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RGB LED COLOR CONTROL BY MICROCONTROLLER

Parada Phommakul
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Abstract

This paper presents the RGB LED color control by Microcontroller. Show at
display board size 8x8 pixels. Controls the drive by TLC5921. The principle function is
Microcontroller to receive input. When the input to be processed to control signals for
color mixing. Then, Microcontroller will send a signal to control the color mixing to be
drivers for drivers send signal to control the color and brightness of the LED. The
cohtrol method of mixing colors by modifying the duty cycle and driving a static. To be
able to control the mixing of colors independent of each other. In addition, control of
color mixing in multi-color pixels with intensity levels. Bring to the development of

applications and places to be decorated with colorful, if desired.
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1. A0

191971 2.1 Absolute Maximum Rating 289&%13%

fa Feyanwol Angaga Wi
Forward Current /A 35 mA
Reverse Voltage v 5 174
Power Dissipation 2 123 mw
Operating Temperature ];pr -30 ~+85 Ve

A a H\a
®13191N 2.2 Initial Electrical/Optical Characteristics V838#1L3%

o duanwol | Gouly Typ. | fgega | wiae
Forward Voltage Ve I, =20[md] | (3.2) 8.5 1%
Reverse Current 'f A Ve =5[V] - 50 uA
Luminous Intensity By I, =20[mA] | (640) - med
Chromaticity Coordinate | x - I, =20[mA] | 0.133 - -
y - I, =20[mA] | 0.075 y .
2. ddw

15197 2.3 Absolute Maximum Rating 28987

fa sqyanwol Angaga Wi
Forward Current L 35 mA
Reverse Voltage 5 5 174
Power Dissipation i 126 mw
Operating Temperature I -30 ~+85 e




A19191 2.4 Initial Electrical/Optical Characteristics 2897187

12

fo Fudnwal | deuly Typ. | fgege | nihae
Forward Voltage Ve I, =20[mAd] | (3.2) 3.6 v
Reverse Current I Ve =5[V] 5 50 77!
Luminous Intensity iz I, =20[mA] | (2700) - med
Chromaticity Coordinate - I, =20[mA] | 0.189 - -
- I, =20[mA] | 0.718 - -
3. duas
m‘rwﬁ 2.5 Absolute Maximum Rating YBIRUA
fa syanwol fgaga Wiy
Forward Current Je 50 mA
Reverse Voltage Vi 5 75
Power Dissipation R} 125 mw
Operating Temperature /28, -30 ~+85 c
Gn‘i'm‘?; 2.6 Initial Electrical/Optical Characteristics YDIFUAY
fa dyanwal | Saula Typ. | fgega | wihe
Forward Voltage v I, =20[mA] (2.1) 25 v
Reverse Current B Ve =5[V] 7 50 uA
Chromaticity Coordinate - I, =20[mA4] | 0.700 - -
- I, =20[mA] | 0.299 - -
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Abstract

This paper presents the RGB LED color control by
Microcontroller. Show at display board size 8x8 pixels. Controls the
drive by TLC5921. The principle function is Microcontroller to receive
input. When the input to be processed to control signals for color
mixing. Then, Microcontroller will send a signal to control the color
mixing to be drivers for drivers send signal to control the color and
brightness of the LED. The control method of mixing colors by
modifying the duty cycle and driving a static. To be able to control the
mixing of colors independent of each other. In addition, control of color
mixing in multi-color pixels with intensity levels. Bring to the
development of applications and places to be decorated with colorful, if
desired.

Keyword: Static, Display, Pixel
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Nichia STS-DA1-0764A
<Cat.No.090924>

SPECIFICATIONS FOR NICHIA RED LED

MODEL : NSPR546JS

NICHIA CORPORATION



Nichia STS-DA1-0764A

<Cat.No.090924>
1.SPECIFICATIONS
(1) Absolute Maximum Ratings {Ta=25°C)
Item Symbol Absolute Maximum Rating Unit
Forward Current Ir 50 mA
Pulse Forward Current Irp 200 mA
Reverse Voltage VR 5 \
Power Dissipation PD 125 mW
Operating Temperature Topr -30~+ 85 2C
Storage Temperature Tstg -40 ~ +100 °C
Soldering Temperature Tsld 265°C for 10sec.
Irp Conditions Pulse Width < 10msec. and Duty <1/10
(2) Initial Electrical/Optical Characteristics (Ta=25°C)
Item Symbol | Condition Typ. Max. Unit
Forward Voltage VF IF=20[mA] (2.1) 26 NV
Reverse Current IR VR=5[V] - 50 HA
Chromaticity Coordinate - - =20 Al 9 300 - -
y - IF=20[mA] | 0.299 - -
* Forward Voltage Measurement allowance is = 0.05V.
% Please refer to CIE 1931 chromaticity diagram.
(3) Ranking (Ta=25°C)
Item Symbol | Condition Min. Max. Unit
Rank V 1410 2000
Luminous Intensity | Rank U Iv [F=20[mA] 1000 1410 mcd
Rank T 710 1000

* Luminous intensity value is traceable to the CIE 127:2007-compliant national standards.

* Luminous Intensity Measurement allowance is + 10%.

Color Rank (Ir=20mA,Ta=25°C)
Rank R
X 0.67 0.67 0.73 0.73
y 0.27 0.33 0.33 0.27

% Color Coordinates Measurement allowance is = 0.01.
* Basically, a shipment shall consist of the LEDs of a combination of the above ranks.

The percentage of each rank in the shipment shall be determined by Nichia.

2.INITIAL OPTICAL/ELECTRICAL CHARACTERISTICS

Please refer to “CHARACTERISTICS” on the following pages.

3.0UTLINE DIMENSIONS AND MATERIALS
Please refer to “OUTLINE DIMENSIONS” on the following page.

1.
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4 PACKAGING
- The LEDs are packed in cardboard boxes after packaging in anti-electrostatic bags.
Please refer to “PACKING” on the following pages.
The label on the minimum packing unit shows ; Part Number, Lot Number, Ranking, Quantity
- In order to protect the LEDs from mechanical shock, we pack them in cardboard boxes for transportation.
- The LEDs may be damaged if the boxes are dropped or receive a strong impact against them,
so precautions must be taken to prevent any damage.
- The boxes are not water resistant and therefore must be kept away from water and moisture.
- When the LEDs are transported, we recommend that you use the same packing method as Nichia.

5.LOT NUMBER
The first six digits number shows lot number.
The lot number is composed of the following characters;
OOXX XX - OO0
O - Year (8for2008, 9 for2009)
0 - Month (1forJan., 9 forSep., A forOct., B forNov.)
X XXX - Nichia's Product Number
OGO - Ranking by Color Coordinates, Ranking by Lumimous Intensity

2-
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<Cat.No0.090924>
6.RELIABILITY
(1) TESTITEMS AND RESULTS
Standard Number of
Test Item Test Method Test Conditions Note Damaged
Resistance to JEITA ED-4701 Tsld=260 = 5°C, 10sec. 1 time 0/50
Soldering Heat 300 302 3mm from the base of the epoxy bulb
Temperature Cycle JEITA ED-4701 | -40°C ~25°C~ 100°C ~25°C 100 cycles 0/50
100 105 30min. 5min. 30min. Smin.
Moisture Resistance Cyclic | JEITAED-4701 | 25°C ~ 65°C ~ -10°C 10 cycles 0/50
200203 90%RH 24hrs./Icycle
Terminal Strength JEITA ED-4701 | Load 5N (0.5kgf) Nonoticeable 0/50
(bending test) 400 401 0° ~90° ~ 0° bend 2 times damage
Terminal Strength JEITA ED-4701 | Load 10N (1kgf) Nonoticeable 0/50
(pull test) 400 401 10 =+ 1 sec. damage
High Temperature Storage JEITA ED-4701 | Ta=100°C 1000hrs. 0/50
200201
Temperature Humidity JEITA ED-4701 | Ta=60°C, RH=90% 1000hrs. 0/50
Storage 100 103
Low Temperature Storage JEITA ED-4701 | Ta=-40°C 1000hrs. 0/50
200 202
Steady State Operating Life Ta=25°C, IF=50mA 1000hrs. 0/50
Steady State Operating Life 60°C, RH=90%, IF=20mA 500hrs. 0/50
of High Humidity Heat
Steady State Operating Life Ta=-30°C, IF=20mA 1000hrs. 0/50
of Low Temperature

(2) CRITERIA FOR JUDGING DAMAGE

Criteria for Judgement
Item Symbol | Test Conditions Min. Max.
Forward Voltage VF [F=20mA - WSL.*)X 1.1
Reverse Current IR VR=5V - U.S.L.¥)X 2.0
Luminous Intensity Iv IF=20mA TISYL . **) %00 7 -

*) U.S.L. : Upper Standard Level

*#) L.S.L. : Lower Standard Level
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7.CAUTIONS
(1) Lead Forming

* When forming leads, the leads should be bent at a point at least 3mm from the base of the epoxy bulb.
Do not use the base of the leadframe as a fulcrum during lead forming.

- Lead forming should be done before soldering.

- Do not apply any bending stress to the base of the lead. The stress to the base may damage the LED"s
characteristics or it may break the LEDs.

* When mounting the LEDs onto a printed circuit board, the holes on the circuit board should be exactly
aligned with the leads of the LEDs. If the LEDs are mounted with stress at the leads, it causes
deterioration of the epoxy resin and this will degrade the LEDs.

