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Buck IC boosts battery voltage for white LED

Robert Kollman, Texas Instruments, Dallas, TX
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is to boost the power supply with a cur-
rent limit. A number of devices for LED
applications are available; however, their
current ratings are typically too low for
the 1 to 5W that flashlight applications
need.

Figure 1 presents an alternative to the
typical boost power regulator. A buck-
converter IC, IC,, generates the higher
voltage that the white-light LED needs.
An internal buck power stage connects
between VIN and PGND, sourcing cur-
rent to output Pin L. This circuit operates

by turning on the high switch, thereby
connecting the battery voltage across in-
ductor L,. Once inductor L, stores suffi-
cient energy, the high-side switch turns
off. The inductor current drives the
switching node negative, and energy
transfers through the low side into out-
put capacitor C, creating an essentially
lossless switching event. Also, because the
high- and low-side switches are MOS-
FETs, voltage drop is lower than that of a
diode implementation; therefore, effi-
ciency can be high. The converter IC
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A buck-converter IC is a good choice for boosting voltages for white-LED drive.
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monitors the current through the LED
via a current-sense resistor and compares
the current-sense voltage with an inter-
nal 0.45V reference within the converter
IC to achieve regulation. Current and,
therefore, illumination are functions of
the current-sense resistor voltage. Al-
though the internal reference voltage of
the IC is lower than that of most other
ICs, it does cause an appreciable power
loss. With the LED voltage of 2.8 to 4V, it
degrades efficiency by 10 to 14%. Reduc-
ing the resistor’s value and using an am-
plifier to sense the current at a lower volt-
age could reduce this loss.

Figure 2 shows load-current regula-
tion and boost voltage at a 350-mA cur-

rent setpoint. Efficiency is 80% or bet-
ter over the normal battery-voltage range
but falls as battery voltage drops to end-
of-life values. Also, the figure shows the
impact of the resistive-current sensing.
At high input voltages, the efficiency ap-
proaches 95%, and, at low input voltages,
it falls to 80%. The trend for the curves
stems from two interrelated effects: At
high input voltage, input current and,
hence, switch current are low. Therefore,
conduction and switching losses are low.
Second, much like an autotransformer,
the boost power stage does not handle the
total output power. The amount of pow-
er that the power stage handles relates to
the boost voltage, or the difference be-

tween the input voltage and the LED volt-
age. In this design, the LED voltage is ap-
proximately 3.7V, so that at high line of
3.2V, the power stage handles only 13%
((3.7—3.2)/3.7) of the power. At low line,
in which the currents are much higher,
the power stage handles almost four
times as much, or 50%, of the power. Al-
though a buck controller is not an obvi-
ous choice for this application, it provides
low-cost, low-input-voltage operation
and good efficiency over a wide input-
voltage variation.

Is this the best Design Idea in this
issue? Select at www.edn.com.

Switched-capacitor IC and reference form
elegant —48 to +10V converter

Wallace Ly, National Semiconductor, Santa Clara, CA

SYSTEM DESIGNER must almost al-
Aways face a trade-off in choosing the
right part for an applica-

tion. The trade-off usually in-
volves performance, price, and function.
An example is the issue of powering cir-
cuits from a telecom-voltage source. Tele-
com systems almost exclusively use high-
potential negative rails, such as —48V.
Digital circuits typically in use in such ap-
plications usually operate from a “brick”-
type power supply. However, analog cir-
cuits rarely require enough power to
justify using a costly brick. At the heart of
these bricks is nothing more than a spe-
cialized switching converter in tandem
with an isolated flyback-transformer coil.
But some applications neither require nor
can tolerate the use of a coil-based ap-
proach. Figure 1 depicts a way to address
the problem. The circuit provides a small
amount of power to analog/digital cir-
cuits, such as the LMH6672 DSL op amp.

The LMV431 voltage reference, along
with the voltage-setting resistors sets the
output voltage to approximately (1+1
k€/280€)) X 1.24V~—5.7V. This output
voltage then goes to the base of Q,, the
2N2222 transistor. The configuration of
the transistor causes a V, drop of ap-
proximately 0.7V, resulting in a net volt-
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This simple circuit provides a 10V power source from —48V telecom power rails.

age of —5V for the next stage. The purpose
of the transistor is to provide additional
current to the LM2682 switched-capaci-
tor converter. Note that the converter has
a —5V reference (GND pin). Small ca-
pacitors C, and C, enable the pumping
and inverting action required to convert
the —5V to 10V. Furthermore, the MSO-
8 package of the LM2682 and the SOT-23-

3 package of the LMV431 allow the circuit
to consume little board space. In roughly
the size of a small transformer, the pro-
posed circuit does an elegant job of pow-
ering low-power circuits from a negative
high-voltage source.

