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Comparison of xenon flash and high current LEDs for photo flash in camera
phones i a review and update

This article provides new information updating an Oct 2006 study comparing light sources
for camera phones. The original report, Géi enlightened about camera phone flash units -
- compare xenon to high-current LEDs, c¢ompared light power and light energy measured
over time using camera phones ranging from 1.3 to 3.2-megapixel resolution. This new
report includes data captured from higher resolution, 5-megapixel camera phones
released in the last year, and also considers the technology advancements in camera
sensors, xenon flash units, high power white LEDs (WLEDs) and LED flash drivers.

Camera phones have improved since 2006 T more megapixels (many now use 5-
megapixel sensors), better lenses, improved image-processing software and image
stabilization features.

However, what still lags behind is the power and energy of the flash for taking pictures in
low-light conditions, such as in restaurants, bars or other places where people socialize.
Many cell phones have compromised on size and/or cost by providing either a small
xenon flash or a low-to-medium-current LED photo light, both of which provide insufficient
light energy for an acceptable photo in low light (Fig 1).

Fig 1: Photo taken in
very low ambient

light using a small
xenon flash (5MPx
LG KU990 camera
phone). The girl is
only 2m from the
camera, but only her
silhouette is visible .

Two solutions are emerging to provide a good photo flash in low ambient light:
- High-current LEDs supported by a supercapacitor
- and xenon
This study will explore the limitations of existing LED flash implementations without a

supercapacitor, and go on to compare supercapacitor-powered LED flash and xenon flash
solutions. We will compare:

- light power and energy
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- shutter requirements

- ease of circuit implementation
- safety

- size

Light Power vs Light Energy

The key to a good quality picture in low ambient light or backilit situations is to produce
enough light energy from the flash during image-capture time to illuminate the subject
adequately. Light energy is the total amount of light received by each pixel in the camera
sensor. People often wrongly assume that light power, the brightness or intensity of the
flash,isthek e y b e c avhat atragtstodr attention, bu t i tlightsenetgi that
counts.

Light energy is the area under the curve of light power over time. Assuming light power is
constant during the flash pulse, as is the case for LED flash, then you calculate light
energy by multiplying light power (measured in lux) by duration of the flash exposure (in
seconds):

Light power (lux) x flash exposure time (secs) = light energy (lux.secs). A good picture
ideally requires 107 15 lux.secs of light energy.

- Xenon flash has excellent light power, up to several hundred thousand lux, but a
very short flash duration, typically 50 i 100nsec.

- LED flash delivers lower light power, but over a longer period of time to generate
more light energy. Powered by a supercapacitor, LED flash can now generate up
to several hundred lux with a flash pulse of up to ~100msecs.

Therefore, a xenon flash needs 1000 to 2000 times the power of the LED flash to deliver
the same light energy. The light energy a xenon pulse can deliver depends on the size of
the electrolytic 330V storage capacitor.

As camera resolution increases , so does the need for light

As camera sensors have increased in resolution and decreased in size, pixel area has
shrunk, so the total light energy collected by each pixel has declined. As an example, a1 0
1.3-megapixel sensor from 2006 had a pixel size of 3.18nm x 3.18nm = 10.1mm?, while a

I 0 -miegapixel sensor from the same manufacturer released this year has a pixel size of
1.4nm x 1.4mm = 1.96mm? -- a fivefold reduction in area.

Improvements in pixel sensitivity since 2006 have offset this reduction in pixel size to
some extent, but not enough to make up for the drop in area. The responsivity of the
sensor, which gives the voltage generated per unit of light energy, captures both these
conflicting trends. The responsivity of the two sensors mentioned above is 1.1V/lux.sec for
the 1.3-megapixel sensor and 0.5V/lux.sec for the 5-megapixel sensor. Therefore, the 5-
megapixel sensor needs more than twice the light energy of the 1.3-megapixel sensor to
take an equally well-exposed photo.

Camera-phone solutions tested:
In this study, we measured light power over time for:

- Xenon: SonyEricsson K800i, LG KU990, Nokia N82 and Samsung G800, all with
5-megapixel cameras but with varying size storage capacitors

- Standard battery-powered LEDs: Nokia N73 (3.2-megapixel camera) and N96 (5-
megapixel camera)
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- Supercapacitor-powered LEDs: Using a power architecture called BriteFlash,
developed by CAP-XX, which combines a LED flash driver IC, supercapacitor,
battery and WLEDSs.

Integration of the area under the curves of light power over time shows the light energy
available to fill pixels in the camera sensor, enabling an objective comparison of the
solutions.

Limitations of LED flash currently u sed in camera phones

There are many demands on cell-phone batteries, so designers want to avoid drawing
more than 800 - 1000mA from the battery. The standard flash driver IC is a boost
converter in current-control mode.

Assume the battery voltage is 3.6V, the LED forward voltage = 3.8V and the boost
converter efficiency is 85%. For an 800mA battery current, the LED current = 0.8 x 3.6/3.8
x 0.85 = 650mA and LED power = 2.4W. At this current, a typical high-current LED will
only provide 10 i 11 lux at a distance of 2m*. This compares with 7 i 8 lux 3 years ago.

If the camera sensor frame rate is 7.5 frames/sec, the light energy per pixel from such a
solution = 10.5 lux x 0.133s = 1.4 lux.sec. Figs 8 and 9 illustrate this, plotting the light
energy for a Nokia N73 with an image-exposure time of 90msecs and a low-current LED
at 1W. The flash delivers just 1.7 lux.secs at 1m from the subject, and 0.4 lux.secs at 2m.