(2) Storage

- The LEDs should be stored at 30°C or less and 70%RH or less after being shipped from Nichia and
the storage life limits are 3 months.  If the LEDs are stored for 3 months or more, they can be stored
for a year in a sealed container with a nitrogen atmosphere and moisture absorbent material.

- The lead part may be affected by environments which contain corrosive substances. Please avoid
conditions which may cause the LED to corrode, tarnish or discolor. This corrosion or discoloration
may cause difficulty during soldering operations. It is recommended that the LEDs be used as soon as
possible.

- Please avoid rapid transitions in ambient temperature, especially, in high humidity environments where
condensation can occur.

(3) Recommended circuit
- In designing a circuit, the current through each LED must not exceed the absolute maximum rating
specified for each LED. It is recommended to use Circuit B which regulates the current flowing
through each LED. In the meanwhile, when driving LEDs with a constant voltage in Circuit A, the
current through the LEDs may vary due to the variation in forward voltage (Vr) of the LEDs. In the
worst case, some LED may be subjected to stresses in excess of the absolute maximum rating.
S
() %

i ad

- This product should be operated in forward bias. A driving circuit must be designed so that the product
is not subjected to either forward or reverse voltage while it is off. In particular, if a reverse voltage is
continuously applied to the product, such operation can cause migration resulting in LED damage.

AN
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(4) Soldering Conditions
- Solder the LED no closer than 3mm from the base of the epoxy bulb.  Soldering beyond the base
of the tie bar is recommended.
- Recommended soldering conditions

Dip Soldering Hand Soldering
Pre-Heat 120°C Max. Temperature 350°C Max.
Pre-Heat Time 60 seconds Max. Soldering Time | 3 seconds Max.
Solder Bath 260°C Max. Position No closer than 3 mm from the
Temperature base of the epoxy bulb.

Dipping Time 10 seconds Max.
Dipping Position | No lower than 3 mm from the

base of the epoxy bulb.

- Although the recommended soldering conditions are specified in the above table, dip or hand
soldering at the lowest possible temperature is desirable for the LEDs.

- A rapid-rate process is not recommended for cooling the LEDs down from the peak temperature.

- Dip soldering should not be done more than one time.

- Hand soldering should not be done more than one time.

- Do not apply any stress to the lead particularly when heated.

- The LEDs must not be repositioned after soldering.

+ After soldering the LEDs, the epoxy bulb should be protected from mechanical shock or vibration until
the LEDs return to room temperature.

- Direct soldering onto a PC board should be avoided. = Mechanical stress to the resin may be caused
from warping of the PC board or from the clinching and cutting of the leadframes. ~ When it is
absolutely necessary, the LEDs may be mounted in this fashion but the customer will assume
responsibility for any problems.  Direct soldering should only be done after testing has confirmed that
no damage, such as wire bond failure or resin deterioration, will occur. ~ Nichia’s LEDs should not be
soldered directly to double sided PC boards because the heat will deteriorate the epoxy resin.

- When it is necessary to clamp the LEDs to prevent soldering failure, it is important to minimize
the mechanical stress on the LEDs.

- Cut the LED leadframes at room temperature.  Cutting the leadframes at high temperatures may
cause failure of the LED:s.

(5) Heat Generation
- Thermal design of the end product is of paramount importance.  Please consider the heat generation
of the LED when making the system design.  The coefficient of temperature increase per input
electric power is affected by the thermal resistance of the circuit board and density of LED
placement on the board, as well as other components. It is necessary to avoid intense heat generation
and operate within the maximum ratings given in this specification.
- The operating current should be decided after considering the ambient maximum temperature of LEDs.
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(6) Cleaning
- It is recommended that isopropy] alcohol be used as a solvent for cleaning the LEDs. When using
other solvents, it should be confirmed beforehand whether the solvents will dissolve the resin or not.
Freon solvents should not be used to clean the LEDs because of worldwide regulations.
- Do not clean the LEDs by the ultrasonic. When it is absolutely necessary, the influence of ultrasonic
cleaning on the LEDs depends on factors such as ultrasonic power and the assembled condition.
Before cleaning, a pre-test should be done to confirm whether any damage to the LEDs will occur.

(7) Safety Guideline for Human Eyes
- The International Electrical Commission (IEC) published in 2006 IEC 62471:2006 Photobiological

safety of lamps and lamp systems which includes LEDs within its scope. Meanwhile LEDs were
removed from the scope of the IEC 60825-1:2007 laser safety standard, the 2001 edition of which
included LED sources within its scope. However, keep in mind that some countries and regions have
adopted standards based on the IEC laser safety standard IEC 60825-1:2001 which includes LEDs
within its scope.
Following IEC 62471:2006, most of Nichia LEDs can be classified as belonging to either Exempt
Group or Risk Group 1.  Optical characteristics of a LED such as radiant flux, spectrum and light
distribution are factors that affect the risk group determination of the LED. Especially a high-power
LED, that emits light containing blue wavelengths, may be in Risk Group 2.
Great care should be taken when viewing directly the LED driven at high current or the LED with
optical instruments, which may greatly increase the hazard to your eyes.

(8) Others

- NSPR546JS complies with RoHS Directive.

- Care must be taken to ensure that the reverse voltage will not exceed the absolute maximum rating
when using the LEDs with matrix drive.

- Flashing lights have been known to cause discomfort in people; you can prevent this by taking
precautions during use.  Also, people should be cautious when using equipment that has had LEDs
incorporated into it.

- The LEDs described in this brochure are intended to be used for ordinary electronic equipment (such
as office equipment, communications equipment, measurement instruments and household appliances).
Consult Nichia’s sales staff in advance for information on the applications in which exceptional quality
and reliability are required, particularly when the failure or malfunction of the LEDs may directly
Jjeopardize life or health (such as for airplanes, aerospace, submersible repeaters, nuclear reactor
control systems, automobiles, traffic control equipment, life support systems and safety devices).

- The customer shall not reverse engineer by disassembling or analysis of the LEDs without having prior
written consent from Nichia.  'When defective LEDs are found, the customer shall inform Nichia
directly before disassembling or analysis.

- The formal specifications must be exchanged and signed by both parties before large volume purchase begins.

- The appearance and specifications of the product may be modified for improvement without notice.
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<Cat.No0.090924>
1.SPECIFICATIONS
(1) Absolute Maximum Ratings (Ta=25°C)
Item Symbol Absolute Maximum Rating Unit
Forward Current Ir 35 mA
Pulse Forward Current Irp 110 mA
Reverse Voltage VR 5 \
Power Dissipation Pp 126 mW
Operating Temperature Topr -30 ~+ 85 °C
Storage Temperature Tstg -40 ~+100 °C
Soldering Temperature Tsld 265°C  for 10sec.
Irp Conditions Pulse Width < 10msec. and Duty <1/10
(2) Initial Electrical/Optical Characteristics (Ta=25°C)
Item Symbol | Condition Typ. Max. Unit
Forward Voltage VF [F=20[mA] (3.2) 3.6 \
Reverse Current IR VR= 5[V] - 50 pA
Luminous Intensity Iv IF=20[mA] | (2700) - med
Chromaticity Coordinate & ~ S0 p 0480 = .
y - [F=20[mA] | 0.718 - -
> Forward Voltage Measurement allowance is = 0.05V.
% Luminous intensity value is traceable to the CIE 127:2007-compliant national standards.
* Please refer to CIE 1931 chromaticity diagram.
(3) Ranking (Ta=25°C)
Item Symbol | Condition Min. Max. Unit
Rank V 3420 4760
Luminous Intensity | Rank U Iv IF=20[mA] | 2380 3420 mced
Rank T 1710 2380

> Luminous Intensity Measurement allowance is = 10%.

Color Ranks (IF=20mA,Ta=25°C)
Rank GOe
X 0.156 | 0.127 | 0.159 | 0.203 | 0.222 | 0.184
y 0.676 | 0.733 | 0.750 | 0.750 | 0.688 | 0.690
Rank He
X 0.222 1:0.203 ]| 0249 | 0266 1:0.274
y 0.688 | 0.750 | 0.738 | 0.724 | 0.677

%k Color Coordinates Measurement allowance is £+ 0.01.

> Basically, a shipment shall consist of the LEDs of a combination of the above ranks.

The percentage of each rank in the shipment shall be determined by Nichia.

2.INITIAL OPTICAL/ELECTRICAL CHARACTERISTICS

Please refer to “CHARACTERISTICS” on the following pages.

-1=
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3.OUTLINE DIMENSIONS AND MATERIALS
Please refer to “OUTLINE DIMENSIONS” on the following page.

4 PACKAGING
- The LEDs are packed in cardboard boxes after packaging in anti-electrostatic bags.
Please refer to “PACKING” on the following pages.
The label on the minimum packing unit shows ; Part Number, Lot Number, Ranking, Quantity
- In order to protect the LEDs from mechanical shock, we pack them in cardboard boxes for transportation.
- The LEDs may be damaged if the boxes are dropped or receive a strong impact against them,
so precautions must be taken to prevent any damage.
- The boxes are not water resistant and therefore must be kept away from water and moisture.
- When the LEDs are transported, we recommend that you use the same packing method as Nichia.