Is this the best Design Idea in this
issue? Select at www.edn.com.
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Buck converter handles hattery-backup system

Haresh Patel, Linear Technology Corp, Milpitas, CA

herently bidirectional. That is, it

transfers energy from input to out-
put as a buck regulator when the output
voltage is low, but, when the output volt-
age is high, the converter acts as a boost
regulator, transferring power from out-
put to input. This Design Idea shows how
to use this bidirectional energy transfer
to automatically recharge a battery when
the main 5V supply is available in a bat-
tery-backed 5V system. The circuit in
Figure 1 provides as much as 7A current

A SYNCHRONOUS buck converter is in-

at 5V output set at 4.8V and recharges a
12V sealed lead-acid battery with a cur-
rent as high as 2A. The basic concept is
that the ITH-pin voltage of the LTC3778
controls the L, inductor current, or the
valley level. Above approximately 0.7V at
the ITH pin, the net inductor current is
positive from input to output. Below that
level, the inductor current becomes in-
creasingly negative, resulting in a boost
function that transfers energy from out-
put to input. When the FCB pin of the
LTC3778 is high, the IC inhibits negative

inductor current and the boost function
by turning off the bottom MOSFET.
Figure 2 shows a 5V power supply
backed up by a battery-powered, LTC-
3778-controlled power supply. The syn-
chronous, bidirectional LTC3778 buck
circuit acts as a battery-to-5V converter
if the main 5V supply is off and as a bat-
tery charger when the 5V supply is alive.
As Figure 1 shows, in the charging mode,
the circuit regulates the battery current
by sensing the charge current through R,
by means of an LT1787 current-sense
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This bidirectional converter automatically recharges a battery when the 5V main supply is active.
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amplifier, IC,. An error ampli-
fier, IC,; and IC,, compares
the current-sense signal with
a reference voltage from the
LT1460GCZ, IC,, and drives
the ITH pin of IC,. When the

AC

POWER GOOD

5V 5V BUS

ply to change the reference volt-
age to the desired value when

T the power-good signal is low.
Q, through Q, prevent low-bat-

LOAD

LOAD

tery discharge by shutting
down IC, when the battery

ITH-pin voltage falls lower
than approximately 0.7V, the
circuit forces the average in-
ductor current to a neg-
ative value, causing re-
verse power flow from the
output to the input of the
LTC3778, thereby charging
the battery. The lower the voltage at the
ITH pin, the higher the charge current.
At the beginning of the charge cycle,
a constant current charges the battery.
When the battery voltage reaches 13.8V,
IC,, pulls the FCB pin of IC, high, there-
by not allowing Q, to turn on. So, the
circuit inhibits boost mode regardless of
the level at the ITH pin. The interrup-
tion in charging current causes the bat-
tery voltage to drop below 13.2V to
restart charging. This action results in
pulse charging with the pulse frequen-
cy gradually decreasing until the battery
fully charges. In the backup mode, IC,,

LTC3778

senses the output-voltage drop to 4.8V
and drives the ITH pin to maintain the
output voltage at 4.8V. The recharging
resumes when the system’s 5V power re-
turns and the 5V bus goes higher than
4.8V. In this scheme, the main supply
voltage must be slightly higher than the
backup-supply voltage for proper
switchover. Approximately 100 to 200
mV should be adequate to prevent un-
necessary mode switching attributable
to ripple.

If the lower voltage in the backup
mode is objectionable, then you can use
a power-good signal from the main sup-

The battery charges when the 5V main supply is alive and provides
5V power when the main supply goes down.

voltage is low and the power-
good signal from the main sup-
ply is inactive. You could im-
plement more sophisticated
charging algorithms using a
system microcontroller or ana-
log circuitry that sets the charge
current as a function of battery
voltage. You can implement float charg-
ing by reducing the charge current to ap-
proximately 100 mA when the battery is
nearly fully charged. A gradually tapering
charge current can mimic constant-volt-
age charging as a alternative to pulse
charging. The circuit can use a three-cell
(in series) lithium-ion battery if you set
the maximum voltage to 12.6V.

Is this the best Design Idea in this
issue? Select at www.edn.com.