Most LED flash phones today drive LEDs at 1W i 2W and provide < 4 lux.secs at 1m and
< 1 lux.secs at 2m. Examples are the N73 noted above, the N70 (which also drives the
LED at 1W), and the Nokia N96 which drives a pair of LEDs at low current, but still only
generates 3.5 lux.secs at 1m and 0.9 lux.secs at 2m (Figs 8 and 9).

As mentioned before, a good picture ideally requires 101 15 lux.secs of light energy.
Before supercapacitors, a xenon flash tube was the only practical means of generating
reasonable light energy, but this poses some problems for camera phones.

Xenon flash

In a xenon flash, an electrolytic capacitor is pre-charged to 330V, which then discharges
across a xenon-gas-filled tube to produce an intensely bright flash (up to several hundred
thousand lux at 1m) of very short duration (typically < 100nsec). A trigger circuit operating
from 40007 8000V is required to precipitate the gas discharge.

The high energy stored at 330V is a safety concern, special care is required to prevent the
high-voltage trigger circuit from arcing to other circuits, and the electrolytic capacitor is
bulky for thin-form-factor camera phones and digital cameras.

Supercapacitor -based LED BriteFlash power architecture

A supercapacitor can power high-brightness WLEDs drawing > 1A at 5V. This overcomes

the limitations of low-current LED solutions outlined above, and enables a thin-form LED

flash solution which can deliver comparable light energy to a xenon flash. When using a
supercapacitor to support LED flash, the battery only needs to supply average power and
recharge the supercapacitor between flashes, while the supercapacitor provides the high-

peak LED current (> 1A per LED) during the flash pulse. Th e f | a s Imostconverterr 6 s
charges the supercapacitor to 5.5V, enabling it to drive the LED flash.

Fig 2 shows a block diagram of a typical flash driver using a supercapacitor.

! Luxeon Flash PWM4
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Fig 2: High Power LED Flash Supercapacitor Solution Block Diagram

Over the last 3 years, most major power IC vendors have released or are sampling
supercapacitor-optimized LED flash drivers that integrate the functions in Fig 2, thus
saving development time, board space and component cost.

Those already released include the AAT1282 from AnalogicTech, and the CAT3224 and
NCP5680 from ON Semiconductor. An I2C interface allows users to set Flash and Torch
currents. Depending on the IC, a total LED flash current of up to 10A is possible. The
supercapacitor has sufficiently high energy (high C) and high power (low ESR) to supply
the LED current for the duration of the flash pulse with little or no contribution from the
battery. The battery charges the supercapacitor between flashes.

For example, if a 0.5F supercapacitor discharges 1V during the flash pulse, it only
requires a 250mA recharge currentfor2s econds and i t 0 sFigr3showsy
flash and battery current for a flash pulse driving a four-LED array (Luxeon PWF1) at 1A
each. Note that the battery current is limited to 300mA and the supercapacitor provides all
the LED current during the flash pulse.
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Fig 3: The supercapacitor provides 4A flash current while discharging from
5.2V to 4.0V; the battery provides 300mA recharge current to the supercap.

Comparison of xenon and LED Flash for camera phones. CAP-XX confidential & copyright 2009 © Page 4 of 16

(0]

go


http://www.analogictech.com/news/Information.aspx?NewsId=2733
http://www.onsemi.com/PowerSolutions/newsItem.do?id=1991
http://www.onsemi.com/PowerSolutions/newsItem.do?article=1905

CAP-

Comparison of light power and energy between xenon and LED flash

Measurement included several steps

A photo detector measured on-axis illumination while a digital storage oscilloscope captured light
power over time at 1 and 2 meters from the source. The areas under the power curves were
integrated to measure the light energy at the detector as a function of time.

Fig 4 shows the test instrumentation set-up.

Fig 4: Dr Trevor
Smith of CAP -XX
setting up the
light
measurement
equipment

Light power over time
Fig 5 shows light power over time from the xenon sources at 1m and 2m respectively. The
key points are:

A Light power from xenon flash is very intense, with the Samsung G800 delivering
300,000 lux peak power at 1m

A Light power measured at 2m is ° ¥4 of the light power measured at 1m, as
expected. For example, the Samsung G800 at 2m delivers 73,000 lux compared to
300,000 lux at 1m

A Flash power and pulsewidth are traded off against the size of the electrolytic
storage capacitor, described below from largest to smallest:

- The SonyEricsson K800 has 2 x 14nt, 330V electrolytic capacitors in
parallel, for a total of 28nt, to produce ~220,000 lux peak power and a
pulsewidth of ~100nsecs.

- The Nokia N82 has a 20nt, 330V electrolytic capacitor and generates peak
power of 160,000 lux with a similar pulsewidth. The ratio of light power
between the two phones = 160,000lux/220,000lux is approximately the
same as the ratio of capacitance = 20nF/28nt

- The LG phone uses a very small 10nt electrolytic and only generates
50,000 lux with a pulsewidth of ~50rs.
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Fig 5: Light power over time for 4  xenon sources

Fig 6 shows the light power over time for the LED flash sources. To demonstrate the
BriteFlash approach, we used the latest high-power LEDs from the Philips Luxeon range
and a flash driver circuit. The graphs show results for two high-current LEDs with optic at
1m and 2m distance. The supercapacitor drives the LEDs at 1A and 2A each, i.e. 2A or
4A total for 2 LEDs.
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Fig 6: Light power over time for LED  flash

The key points from Fig 6 are:

A As in the xenon light power graphs, the power measured at 2m is ~¥%4 of that
measured at 1m.
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