximum
propagation delay is 1.8 nsec, and the
required input-setup time is 0.7 nsec.
All these delays total 4.2 nsec, which
exceeds the 4-nsec clock period by
200 psec. Adding a fourth flip-flop
with wired-OR outputs to replace the
10H107 XOR/XNOR solves the prob-
lem (Figure 1d).

The XNOR-equivalent function
uses NOR, AND, and OR functions
(Figure 1b). The circuit in Figure 1c
separates the NOR into the equivalent
OR with an output inverter and con-
verts the AND into the equivalent OR
with inverted inputs and output. Now,
the circuit uses only ORs and inverters.
This form is necessary for implementing
the wired-OR equivalent (Figure 1d).
In this case, the inverted-complemen-
tary outputs of the flip-flops replace the
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on before the other turns off (Figure
1). For simplicity, the figure omits the
depiction of bypass capacitors, snubber
networks, and other components un-
necessary for illustrating the method.

Gate IC2A prevents Q1 from turning
on until Q2 turns off. Likewise, gate
IC2C prevents Q2 from turning on until
Q1 turns off. Gates IC2B and IC2D func-
tion as inverters to provide the correct

polarity to drive the switching transis-
tors. Monitoring the transistors’ collec-
tor voltages senses the turn-off of each
transistor using the voltage dividers
R3/R4 and R5/R6. Because the collec-
tor voltage swings to twice the supply
voltage, the voltage dividers halve the
voltage. The impedance of the voltage
dividers also limits the gates’ input cur-
rent to a safe level during overshoot.

The switching frequency is one-half
the input-clock frequency. D-type flip-
flop IC1A divides the input-clock fre-
quency by two and provides comple-
mentary outputs with a 50% duty cy-
cle. The complementary outputs drive
the switching transistors in an alternat-
ing sequence. The secondary of trans-
former T1 provides an isolated square-
wave output.EDN

Save valuable picoseconds
using ECL-wired OR
Glen Chenier, TeeterTotterTreeStuff, Allen, TX
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Figure 1 Cross-coupled gates prevent one transistor from turning on before the other turns off. Fuse F1 protects against
catastrophic failures.

�

edn080502di_id  70edn080502di_id  70 4/30/2008  2:24:58 PM4/30/2008  2:24:58 PM




