USING THE NEW
CONSTANT-CURRENT
DIODES

By DONALD E. LANCASTER

These semiconductors maintain a constant current over a wide range of terminal

voltage and appear as very high circuit impedances.

U ses include over-current

protection, transistor biasing, linear ramp generators, and linear ohmmeters.

NEW type of diode is now available which works ex-
actly the opposite of a zener diode. It is called a
constant-current diode ov field-effect current-regu-

lator diode. Unlike a zener, such a diode presents a con-
stant current regardless of the terminal voltage over a wide
operating range and appears as a very high circuit imped-
ance. These new devices are quite useful for a number of
electronic applications, inclhiding overcurrent protection,
transistor biasing, linear ramp and stairstep generators, dif-
ferential amplifiers, precision reference voltage sources, and
linear-scale ohmmeters, to name a few.

Operating Principles

The constant-current diode is basically a field-effect tran-
sistor that has its gate and source clectrodes shorted to-
gether. As Fig. 1 shows, an FET connected this way gener-
ates a nearly constant current over a wide voltage range.
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Fig. 1. Constant-current diodes behave like the conventional
field-effect transistor but with gate-to-source short circuit.

Fig. 2. The characteristics of Motorola constant-current diodes.
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This constant-current region extends from the pinch-off vol-
tage to the forward break-over (breakdown) voltage. In
this region, the supply or circuit voltage can vary widely
with little or no change in the current the FET allows to
pass. Thus, to use a field-effect transistor as a constant-cur-
rent source, we bias it in the forward direction hetween the
pinch-off voltage (usually 1 to 8 volts) and the forward
breakdown voltage (25 to 100 volts). Any circuit voltage in
this range will result in a constant drain current,

The constant-cwrrent diodes are simply field-effect tran-
sistors which have Dheen optimized for constant-current
service by making the pinch-off voltage very low, the
breakdown voltage very high, and the dynamic impedance
between these limits as high as possible.

The symbol and polarity of a constant-current diode are
shown in Fig. 1C, while Fig. 1D shows the normal biasing
and polarity for hoth positive and negative power supplies.
Note that we use the diode in the forward direction, unlike a
zener diode, which is normally reverse-hiased. The diode
will provide a constant current only when it is properly bi-
ased in the forward direction between the pinch-oft and
breakdown voltages. The constant-current diode should not
be connected or hiased in the reverse direction.

Available Types & Applications

The 1N5283 through 1N3314 diodes are a family of con-
stant-current field-effect diodes that cover a 220-microampere
to 4.70-milliampere range in 32 difterent currents. Perfor-
mance of several selected diodes is shown in Fig. 2. These
10% tolerance units operate over a —55 to +200° C range
and have a moderate temperature coefficient that must he
taken into account in precision circuitry which must operate
over a wide temperature range. Maximum diode dissipation
is a healthy 600 milliwatts. The pinch-off voltage ranges from
1 to 3 volts. while the forward breakdown is specified at
100 volts, giving a 97- to 99-volt range of constant-cur-
rent opevation,

Being fairly new, these devices are still expensive (about
$9 each in single quantities), but since an experimenter can
come up with a workable substitute by shorting the gate-to-
source leads of a far cheaper FET, it is almost certain that
these devices will soon be priced in the Sl to $2 range,
comparable to ordinary zener diodes.

One source of the 1N5283 series is Motorola Semiconduc-
tor, Box 953, Phoenix, Arizona 83001. Data sheets and dis-
tributor lists are available. Another source for diodes of this
particular tvpe is Siliconix Inc. located at 1140 West Evelyn
Ave., Sunnyvale, California 94086.

A transistor tester which uses a constant-current diode to
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extublish o constant, known hase carrent independent of
supply voltage varindions and transistor voltage drops s
shown in Fig 3A, The milliammeter then meusires the col
lectar current, direetly indicating the d.e. current gain of the
transistor. For p-n-p operation, the sopply, the meter, and
the constunt-vurrent diode must he reversed in polarity. A
switch readily nccamplishes this in a practical cirenit.

