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Linear voltage regulators become inefficient when the input
voltage is much higher than the regulated output. The cir-
cuit in Figure 1 dramatically increases efficiency when the
input voltage is more than twice the desired output; for
example, using 12V to obtain a regulated 3.3 or 5V. You usu-
ally use a switched-capacitor voltage inverter to generate a
negative supply voltage from a positive input voltage. The
negative-supply current is equal to the
current drawn from the input. By swap-
ping the roles of the ground and output
pins, the inverter in Figure 1 divides
the input voltage by two. It also dou-
bles the current from the input to the
output, thereby providing much better
efficiency than does a linear regulator.

Figure 2 illustrates the circuit’s oper-
ation. An internal oscillator alternately
closes and opens four switches. In the
first half-cycle, switches 1 and 2 close,
and current flows from the input to the
output, charging C1. In the second half-
cycle, switches 3 and 4 close, discharg-

ing C1 into the output. The current delivered to the output
is continuous and equal to twice the average input current.
Because the current is continuous, the output-voltage ripple
is low. Note that you do not need to match C1 and COUT,
because their voltages equalize on each cycle.

Figure 3 shows the actual circuit. IC1, an LT1054 switched-
capacitor voltage converter and regulator, modulates the
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Switched-capacitor regulator provides gain
JEFF WITT, LINEAR TECHNOLOGY CORP, MILPITAS, CA

Rewiring a switched-capacitor inverter for step-down regulation results in a cur-
rent gain of 2.

configuration shown in Figure 2a.
With all the relays energized, the relay
takes the form shown in Figure 2b. The
resistors are weighted in a RTOTAL/2

n rela-
tionship. This weighting gives a good
approximation of a linear taper with 32
(25) positions. Table 1 shows the selec-
tion of resistor values.

The circuit uses a 74HC374 latch and
MPS2222A npn transistors to interface
the relays to the system CPU (Figure 3).
The primary disadvantages of the
method are board space and cost. How-
ever, for the monitor application, the
circuit proved flexible and reliable.
Applications that require replacing
existing potentiometers or rheostats
are potential candidates for this circuit.
For example, you could replace a high-
power rheostat with the circuit if you
select relays and resistors with suitable
current ratings. (DI #2167)              e
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A TTL latch and a collection of inexpensive npn transistors, resistors, and relays
allow you to configure a simulated potentiometer with any desired degree of res-
olution.
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current (through switch 1 of Figure 2) to regulate the out-
put. A servo loop keeps the potential at the FB pin equal to
the potential at the GND pin. The circuit can deliver 200 mA
at 5V from an input of 11.2 to 13V. Typical efficiency is 74%,
compared with 42% for a linear regulator. More important,

dissipation decreases from 1.4W for a linear regulator to
0.35W, a figure that IC1’s eight-pin, surface-mount package
can easily handle. For a 200-mA, 3.3V output, the circuit is
49% efficient, compared with a linear regulator’s 27%, with
power dissipation reduced from 1.8 to 0.7W. A 6.2V resistor
in series with C1 shares the dissipated power with the
LT1054; the circuit needs no heat sink. (DI #2168) e
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The LT1054’s internal switches alternately charge and dis-
charge C1, thereby delivering a continuous current to the out-
put.

This switched-capacitor regulator doubles the current from
the input to the output, thus increasing efficiency and elimi-
nating the need for a heat sink.

If you often need a simple active load (constant-current
sink), you can benefit from the simple circuit in Figure 1.
The need often arises to measure the life of a battery or other
power device under constant-load conditions. The easy-to-
build and inexpensive circuit in Figure 1 is a handy addi-
tion to your arsenal of test fixtures. You can build the circuit
for less than $20. The most expensive parts are the vernier
knob and the multiturn potentiometer. You can build the
active load into a miniature enclosure with banana-jack
connectors. The vernier control allows you to directly set
current from 1 mA to 1A by simply dialing the desired set
current. Without the vernier and multiturn potentiometer,
you could build the circuit for less than $10, but you then

lose the advantage of a calibrated, stand-alone test box.
The circuit is a precision current sink with typical current

regulation of better than 0.5% for a 3 to 40V compliance
voltage. R4 is a sensing resistor; its voltage drop servos the
input voltage to IC1A. The wiper of the vernier potentiome-
ter sets the input voltage, discounting any amplifier offset
errors. The offset could be as high as 2 mV in a run-of-the-
mill LM10, translating to a 2-mA error between the set cur-
rent and the current flowing in R4. The reference amplifier,
IC1B, is a gain-of-5 stage that provides a 1.00V reference on
the high side of the current-setting potentiometer. The volt-
age-to-current transfer function is thus 1A/1V. You can
change the transfer function to fit your needs.

Precision current sink costs less than $20
CARLOS BARBERIS, BARTEK TECHNOLOGIES, HAVERHILL, MA