5LO0T NUMBER
The first six digits number shows lot number-.
The lot number is composed of the following characters;
OOX XX X - OO0
O - Year (8for2008, 9 for2009)
O - Month (1forJan., 9 forSep., A forOct., B forNov.)
X XXX - Nichia's Product Number
OGO - Ranking by Color Coordinates, Ranking by Luminous Intensity
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<Cat.No0.090924>
6.RELIABILITY
(1) TEST ITEMS AND RESULTS
Standard Number of
Test Item Test Method Test Conditions Note Damaged
Resistance to JEITA ED-4701 | Tsld=260 + 5°C, 10sec. 1 time 0/50
Soldering Heat 300 302 3mm from the base of the epoxy bulb
Temperature Cycle JEITA ED-4701 | -40°C ~25°C ~ 100°C ~ 25°C 100 cycles 0/50
100 105 30min. Smin. 30min. Smin.
Moisture Resistance Cyclic | JEITA ED-4701 | 25°C ~65°C ~-10°C 10 cycles 0/50
200 203 90%RH 24hrs./1cycle
Terminal Strength JEITA ED-4701 | Load 5N (0.5kgf) No noticeable 0/50
(bending test) 400 401 0° ~ 90° ~ 0° bend 2 times damage
Terminal Strength JEITA ED-4701 | Load 10N (1kgf) Nonoticeable 0/50
(pull test) 400 401 10 + 1 sec. damage
High Temperature Storage | JEITA ED-4701 | Ta=100°C 1000hrs. 0/50
200 201
Temperature Humidity JEITA ED-4701 | Ta=60°C, RH=90% 1000hrs. 0/50
Storage 100 103
Low Temperature Storage JEITAED-4701 | Ta=-40°C 1000hrs. 0/50
200 202
Steady State Operating Life Ta=25°C, IF=35mA 1000hrs. 0/50
Steady State Operating Life 60°C, RH=90%, IF=20mA 500hrs. 0/50
of High Humidity Heat
Steady State Operating Life Ta=-30°C, IF=20mA 1000hrs. 0/50
of Low Temperature
(2) CRITERIA FOR JUDGING DAMAGE
Criteria for Judgement
Item Symbol | Test Conditions Min. Max.
Forward Voltage VF IF=20mA - US.L.*¥)X 1.1
Reverse Current IR VR=5V - U.S.L.*)X 2.0
Luminous Intensity Iv IF=20mA L.S.L.*¥*)X 0:7 -

*)U.S.L. : Upper Standard Level

**) L.S.L. : Lower Standard Level
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7.CAUTIONS
(1) Lead Forming

- When forming leads, the leads should be bent at a point at least 3mm from the base of the epoxy bulb.
Do not use the base of the leadframe as a fulcrum during lead forming.

- Lead forming should be done before soldering.

- Do not apply any bending stress to the base of the lead. The stress to the base may damage the LED’s
characteristics or it may break the LEDs.

- When mounting the LEDs onto a printed circuit board, the holes on the circuit board should be
exactly aligned with the leads of the LEDs. If the LEDs are mounted with stress at the leads,
it causes deterioration of the epoxy resin and this will degrade the LEDs.

(2) Storage

- The LEDs should be stored at 30°C or less and 70%RH or less after being shipped from Nichia and
the storage life limits are 3 months.  Ifthe LEDs are stored for 3 months or more, they can be
stored for a year in a sealed container with a nitrogen atmosphere and moisture absorbent material.

- The lead part may be affected by environments which contain corrosive substances. Please avoid
conditions which may cause the LED to corrode, tarnish or discolor. This corrosion or discoloration
may cause difficulty during soldering operations. It is recommended that the LEDs be used as soon as
possible.

- Please avoid rapid transitions in ambient temperature, especially, in high humidity environments where
condensation can occur.

(3) Recommended circuit
- In designing a circuit, the current through each LED must not exceed the absolute maximum rating
specified for each LED. It is recommended to use Circuit B which regulates the current flowing '
through each LED. In the meanwhile, when driving LEDs with a constant voltage in Circuit A, the
current through the LEDs may vary due to the variation in forward voltage (VF) of the LEDs. In the

worst case, some LED may be subjected to stresses in excess of the absolute maximum rating.
Pt

(B) 2

Z

- This product should be operated in forward bias. A driving circuit must be designed so that the product
is not subjected to either forward or reverse voltage while it is off. In particular, if a reverse voltage is
continuously applied to the product, such operation can cause migration resulting in LED damage.

o
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<Cat.No.090924>

(4) Static Electricity

- Static electricity or surge voltage damages the LEDs.

It is recommended that a wrist band or an anti-electrostatic glove be used when handling the LEDs.

- All devices, equipment and machinery must be properly grounded. It is recommended that precautions
be taken against surge voltage to the equipment that mounts the LEDs.

- When inspecting the final products in which LEDs were assembled, it is recommended to check
whether the assembled LEDs are damaged by static electricity or not. It is easy to find
static-damaged LEDs by a light-on test or a VF test at a lower current (below 1mA is recommended).

- Damaged LEDs will show some unusual characteristics such as the leak current remarkably
increases, the forward voltage becomes lower, or the LEDs do not light at the low current.

Criteria : (VF>2.0V at IF=0.5mA)

(5) Soldering Conditions
- Solder the LED no closer than 3mm from the base of the epoxy bulb.  Soldering beyond the base
of the tie bar is recommended.
- Recommended soldering conditions

Dip Soldering Hand Soldering
Pre-Heat 120°C Max. Temperature 350°C Max.
Pre-Heat Time 60 seconds Max. Soldering Time | 3 seconds Max.
Solder Bath 260°C Max. Position No closer than 3 mm from the
Temperature base of the epoxy bulb.

Dipping Time 10 seconds Max.
Dipping Position | No lower than 3 mm from the

base of the epoxy bulb.

- Although the recommended soldering conditions are specified in the above table, dip or hand
soldering at the lowest possible temperature is desirable for the LEDs.

- A rapid-rate process is not recommended for cooling the LEDs down from the peak temperature.

- Dip soldering should not be done more than one time.

- Hand soldering should not be done more than one time.

- Do not apply any stress to the lead particularly when heated.

- The LEDs must not be repositioned after soldering.

- After soldering the LEDs, the epoxy bulb should be protected from mechanical shock or vibration until
the LEDs return to room temperature.

- Direct soldering onto a PC board should be avoided. = Mechanical stress to the resin may be caused
from warping of the PC board or from the clinching and cutting of the leadframes. =~ When it is
absolutely necessary, the LEDs may be mounted in this fashion but the customer will assume
responsibility for any problems.  Direct soldering should only be done after testing has confirmed that
no damage, such as wire bond failure or resin deterioration, will occur.  Nichia’s LEDs should not be
soldered directly to double sided PC boards because the heat will deteriorate the epoxy resin.

- When it is necessary to clamp the LEDs to prevent soldering failure, it is important to minimize
the mechanical stress on the LEDs.

- Cut the LED leadframes at room temperature.  Cutting the leadframes at high temperatures may
cause failure of the LEDs.

sl
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(6) Heat Generation
- Thermal design of the end product is of paramount importance. ~ Please consider the heat generation
of the LED when making the system design.  The coefficient of temperature increase per input
electric power is affected by the thermal resistance of the circuit board and density of LED
placement on the board, as well as other components. It is necessary to avoid intense heat generation
and operate within the maximum ratings given in this specification.
- The operating current should be decided after considering the ambient maximum temperature of LEDs.

(7) Cleaning
- It is recommended that isopropy1 alcohol be used as a solvent for cleaning the LEDs. When using
other solvents, it should be confirmed beforehand whether the solvents will dissolve the resin or not.
Freon solvents should not be used to clean the LEDs because of worldwide regulations.
- Do not clean the LEDs by the ultrasonic. When it is absolutely necessary, the influence of ultrasonic
cleaning on the LEDs depends on factors such as ultrasonic power and the assembled condition.
Before cleaning, a pre-test should be done to confirm whether any damage to the LEDs will occur.

(8) Safety Guideline for Human Eyes
- The International Electrical Commission (IEC) published in 2006 IEC 62471:2006 Photobiological

safety of lamps and lamp systems which includes LEDs within its scope. Meanwhile LEDs were
removed from the scope of the IEC 60825-1:2007 laser safety standard, the 2001 edition of which
included LED sources within its scope. However, keep in mind that some countries and regions have
adopted standards based on the IEC laser safety standard IEC 60825-1:2001 which includes LEDs
within its scope.
Following IEC 62471:2006, most of Nichia LEDs can be classified as belonging to either Exempt
Group or Risk Group 1. Optical characteristics of a LED such as radiant flux, spectrum and light
distribution are factors that affect the risk group determination of the LED. Especially a high-power
LED, that emits light containing blue wavelengths, may be in Risk Group 2.
Great care should be taken when viewing directly the LED driven at high current or the LED with
optical instruments, which may greatly increase the hazard to your eyes.
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(9) Others

- NSPG546HS complies with RoHS Directive.

- Care must be taken to ensure that the reverse voltage will not exceed the absolute maximum rating
when using the LEDs with matrix drive.

- Flashing lights have been known to cause discomfort in people; you can prevent this by taking
precautions during use.  Also, people should be cautious when using equipment that has had LEDs
incorporated into it.

- The LEDs described in this brochure are intended to be used for ordinary electronic equipment (such
as office equipment, communications equipment, measurement instruments and household appliances).
Consult Nichia’s sales staff in advance for information on the applications in which exceptional quality
and reliability are required, particularly when the failure or malfunction of the LEDs may directly
Jjeopardize life or health (such as for airplanes, aerospace, submersible repeaters, nuclear reactor
control systems, automobiles, traffic control equipment, life support systems and safety devices).