Extension of this simple techiigue ullows the current-lim-
iting divde to be used for constant-current bissing of con-
ventinnal transistor and FET amplifiers. Fig. 3B shows how a
constant-current diode saves parts while biasing u transistor
diffcrential amplifier. A single diode replaces the transistor.
sienien, and two resistors normally used to provide a constant
talxl emitter current.

Another important circuit application is as “active loads”
far an amplifier where a substantial increase in voltage gain
mav be obtained. For instance, the gain of an FET ampli-
fier is proportional to the transconductance and the load
resistance. Suppose we bias an FET from a 6-V supply with
1-mA current. If we use a resistor, the load impedance will
be 6000 ohms or so. If we use a constant-current diode, the
load impedance will equal the dynamic impedance of the
diode (the slope of the constant-current portion of the
curve), or around 800,000 ohms for a 1-mA diode such as
the 1N5297. This allows us to achieve 800/6 or 133 times
the gain from the same circuit by simply substituting a con-
stant-current diode for a resistor. To reach the maximum
benefits of this voltage amplification, the input impedance to
the next stage must be very high.

Turning to other circuit applications, the field-effect diode
is ideally suited as a limiter or noise eliminator. In the circuit
of Fig. 3C, any input signal between 4 and 100 volts, re-
gardless of the noise and complexity of the waveforin, will
produce a 1-volt output gate for the duration of the external
input signal. This is especially useful for input signal con-
ditioning in electronic counter circuitry.

The same diode serves well as a precision millivolt refer-
ence source, where it is desirable to generate a stable and ac-
curate voltage reference at a lower voltage than zener diodes
offer. The constant-current diode simply drives a known re-
sistor, producing an output reference voltage whose value
is determined by Ohm’s law (Fig. 3D).

As an example, a 1N5305 diode (2 mA) and a 250-0hm
load will produce a 500-millivolt reference for an input sup-
ply voltage from 3 to 100 volts. Diodes in the 400-micro-
ampere region can be selected with zero temperature drift
and are preferved for wide temperature applications.

A linear-scale ohmmeter may be obtained by a similar
technicque. Heve (Fig. 3E) the resistance is an unknown and
the output voltage is measured with a high-impedance volt-
meter. If a 1-mA diode is used, the output voltage will
equal the resistance in thousands of ohms. A 0 to 10.000
ohm range may he obtained with a 0-10 volt meter range.
The scale is linear instead of extremely cramped at one end
as in an ordinary ohmmeter, allowing much easier selection
of matched resistors, and more uniform accuracy of mea-
surement.

A cuwrrent-limiting diode may be combined with a zener
diode to obtain much better voltage and temperature per-
formgnce than a zener could provide by itself. The circuit
connection is shown in Fig. 3F and may be used whenever
a precision, temperature-stable reference voltage is required.

Capacitor Charging and Linear Ramps

The constant-current diode may be combined with a ca-
pacitor to produce a highly linear saw-tooth or sweep wave-
form, according to the formula C = It/V, where C is in
microfarads, I is in milliamperes, ¢ is in milliseconds, and V
is the voltage. For instance, a 1-mA diode will charge a 0.5-
microfarad capacitor to 10 volts in 5 milliseconds. The
basic charging circuit is shown in Fig. 4A.

In a conventional RC charging (Continued on page 78)
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Fig. 3. A number of useful applications for the new diodes
including transistor tester; differential amplifier; limiter,
spike filter, or noise eliminator; low-voltage reference; lin-
ear-scale ohmmeter; or zener pre-regulator. Refer to article.

Fig. 4. Ramps and saw-tooth circuits employing the diodes:
(A) The basic operating principle, (8) externally controlled,
(C) free-running, and (D) stairstep generator. Operation of
each of these circuits is discussed in detail in the text.
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ENGINEARED
FOR
EXCELLENCE:
TOP-QUALITY

TRLLEX
HEADSETS

.

Ham operators, hi-fi fans and
audio engineers all endorse famous
TELEX headsets; known for
top grade performance for more
than 25 years.

