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POWER-SUPPLY PARAMETERS WITH ALL 1-pF CAPACITORS

UXILIARY POWER 0f 3.3V is replacing
Athe 5V auxiliary power that “silver

boxes” supply in .mos'F comp1.1ter Sys- Vour (:“;‘R) (:1‘")"}) i at(,“"';_‘\;lw (I:VV) Efﬁ(col/oe)ncy V°;’;;ﬂ}';}ﬂ:°("’;;"t (n‘{\"/"’l';fip)
tems, but some Cll‘CLllt.S still require a 5V 5.06 10 50.6 20.9 68.8 735 271 358
supply. Such systems impose the messy 501 20 100.2 411 1356 739 2.86 £13
task of creating a central 5V auxiliary 49 30 147 62.2 2053 7.6 3.02 420

supply from the 3.3V auxiliary supply
and then routing 5V power throughout
the motherboard. An alternative exists,

POWER-SUPPLY PARAMETERS WITH ALL 3-uF CAPACITORS

however, for systems in which only a few Vour (:ﬂlﬂ) (:‘om I at(xl'i‘\?”v (':%) Eff'(‘o'/:)“cy Vo;_;;gl:‘l';ﬂ:°(l";)’“t (“‘:‘n’lpli;l;zp \
ICs need 5V: Employ inexpensive charge 4.99 10 49.9 20.37 68.8 742 263 154
pumps as low-power 3.3V-to-5V con- 499 20 9938 404 1333 749 2.76 104
verters and place them directly at the 5V 4.98 30 149.4 60.6 200 74.7 2.89 154
loads. Regulated charge pumps do this 493 40 197.2 80.5 2657 742 3.02 192
job, but they are uncommon, and they of- 4.9 45 2205 90.5 2987 738 3.09 214

ten command a premium price. You can
build a regulated charge pump by com-
bining an unregulated charge pump with
alow-dropout regulator that reduces the
voltage to 5V. Unfortunately, that method
requires a low-dropout regulator rated

3.3V

INPUT © I
3

for at least 7V, because an unregulated
charge pump can deliver 7V when its
3.3V input goes to the upper limit of tol-
erance. That fact eliminates the possibil-
ity of using the latest low-cost, low-
dropout regulators, whose
small geometry limits their

maximum input to 6.5V.
You can reverse the order

by feeding 5V back to the regulator.
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This 5V supply, which you obtain by reducing the 3.3V input
with a low-dropout regulator and doubling that output with a
charge pump, minimizes the charge-pump output impedance

1or3pF
IN
; ic, by placing the low-dropout
1| vaxeses |, regulator in front of the
O—{SHDN  ouT
charge pump, thereby re-
SETP ducing the 3.3V to 2.5V be-
T fore doubling it. That ap-
Fizsure 1 — proach allows the use of a
L ] low-cost, low-voltage, low-
4 A1 dropout regulator, but the
N lor3 MFI h .
5 charge-pump output 1im-
J_—C1+ X = pedance then becomes an
lor3 'LFT_3 out *—+ o% gTR issue. A low-cost charge
- 1c, 1 Or3uFl 30k 45mA pump, such as the MAX-
MAX1683 I 1683, operating with 1-wF

capacitors exhibits a typical
output impedance of 35(),
making it unusable at cur-
rents above a few milliamps.
The circuit of Figure 1
shows a better way to cas-
cade the charge pump with a

voltage regulator. The low-dropout reg-
ulator, IC, reduces the 3.3V input to a
lower value, and the unregulated charge
pump, IC,, doubles that value to 5V. To
cancel the voltage drop that charge-
pump output impedance causes, the cir-
cuit feeds the 5V output back to the low-
dropout regulator, which alters its output
to maintain output regulation. The avail-
able headroom of at least 1V allows out-
put currents to approximately 30 mA or
even higher with larger capacitors. Al-
though it requires two ICs instead of a
single regulated charge pump, this ap-
proach can be cheaper because high-vol-
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ume applications use unregulated charge
pumps and low-current, low-voltage,
low-dropout regulators. Furthermore,
because the low-dropout regulator and
charge pump are available in SOT-23
packages, the overall footprint of the cir-
cuit in Figure 1 is comparable to that of

a regulated-charge-pump circuit.

