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=
Features:

e Flexible solid state lighting controller.
O Standard triac dimming.
O Multi-channel color mixing.
O LED color variation correction.
e Up tosix 12-bit ADC channels with adjustable conversion speed from 10KHz up to 85KHz.
O Oneinternal ADC channel for V. power sense.
O Oneinternal ADC channel for device temperature sense.
O Four external ADC channels for user input.
e Up to four 12-bit DAC channels operating in either voltage or current output mode.
O Voltage output from OV to V..
O Current sink up to 25mA.
e Configurable UART supporting RS232, RS485.
O 19200 or 9600 bps operation.
O 8N1 configuration.
e Serial peripheral interface (SPI).
O Data rates up to 125kbps.
e (QOperating temperature range.
O -40°Cto +85°C.
e Three packaging options.
O 8 pin SOIC.
O 16 pin SOIC.
O 20 pin QFN.

©OLight-Based Technologies 2009. All Rights Reserved.
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1. Functional Description

The LB4 dimming and mixing controller is a highly integrated device for solid state lighting applications. The
LB4 controller is based around a configurable linear mixing engine, with multiple peripherals to provide
optimal control solutions for lighting applications. The flexibility of the mixing engine means any
combination of control input and lighting output can be linked together in a cost effective design.

Inputs ranging from basic analog voltage sensing, RS232, SPI, triac dimming and power line communications
through to complex industry standard protocols such as X10 and DALI can all be interfaced to the LB4
controller.

Four 12bit output DACs operating in either voltage or current mode provide accurate control for any
conceivable lighting combination. Simple dimming control of a single output channel up to complex color
mixing of an RGBA system can all be handled by the LB4 controller.

1.1. Functional Block Dia gram
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Figure 1. LB4 Functional Block Diagram
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1.2. Linear Mixing Engine
The core of the LB4 LED dimming and mixing controller is the linear mixing engine. The engine can be
configured to control a wide variety of SSL configurations and applications. Figure 2 below shows the data
flow through the LB4 controller and lists some of the options available at each stage. The list is not meant to
be exhaustive, only an indication of the range of options available. More specific information can be
provided by contacting Light-Based Technologies and a custom solution can be provided on a case by case

basis.
Color Mixing Engine
Input g Eng Output
— A anabo Color Conversion Analo >
g (HSV to RGB etc) 9
or Pre-C " or
Digital re-Lorrection Digital
(LED calibration or bin data)
Inputs Linear Mixing Engine Functions Outputs
Triac Dimming 1-4 LED channels
Power Wire RGB Voltage mode
Communication'™ RGBW Current mode
X10 Tunable White Control SMPS
DALI HSV
Keyboard Copy incandescent luminaire output
0-10v Maximize efficiency
Feedback Correct color based on factory calibration
Notes:

[1] Proprietary solution available from LigBasedTechnologies

Figure 2. LB4 Linear Mixing Engine Data Flow

LB4 Configurable Dimming and Mixing Controller for White and RGB LEDs, Revision 1.1 Page 5 of 18
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1.3. LB4 Device Pinouts

1.3.1QFN20 Pinout
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SPI_CS/UART RTS/PA2 | 1| {15| DAIO1/PB1
SPI_DO/UART TXD/PA3 | 2| {14| pAvO2/PB2
PA4 |3 {13| DAIO2/PB3
AINL/SPIDI/PCO | 4| {12| pAvO3/PB4
AIN2/SPI_CLK/PCL |5 | {11| DAIO3/PBS
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Figure 3. QFN20 Pinout

1.3.2S5016 Voltage Mode Variant Pinout

SPI_DI/ UART_RXD / PAQ z‘ E vee
SPI_CLK / UART_CTS / PAL E E VPP
SPI_CS/UART_RTS / PA2 E‘ E DAVOL / PBO
SPI_DO / UART_TXD / PA3 z‘ E DAVO?2 / PB2
PA4 |5 (12| DAvO3/PBA
AINL/SPI_DI / PCO E E DAVO4 / PB6
AIN2/SPI_CLK/PC1 | 7 | (10| vss
AIN3/SPI_CS / PC2 E‘ E AIN4 / SPI_DO / PC3

Figure4. S016 Voltage Mode Variant Pinout
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1.3.3S016Current Mode Variant Pinout

SPI_DI/UART_RXD / PAO 16| VvCC

SPI_CLK/UART_CTS/ PAl 5| VPP
SPI_CS/UART_RTS / PA2 4| DAIO1/PB1

SPI_DO / UART_TXD / PA3 3| DAIO2/PB3

PA4 2| DAIO3/PB5
AIN1/SPI_DI/PCO DAIO4 / PB7
AIN2 / SPI_CLK/PC1 10| VSS

[=] o] [= L= [o] [ [o] [-]
(o] [s] [=] [s] [&] [&] [&] [&]

AIN3/SPI_CS/PC2 AIN4 / SPI_DO / PC3

Figure 5. SO16 Current Mode Variant Pinout

LB4 Configurable Dimming and Mixing Controller for White and RGB LEDs, Revision 1.1 Page 7 of 18



lLight-Based Technologies

www.LightBasedTechnologies.com

(]
w
-
)
>
o«
=
2
o
o

2. Electrical Characteristics

2.1. Absolute Maximum Ratings
Exceeding limits on any pin may cause permanent damage to the device. All voltages are with respect to
ground unless otherwise noted.