MAGNA-TWIN -Typifies the quality stan-
dards which have made Telex a favorite
of hams. Delivers absolute maximum
intelligibility under difficult QRM con-
ditions; equipped with super-comfort
foam cushions. Rugged, moisture-proof
magnetic drivers give excellent sensi-
tivity, broad response. Made of tough,
high-impact plastic for outstanding
durability under hard usage.

‘Y

TELESET — Lightweight, economy ver-
sion of the famous Magna-Twin;
designed especially for ham require-

ments. High performance, shock-proof
Magna-Twin drivers at a low, low price.

MONOSET — Feather-light 1.2 oz.
weight eliminates headset fatigue.
Sound from replaceable driver is fed
directly into ears through adjustable
tone arms.

COMBO —Brand new, high quality
stereo headphones for the lively set.
Big 31/2” reproducers deliver deep rich
bass and pure sweet highs. Exciting
new styling has deluxe foam-filled vinyl
earcushions. Designed for comfort,
adaptability and concert-quality sound
— anytime, anywhere.

SERENATA — For personal listening,
these Telex Serenata headphones will
reproduce high fidelity sound equal to
about $1,000 worth of speakers! Con-
tains built - in tone control, adjust-

able pressure control and detachable
cord add versatility, extra value.
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advanced courses in theory &
laboratory. Electronic Engi-
neering Technology and Elec-
tronic Technology curricula
both available. Assoc. degreein
29 mos. B. S. also obtainable.
G.I. approved. Graduates jn all
branches of electronics with
major companies. Start Feb-
ruary, September. Dorms.
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or equivalent. Write for catalog.
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Constant-Current Diodes
(Continued from page 31)

circuit, the voltage drop across the
charging resistor changes the charging
current, producing the familiar non-
linear exponential waveform. This form
of nonlinearity is completely eliminated
in a constant-current diode charging cir-
cuit, for the charging current remains
independent of the voltage across the
diode. We must, of course, stop the
sweep before the diode goes out of its
pinch-off region, or we will obviously
lose linearity.

A practical, externally controlled
sweep circuit is shown in Fig. 4B. Here
we have added an emitter-follower out-
put to keep any load from disturbing
the capacitor charge and have added a
synchronizing transistor to discharge the
ramp upon command from a sync pulse.
Normally, the sync transistor is provided
base current until a sweep is desired.
The sync transistor is then turned off
and a linear ramp is produced which is
terminated ecither by limiting on the
supply voltage or by once again pro-
viding base current to the sync transis-
tor. The beginning of the sweep will be
non-linear due to the emitter-follower
not being forward-biased. This effect
may be overcome by routing the 2200-
ohm emitter resistor to a negative vol-
tage.

A free-running sweep is shown in Fig.
4C. Here, the capacitor charges up to
the breakdown voltage of the four-layer
diode which snaps “on” and discharges
the capacitor. The four-layer diode then
turns “oft”, and a new sweep begins.
There are two outputs. The emitter-fol-
lower output provides a linear, free-
running  saw-tooth, while the 10-ohm
output provides a sharp 10-volt synchro-
nizing spike at the end of each ramp. A
constant-current diode used in this cir-
cuit must provide less current than the
holding current of the four-layer diode.
Otherwise, the circuit will latch “on” af-
ter one cycle. About 0.5 mA or lower
current sources are recommended for
operating most of these four-layer
diodes.

If we turn the constant-current source
“on” and “off”, we can produce a stair-
step generator with a controllable num-
ber of equal-height steps, as in Fig. 4D.
Since charge equals current multiplied
by time, the longer we leave the diode
“on”, the higher each step will be, with
the dwell time on the steps being de-
termined by the “off” time between
charging times. Such a circuit is most
useful in transistor and tube type curve
tracers and particularly in gray-scale
generators in. dot and bar service-tyvpe
generators. Obviously more elegant
forms of the same circuit can be used
to produce accurate voltage-to-frequen-
cy converters. A
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