- The customer shall not reverse engineer by disassembling or analysis of the LEDs without having prior
written consent from Nichia.  When defective LEDs are found, the customer shall inform Nichia
directly before disassembling or analysis.

- The formal specifications must be exchanged and signed by both parties before large volume purchase begins.

- The appearance and specifications of the product may be modified for improvement without notice.

i,
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Nichia STS-DA1-0760A

<Cat.No0.090924>
1.SPECIFICATIONS
(1) Absolute Maximum Ratings (Ta=25°C)
Item Symbol Absolute Maximum Rating Unit
Forward Current Ir 35 mA
Pulse Forward Current Irp 110 mA
Reverse Voltage VR 5 v
Power Dissipation Pp 123 mW
Operating Temperature Topr -30~+ 85 °C
Storage Temperature Tstg -40 ~ +100 °C
Soldering Temperature Tsld 265°C  for 10sec.
Irp Conditions : Pulse Width < 10msec. and Duty <1/10
(2) Initial Electrical/Optical Characteristics (Ta=25°C)
Item Symbol | Condition Typ. Max. Unit
Forward Voltage VF IF=20[mA] (3.2) 3.5 \
Reverse Current IR VR=5[V] - 50 pA
Luminous Intensity Iv IF=20[mA] | (640) - med
Chromaticity Coordinate = - 120t 0323 - X
y - I[F=20[mA] | 0.075 - -
* Forward Voltage Measurement allowance is + 0.05V.
* Luminous intensity value is traceable to the CIE 127:2007-compliant national standards.
% Please refer to CIE 1931 chromaticity diagram.
(3) Ranking (Ta=25°C)
Item Symbol | Condition Min. Max. Unit
Rank V 980 1390
Luminous Intensity | Rank U Iv IF=20[mA] 690 980 mcd
Rank T 480 690

* Luminous Intensity Measurement allowance is = 10%.

Color Rank (IF=20mA,Ta=25°C)
Rank W
X 0.11 0.11 0.15 0.15
y 0.04 0.10 0.10 0.04

% Color Coordinates Measurement allowance is + 0.01.

¢ Basically, a shipment shall consist of the LEDs of a combination of the above ranks.
The percentage of each rank in the shipment shall be determined by Nichia.

2.INITIAL OPTICAL/ELECTRICAL CHARACTERISTICS
Please refer to “CHARACTERISTICS” on the following pages.

3.0UTLINE DIMENSIONS AND MATERIALS
Please refer to “OUTLINE DIMENSIONS” on the following page.

-1-



4. PACKAGING

Nichia STS-DA1-0760A
<Cat.No.090924>

- The LEDs are packed in cardboard boxes after packaging in anti-electrostatic bags.
Please refer to “PACKING” on the following pages.
The label on the minimum packing unit shows ; Part Number, Lot Number, Ranking, Quantity
- In order to protect the LEDs from mechanical shock, we pack them in cardboard boxes for transportation.
- The LEDs may be damaged if the boxes are dropped or receive a strong impact against them,
so precautions must be taken to prevent any damage.
- The boxes are not water resistant and therefore must be kept away from water and moisture.
- When the LEDs are transported, we recommend that you use the same packing method as Nichia.

5.LOT NUMBER

The first six digits number shows lot number.
The lot number is composed of the following characters;

OfXx XX - OO0

O
s
XXXX -

OOO -

Year (8 for 2008, 9 for2009)

Month (1 forJan., 9 forSep., A for Oct., B forNov.)
Nichia's Product Number

Ranking by Color Coordinates, Ranking by Luminous Intensity



Nichia STS-DA1-0760A

<Cat.No0.090924>
6.RELIABILITY
(1) TEST ITEMS AND RESULTS
Standard Number of
Test Item Test Method Test Conditions Note Damaged
Resistance to JEITAED-4701 | Tsld=260 + 5°C, 10sec. 1 time 0/50
Soldering Heat 300 302 3mm from the base of the epoxy bulb
Temperature Cycle JEITAED-4701 | -40°C~ 25°C ~ 100°C ~ 25°C 100 cycles 0/50
100 105 30min. Smin. 30min. 5min.
Moisture Resistance Cyclic | JEITA ED-4701 | 25°C ~ 65°C ~-10°C 10 cycles 0/50
200 203 90%RH 24hrs./1cycle
Terminal Strength JEITA ED-4701 | Load 5N (0.5kgf) No noticesble 0/50
(bending test) 400 401 0°~90° ~0° bend 2 times damage
Terminal Strength JEITA ED-4701 | Load 10N (1kgf) No noticezble 0/50
(pull test) 400 401 10 + 1 sec. damage
High Temperature Storage | JEITA ED-4701 | Ta=100°C 1000hrs. 0/50
200 201
Temperature Humidity JEITAED-4701 | Ta=60°C, RH=90% 1000hrs. 0/50
Storage 100 103
Low Temperature Storage JEITA ED-4701 | Ta=-40°C 1000hrs. 0/50
200 202
Steady State Operating Life Ta=25°C, IF=35mA 1000hrs. 0/50
Steady State Operating Life 60°C, RH=90%, IF=20mA 500hrs. 0/50
of High Humidity Heat
Steady State Operating Life Ta=-30°C, IF=20mA 1000hrs. 0/50
of Low Temperature

(2) CRITERIA FOR JUDGING DAMAGE

Criteria for Judgement
Item Symbol | Test Conditions Min. Max.
Forward Voltage VF [F=20mA - US.L.*)X 1.1
Reverse Current IR VR=5V - US.L.¥)X 2.0
Luminous Intensity Iv IF=20mA L.S.L.**)X 0.7 -

*) U.S.L. : Upper Standard Level

*%¥) L.S.L. : Lower Standard Level
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Nichia STS-DAI1-0760A
<CatNo.090924>

7.CAUTIONS
(1) Lead Forming

- When forming leads, the leads should be bent at a point at least 3mm from the base of the epoxy bulb.
Do not use the base of the leadframe as a fulcrum during lead forming.

- Lead forming should be done before soldering.

- Do not apply any bending stress to the base of the lead. The stress to the base may damage the LED’s
characteristics or it may break the LEDs.

- When mounting the LEDs onto a printed circuit board, the holes on the circuit board should be
exactly aligned with the leads of the LEDs. If the LEDs are mounted with stress at the leads,
it causes deterioration of the epoxy resin and this will degrade the LEDs.

(2) Storage

- The LEDs should be stored at 30°C or less and 70%RH or less after being shipped from Nichia and
the storage life limits are 3 months.  If the LEDs are stored for 3 months or more, they can be
stored for a year in a sealed container with a nitrogen atmosphere and moisture absorbent material.

- The lead part may be affected by environments which contain corrosive substances. Please avoid
conditions which may cause the LED to corrode, tarnish or discolor. This corrosion or discoloration
may cause difficulty during soldering operations. It is recommended that the LEDs be used as soon as
possible.

- Please avoid rapid transitions in ambient temperature, especially, in high humidity environments where
condensation can occur.

(3) Recommended circuit
- In designing a circuit, the current through each LED must not exceed the absolute maximum rating
specified for each LED. It is recommended to use Circuit B which regulates the current flowing
through each LED. In the meanwhile, when driving LEDs with a constant voltage in Circuit A, the
current through the LEDs may vary due to the variation in forward voltage (VF) of the LEDs. In the

worst case, some LED may be subjected to stresses in excess of the absolute maximum rating.
475

(®) %

v

- This product should be operated in forward bias. A driving circuit must be designed so that the product
is not subjected to either forward or reverse voltage while it is off. In particular, if a reverse voltage is
continuously applied to the product, such operation can cause migration resulting in LED damage.
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(4) Static Electricity

- Static electricity or surge voltage damages the LEDs.

It is recommended that a wrist band or an anti-electrostatic glove be used when handling the LEDs.

- All devices, equipment and machinery must be properly grounded. It is recommended that precautions
be taken against surge voltage to the equipment that mounts the LEDs.

- When inspecting the final products in which LEDs were assembled, it is recommended to check
whether the assembled LEDs are damaged by static electricity or not. It is easy to find
static-damaged LEDs by a light-on test or a VF test at a lower current (below 1mA is recommended).

- Damaged LEDs will show some unusual characteristics such as the leak current remarkably
increases, the forward voltage becomes lower, or the LEDs do not light at the low current.

Criteria: (VF >2.0V at IF=0.5mA)

(5) Soldering Conditions
- Solder the LED no closer than 3mm from the base of the epoxy bulb.  Soldering beyond the base
of the tie bar is recommended.
- Recommended soldering conditions

Dip Soldering Hand Soldering
Pre-Heat 120°C Max. Temperature 350°C Max.
Pre-Heat Time 60 seconds Max. Soldering Time 3 seconds Max.
Solder Bath 260°C Max. Position No closer than 3 mm fromthe
Temperature base of the epoxy bulb.

Dipping Time 10 seconds Max.
Dipping Position | No lower than 3 mm from the

base of the epoxy bulb.

- Although the recommended soldering conditions are specified in the above table, dip or hand
soldering at the lowest possible temperature is desirable for the LEDs.

- A rapid-rate process is not recommended for cooling the LEDs down from the peak temperature.

- Dip soldering should not be done more than one time.

- Hand soldering should not be done more than one time.

- Do not apply any stress to the lead particularly when heated.

- The LEDs must not be repositioned after soldering.

