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NXP semiconductors has strong positions
In the application markets it targets
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llumination LED market

» Architectural CAGR 37%
— Lumen output and fixture efficiency
— Main market — 48% of HB LEDs 2011 1000
» Retail display 8001
— Design flexibility, long life, 600
. - . $M
energy-efficiency for freezer lights 400-
» Residential lighting 2001 5 3 3
— Most price sensitive segment 0 ‘ ‘ ‘ ‘ ‘ ‘
2006 2007 2008 2009 2010 2011
g Entertalnment . O Channel letter /contour CAGR 18% @ Architectural CAGR 38%
— color changing B Machine vision CAGR 20%
O Consumer portable CAGR 27% W SATCy'SECUTYCAGR U %0
3 Other ® Entertainment CAGR 62% O Retail display CAGR 86%

I 1 Outd CAGR 110% Off-grid CAGR 44%
— Channel Letter/contour lighting B Outdoor area m Off-gri

— Machine vision: established market for LEDs Assumptions:
— Consumer portable light: extend battery life _Luminous efficacy improve
— Safety & security: energy saving

— Outdoor area lighting: highest growth —LED price erosion
— Off grid: large potential —LED lighting fixture price decrease
—Development of standards

—Energy prices continue to increase

Source: Strategies Unlimited, August 2007
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mains low voltage color control

110V / 230V




18 A LED & BH IR 5 22 14

==l

AC/DC LED drivers DC/DC LED drivers
Microcontrollers Connectivity — Interface products
Power Discretes Low Power Discretes

LCP24x¢ ehip shot
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SEGMENT SUBSEGMENT

SSL152x
SSL1623
SSL1750
SSL2311
UBA 3070
PCA 9633

PCA 926x

Architectural
Retail display
Street Lighting
Residential

Spot - Down Lights
Channel | Contour
Traffic Lighting

GGeneral lighting

Signal Safety Security

TR Entertainment
Special lighting LED-screen
Gaming console |Dimmer/Blinker

9
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Fixed Mains

Dimming

Cost down

Size down

High PF & efficiency

Tunable white

—
—

||
P

2008 2009

2010

2011

2012

10
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Will be valid from September 30, 2008

Power Factor:

-

-

e residential > 0.7

« commercial or above 25W > 0.9

Standby power: < 0.5W

Lifetime:
* residential > 25.000 hours

-

-

« commercial and all outdoor > 35.000 hours

Efficacy (Light output / Watt)
CRI (Color Rendering Index)

-

-

-

Degradation during lifetime
Visible flicker ENERGY STAR

¥ o

rfig
ST

-

11
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High end product: expected to be reliable
» No malfunctions

» Long lifetime

— incandescent: 1000 hours
— Halogen: 3000 hours
— CFL: 8000 hours
— LED: > 20000 hours

- There is still little experience with the combination long lifetime and high
operating temperature.

h -
P
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SEGMENT SUBSEGMENT

N
e
SSL1623 |z

SSL152x
SSL1750

Architectural
Retail display
Street Lighting
Residential

Spot - Down Lights
Channel | Contour

General lighting

Traffic Lighting
Safety Security

Signal

Entertainment
LED-screen

Special lighting

X :




[ G

H VA LEDIRES )

» SSL Mains LED driver product range

SSL1522T/N2
SSL1523P/N2
SSL1623PH/N1
SSL1750T/N1

Order code
Order code
Order code

Order code

9352 863 31518
0352 863 32112
9352 863 33112
9352 863 34518

» Key differentiators NXP Lighting IC’s

— Dimming

— Integration - low external component count

-

P
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What if you could dim your LED lighting products via the existing
dimming infrastructure?

*Based on 0.51 kg / CO; kWh

x 16



BN AC U ARA T G IK B 7 5 1 M A

Key applications

» Retro-fit LED lamps
» LED ballasts /
» Signage
»
»

Contour lighting
Commercial lighting e.g. cabinet or freezer
lights

» Other lighting applications

Key features

» High Brightness LED’s dimmable via
standard TRIAC (and transistor) dimmer

»  Switch Mode Power Supply (SMPS) IC for
mains LED drivers below 15W

» High energy efficiency (at ca. 15W and
120VAC reaching efficiency of 85%)

17




SSL152x & SSL1623PH

» SMPS controller IC
» Integrated switch, on-resistance: 6.5Q

» Operates directly from mains 80-277 V__ (industrial mains also)

» Suitable for multiple topologies (e.g. flyback, buck)

» Green features
— Valley/zero voltage switching for minimum switching losses
— Frequency limitation to reduce switching losses

» On-chip startup current source
» Adjustable frequency for flexible design

» Protections
— Over current protection
— Short winding protection
— Over temperature protection

» Available in multiple packages DIP8, SO14 (thermal DIP16)

h -
P

vee [1]
GMD [2]

ro [2]
rec [4]

| 5] oram
Il n.c.
| 6] source

[ 5] aux

vee [1]
GND [ 2]
ahD [ 2]
aND [4]
Mo [E]

rC [E]
REG [7 |

[12] DRAIN
[13] nee.

[12] ne.

11] SOURCE
0] GuD

| o] aMD

| 8] Aux

18
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Application Note available

Providing details on:

« Connecting the boards

* Dimmers

« Schematics

» System optimization (e.g changing
LED current)

Dimmable Mains LED Driver

SSL1523 Evaluation Boards:
» Version 230VAC (Europe/APR)
* Version 120VAC (USA/Canada)

19
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Output voltage (LED voltage)

Output current (LED current)

Output current accuracy

Maximum output power (LED power)

Driver Efficiency

Power Factor

3.5-15VDC

20mA - 1000 mA

5% -10%

3.5W

54%
60%

120VAC 0.69
230VAC 0.70

Reference board has been optimized
for 3.5 VDC

Reference board has been optimized
for 1000mA

Based on 1000mA and 3W.