Circuit disconnects load from low-voltage supply

Steve Caldwell, Maxim Integrated Products, Chandler, AZ

OWER SUPPLIES often in-
clude a circuit that discon-

nects the load when the sup- | 1%VO
ply voltage drops too low, such as
when a battery is nearly .
Figure 1

discharged. A p-chan-
nel MOSFET connected between
supply and load is the typical ap-
proach. However, a 1.5V single-
cell battery or other low-voltage
supply is insufficient to fully turn
on the MOSEFET. For such low-
voltage systems, consider the cir-
cuit of Figure 1. A small invert-
ing charge pump, IC , generates a
negative voltage approximately
equal to the input supply, V.
That voltage connects to the ground ter-
minal of a microprocessor supervisor,
IC,, which monitors the voltage differ-
ence between its own V. and ground
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pins. As long as this difference is greater
than the supervisor’s internal trip-volt-
age threshold, the reset output voltage as-
sumes the charge-pump output voltage

This low-voltage circuit disconnects the load when the supply voltage
drops below a predetermined threshold of 1.3V in this case.

2

-

voltage adequate to keep the
MOSFET on. When the
monitored voltage drops be-
low the threshold of the su-
- pervisor, its reset output goes
up to V. and turns off the
MOSFET. The supervisor has
a threshold of 2.6V. Because
the voltage it detects is twice
the supply voltage, this cir-
cuit disconnects the load
when the supply voltage
drops below 1.3V, making it
suitable for use with a typi-
cal 1.5V battery. Other in-
ternal threshold voltages are available.

R

Is this the best Design Idea in this
issue? Select at www.edn.com.
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Circuit forms gamma-photon detector

Bruce Denmark, Maxim Integrated Products, Sunnyvale, CA

HE cIrcuIT of Fig-
Ture 1 includes a

PIN photodiode
that detects individual
photons of gamma ra-
diation. The reverse
bias on the photodiode
sometimes creates a de-
pletion region. When
such a photon strikes
this depletion region, a
small amount of charge
develops. This charge is
proportional to the
photon’s ener- -
gy. Four ampli- Figure 1
fiers following the PIN

GAMMA =
RADIATION

1000 pF 7,

ICia
MAX4477

100 pF

10k

100 pF

MAX4477

100 pF

10k

photodiode  amplify
and filter the resulting
signal. A final compara-
tor distinguishes be-
tween the signal and
the noise. Thus, the
comparator’s output
pulses high each time a
gamma photon with
sufficient energy strikes
the photodiode. Small signal levels make
this design an interesting challenge. The
design requires very-low-noise circuitry
because the individual gamma photons
generate a small amount of charge and
because lowering the overall noise level
allows the circuit to detect lower energy
gamma photons. You must pay special at-
tention to the first stage, which is the
most noise-critical.

The most critical component is the
PIN photodiode, whose selection often
involves conflicting considerations. De-
tector sensitivity (the number of photons
detected for a given radiation field), for
example, depends on the size of the de-
pletion region, which in turn depends on
the area of the diode and the reverse bias
applied to the diode. To maximize sensi-
tivity, therefore, you should choose a
large-area detector with high reverse bias.
Large-area detectors tend to have high ca-
pacitance, which increases the noise gain
of the circuit. Similarly, a high bias volt-
age means high leakage current. Leakage
current also generates noise. The circuit

150k
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in Figure 1 includes the QSE773 PIN
photodiode from Fairchild (www.fair
childsemi.com). Though readily available
and inexpensive, it is probably not the
optimal choice. Certain PIN diodes from
Hamamatsu (www.hamamatsu.com) can
work nicely in this application. Choosing
a detector with 25- to 50-pF capacitance
with reverse bias applied provides a fair
compromise between sensitivity and
noise.

Important considerations for the first-
stage op amp include input-voltage noise,
input-current noise, and input capaci-
tance. Input-current noise is directly in
the signal path, so the op amp should
keep that parameter to a minimum.
JEET- or CMOS-input op amps are a
must. Also, if possible, the op amp’s input
capacitance should be smaller than that
of the PIN photodiode. If you use a high-
quality PIN photodiode and an op amp
with low current noise and pay careful at-
tention to design, the limiting factor for
noise should be the first-stage op amp’s
input-voltage noise multiplied by the to-

When a single gan_lma photon with sufficient energy strikes the PIN photodiode in this circuit, the output of the com-
parator pulses high.

tal capacitance at the op amp’s inverting
node. That capacitance includes the PIN-
photodiode capacitance; the op-amp in-
put capacitance; and the feedback capac-
itance, C,. Thus, to minimize circuit
noise, minimize the op amp’s input-volt-
age noise. The op amp in this circuit,
IC,,, a MAX4477, well suits this design.
It has negligible input-current noise and
low input-voltage noise of 3.5 to 4.5
nV/\/Hz at the critical frequencies of 10
to 200 kHz. Its input capacitance is 10 pF.