- After soldering the LEDs, the epoxy bulb should be protected from mechanical shock or vibration until
the LEDs return to room temperature.

- Direct soldering onto a PC board should be avoided. = Mechanical stress to the resin may be caused
from warping of the PC board or from the clinching and cutting of the leadframes. =~ When it is
absolutely necessary, the LEDs may be mounted in this fashion but the customer will assume
responsibility for any problems.  Direct soldering should only be done after testing has confirmed that
no damage, such as wire bond failure or resin deterioration, will occur.  Nichia’s LEDs should not be
soldered directly to double sided PC boards because the heat will deteriorate the epoxy resin.

- When it is necessary to clamp the LEDs to prevent soldering failure, it is important to minimize
the mechanical stress on the LEDs.

- Cut the LED leadframes at room temperature.  Cutting the leadframes at high temperatures may
cause failure of the LEDs.

-5-
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(6) Heat Generation
- Thermal design of the end product is of paramount importance.  Please consider the heat generation
of the LED when making the system design. The coefficient of temperature increase per input
electric power is affected by the thermal resistance of the circuit board and density of LED
placement on the board, as well as other components. It is necessary to avoid intense heat generation
and operate within the maximum ratings given in this specification.
- The operating current should be decided after considering the ambient maximum temperature of LEDs.

(7) Cleaning
- It is recommended that isopropyl alcohol be used as a solvent for cleaning the LEDs. When using
other solvents, it should be confirmed beforehand whether the solvents will dissolve the resin or not.
Freon solvents should not be used to clean the LEDs because of worldwide regulations.
- Do not clean the LEDs by the ultrasonic. When it is absolutely necessary, the influence of ultrasonic
cleaning on the LEDs depends on factors such as ultrasonic power and the assembled condition.
Before cleaning, a pre-test should be done to confirm whether any damage to the LEDs will occur.

(8) Safety Guideline for Human Eyes

- The International Electrical Commission (IEC) published in 2006 IEC 62471:2006 Photobiological
safety of lamps and lamp systems which includes LEDs within its scope. Meanwhile LEDs were
removed from the scope of the IEC 60825-1:2007 laser safety standard, the 2001 edition of which
included LED sources within its scope. However, keep in mind that some countries and regions have
adopted standards based on the IEC laser safety standard IEC 60825-1:2001 which includes LEDs
within its scope. :
Following IEC 62471:2006, most of Nichia LEDs can be classified as belonging to either Exempt
Group or Risk Group 1.  Optical characteristics of a LED such as radiant flux, spectrum and light
distribution are factors that affect the risk group determination of the LED. Especially a high-power
LED, that emits light containing blue wavelengths, may be in Risk Group 2.
Great care should be taken when viewing directly the LED driven at high current or the LED with
optical instruments, which may greatly increase the hazard to your eyes.
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(9) Others

- NSPB546HS complies with RoHS Directive.

- Care must be taken to ensure that the reverse voltage will not exceed the absolute maximum rating
when using the LEDs with matrix drive.

- Flashing lights have been known to cause discomfort in people; you can prevent this by taking
precautions during use.  Also, people should be cautious when using equipment that has had LEDs
incorporated into it.

- The LEDs described in this brochure are intended to be used for ordinary electronic equipment (such
as office equipment, communications equipment, measurement instruments and household appliances).
Consult Nichia’s sales staff in advance for information on the applications in which exceptional quality
and reliability are required, particularly when the failure or malfunction of the LEDs may directly
jeopardize life or health (such as for airplanes, aerospace, submersible repeaters, nuclear reactor
control systems, automobiles, traffic control equipment, life support systems and safety devices).

- The customer shall not reverse engineer by disassembling or analysis of the LEDs without having prior
written consent from Nichia. = When defective LEDs are found, the customer shall inform Nichia
directly before disassembling or analysis.

- The formal specifications must be exchanged and signed by both parties before large volume purchase begins.

- The appearance and specifications of the product may be modified for improvement without notice.
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TLC5921
LED DRIVER

SLLS390— SEPTEMBER 1999

Drive Capability and Output Counts

— 80 mA (Current Sink) x 16 Bits

Constant Current Output Range

— 1 to 80 mA (Current Value Setting for All
Output Terminals Using External Resistor)

Constant Current Accuracy

— £1% (Typ)

— +4% (Max) (Maximum Error Between
Bits, All Bits On)

Voltage Applied to Constant Current Output

Terminal

— Minimum 0.6 V (Output Current 40 mA)

— Minimum 1V (Output Current 80 mA)

Data Input

— Clock Synchronized 1 Bit Serial Input

Data Output

— Clock Synchronized 1 bit Serial Output
(With Timing Selection)

Input/Output Signal Level . .. CMOS Level

Power Supply Voltage . .. 4.5V to 5.5V

Maximum Output Voltage . .. 17 V (Max)

Data Transfer Rate . . . 20 MHz (Max)

Operating Free-Air Temperature Range

—20°C to 85°C

Available in 32 Pin HTSSOP DAP Package

(Pp=3.9 W,

Ta = 25°C)

LOD Function . .. LED Open Detection

(Error Signal Output at LED Disconnection)

TSD Function . .. Thermal Shutdown (Turn

Output Off When Junction Temperature
Exceeds Limit)

description

A

DAP PACKAGE
(TOP VIEW)
GND 1 ) 32 :| vCcC
BLANK [} 2 31[] IREF
XLAT [} 3 30{] SOMODE
SCLK [} 4 29]] XDOWN
SIN[l5 28] SOUT
PGND [} 6 27[] PGND
ouTo[i7 26[] OUT15
OuUT1[}s 25[] OUT14
PGND [} 9 2411 PGND
OuT2[{10 23] OUTI3
OuT3[l11  22f] OUT12
OuT4[j12  21fJ oUT11
ouTts[j13  20f] ouTIO
PGND E 14 19[] PGND
outefl1s  18f] ouTY
outrfjie  17lJ ouTs

The TLC5921 is a current-sink constant current driver incorporating shift register and data latch. The current
value at constant current output can be set by one external register. The device also incorporates thermal
shutdown (TSD) circuitry which turns constant current output off when the junction temperature exceeds the
limit, and LED open detection (LOD) circuitry to report the LED was disconnected.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of
Products

publicalmdate.
wﬂummspeurmmmpaﬂwmmof

testing of all paramelers.

s “2" TeExas
INSTRUMENTS

Copyright © 1999, Texas Instruments Incomporated

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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functional block diagram

-
vccC

16 bits

Shift Register

100 kQ

16 bits
Data Latch

16 bits Constant Current Driver
and

%

XLAT 4:} T
é
:

Timing Selector

LED Disconnection detection TSD
OUTO eeeee® OQUT15
i3
TEXAS
INSTRUMENTS

XDOWN
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equivalent input and output schematic diagrams

Input (except SCLK) Input (SCLK)

vce ® VCC

INPUT = INPUT

GND - ¢ - GND
h

SouT

b g vcc

—hﬂ QUTPUT

GND

XDOWN

9 XDOWN

* —o GND
P

OUTn

¢ OUTn

GND

‘Q‘ TEXAS
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Terminal Functions

e 1o DESCRIPTION
NAME NO.

SIN 5 1 1 bit serial data input

SOUT 28 (@] 1 bit serial data output
Clock input for data transfer. All the data in the shift register is shifted to MSB by 1 bit

SCLK 4 | synchronizing tothe rising edge of SCLK, and data at SINis shifted to LSB at the same time.
(Schmitt buffer input)
Latch. When XLAT is high, data on shift register goes through latch. When XLAT is low, data

XLAT 3 I is latched. Accordingly, if data on shift register is changed during XLAT high, this new value
is latched (level latch). This terminal is internally pulled down with 100kQ.
Timing select for serial data output. When SOMODE is low, output data on SOUT is changed

SOMODE 30 l synchronizing to the rising edge of SCLK. When SOMODE is high, output data on SOUT
is changed synchronizing to the falling edge of SCLK.

7.8,10,11,12,13,
OUT0 - 0UT15 15,16,17,18,20, (o] Constant current output.
21,22,23,25,26

Blank(Light off). When BLANK is high, all the output of constant current driver is tumed off.

BLANK 2 1 When BLANK is low and data written to latch is 1, the corresponding constant current output
turns on (LED on). This terminal is internally pulled up with 100k
Constant current value setting. LED current is set to desired value by connecting external

IREF 3 I resistor between IREF and GND. The 38 times current compared to current across extemal
resistor sink on output terminal.

XDOWN 29 o Error' output. XDOWN is configured as open collector. It goes low when TSD or LOD
functions.

vCC 32 Power supply voltage

GND 1 Ground

PGND 6,9,14,19,24,27 Ground for LED driver. (Internally connected to GND)

THERMAL PAD package bottom Heat sink pad. This pad is connected to the lowest potential to IC or thermal layer.

absolute maximum ratings (see Note 1)f

Supply voltage, V¢
Output current (dc), |O(LC)
Input voltage range, V,

Output voltage range, VosouT). VOXDOWN)

Output voltage range, VoouTn)
Storage temperature range, Tgt,

Continuous total power dissipation at (or below) Ty = 25°C
Power dissipation rating at (or above) Tp = 25°C

-03Vto7V
90 mA
—-03VtoVgc+03V
................................. -03VtoVgc+ 03V
.................................................... -03Vio18YV
................................................... -40°C to 150°C
39w
31.4 mW/°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to GND terminal.

