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Interfacing two systems that oper-
ate at two arbitrary voltages is a chal-

lenging problem; there is no guarantee
that one side operates at a voltage high-
er than the other side. Usually, the inter-
face is an open-collector or open-drain
type with just two transistors connecting
back to back (Figure 1a). V

X
is the lower

of the two operating voltages. If you know
which side has the lower operating voltage,
the interface design is straightforward. If
either side can have the lower operating
voltage, you have to extract the lower one.
Without the use of an op amp, you can use
a diode-based circuit (Figure
1b). The 1N4148 is good for
most applications. If a higher current ca-
pability is necessary, you can use the
1N4001. If the lower operating voltage is
around 1V, D

3
should be a Schottky diode,

such as the 1N5817 or MMBD701, and D
1

and D
2
, can be normal PN-junction diodes.

If level translation is necessary in one di-
rection, you can use half of the circuit for
open-drain translation, which is equivalent
to simple TTL. This simple circuit is fast
(Figure 2a). When driving one standard
load on a real pc board, which has approx-
imately 10 to 20 pF of total load capaci-
tance, the rise and fall times are fast when

you view it with a scope. Circuit perform-
ance is better than that of the traditional
bipolar inverter, which needs a compen sa-
tion capacitor to assist turn-off.(Replacing
the bipolar transistor with an enhance-
ment MOSFET can eliminate the capaci-
tor but results in long rise and fall times
and a longer delay.) The TTL-like circuit
uses only pullup resistors, which may fur-
ther save pc-board space because you can
use multiple pullup resistors in one resis-
tor pack.

For a logic high-to-low transi-
tion, the delay is just the turn-on
time of the transistor. For a low-to-high
transition, RC effects don’t appear until the
output rises to about 0.5V below the low-
er supply voltage, V

X
, when translating up

(Figure 2b). Before that, the output tracks

the input with only a V
CE(SAT)

drop, which is
analogous to a cascode amplifier. The effect
of turning off a saturated transistor does
not manifest itself except when translating
from below 1V to 5V.

The TTL-like circuit in Figure 2a also
works well for translating from high to low
voltages (V

B
<V

A
). For a high-to-low tran-

sition, the delay is just the turn-on time of
the transistor. You can replace the pullup
resistor by an active transistor to increase
driving strength (Figure 2c).You must pay
attention to V

EBO(BR)
, which must not ex-
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Low-voltage interface circuits translate 1.8 to 5V
CC Poon and Edward Chui, Motorola SPS, Hong Kong

An open-collector or open-drain circuit (a) typi-
cally interfaces between two systems that oper-
ate at two arbitrary voltages. A diode-based
circuit (b) can extract the lower operating volt-
age.
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Level translation in one direction requires half
of the open-drain translation circuit (a). For a
low-to-high transition, RC effects do not appear
until the output rises to about 0.5V below the
lower supply voltage (b). The circuit also works
for translating from high to low voltages
(VB<VA), and you can replace the resistor with
an active pullup (c). 
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ceed the rated value because a violation re-
sults in premature failure of the transistor.
For most small signal transis-
tors, V

EBO(BR)
is typically 4 to

5V. Therefore, you should take care when
down-shifting from 12 to 5V, such as be-
tween CMOS analog circuits and 5V log-
ic.

The switching transistor can be
MPS2369A to MPS3646 for high-speed
switching. You can use the 2N3904 or
BC547 for low-power applications. A
2N5458 can replace the pullup resistor at
the collector if active pullup is necessary.

The best 1-to-5V shifting driver in the lab-
oratory produces a typical symmetric de-
lay of 6 nsec using three-fourths of an
MPQ2369 when driving a 74AC541 buffer
(Figure 3). (DI #2290)
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Laser-diode driver stabilizes sensitivity parameters
Anil Kumar Maini and Nita Sen, Defence Science Centre, Delhi, India

The conventional advantages of
lasers—coherence, monochromatici-

ty, and extreme compactness—make
laser diodes popular in most of their po-

tential applications. Biomedical diagnos-
tics and high-resolution-spectroscopy
applications exploit laser diodes’ wave-
length tunability. These applications use

the laser wavelength’s sensitivity to drive
current and operating temperature—
0.025 nm/mA and 0.3 to 0.4 nm/8C for
diodes emitting approximately 700 nm, re-
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The dc voltage at Point X stabilizes the drive current in the feedback mode against any variations in the IV characteristics of the laser diode and the
power-supply voltage.
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The ultimate 1-to-5V up-shifting driver in the
laboratory produces a symmetrical delay of 6
nsec using three-fourths of an MPQ2369 when
driving a single 74AC541 buffer.
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