aesig

Use a CFL ballast to drive LEDs

Christian Rausch, Unterhaching, Germany

Designers use ballast ICs, such as

N International Rectifier’s (www.
irf.com) IR53HD420, in CFLs (com-
pact fluorescent lamps) for heating the
filaments, igniting the lamps, and sup-
plying the lamps with current (Refer-
ence 1). Manufacturers produce these
ICs in high volumes, and they cost
approximately $2. This Design Idea
shows how you can use a CFL-ballast
IC for driving LEDs instead of CFLs. A
ballast IC essentially is a self-oscillat-
ing half-bridge for offline operation. It
typically operates from 320V dc, which
is approximately the same power as
that from a 230V-ac mains rectifier or
a 120V voltage doubler. The IC gener-
ates square-wave voltages with an am-
plitude of 320V p-p and a frequency of
tens of kilohertz.

DC-SUPPLY RAIL

Usually, this square-wave voltage
connects to a series combination of a
CFL tube and a current-limiting induc-
tor, L, (Figure 1). Together with a par-
allel capacitor and using the LC reso-
nance, you can warm up, ignite, and
supply the tube with current. This ap-
proach works well because CFL tubes
have high impedances when they are
off and low impedance when they are
running. The tube voltage is typically
150V p-p.

By putting several LEDs in series and
connecting them to a bridge rectifier,
you can effect an imitation of a CFL,
at least in the on-state. Imitating the
off-state is less important, because LEDs
need no ignition procedure. At the
given values for R and C,, the bridge
runs at 70 kHz. The circuit supplies 64
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LEDs with a current of approximately
80 mA. The infrared LEDs illuminate
the field of view of a CCD camera in
a machine-vision system. The circuit
prototype uses a 2.7-mH inductor from
a dead CFL.

The LED current comprises dc cur-
rent plus a small ripple current; keep
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Figure 1 A CFL ballast drives a long string of LEDs.
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Figure 2 Adding a transformer to the circuit of Figure 1 allows you to connect as many LEDs as necessary.

the ripple current low for high efficien-
cy and long LED lifetime. LED man-
ufacturers usually demand values of a
few percentage points. Such a low rip-
ple current may be difficult to achieve
with one electrolytic capacitor, C,, but
a parallel combination with an ad-
ditional foil capacitor, C, works well
enough in most cases. The voltage at
the input of the LED rectifier is fair-
ly constant during one oscillation pe-
riod, so the inductor current has a tri-
angular shape, which is good for EMC
(electromagnetic compatibility). The
equation for the average LED cur-
rent is ILEDAVG:(I/ZXVDC_NXVFLED)/
(4XfXL,), where V. is the supply
voltage, N is the number of LEDs in
series, V. is the LED forward volt-
age, f is the oscillation frequency, and
L, is the inductance of the current-lim-
iting inductor.

Although the circuit of Figure 1
works well, it has some deficiencies
that the circuit of Figure 2 remedies by
adding C,, D,, D,, and T , wound on an
EPCOS EP13 coil former, with an un-
gapped-EP13-core of T38 material with
an inductance of 7000 nH. Both the
primary and the secondary windings
are 90 turns of 0.2-mm wire; the sec-
ondary winding is wound on top of the
primary winding. Stray inductance is
not important in this case, and the in-

| APRIL 26, 2007

ductance for both the primary and the
secondary windings is 50 mH. The cir-
cuit in Figure 2 has several advantages
over the one in Figure 1. For example,
the supply current for the ballast IC of
Figure 1 must flow through R and into
the IR53HD420, where it gets clamped
to 15.6V. At a supply current of about 6
mA, R must dissipate more than 2W.
In Figure 2, R can have a much high-

WITH THE TRANS-
FORMER, YOU CAN
GROUND ONE END
OF THE LED STRING
EITHER DIRECTLY
OR THROUGH A
CAPACITOR.

er value, because it must supply only a
small start-up current. After start-up, a
charge pump comprising C,, D,, and D,
pumps enough current into the V. pin
so that the internal zener diode clamps
to 15.6V. The design equation for the
charge pump is I oy e =X C2 X
Ve~ 15.6V. The dissipation of R now
stays below 0.25W.