‘!? TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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recommended operating conditions

dc characteristics

PARAMETER CONDITIONS MIN NOM MAX UNIT
Supply voltage, Vcc 45 5 5.5 v
Voltage applied to constant current output, Vg OUTO to OUT15 off 17 Vv
High-level input voltage, ViH 0.8vCcC vCC v
Low-level input voltage, V)i GND 0.2vCC Vv
High-level output current, IoH Vee =45V, SOUuT -1 ik
Low-level output current, Io|_ Vce =45V, SOUT, XDOWN 1
Constant output current, lo(_c) OUTO to OUT15 80| mA
Operating free-air temperature range, Ta -20 85 °C
ac characteristics, MIN/MAX: Vgc =4.5V to 5.5 V, Tp =-20 to 85°C
TYP: Vcc =5 V, Ta = 25°C (unless otherwise noted)
PARAMETER CONDITIONS MIN  TYP MAX | UNIT
fscLk  SCLK clock frequency Al prporon 2 MHz
At cascade operation (SOMODE = L) 15
twhitwl SCLK pulse duration 20 ns
twh XLAT pulse duration 10 ns
trl/t Rise/fall time .100 ns
SIN — SCLK 5
tsu Setup time ns
XLAT - SCLK 5
SIN — SCLK 20
th Hold time ns
XLAT - SCLK 20

"9 TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265
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electrical characteristics, MIN/MAX: Voo = 4.5V t0o 5.5V, Ta =— 20 to 85°C
TYP: Vge =5V, Tp = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
; V,
VoH High-level output voltage loH=-1mA —O%\C/ \'
VoL Low-level output voltage loL=1mA 0.5 v
I Input current V| =V or GND (except BLANK, XLAT) £1 pA
Input signal is static, Vo =1V, 3 45
R(REF)=10kQ,  All output bits turn off ;
Input signal is static, Vo =1V 7 9
RIREF =1300Q,  All output bits tumn off
Input signal is static, Vo =1V,
lcc CHA R(IREF) =640,  All output bits turn off i 1515 oA
Data transfer, Vo=1YV, 15 20
R(IREF) = 1300 Q, Al output bits tun on
Data transfer, Vo=1V, 35 50
R(OREF)=640Q,  Alloutput bits tum on
loL(c1) Constant output current Vo=1V, R(REF) = 1300 Q 35 40 451 mA
loL(c2) Constant output current Vo=1V R(REF) =640 Q 70 80 90| mA
OUTO to OUT15 =15V 0.1
likg Constant output leakage current YouTn) ) BA
XDOWN (5V pullup) 1 HA
. vo=1vV, R(REF) =640 0
Alo(Le) Constant output current error between bit All output bits turn on +1 t4 %
Changes in constant output current N =
13o(LCt) depend on supply voltage Vief= 13V 1 t4 | %V
Changes in constant output current Vo=1Vto 3V, R(REF)= 13002,
'Ao(ch) depend on output voltage Vief= 1.3V, 1 bit output turn on 3 £a ] el
Tltsd) TSD detection temperature Junction temperature 150 160 170 °C
Vref Reference voltage R(IREF) = 640 Q 1.3 \'
V(LEDDET) LED disconnection detection voltage 0.3 \
switching characteristics, C_= 15 pF
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
S SouT 15 20
t Rise time ; ns
OUTn (see Figure 1) 300
o SOuUT 5 15
tf Fall time ns
OUTn 300
BLANKT — OUTn 400 650
BLANK!{ — OUTn 300 400
tpd Propagation delay time BLANKT — XDOWN (see Note 2) 600 1000 ns
BLANK! — XDOWN (see Note 2) 500 1000
SCLK - SOUT 10 20 35

NOTE 2: At external resistor 5 kQ
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TLC5921
LED DRIVER

SLLS390— SEPTEMBER 1899

PARAMETER MEASUREMENT INFORMATION

Vece
510
Vece
IREF OUTn
1300 Q GND 15 pF

}

Figure 1. Rise Time and Fall Time Test Circuit for OUTn

100% S > ViH or VOH 100% ViH or VoH
90% IR LB | i
50% — NN
e ; |
0% —1——F = + ViL or VoL 0% l ViL or VoL
08 7 M |
p————’:— td1
|
100% ViH 100% : V4 orVoH
50% S0ea ¥  N\=A
0% Vi 0% ViLorVoL

Figure 2. Timing Requirements
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TLC5921
LED DRIVER

SLLS390- SEPTEMBER 1999

PRINCIPLES OF OPERATION

setting for constant output current value

The constant current value is determined by external resistor, R(jrer) between IREF and GND. Refer constant
output current characteristics shown on Figure 5 for this external resistor value.

Note that more current flows if connect IREF to GND directly.

constant output current operation

When BLANK is low, the corresponding output is turned on if data latch value is 1, and turned off if data latch
value is 0. When BLANK is high, all outputs are forced to turn off. If there is constant current output terminal
left unconnected (includes LED disconnection), it should be lighted on after writing zero to corresponding data
latch to its output. If this operation is not done, supply current through constant current driver will increase.

shift register latch

The shift register latch is configured with 16 x 1 bits. The 1 bit for constant current output data represents ON
for constant current output if data is 1, or OFF if data is 0. The configuration of shift register latch is shown in
below.

Data Latch
ouT15 ouT14 ouT1 ouTo
XLATCH —P> Data Data Data Data
(1 bits) (1 bits) (1 bits) (1 bits)
Shift Register
4— SCLK
SOUT ¢ 16 15 2 1
§— SIN

Figure 3. Relationship Between Shift Register and Latch

SOUT output timing selection

By setting level of SOMODE, the SOUT output timing can be changed. When SOMODE is set to low, data is
clocked out to SOUT synchronized on the rising edge of SCLK, and when SOMODE is set to high, data is
clocked out to SOUT synchronized on the falling edge of SCLK. When SOMODE is set to high and shift
operation is done, the data shift error can be prevented even though SCLK signal is externally buffered in serial.
Note that the maximum data transfer rate in cascade operation is slower than that when SMODE is set to low.

TSD (thermal shutdown)

When the junction temperature exceeds the limit, TSD starts to function and turn constant current output offand
XDOWN goes low. Since XDOWN is configured with open-collector output, the outputs of multiple ICs can be
concatenated. To recover from constant current output off-state to normal operation, power supply should be
turned off and then turned on after several seconds.

“9 TeExAs
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TLC5921
LED DRIVER

SLLS390—~ SEPTEMBER 1939

PRINCIPLES OF OPERATION

LOD function (LED open detection)

If any terminal voltage of constant current output (OUTO TO 15) to be turned on is approximately below 0.3 V,
XDOWN output goes low during output on by knowing LED disconnection. This function is operational for
sixteen OUTn individually. To know which constant current output is disconnected, the level of XDOWN is
repeatedly checked 16 times from OUTO to OUT15 turning one constant current output on. The power supply
voltage for LED should be set to that the constant current output is applied to above 0.4 V to prevent from
XDOWN low when LED is lighting on normally. Note that on-time should be minimum1ps after the constant
current output is turned on since XDOWN output is required approximately 1 ps.

As discussed earlier, XDOWN is used for both TSD and LOD function. Therefore, BLANK is used to know which
one of TSD or LOD worked when XDOWN went low at LED disconnection, that is, in this condition, when set
BLANK o high, all the constant current outputs are turned off and LOD disconnection detection is disabled, then,
if XDOWN was changed to high, LED disconnection must be occurred.

Table 1is an example for XDOWN output status using four LEDs.
Table 1. XDOWN Output Example

LED NUMBER 1 2 3 4
LED STATUS GOOD NG GOOD NG
OUTn ON ON ON ON
DETECTION RESULT GOOD NG GOOD NG
XDOWN LOW (by case 2, 4)
LED NUMBER 1 2 3 4
LED STATUS GOOD NG GOOD NG
OUTn ON ON OFF OFF
DETECTION RESULT GOOD NG GOOD GOOD
XDOWN LOW (by case 2)
LED NUMBER 1 2 3 4
LED STATUS GOOD NG GOOD NG
OUTn OFF OFF OFF OFF
DETECTION RESULT GOOD GOOD GOOD GOOD
XDOWN2 HIGH-IMPEDANCE

noise reduction : output slope

When output currentis 80 mA, the time to change constant current output to turn-on and turn-offis approximately
150 ns and 250 ns respectively. This allows to reduce concurrent switching noise occurred when multiple
outputs turn or off at the same time.

thermal pad

Thethermal pad should be connected to GND to eliminate the noise influence since itis connected to the bottom
side of IC chip. Also, desired thermal effect will be obtained by connecting this pad to the PCB pattern with better
thermal conductivity.

“.’f TEXAs
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TLC5921
LED DRIVER

SLLS390 - SEPTEMBER 1999

PRINCIPLES OF OPERATION

power rating — free-air temperature

>

= 1
! g

c

S £
% 39 32 5
o (&)
7] R
° g
a ®
'n;a 5
= e
o 20 1.48 2
I ©
2 =
2 s
' h
a 5
o o
. N =3

S o o

0 0

-20 0 25 85
TA - Free—Air Temperature — °C

NOTES: A. Thedatais based on simulation result. When Tf recommended print circuit board is used, derate linearly atthe rate of 31.4 mW/°C
for operation above 25°C free-air temperature. VCC=5V, lo(Lc) =80 mA, Icc is typical value.
B. The thermal impedance will be varied depend on mounting conditions. Since PZP package established low thermal impedance by
radiating heat from thermal pad, the thermal pad should be soldered to pattern with low thermal impedance.
C. Thematerial for PCB should be selected considering the thermal characteristics since the temperature will rise around the thermal
pad.