Table 1 demonstrates the circuit’s abil-
ity to maintain output-voltage regulation
and deliver currents as high as 30 mA; the
input, output, and flying capacitors are
all 1 wF Similarly, Table 2 shows the reg-
ulation for output currents to 45 mA; all

capacitors are 3 E. As you can see, load
current does not affect efficiency, which
is approximately equal to the output volt-
age divided by twice the input voltage.
Capacitor values affect the ripple voltage
and available output current but have lit-
tle effect on efficiency.C0

Four-quadrant power supply provides
any-polarity voltage and current

Jon Munson, Linear Technology, Milpitas, CA

ates only in the first quadrant; posi-

A CONVENTIONAL power supply oper-
tive-voltage output and current are

the LT1970 power op amp to manage the
operation, thanks to its built-in, closed-
loop, current-limiting features.

ed =17V bulk power source (not shown).
You configure the user-control poten-

tiometers, V., and I ., to provide

sourced to a load or, with a deliberately The four-quadrant supply provides at  buffered command signals: V., and
miswired  output, o
. . . 17V 7 ® . *—o
statically in the third v l l l RF9540
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conventional su * CURRENT- = -
h PPy ¥y  LIMIT LED 1.5k [;
cannot, however, op- * YA 330 pF
erate in either the . ANA
v

second quadrant as Ns| ¢— l 10k DIGITAL PANEL VETER
an adjustable load e EN% . N
for a minus supply, | 1o ISRcl\
for example, or the LT1970CFE 'SNK
fourth quadrant as a 3], S+

. . CSRC S—_A
discharge-testing a FILTER o~ 4 OUTPUT

. . 9
battery with a specif- Ve g
ic constant current, . 10/
for example. It also L 11,20
cannot  transition B T O-1uF
3.01k 10k | BAV99TA

seamlefzsly between | o ; y
the various modes as
a function of load CINO—e .
condition or control oL Lo, uF RETURN

input. The circuit in
Figure 1 achieves full

four-quadrant capa- | COMMON O +

bility with an output
topology simi-
lar to that of an

Figure 1
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VOLTAGE DIGITAL

CURRENT PANEL METER —V,y,

—Vin CURRENT DIGITAL

PANEL METER +V,

ordinary audio pow- ‘ You can obtain four-quadrant power-supply operation by using a power op amp in the output section.

er amplifier by using

a “complementary” pass-transistor con-
figuration. The complementary section
may be the basic op-amp output in low-
er current designs or use external power
MOSFETs in cases involving higher pow-
er. Controlling the output in the various
modes is a simple matter when you use

60 EpN | JANUARY 8, 2004

least =16V adjustability with as much as
+2A output capability. Figure 1 shows
the basic LT1970-based regulator section.
Figure 2 shows the user-control analog
section, using an LT1790-5 reference and
an LT1882 quad-precision op amp. The
entire circuit operates from a preregulat-

Lontror> Tespectively (Figure 2). You can
adjust V. po from —5 to +5V, and the
LT1970 regulator circuit amplifies it to
form the nominal +16.5V output range.
You can adjust I ., from 0 to 5V; 5V
represents the maximum user current-

limit command. The Vg and V .
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trimmers attenuate the I, ..., signal to
set the precise full-scale currents for sink
and source modes, respectively (Figure 1).

A 0.1Q) resistor in the load return sens-
es the output current and provides the
LT1970 with feedback during current-
limiting operation. With this sense re-
sistance, setting the current-limit trim-
mers to 100% would allow the LT1970 to
limit at approximately =5A, but, because
this application requires
a2A maximum current,
you set the trimmers to
approximately 40% ro-
tation when calibrated.
To prevent internal con-
trol contention at low
output current, the LT-
1970 sets a minimum-
current-limit threshold
that corresponds to ap-
proximately 40 mA for
the sense resistance. An- 5V
other nice feature of the | REFERENCE
LT1970 is the availabili-

17V

13

to compensating the op amp for minimal
overshoot under all loading conditions.
As with most op amps, the LT1970’s in-
ner- and outer-loop feedback accomplish
capacitive-load tolerance. In this situa-
tion, the op amp itself is resistively de-
coupled from the load. The dc feedback
for the LT1970 uses differential voltage
sensing to eliminate the regulation error
that would otherwise occur with the cur-