Also, the summed forward voltages
of the LEDs in Figure 1 must be small-

er than one-half the supply voltage.
For the circuit in Figure 2, by tailor-
ing the transformer-winding ratio, you
can connect as many LEDs as needed,
as long as you do not exceed the rat-
ings of the components. (LED voltages
even higher than V. are possible.) A
less obvious problem of the circuit in
Figure 1 is that the full voltage swing
of the bridge appears at both ends of
the LED string. This situation does not
present a problem when all the LEDs
are close together and the LEDs are
close to the bridge. However, in many
light fixtures, you wish to separate the
LEDs from the electronics. Due to stray
capacitances, this approach would lead
to high capacitive currents from the
LEDs to ground, corrupting the effi-
ciency and producing EMC problems.
With the transformer of Figure 2, you
can ground one end of the LED string
either directly, as shown, or through a
capacitor. Now, you can use long ca-
bles to easily separate the LEDs from
the electronics.
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Photodiode amplifier exhibits
one-third the output noise

of conventional transimpedance amp
Glen Brisebois, Linear Technology Corp, Milpitas, CA
N A conventional 1-MQ tran-

simpedance amplifier has at 130nV/A/Hz AT 25°C
least 130 nV/N/Hz of output-noise
density at room temperature (Figure M
1). You can consider the 130 nV as the g(/\’

theoretical noise floor limit of the am-
plifier because that is the noise density
of the 1-MQQ resistor itself. Any noise
in the op amp can only make things
worse. Cooling the resistor to 77.2K, 3_F\~ +
the temperature of liquid nitrogen, qui- pHOpTO_
ets it to 65 nV/\/Hz, provided that it DIODE
survives, but is that the only option? - -5V

Can you beat the 130-nV theoretical -8V

noise floor without cooling?

Figure 2 shows one way. IC , a Lin- Figure 1 A conventional 1-M(Q transimpedance amplifier exhibits 130 nV/
ear Technology (www.linear.com) \/Hz of output noise, even with a noiseless op amp. Cooling the resistor
LTC6240, provides an overall tran- reduces the noise, but can you do better without cooling?
simpedance gain of 1 M(Q), but it has
an output-noise density of only 43 nV/

\/Hz, about one-third of a conven-

tional 1-MQ) transimpedance amplifi-

er at room temperature. It achieves this

figure by taking an initial transimped-

ance gain of 10 M() and then attenuat- 33k

ing by a factor of 10. The transistor sec- 0.3 pF :-@ MPSA06
<

b o) Vour
1M GAIN
IDEAL (1V/pA)
NOISELESS
OP AMP

10M GAIN

_— (10V/pA)

tion provides voltage gain and works E\i L
on a 54V supply voltage to guarantee }_J

adequate output swing. By achieving

an output swing of 50V before attenu-

ation, the circuit maintains an output

swing to 5V after attenuation. The 10-

M resistor sets the gain of the tran- 3_,}«
simpedance-amplifier stage and hasa = | PHOTO-
noise density of 400 nV/y/Hz. After | DIODE
attenuation, the amplifier’s effective

gain drops to 1 M), and the noise

floor drops to 40 nV/\/Hz, which | —

MPSA06

10k

Ic,
LTC6240HV

-5V

-5V

dominates the observed 43 nV/\/Hz. ) 100 pF
To achieve this noise performance by 1k =y
cooling requires a temperature of 33K,

much colder than liquid nitrogen.
Note also that the additional benefit

of this method is that it divides the off- Figure 2 This effective 1-M() transimpedance amplifier has only 43 nV/n/Hz of
set voltage of the op amp by 10. The output noise. The circuit takes 10 times the high amplifier gain and then attenu-
worst-case output offset for this circuit ates by a factor of 10. The LTC6240 has low current and voltage noise. The

is 105 WV over temperature. Band- discretes allow for high output swing at the 10-M() gain node, so that a 0 to 5V
width is 28 kHz. output swing remains after attenuation.
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Microcontroller programmer taps
power from PC's serial port

GY Xu, XuMicro, Houston, TX
Just like a PC’s USB port, the

serial port on a PC can also in
some cases serve as a power supply. A
USB port can provide as much as 500
mA at 5V, but a serial port provides
less power. Even with the serial port’s
limited capacity, serial-port power can
still be a convenient power source for
today’s electronics. One obvious ex-
ample is to light up an LED. Figure
1 shows a simple way to tap the serial
port’s power. Under Windows XP, this
task requires appropriate software. You
can download the listings for this De-
sign Idea from www.edn.com/070426di
and run the program pwon.exe for this
demo.
A far more useful case is to provide
a power supply for the microcontroller