Figure 4. Power Rating
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TLC5921
LED DRIVER

SLLS390— SEPTEMBER 1999

PRINCIPLES OF OPERATION
constant output current
100000 | T
T
l“_ 66000
\
a \ 13200
L 10000 .
Q \
c A
8 6000
@ |
v
9 \\ 2750
& N 1800
Q
S N 1300
o \ 1040
1 1000 860 730
T S — 640
o
100
0 10 20 30 40 50 60 70 80

likg — Input Leakage Current — (mA)

Conditions: Vo =1V, Vief =13V
NOTE: The resistor, R(|RgF), should be located as close to IREF terminal as possible to avoid the noise influence.

Figure 5. Current on Constant Current Output vs External Resistor
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TLC5921
LED DRIVER

SLLS390 — SEPTEMBER 1999

MECHANICAL DATA

DAP (R-PDSO-G**) PowerPAD™ PLASTIC SMALL-OUTLINE PACKAGE
38 PINS SHOWN

ol

HHHHHHHHHHHH}MWM

EEEEERERLERLERLE)

S —
ey |
iy e
—1—1
=)
11
=T

s EET

A

[ =) % \
} Seating Plane } ’ \\
1,20 MAX 9,15 j
0,05
PINS **
DIM 28 30 32 38
A MAX 9,80 11,10 11,10 12,60
A MIN 9,60 10,90 10,90 12,40

4073257/A 07/97

NOTES: A. Alllinear dimensions are in millimeters.

This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion.

The package thermal performance may be enhanced by bonding the thermal pad to an external thermal plane.
This pad is electrically and thermally connected to the backside of the die and possibly selected leads.

E. Falls within JEDEC MO-153

Oo0w

PowerPAD is a trademark of Texas Instruments Incorporated.
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SEMICONDUCTOR |KIA278R25PI~KIA278R37PI
KE E TECHNICAL DATA BIPOLAR LINEAR INTEGRATED CIRCUIT
4 TERMINAL 2A OUTPUT LOW DROP
VOLTAGE REGULATOR
DIM | MILLIVETERS
The KIA278R X X Series are Low Drop Voltage EEL
Regulator suitable for various electronic equipments. = —
It provides constant voltage power source with TO-220 o o geane020
4 terminal lead full molded PKG. G| 15708020
The Regulator has multi function such as over current }1{ 1354::20/-—1;1
protection, overheat protection and ON/OFF control, Tt
M 254
FEATURES : e
- 2.0A Output Low Drop Voltage Regulator. ; l‘soz?"o
- Built in ON/OFF Control Terminal. S 8
+ Built in Over Current Protection, Over Heat 3 3_1 T i;)oi(:)l,
Protection Function. Y100
» @ DCINPUT (Vpv)
boddd 2 DETIUT Vo)
(@ ON/OFF CONTROL
LINE UP
ITEM OUTPUT VOLTAGE (Typ.) UNIT TO-22018-4
KIA278R25P1 2.5
* KIA278R30PI 3.0
KIA278R33P1 313 v
* KIA278R35P1 255
* KIA278R37PI 3%
* Note) * : Under Development.
MAXIMUM RATINGS (Ta=25%)
CHARACTERISTIC SYMBOL RATING UNIT Remark
Input Voltage Vin 35 A4 <
ON/OFF Control Voltage Ve 35 v -
Output Current Io 2 A
Power Dissipation 1 P4 1.5 W No heatsink
Power Dissipation 2 Py 15 W, with heatsink
Junction Temperature T; 125 c .
Operating Temperature Topr -20 ~80 C -
Storage Temperature Tsrg -30 ~125 T -
Soldering Temperature (10sec) Tsol 260 e

2004.9. 1 Revision No : 5 KEE 1/5



KIA278R25PI~KIA278R37P1

ELECTRICAL CHARACTERISTICS
(Unless otherwise specified, 10=1.0A, Ta=25°C, Notel.)

CHARACTERISTIC SYMBOL CONDITIONS MIN. TYP. | MAX. | UNIT
KIA278R25 - 2.438 2.50 2562
KIA278R30 - 2.925 3.00 3.075
Output Voltage KIA278R33 Vo - 3.220 3.30 3.380 v
KIA278R35 - 3413 3.50 3.587
KIA278R37 - 3.608 3.70 3.792
Load Regulation Reg Load Io=5SmA ~2A - 0.1 2.0 %
Line Regulation Reg Line (Note 2) - 0.5 2.5 %
Temperature Coefficient of Output Voltage TcVo Tj=0~125<C - +0.02 | £0.05 | %/TC
Ripple Rejection R-R - 45 55 - dB
Drop Out Voltage Vb Io=2A - - 0.5 v
Output ON state for control Voltage Veon - 2.0 - - A%
Output ON state for control Current Icony V=27V - - 20 1A
Output OFF state for control Voltage Ve(orr) - - - 0.8 vV
Output OFF state for control Current Iecorr V=04V = - 0.4 mA
Quiescent Current Iy I=0 - - 10 mA
Notel) Viy of KIA278R25=4.2V  Note2) Viy of KIA278R25=3.2 ~10V Note3) At Vn=0.95Vq
" KIA278R30=4.7V " KIA278R30=3.7 ~ 10V
" KIA278R33=5.0V " KIA278R33=4.0~ 10V
" KIA278R35=5.2V " KIA278R35=4.2~ 10V
" KIA278R37=5.4V " KIA278R37=4.4~ 10V
BLOCK DIAGRAM
Vi O N/ Ol
AYAYAY

%
§6 <t

BANDGAP §

REFERENCE ASO
PROTECTION

@_ OUTPUT ON/OFF
CONTROL

Control

OVER HEAT
PROTECTION

®

GND

2004. 9. 1 Revision No: 5 KELC 25



KIA278R25PI~KIA278R37P1

Fig.1 Standard Test Circuit

Vin 47uF Ve

Fig. 1-2 Ripple Rejection Test Circuit

KIA278RXXPI
Sk +
BBl .5 3 RL C@ €o
S8 o 47uF
Meibodbis 0.33uF
SR, f=120Hz(sine wave)
ei=0.5Vrms
RR=20log(ei/eo)

Fig. 2 Application Circuit for Standard

o 5 = v

e X\ - ]

— L4z [7777 3

Specific IC Co —
i a0
(1)
u /7777 W oniorr LT
signal High or Open : Output ON
<j‘ Low : Output OFF

CMOS or TTL

2004.9. 1 Revision No: 5 KELC 3/5



KTA278R25PI~KIA278R37PI

OUTPUT VOLTAGE DEVIATION 4V, (mV) POWER DISSIPATION Pp, (W)

OUTPUT VOLTAGE DEVIATION 4V, (mV)

Fig3 Ta - Pp
20
Pp1:No heat sink
pp2:With infinite heat sink
15 Pp2
NG/ 79N
N,
X %
10 & =
N\
- ‘\
5 S
PDl < \\
= e Y N
0 -
-25 0 50 100 150
AMBIENT TEMPERATURE Ta (°C)
Note) Oblique line portion : Overheat
protection may operate in this
area.
Fig5-1 Tj - 4V, (KIA278R25)
150
Vi =4.2V
1o =0.5A
100
50
0 -
—
-50
-100
225 0 25 50 75 100 125
JUNCTION TEMPERATURETj (°C)
Fig.5-3 Tj - 4Vo (KIA278R33)
150
Vi =5.0V
1o =05A
100
50
0 | ——y
s
-50
-100
-25 0 25 50 75 100 125

JUNCTION TEMPERATURE T (*C)

OUTPUT VOLTAGE DEVIATION 4Vo (mV) RELATIVE OUTPUT VOLTAGE (%)

QUTPUT VOLTAGE DEVIATION 4V, (mV)

Fig.4 Io B Vo
100 >
80 /
60 //
40 /
20 /
0 /
0 1.0 2.0 3.0 4.0
OUTPUT CURRENT I (A)
Fig.52 T; - 4V, (KIA278R30)
150
ViN=4.7V
Io=0.5A
100
50
0
-50
-100
-25 0 25 50 75 100 125
JUNCTION TEMPERATURE Tj (°C)
Fig.54 T; - 4Vo(KIA278R35)
150
ViN=5.2V
I0=0.5A
100
50
0
—
-50
-100
=25 0 25 50 15 100 125

JUNCTION TEMPERATURE T;j (°C)
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KIA278R25PI~KIA278R37PI