0.1 pF

*1/4

+
La LT1882

LT1882/

. 11
ty of status flags, which,
iI.l this case, provi.dfe a 76,9k 70 0k
simple means of driving | —17V O—W—9
. 1k
afront-panel LED to in-
dicate when current- 0.1 k==

limiting is active. The
LT1970 features

split power con-
nections that allow you
to power the internal
output section inde-
pendently from the ana-
log-control portion. The
flexibility of this config-
uration allows direct
sensing of the op amp’s output current
via resistance in the V+ (Pin 19) and V—
(Pin 2) connections. This feature gives a
convenient means of establishing Class
B operation of the MOSFET-output de-
vices using a current-feedback method,
in which the op-amp output current is
converted to a gate-drive potential, there-
by having the MOSFETs turn on only to
the extent needed to help the op amp
provide the output demand.

Because power supplies inherently
must drive heavy capacitive loads—
namely, circuits with high-value bypass
capacitors—and any overvoltage could
damage the circuit, pay careful attention

Figure 2

Figure 1.
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Schottky diode, such as a 1N5821 cath-
ode, to the more positive connection, to
the output binding posts. Alternatively,
you could use a disconnect relay and pow-
er sequencer in the design to protect the
load from any energetic reverse transients
during turn-on and turn-off of the main
bulk supply.

An adjustable power supply is an in-
dispensable tool in any electronics lab. It

* 14

9 LT1882 —O lcontroL
* 4 7
LT1882 p—OVeontroL
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17vo—ww—l— LT1790-5 él—o

1MFT1 2

|||—0

rent-sense and lead resistances in series
with the load. You can connect a pair of
inexpensive digital panel meters to the
output to monitor the output conditions
in real time (Figure 1). (The two digital
panel meters do not share “common” con-
nections, which may complicate their
powering.) Note that the selected current-
sense resistance optimizes a digital-pan-
el-meter display with the usual +200-mV
full-scale sensitivity to present as much as
+1.999A, for example. One word of cau-
tion: When you use this supply in place
of a conventional single-quadrant supply
to power sensitive electronics, it’s good
practice to connect a reverse-biased

Tlp.F

The user-control section allows you to set the voltage range and current-limit parameters for the output section in

can be even more useful in many circum-
stances if it provides the ability to adjust
continually through 0V to the polarity,
adjustably limit current, or both in either
the source or the sink directions. These
additional capabilities provide convenient
methods of driving or loading circuits
that are under development or test that
might otherwise require very special or
custom equipment, such as active-load
units or dc-offset generators. You can
readily obtain these features if you base
the linear-regulator design on the versa-
tile LT1970 power op amp, which includes
built-in adjustable- closed-loop current-
limiting functions.c
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Simple circuit controls stepper motors

Noel McNamara, Analog Devices, Limerick, Ireland

TEPPER MOTORS are
S useful in many con-

sumer, industrial,
and military applica-
tions. Some, such as per-
sonal-transportation
systems, require precise
speed control. Stepper-
motor controllers can be
simple (Figure 1), but
they require a variable-

5V

GND

5V

STEP
o o

3 '52378

14
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frequency square wave
for the clock input. The
AD9833 low-power
DDS (direct-digital-syn-
thesis) IC with an on-
chip, 10-bit DAC is ideal
for this task, because you
need no external com-
ponents for setting the
clock frequency (Figure
2). The de-
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MOTOR

WINDING

Ic,

11 -

10

ol

: . Figure 1
vice contains

a 28-bit accumulator,
which allows it to gener-
ate signals with 0.1-Hz
resolution when you operate it with a 25-
MHz MCLK (master clock). In addition,
the circuit can easily stop the motor if you
program a 0-Hz output frequency.

A stepper-motor controller requires only a few logic circuits.