DC Supply Voltage (Vo) +9V
DC Supply Current (le¢) 150mA
Voltage per Pin (Vo)™ -0.5V to Vc+0.5V
Current per Pin (lp) +50mA
Power Dissipation per Package (PD) o 500mWwW
Operating Ambient Temperature (T,) -40°C to +85°C
Operating Junction Temperature (T,) -40°C to +125°C
Storage Temperature) (Tsrg) -65°C to +150°C
Peak Package Reflow Temperature (Tppgr)™ +260°C

Notes:
[1] Transient pulsewith time t< 0.5s up te-7V.
[2] Maximum40 seconds.

2.2. Recommended Operating Conditions
For maximum reliability, normal operating conditions should be selected to stay within the ranges specified
in Figure 6.

Symbol Parameter Condition Min Max Unit
Vee Supply Voltage - 33 5 Vv
lec Supply Current @ no load. Vce=3.3V - 6 mA
V=5V - 10 mA
Vin Input Voltage - 0 Vee Vv
Vour Output Voltage - 0 Vee Vv
lout Output Sink Current Vee=3.3V 0 15 mA
V=5V 0 25 mA
Ta Operating Temperature - -40 85 °C

Figure 6. Recommend Operating Conditions

LB4 Configurable Dimming and Mixing Controller for White and RGB LEDs, Revision 1.1 Page 8 of 18
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2.3. General Purpose I/0O Characteristics
Figure 7 specifies parameters for any pin configured as general purpose digital 1/0.

Symbol Parameter Condition Min Max Unit
Vi Minimum Input High Voltage Vee=3.3V 2.31 - \Y
Vee=5V 3.5 - Vv
Vi Maximum Input Low Voltage Vee=3.3V - 0.99 Vv
Vee=5V - 1.5 Vv
Vou Minimum Output High Voltage Vee=3.3V, 15=-0.05mA 3.2 - \Y
Vee=3.3V, lo=-15mA 2.64 - Vv
Vee=5VY, lp=-0.05mA 4.9 - Vv
Vee=5Y, lo=-25mA 4.0 - Vv
Voo Maximum Output Low Voltage Vee=3.3V, 1,=0.05mA - 0.1 Vv
Vce=3.3V, lp=15mA - 0.44 Vv
V=5V, 15=0.05mA S 0.1 Vv
Vee=5Y, 1,=25mA - 0.44 Vv
I eak Input Leakage Current - - 5 A
Ci Input Capacitance - : 4 pF
Cout Output Capacitance - - 4 pF
Figure 7. General Purpose I/O Characteristics
2.4. ADCSpecific Characteristics
Figure 8 specifies the parameters for any Port A pins configured as analog A/D inputs.
Symbol Parameter Condition Min Max Unit
V, Input Voltage - 0 Ve \Y
Tstas Temperature Stability -40°C< T, < 85°C - +1 %
ADC . Integral Non-Linearity - - +2 LSB
ADCpn Differential Non-Linearity - - +1 LSB
ADCyres Input Voltage Resolution Vee=3.3V - 0.8 mV
V=5V - 1.2 mvV

Figure 8. ADC Specific Characteristics

LB4 Configurable Dimming and Mixing Controller for White and RGB LEDs, Revision 1.1 Page 9 of 18
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2.5. DACSpecific Characteristics

Figure 9 specifies the parameters for any Port B pins configured as analog D/A outputs.

Symbol Parameter Condition Min Max Unit
Vour Output Voltage Linear Range +1 LSB Vss+200mV | Vee-200mV Vv
Toras Temperature Stability -40°C < T, < 85°C - +1 %
Cioap Maximum Load Capacitance - - 30 pF
Rioao Load Resistance'” Vee=3.3V - 250 K

V=5V - 220 K
Load Resistance” Vee=3.3V - 150 K
V=5V - 250 K
Notes:
[1] Outputconfiguredin voltage mode.

[2] Outputconfiguredin current mode.