Using 1x 3W LED 230VAC
Using 4x 1W LED 230VAC

At 3W output power

||
P
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« Dimmable Mains LED Driver 24W SSL1623PH

 Output 700mA (current regulated)
5..32 VDC
Input 120 VAC mains £ 10%

« Conventional dimmer capable (transistor and TRIAC
dimmable), this demo board is tuned to TRIAC dimmers

 Power Factor > 0.7
« Efficiency 70%

-
P
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Key benefits

» Efficient power conversion from
mains

» Accurately controlled current through Fly-back control IC SSL1750
the LED’s plus dimming

_ » Operates from universal mains supply
» Meets regulations (70-276 VAC)
— Isolated for safety

— Power Factor Correction above 25W

-

High-voltage start-up

-

Power requirements between 25W and
ca. 250W (PFC needed)

-

High efficiency

b

Integrated Power Factor Correction

-

Very low external component count

22




SSL1750%: A4

-

-

-

-

Distinctive features
— Integrated PFC and flyback controller
— Universal mains supply operation (70 V to 276 VAC)
— High level of integration, resulting in a very low external component count and a cost
effective design.

Green features
— On-chip start-up current source.

Green features PFC part
— Valley/zero voltage switching for minimum switching losses (patented)
— Frequency limitation to reduce switching losses
— Burst mode operation if a low load is detected at the flyback output (patented)

Green features flyback part
— Valley switching for minimum switching losses (patented)
— Frequency reduction with fixed minimum peak current at low power operation to
maintain high efficiency at low output power levels

23

-
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SSL1750 R] 852K B3 7 a5 3 45 B

output current output voltage Typical |

Current output’ 70 0ma, FOBmA 22V A0V 10LEDs 3. 4V@T00m4
Items AC wput voltage( Ditnrning mazx)

S0V 110V 2400
Input power 311 0.5 401
Crutput Voltage 36,1 36,2 36,2
Chutput current FO8mA TO8mA FO08mA
Chutput power 25.4 25.5 255
FF 0,997 0,994 0,962
Power efficiency 42% 24% #5%
Vidstnax OOV
Vh{output diode) QN
PFC MO max 470V

Efficient power conversion from mains via SMPS IC SSL1750 -
at ca. 25W - 120VAC reaching efficiency of 85% with PF of 0.99

A ¥ 4
4\
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75W SSL1750A8 Vi AHAL 1A Y6 IX B s Ak

Current output:

24 LEDS * 3 strings @350mA/string = 1050 mA

Input Voltage 210V 230V
Input Current 0.46 A 0.43 A
Input Power 92.8 W 94 W
Output Power 75W 77W
Power Factor 0.96 0.95
Efficiency 81% 82 %

Note: Experimental setup with non-optimized transformer and PFC coill.
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» SSL152x:;

— very suitable as mains voltage LED driver

— isolation can be achieved via circuit (fly-back) or housing (buck, fly-back)
— buck topology gives a smaller circuit (no trafo)
— highly efficient due to green features (e.g. valley switching/ZVS)

» Dimmable retrofit LED lamp requires:
— additional components to make circuit compatible
— (preferably) logic to reduce losses by additional components

Conclusion:

SSL152x family good solution for dimmable LED lamps
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»  Outdoor product (air contaminations, >IP23)

»  AC mains supply (230V — 275V / safety IEC 60598)

»  Danger for lightning strokes (mains spikes and surges / IEC1000-4-5)
»  Ambient temperature (-20°C - +70°C)

» Mechanical stress (bumps, vibrations / IEC 68-2-Fc)

» Long lifetime (> 30.000hrs)

»  Energy consumption (Energy star)

»  Material cost

»  EMC / CISPR 15 - Standards

»  Fault detection and communication.

»  Maintenance cost

»  Switch on/off procedure/control or Dimming procedure/control.
»  Optical / temperature feedback

A 4
4
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Mains input 90 - 275V
Power factor >0.9

3 strings of 16/17 LED'’s

50 LED’s Vf =52V - 55V
LED current 350 mA +/- 10%
Efficiency 84%

LED power / mains input power

||
P

BT SSL1750 1 UBA3070H]
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Mains Voltage triple
converter current source
350mA -
mains o0V 350mA
input » | PFC isolation >
350mA .
based on SSL1750 based on 3x UBA3070

» Driven from universal mains

» Constant current 350mA +10% to 50 LED’s, divided in 3 strings of 16 or 17 LED’s
» Temperature range: -20 .. +50°C, Lifetime: 60.000 hours (95% survivals)

»  Comply to: EN61000-4-5 (10kV), EN55015 (CISPR15), IEC 60598-1/2/3,

» Protected against open or shorted output(s)
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» Street lamp with LED’s can meet standard regulations for luminance
level and uniformity

» Street lamp with LED’s have a higher utilization factor since the light
can be more effectively directed to the street and therefore less Im is
required compared to conventional street lamps

» Street luminaires with LED’s can have an efficiency of 50Im/W
» This leads to an energy saving up to 51%

» Long lifetime (50 khours~11years) and lower energy cost leads to much
lower TCO compared to conventional street lamps

» NXP SSL has driver solutions based on SSL1750 and UBA3070 for
Street Lighting - PWM dimming possible
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