R, and R, contribute equally to noise
because they are directly in the signal
path. Resistor-current noise is inversely
proportional to the square root of the re-
sistance, so use as large a resistance value
as the circuit can tolerate. Keep in mind,
though, that leakage current from the
PIN diode and first-stage op amp place a
practical limit on how large the resistance
can be. The MAX4477’s maximum leak-
age current is only 150 pA, so R, could
be much larger than the 10 M) shown.
R, can also be substantially larger when
the circuit operates with a high-quality

www.edn.com
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PIN photodiode. C, affects the
circuit gain, and smaller values
benefit both noise and gain. Use
a capacitor with low temperature
coefficient to avoid
gain changes with
temperature. This capacitance
value also affects the require-
ment for gain-bandwidth prod-
uct in the op amp. Smaller ca-
pacitance values require a higher

Figure 2

gain-bandwidth product.

To ensure that the circuit
measures gamma radiation and
not light, cover the PIN photodi-
ode with an opaque material. To
block radiated emission from
power lines, computer monitors,
and other extraneous sources, be sure to
shield the circuit with a grounded enclo-
sure. You can test the circuit by using an
inexpensive smoke detector. The ionizing
types of smoke detectors use americium
241, which emits a 60-keV gamma pho-

These waveforms from the Figure 1 circuit show the signal at Test
Point 1 (top trace) when a gamma photon strikes the PIN photodi-
ode, and the resulting comparator output (bottom trace).

ton. (The more expensive photoelectric
smoke detectors do not contain americi-
um.) A 60-keV gamma is close to the cir-
cuit’s noise floor but should be detectable.
A graph shows the result of a typical gam-
ma strike (Figure 2). The top waveform is

Tek J;L- @ STOP  MPOS: 15.20 uSEC CURSOR _ from Test Point 1, and the bot-
: | TYPE tom waveform represents the

1! MOREEY  comparator’s output. A possible

?'m improvem?nt woplfi be to re-

I place C, with a digitally trim-

| mable capacitor, such as the

| DELTA MAX1474, which provides the

o] 216mv circuit with digitally program-

: CURSOR 1 mable gain. Similarly, r(?placing

| 216 mv the mechanical potentiometer

| «—— with a digital potentiometer,

CURSOR2  such as the MAX5403 allows
L% digital adjustment of the com-
CH1 100 mVCH2 5V M 5 pSEC CH2 / 1.36V parator threshold. Finally, driv-

ing the comparator’s nonin-
verting input with a reference
instead of the 5V supply im-
proves the comparator’s thresh-
old stability.

Is this the best Design Idea in this
issue? Select at www.edn.com.

Circuit ensures safety in power-on operation

Jean-Bernard Guiot, DCS AG, Allschwil, Switzerland

OMPUTERS FIND universal
c use in industrial-control sys-

tems. During power- and
start-up sequences (booting), the
outputs of such con-
trol systems may yield
uncontrolled pulses before the
software defines the correct sta-
tus. If these outputs control the
power-on state of a system, these
uncontrolled pulses could have
dramatic consequences. Safety
regulations forbid such erratic be-
havior. The circuit in Figure 1 is
a cost-effective approach to the
spurious-pulse problem. The cir-
cuit costs approximately 10 times
less than other available timers. The
open-collector output of the controlling
device connects to the reset input of the
CD4060 counter, IC,. You can easily
adapt this circuit to other controller-out-
put configurations, such as an optocou-
pler. As long as R, pulls the reset input
high (controller-output off), the
counter’s clock stays disabled and all out-

Figure 1

72 EpN | APRIL 24, 2003

CONTROL Ry
OUTPUT

oV

OUTPUT
>
12foeser  Ic a7f®
cD4060

3 LED /

oo

controller’s output that is short-
er than 5 sec has no effect on the
output of the circuit. Output Q13
of the counter turns on after 11
sec, Q14 after 23 sec, and so on.
The LED, connected to Q7
through R, flashes during the
timing period. With V =12V
and an LED current of 10 maA,
R,=(V..—2)/10=1k{}. For safe-
ty reasons, you can add the opto-
coupler, IC,. If output Q12 of the
o) counter fails (shorted toV.), the

This simple timing circuit ensures that a controller's spurious
pulses do not affect a system’s start-up operation.

puts are low. C, R, and R, are the timing
components for IC . WithR,=R,=10k()
and C=0.1 wF the measured clock fre-
quency is approximately 360 Hz.

The output of the circuit is Q12. The
reset input must stay low longer than
T=(2""1)/f=(2048)/360=5 sec for the
output to turn on (n is the output num-
ber, 12). Any spurious pulse from the

output turns on only if the con-
troller’s output is on. Choose the
value of R, depending on the con-
troller’s output and the noise lev-
el; in this design, R =10 k(). Note that
V. should have a maximum value of
15V for the CD4060 and 6V for the
74HC4060.

Is this the best Design Idea in this
issue? Select at www.edn.com.

www.edn.com