Figure 9. DAC Specific Characteristics

LB4 Configurable Dimming and Mixing Controller for White and RGB LEDs, Revision 1.1 Page 10 of 18
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3. Timing Information

3.1. SPI Timing
Ta=-40°C to +85°C.
Parameter Min Max Unit Description
fscuk 125 kHz SCLK Frequency
t 2 - Hs CSfalling edge to SCLK falling edge
t, 2 - s SCLK high period
3 2 - s SCLK low period
19 20 - ns SDI setup time
ts 6 - s SDI hold time
ts - 2 s SDO valid after SCLK falling edge
t 2 - Hs SCLK rising edge to CSrising edge
_\ )) )) /
« «
> e > le
J 51 k *t7L
SCLK 0 1 2 I-{&l 6 7 0 1 I{A 6 7

> s

ﬂu
o N X Y X:g:)( Y=Y 55
SDO » 1 L
Yo X >Q

Figure 10. SPI Timing Diagram

3.2. UART Timing
The UART can be configured to support either 9600bps or 19200bps data rates. The package configuration
is 8 data bits, 1 stop bit and no parity bits. Hardware flow control with RTS and CTS can be optionally
enabled.

LB4 Configurable Dimming and Mixing Controller for White and RGB LEDs, Revision 1.1 Page 11 of 18
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4. Ordering Information

4.1. Part Numbers

LB4 configurable LED dimming and mixing controller nomenclature.

. 4 () () () () ()

Prefix

LB=Light-Based Technologies
Family

4=LED dimming and mixing controller
Output Mode
C=Analog current sink mode

V=Analog voltage mode
U=Both analog voltage and current modes™™

Notes:
[1] Only available in QFN20 package.

lLight-Based Technologies

Function
Unique function descriptor

LB4 Configurable Dimming and Mixing Controller for White and RGB LEDs, Revision 1.1

Page 12 of 18
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5.1. QFN20
20 Lead Quad Flat No-Lead Plastic Package.
Symbol Min Nominal Max Notes
o] (mm) | (mm) | (mm)
A 0.70 0.75 0.80 -
Al - 0.02 0.05 -
A2 0.20 REF -
D 4.90 5.00 5.10 -
d 0.65 BSC -
di 0.25 0.30 0.35 4,5
d2 0.45 0.55 0.65 4
d3 3.00 3.10 3.20 3,4
E 4.90 5.00 5.10 -
20 e 0.65 BSC -
el 0.25 0.30 0.35 4,5
e2 0.45 0.55 0.65 4
Pin 1 1 2 e3 3.00 3.10 3.20 3,4
Index Area N 20 1
NI Nd 5 2
Ne 5 2
~J]0,08 [ C f f
@
- e Notes:
A W , 1. N is the number of terminals.
+ J u U u L 2. Nd and Ne are the number of terminals on eBcand
=]/ - e
E 3. Dimensiosd3 and & are for the exposed thermal
el T ] pad.
-] — 4. Nominal dimensions are to aid in PCB land pattern
4 — [ design efforts
— 5. Dimensions dland el apply to tiveetalizedterminal
E - E and is measured between 0.15 and 0.3mm from the
T‘ m ’7 ﬂ ’_ terminal tip.

1l e

Figure 11. QFN20 Package Drawing

LB4 Configurable Dimming and Mixing Controller for White and RGB LEDs, Revision 1.1 Page 13 of 18
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5.2. SO16
16 Lead Small Outline Package
Symbol Min Nominal Max Notes
(mm) (mm) (mm)
o] N A 1.35 1.75
al 0.10 0.25
HHHHHHHH b 0.13 0.25
D 9.80 10.00 1
dl 0.31 0.51
d2 1.27 BSC
H E 5.80 6.20 2
el 3.80 4.00
. K 0.40 1.27 3
e HHEHEHE0 0 o | 0 g
- J L Hoz5w)

@/

\
L@D@w:‘:':‘:l:‘:':‘:l:‘:':‘:lji Gauge Pmnei— ________ I _ﬁ\' Y Seating Plane

Notes:

1. Dimension D does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate
burrs shall not exceed 0.15mm per end.

2. Dimension E does not include interlead flash. Interlead flash shall not ex2&enOper side.

3. Dimension k is the length of terminal for soldering to a substrate.

Figure 12. SO16 Package Drawing

LB4 Configurable Dimming and Mixing Controller for White and RGB LEDs, Revision 1.1 Page 14 of 18
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5.3. SO8
8 Lead Small Outline Package
Symbol Min Nominal Max Notes

(mm) (mm) (mm)

o A 1.35 1.75

8 5 al 0.10 0.25

H H H H b 0.13 0.25
D 4.80 5.00 1

di 0.31 0.51

d2 1.27 BSC

<] E 5.80 6.20 2

el 3.80 4.00

o1 K 0.40 1.27 3
Index Area kj kj H H v o 0 8

a2 G[05®)

i . e b
COAAAE b et ] A\
—

Notes:

1. Dimension D does not include mold flash, protrusions, or gate burrs. Moldoflashsions, or gate
burrs shall not exceed 0.15mm per end.