Fig5-1 T; - 4V, (KIA278R37)

s
E 150 0.5
o VIN =54V P
=~ 19=0.5A Z /
Zz 100 a 04 e
Q = /
> 8
S s z 03 ﬁ e o
@ ) Io=1.5A
a o [ e
g o = Pz B el
—T 10-1A L —
& il 8 R e I e
B """ -
2 -50 2 0.1 I10=0.5A
. a
2
5 -100 s
JUNCTION TEMPERATURE T; (°C) JUNCTION TEMPERATURE T; (°C)
Fig.7 T; - Iq Fig.8-1 f-RR
10 80
0 | V=35V
Ip= ~ 70
g J
ok é 60
I_‘
2 s g 50 B
E B al /%o hnl
8 ] = 10=0.5A,¢i=0.5Vrms
£ 4 ) 30 | ViN=4.2V(KIA278R25)
& &) 20 | VIN=4TV(KIA278R30)
3 2 & VIN=5.0V(KIA278R33)
) 5 10 | VIN=5.2V(KIA278R35)
2 VIN=5.4V(KIA278R37)
0 0
-25 0 25 50 75 100 125 0.1 1 10 100
JUNCTION TEMPERATURE T; (°C) INPUT RIPPLE FREQUENCY f (kHz)
Fig.10-2 Io - RR
70
g
g 60
Z
Q 50
[_4
Q
B £=120Hz¢i=0.5Vrms
o 40| Crp=33uF
= VIN=4.2V(KIA278R25)
5 ViN=4.TV(KIA278R30)
E 30 VIN=5.0V(KIA278R33)
VIN=5.2V(KIA278R35)
5o L VIN=S4V(KIA278RS7)
0.1 0.5 1.0
OUTPUT CURRENT I (A)
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SEMICONDUCTOR
KE E TECHNIleL DSTAO

KIA278ROSPI~KIA278R15PI

BIPOLAR LINEAR INTEGRATED CIRCUIT

4 TERMINAL 2A OUTPUT LOW DROP
VOLTAGE REGULATOR

A DIM | MILLIMETERS
¢ A 10.00+0.20
The KIA278R X X Series are Low Drop Voltage Regulator B | 15.00£0.20
suitable for various electronic equipments. T
It provides constant voltage power source with TO-220 4 terminal L 0%
lead full molded PKG. The Regulator has multi function such as G_| 1570£0.20
. . H 0.40£0.10
over current protection, overheat protection and ON/OFF control. T | 143402701
K 1.45£0.10
L 1.00£0.10
FEATURES M 2.54
N 4.50£0.20
- 2.0A Output Low Drop Voltage Regulator. o 755011
* Built in ON/OFF Control Terminal. e
- Built in Over Current Protection, Over Heat S 8"
(T 1.30+0.1
Protection Function. U | 3-L000.1
b4 1.30£0.1
@ DCINPUT (V)
@ DCOUTPUT (Vo)
3 GND
@ ON/OFF CONTROL
LINE UP
ITEM OUTPUT VOLTAGE (Typ.) UNIT
TO-2201S-4
KIA278R0O5PI 5 ek
KIA278R0O6PI 6
KTA278R0O8PI 8
KIA278R09PL 9 A\
KIA278R10PI 10
KIA278R12PI 12
* KIA278R15PI 15
* Note) * : Under Development.
MAXIMUM RATING (Ta=25T)
CHARACTERISTIC SYMBOL RATING UNIT Remark
Input Voltage Vv 35 A% -
ON/OFF Control Voltage Ve 35 v -
Output Current Io 9 A .
Power Dissipation 1 Py 1.5 Y No heatsink
Power Dissipation 2 Py 15 w with heatsink
Junction Temperature T; 125 C -
Operating Temperature Topr -20~80 C -
Storage Temperature Teg -30~125 T -
Soldering Temperature (10sec) Toot 260 T -

2001. 6. 28 Revision No : 3 KE E

/7



KITA278RO5PI~KIA278R15PI

ELECTRICAL CHARACTERISTICS (Ta=25T)
(Unless otherwise specified, Io=1.0A, Ta=25 C,Notel.)

CHARACTERISTIC SYMBOL CONDITIONS MIN. |TYP. MAX. | UNIT
KIA278R0O5 - 4.88 5.0 5.12
KIA278R0O6 - 5.85 6.0 6.15
KIA278R0O8 - 7.80 8.0 82
Output Voltage KIA278R09 Vo - 8.78 9.0 9.22 v
KIA278R10 - 9.75 10.0 10.25
KIA278R12 - 11.70 12.0 12.30
KIA278R15 - 14.70 15.0 15.30
Load Regulation Reg Load Io=SmA~2A - 0.1 2.0 %
Line Regulation Reg Line (Note 2) - 0.5 2:5 %
Temperature Coefficient of Output Voltage TcVo Tj=0~125C - +£0.02 | £0.05 | %/T
Ripple Rejection R-R - 45 55 - dB
Drop Out Voltage Vp Io=2A - - 0.5 A%
Output ON state for control Voltage Veon) - 2.0 - - A%
Output ON state for control Current Icony Ve=2.7V = s 20 nA
Output OFF state for control Voltage Vcors - - - 0.8 v
Output OFF state for control Current IcoFr) V=0.4V0 - - -0.4 mA
Quiescent Current Io Io=0 - - 10 mA
Notel) Vg of KIA278R05=7V Note2) Vi of KIA278R05=6 ~ 12V Note3) At Vp=0.95Vqo
" KIA278R06=8V " KIA278R06=7~ 15V
" KIA278R08=10V " KIA278R08=9 ~25V
" KIA278R09=15V " KIA278R09=10~25V
" KIA278R10=16V " KIA278R10=11 ~26V
" KIA278R12=18V " KIA278R12=13 ~29V
" KIA278R15=21V " KIA278R15=16 ~32V
BLOCK DIAGRAM
v @ \ /& -@ Vo
4 :
S ay, 0
r
BANDGAP
e PROI;'SE(()ZTION =] §
]
O— " Gmor.
Control
OVERHEAT | |
PROTECTION
®
GND
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KTA278ROSPI~KIA278R15P1

Fig. 1 Standard Test Circuit

Vi 47uF Vo

Fig. 1-2 Ripple Rejection Test Circuit

LI, S 5~ -
47uF
f=120Hz(sine wave)
ei=0.5Vms

RR=20log(ei/e0)

Fig. 2 Application Circuit for Standard

i 5 =

e +
e A 7 z
Specific IC Co =
7 T 5
4
ON/OFF 77777
signal T High or Open:Output ON
<J Low :Output OFF
CMOS or TTL

2001.6. 28 Revision No : 3 KEE
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KTA278ROSPI~KIA278R15PI

Fig3 Ta - Pp Figd 1o- Vo
20 =, ., 100
£ Pp1:No heat sink S
= pp2:With infinite heat sink m
£ Pp2 S 80
= 15 s /
o NN =
E >, (4 60
¥ < =~
= 10 === ]
a X< &
a - % R 5 40
?é N N o
= S = 25 E
o E = 20
Ppl o B < /
o ==t 2 0 /]
=25 0 50 100 150 0 1.0 20 3.0 4.0
AMBIENT TEMPERATURE Ta (°C) OUTPUT CURRENT I (A)
Note) Oblique line portion : Overheat
protection may operate in this
area.
Fig.5-1 T; - 4V, (KIA278R05) Fig.5-2 T j - 4V, (KIA278RO8)
s 5
E 15 g 200
° Vi =7V ViN=10V
3 Io=0.5A el W
% 100 3 10=0.5A
> g 100
<
é 50 N 50
o m
a fa) I—
3 = % \C
0 ©] —
g — 2
5 v -50
e) =
> -50 g
B -100
5 5
% -100 E—"_; -150
o 25 0 25 50 75 100 125 o 25 0 25 50 75 100 125
JUNCTION TEMPERATURE Tj (°C) JUNCTION TEMPERATURE T; (°C)
Fig.5-3 T; - 4Vo (KIA278R09) Fig.5-4 T; - 4Vo (KIA278R12)
S
% 200 g 250
= = V=18V
2 ViN=15V 2 200 I1o=0.5A
< 150 i < o]
i 10=0.5A z 150
2 100 o)
2 : 100
s 50 > 50
2 i o |
[a) A ESie. T a 0
m
& ] Clige =
x -2 2 100
O g ™
e otoo £ -1
)
E 150 E 20
3 25 0 25 50 75 100 125 3 25 0 25 50 75 100 125
JUNCTION TEMPERATURE T; (°C) JUNCTION TEMPERATURE Tj (*C)
2001. 6.28 Revision No : 3 K& 47



KIA278RO5SPI~KIA278R15P1

Fig.5-5 T; - 4V, (KIA278R15) Fig.6-1 Viv -V, (KIA278R05)
s
E 250 8
= Viy =21V
g X 10=0.5A s 7
E 150 o 6
= 100 m Rp= 0
‘5‘5 G 5 i
m 0 = RL=5Q /
fa) Lo ) 4 Z
m 0 g % RL=2.5Q
(&} — 3
£ 0 5
3 .0 5L
> )
5 150 1
g 200 0
® 225 0 25 50 75 100 125 0 2 4 6 8 10
JUNCTION TEMPERATURE T (*C) INPUT VOLTAGE Vy (V)
Fig.6-2 Vv -Vo (KIA278R08) Fig.6-3 Viy -V, (KIA278R09)
10 10 I
> S
s Hk
m L= Rp= 0O
5] S
< RL=4Q =< RLDe)
el %l /98
o) Rr=8Q o) R=9Q \
E E RL=4.5Q
)
5 5
o o
0 0
0 5 10 15 0 5 10 15
INPUT VOLTAGE Vy (V) INPUT VOLTAGE Vi (V)
Fig.6-4 Vv -V, (KIA278R12) Fig.6-5 Viy -V, (KIA278R15)
20 20
= S
215 Lh T 74
2 g
& s / = R /
61 10 N / 61 10 N
> RL=12Q \ > Rp=150 \
5 R1=6Q 5 RL=7.5Q
L= 2 =7.
W A
o )
0 0
0 5 10 15 20 25 0 5 10 15 20 25
INPUT VOLTAGE Vi (V) INPUT VOLTAGE Viy (V)
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UAWR1E835 LED Displays (2 layers)
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