Today’s microcontrollers consume
less current than their predecessors,
so you can easily tap the serial port’s
power for an Atmel (www.atmel.com)
AVR programmer (Figure 2). The
programmer uses only two chips: IC
a Maxim (www.maxim-ic.com) DS275
for the RS-232 interface between the
programmer and the PC, and IC,, an
Atmel AT89C2051 firmware micro-
controller, which is the heart of pro-
grammer and handles all programming
chores and communications with the
PC.IC; is the AVR microcontroller, an
AT90S1200/2313. You can also substi-
tute an eight-pin AT90S2323/2343 or
a 40-pin AT90S4414/8515. The SPI
(serial-peripheral-interface) bus per-
forms the device programming.

cuit’s total current consumption must
be less than 10 mA. The programmer
uses two RS-232 pins: DTR (data-
terminal ready) and RTS (request to
send) as a minuscule power source. The
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Figure 1 With the aid of a simple
PC program, you can tap a PC's
serial port for enough power to

light an LED.
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Figure 2 This microcontroller programmer gets its power from the PC's serial port.
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outputs from these pins arrive at a pair
of Schottky diodes, D, and D,, which
cause a forward-voltage drop of only
0.3V, and then to VR, an LM2936
low-dropout-voltage regulator. Capac-
itors C, and C, smooth the output volt-
age. To reduce current consumption,
LED, uses a 1-kW current-limiting re-
sistor, and the control firmware turns
it on only after the programming task
completes; otherwise, LED, is off.

The circuit for the programmer is easy
to build. The 8051-like AT89C2051
has 2 kbytes of flash program memory.
It needs no components connected to
the reset (Pin 1), and it uses the 3.58-
MHz ceramic resonator to generate
9600 bps for communication with the
host PC. In addition to eliminating an
external power supply, the programmer
needs only firmware design. The pro-
grammer uses the Windows HyperTer-

Circuit charges supercapacitors
to 7V from USB power

Fran Hoffart, Linear Technology, Santa Clara, CA

N Charging a supercapacitor from

a 5V USB port may seem sim-
ple at first, but to charge three super-
capacitors to 7V and to limit the input
current to the 500 mA maximum limit
on the USB port is somewhat more dif-
ficult. The circuit in this Design Idea
uses a Linear Technology (www.linear.
com) LTC3458 switching regulator to
charge three series-connected super-
capacitors and provide input-current

limiting. This regulator limits the in-
put current, as the capacitors charge, to
less than 500 mA to satisfy USB spec-
ifications, and it provides the boost
function to charge the capacitor to a
voltage greater than the 5V USB in-
put. Once the supercapacitor charges,
the regulator maintains 7V at the out-
put and can supply a continuous load
of approximately 300 mA in addition
to brief current surges of several am-
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minal program to communicate with
the programmer firmware. You config-
ure the HyperTerminal to use a COM
port with 9600 bps and set the flow-
control parameter to XON/XOFE

You can program the firmware files
in Listing 1 into the AT89C2051
using any 8051 programmer, and the
listing includes one AVR sample demo
file to program into the AT90S1200/
2313.

peres without exceeding 500 mA at
the input. Typical loads requiring high
surge current can include motors when
initially starting up.

Removing the input voltage shuts
down the regulator and reduces the ca-
pacitors’ discharge current to approx-
imately 3 WA, essentially the current
through the voltage programming re-
sistors. Manual shutdown is also pos-
sible by pulling the shutdown pin low,
but, with the input voltage still ap-
plied, the capacitors’ discharge current
increases to approximately 30 wA. The
circuit in Figure 1 is programmed for
a switching frequency of 1 MHz with
an output voltage of 7V. A resistor on

Figure 1 This circuit has a switching frequency of 1 MHz and an output voltage of 7V.

| APRIL 26, 2007



designideas

the current-limiting pin, ILIM,
sets the input-current limit. The
circuit contains all surface-mount
components, and the high switch-
ing frequency allows the use of ti-
ny inductors and capacitors, thus
reducing total circuit size. You
should use good PCB (printed-
circuit-board)-layout practices.

The series-connected Polystor
aerogel supercapacitors, avail-
able from various online sources,
are each rated at 4.7F at 2.5V and
feature a typical ESR (equivalent-
series resistance) of 25 m{), thus
allowing high discharge current.
Low leakage current provides
long capacitor-voltage-holdup
time. The individual capacitor
voltages track within 100 mV
when charging and charge com-
pletely in less than 60 seconds at
the rated charge current. Figure
2 shows the capacitors’ voltage,
charge current, and resulting cur-
rent drawn from the USB port
when charging.
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Figure 2 These curves show the super capacitors’ voltage and charge current. Note
that the charging current is 300 mA—the USB maximum allowable current draw.
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