2. Dimension E does not include interlead flash. Interlead flash shall not ex2&enOper side.

3. Dimension k is the length of terminal for soldering to a substrate.

Figure 13. SOS8 Package Drawing

LB4 Configurable Dimming and Mixing Controller for White and RGB LEDs, Revision 1.1 Page 15 of 18
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5.4. Package Marking

5.4.1QFN20

20

Figure 14. QFN20 Package Marking

AHAAAAAR

5.4.25016

=~ HHHHHHHE

Figure 15. SO16 Package Marking

LB4 Configurable Dimming and Mixing Controller for White and RGB LEDs, Revision 1.1 Page 16 of 18
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5.4.3508

e’ HHHE

Figure 16. SO8 Package Marking

5.5. RoHS Compliance
All LB4 devices are compatible with the current RoHS requirements for all 6 substances, including the
requirement that lead not exceed 0.1% by weight in homogeneous materials. All LB4 devices are also free of
Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight in
homogeneous material).

LB4 Configurable Dimming and Mixing Controller for White and RGB LEDs, Revision 1.1 Page 17 of 18
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Important Notice

All product specifications and data are subject to change without notice. Light Based Technologies, Inc., its affilitgeandge
empl oyees, and all persons act i nglaimanyant al liability far dng errors, inaeduradie§ ( c o |
or incompleteness contained herein or in any other disclosure relating to any product.

LBT reserves the right to make corrections, modifications, enhancements, improvements, and other chapgetutdstand

services at any time and to discontinue any product or service without notice. Customers should obtain the latesfoetestion in

before placing orders and should verify that such information is current and complgmdbitts aresdl subj ect to LBTO6s
and conditions of sale supplied at the time of order acknowledgment. Except where mandated by government requiremerits, testin

all parameters of each product is not necessarily perforoB¥dassumes no liability for applicatierassistance or customer product

design. Customers are responsible for their products and applications using LBT components. To minimize the riskswigisociated
customer products and applications, customers should provide adequate design and ofetatargsa

LBT does not warrant or represent that any license, either express or implied, is granted under any LBT patent riditt, oagitrig
work right, or other LBT intellectual property right relating to any combination, machine, or process ilL®&hiphoducts or

services are usethformation published by LBT regarding thighrty products or services does not constitute a license from LBT to
use such products or services or a warranty or endorsement thereof. Use of such information mayicemsed@in a third party
under the patents or other intellectual property of the third party, or a license from LBT under the patents or otttealniedigerty

of LBT.

Reproduction of LBT information in LBT data books or data sheets is permisgiglé meproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Reproduction of this information vidth isltnat
unfair and deceptive business practice. LBT is not responsible orfieitslech alteredocumentation. Information of third parties
may be subject to additional restrictions.

Resale of LBT products or services with statements different from or beyond the parameters stated by LBT for that peodaet or
voids all expresand any implied warranties for the associated LBT product or service and is an unfair and deceptive business
practice. LBT is not responsible or liable for any such statements.

LBT products are not authorized for use in safatfical applications (suchs life support) where a failure of the LBT product would
reasonably be expected to cause severe personal injury or death. Buyers represent that they have all necessaryhexpaigtse in t
and regulatory ramifications of their applications, and ackedge and agree that they are solely responsible for all legal, regulatory
and safetyrelated requirements concerning their products and any use of LBT products in suchriafetyapplications,
notwithstanding any applicatiomelated information orupport thatmay be provided by LBT. Further, Buyers must fully indemnify
LBT and its representatives against any damages arising out of the use of LBT products in sucht&afedypplications.

LBT products are neither designed nor intended for usdlitary/aerospace applications or environments. Buyers acknowledge and
agree that any such use of LBT products is solely at the Buyer's risk, and that they are solely responsible for cortipbdinegaki

and regulatory requirements in connectiorhvgitich use. LBT products are neither designed nor intended for use in automotive
applications or environments. Buyers acknowledge and agree tihaty ifise any nedesignated products in automotive applications,
LBT will not be responsible for any faileto meet such requirements. LBT disclaims any arléhllity arising out of the use or
application of any product described herein or of any information provided herein to the maximum extent permitted by law.

The product specifications do not expamatherwise modify LBT'serms and conditions of purchase, including but not limited to the
warranty expressettherein, which may or may not apply to these products.

Product names and markings noted herein may be trademarks oé#ipeictive owners.
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