Figure 3 shows the complete sys-
tem.The most significant bit of the on-
chip DAC switches to the V| . pin of the
AD9833, thus generating the 0-to-V

NOTES: IC;: SN74HC86.
IC,: SN74LS76A.

square wave that serves as the clock input
to the stepper-motor controller. Writing
to the frequency-control registers via a
simple, three-wire interface sets the clock

AGND  DGND Voo CAP/2.5V
) )
ONBOARD
REFERENCE [ ]
MCLK REGULATOR
AVDD/ FULL-SCALE
DVDD CONTROL [ COMPARATOR
O 2.5V MULTIPLEXER I
FREQUENCY O REGISTER :
I 28-BIT PHASE /12 SIN 10-BIT
| > DAC
ACCUMULATOR 7 ROM
[ FREQUENCY 1 REGISTER
MULTIPLEXER
PHASEQ REG | !
PHASEL REG [ DIVIDE
. BY 2 Vour
Figure 2 MULTIPLEXER
e | CONTROL REGISTER MULTIPLEXER
SERIAL INTERFACE
AND CONTROL LOGIC
T 71 AD9833
U \9 10 —
FSYNC SCLK SDATA
The AD9833 DDS IC generates frequencies with 0.1-Hz resolution.
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frequency. Writing a 0 to the frequency
register stops the clock, thereby stopping
the stepper motor. When you are not us-
ing the DAC, you can power it down by
writing to a control register. This pow-
er-down action results in the AD9833’s
drawing only 2 mA from the supply. Re-
ducing the MCLK frequency can further
reduce the supply current. The AD9833
isavailable in a tiny, 10-lead pack-
age, so you can assemble the
complete control system on a very small

pc board.O0

-

+" Vpp- - *
oy UL )
FSYNC \
SCLK Vour | STEPPER- STEPPER
MICROCONTROLLER[ gpaTa | AD9833 > MOTOR MOTOR
VOLK CONTROLLER

Figure 3

The complete stepper-motor controller uses a DDS IC to generate the variable frequencies

for the circuit in Figure 1.

Simple dc/dc converter increases
available power in dual-voltage system

David Kim, Linear Technology,

way to increase the power available

from a current-limited 5V supply by
adding power from a —5V supply. The
dc/dc converter generates a single 12V,
150-mA (1.8W) output from two regu-
lated and current-limited input sources
at5V,300 mA (1.5W) and —5V, 300 mA
(1.5W). Because the input uses
different-polarity voltage sources,
the design uses a flyback dc/dc convert-
er to avoid a system-grounding prob-
lem. Level-shifted feedback sensing us-
ing a pnp transistor, Q , references the
feedback signal to the negative input
voltage. You calculate the feedback-re-
sistor divider by using the formula
R =R, (V ;= V)V, Where R, con-

THE scHEMATIC in Figure 1 shows a

Fi

nects to the emitter of Q,, R, connects
to the collector of Q,, V,, is the base-
emitter voltage of Q,, and V. is the
feedback reference voltage of the switch-
ing regulator.

To simplify the circuit, the flyback con-
verter in Figure 1 uses an LT1946 mono-
lithic switching regulator. The voltage
rating of the monolithic regulator has to
be greater than the maximum switching
voltage of the flyback converter, calculat-
ed by [(VINI + | _VIN2|)MAX+VOUT(MAX)/(T1
turns ratio)]+V, .. The maximum
switching voltage is approximately 25V

for the circuit in Figure 1. Note also that
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Combining two opposite-polarity power supplies can increase the available power from a flyback

regulator.

the input capacitor and dc/dc regulator
input must be able to handle a maximum
input voltage of 10V, resulting from the
calculation +V oo = Vgl In
an event of fault-current conditions, such
as shorted input or output, a zener diode,
D,, creates the undervoltage-lockout
threshold to turn off the LT1946 when-
ever either input source is in current lim-
it or the input voltage (+V,, +|—V |
drops below 6V to help the input supply
recover when the fault condition is re-
moved. In a system with two available

current-limited power supplies, you can
convert the two supplies into a single sup-
ply that has more power-handling capa-
bility than either of the two inputs. A fly-
back topology based on an LT1946
monolithic converter offers a simple ap-
proach to the grounding problem and the
feedback-sensing problem inherent in a
dual-input power supply. Sharing the
power between two input sources not
only adds output-power capability, but
also increases the overall flexibility of the
system.O
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