3D display from 2D image through LED cube
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Abstract

This project is to study a method to present three-dimensional (3D) image by using
computer program, which controls the state of individual light-emitting diode (LED). The
constructed LED array has cube shape and thus can display on all sides. Principle of 2D to 3D
image processing has been applied. By mapping the gray level of each pixel on the input 2D

image, one can represent the depth of image as 3D image on a LED cube.
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4 ] [ ] L) ¥ ¥ r
- dui 3 hinsulaanmiigneeaiuua inmuesunazga (Pixel) i Gray

» o

A o g 4 A o '
scale INONALHIISAVANUANH TOAUVUBIANHUIUY

——freszeR Rl—
— p]esced  G}—
fon

—w{resizel 81—

Function Find Level

MHA 311 uﬁmmmﬂmmmﬂmmu Gray scale
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- qufi 4 jlam Gray scale 1187 Tamsiuarsvpaszauinanuay o
5EA1 (MIWVLIAYDS LED cube (0-8)

function [R,G,B] = fcn{resizeR,resizeG,resizeB)

“#codegen

dataCutR = [1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 192 20 21 22
23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64];

dataQutG = [1 2 3 4 56 78 9 10 11 12 13 14 15 16 17 18 19 20 21 22
23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64];

dataOutB = [1 2 3 4 56 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
23 24 25 260 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64];

for i = 1:8;
for j = 1:8;
dataQutIndex = ((i-1)*8}+j;
dataR = intlbo(resizeR{i,j)}:
dataG = intl6({resizeG(i,j));
dataB = intlé6(resizeB(i,j));
dataOut = floor (({dataR+dataG+dataB}/3)/29);



if(dataR == max (dataR,max (dataG, dataB)) && dataG ==
max (dataR, max (dataG,dataB)) && dataB == max {dataR,max(dataG,dataB))}

dataQutR (dataOutIndex) = 0;
dataOutG (dataOutIndex) = 0;
dataOutB (dataOutIndex) = 0;

elseif (dataR == max (dataR,max (dataG,dataB)))

dataOutR (dataOutIndex) = dataOut;
dataOutG (dataOutIndex} 0;
dataQutB (dataOutIndex} = 0;

elseif (dataG == max (dataR,max (dataG,dataB)))

dataOutR (dataOutIndex) = 0;
dataOutG (dataOutIndex} = dataOut;
dataOutB (dataOutIndex) = 0;

elseif (dataB == max (dataR,max (dataG,dataB))}

dataOutR (dataOutIndex) = 0;
dataOutG {dataCutIndex} = 0;

datalQutB (dataOutIndex) = datalOut;
else
dataOutR (dataOutIndex) = 0;
dataOutG (dataOutIndex) = 0;
dataQutB (datacutIndex) = 0;
eng
end
end
R = dataCutR;
G = dataOuiG;
B = datalutiB;
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FiO Std Datasheet

FEATURES - High capacitance (0.33F) capacitor as
RTC backup battery
- 2 (3232-series) level
* Built-in RapidSTM32 native-support bootloader. ) 330211 S(D c al.jeslgzilteve converter
e ARM 32-bits Cortex™ — M3 Processor

¢ Four built-in operating modes selectable via

(STM32F103RETé6) . .
. Jumper settings
- J0MIPS maximum speed - USB Mass Storage Device (micro SD
- 64 KBytes SRAM card reader)
- 51 GPIO . L
- In-appl USB
- 16 channels 12-bit, [us ADC E’If)pl‘:lt'gfft;;’: programming via
2
-5 USA-RT, 38PL21I°C, | CAN - In-application programming via serial
- O“G'Ch'P ‘Iempefat“fe Sonsor o (RS232/USART) interface
- 4 General purpose 16-bits timers wit . ) licati
IC/OC/PWM per timer Stand-alone custom user application
- 2 16-bits Advanced control timers e RoSH compliant
- 2 Watchdog timer
-2 channels 12-bit DAC SAMPLE APPLICATIONS
- USB 2.0 full speed interface
¢ Two onboard crystals ¢ Affordable Rapid Prototyping training tools
- 32 kHz (for real-time clock) (especially for Automatic Control and
- 8 MHz (for MCU clock) Digital Signal Processing studies) when used

Power Bl AL 4 together with RapidSTM32 blockset,
ower Supply managemen example features include:

- Reverse supply voltage protection .
- Support C code gencration of a custom user
- USB or External (up to 15VDC) supply program for STM32 from a Simulink™

input selection via jumper settings . B .
model (see minimum requirements).
- 3RY yto 00ma) ADO)meepiiafor for - Support various Hardware-in-the-Loop

intErnaland exferral circlitries (HIL) simulation configurations, e.g.

' * Flash programming data acquisition in to, signal generation
- 496Kbytes available flash memory from Matlab™/Simulink™, and closed-
- In-Application Programming via either USB loop control HIL simulation design and
HID or serial (RS232) interfaces directly analysis.
™ . ™
from Mallgh™ orMS Windows =, » (Create a data logger to micro SD card (FAT32)

- Automaltic compile and download
directly from Matlab™.
" e Usein a laboratory as embedded system

Other onboard peripheral3 training kits or in-the-field for any student
- 3 user LED (red, yellow, green) projects

- 2 user logic (H/L) input jumpers
- 10K potentiometer ¢ Generic microcontroller evaluation board.

program directly from a Simulink model,

; Rev1.5 DRAFT (17-Oct-10) DoclD: 530002  (This document applies to FiO Std v2.0) Aimagin
1of 7
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INTRODUCTION

FiO Std is an evaluation board (EVB) from
FiO family of evaluation boards that are based
on STMicroelectronics STM32™ ARM 32-
bits Cortex'™ — M3 processors.

FiO EVBs have been primarily designed as
affordable embedded system training boards
for used by instructors and students to
supplement such courses and curriculums as
design and analysis of automatic or embedded
control systems and digital signal processing
(DSP) systems. It is hoped that the
introduction of FiO and RapidSTM32
Blockset will help lower the barrier and open
up opportunitiecs for more users to play
around with Rapid Prototyping technology.

FiO family of evaluation boards have been
specifically designed to be appiicable both as
LAB kits for uses in laboratories as well as a
stand-alone system for used in-the-field in

any student’s science and engineering
projects.
When used together with RapidSTM32

Blockset, FiO Std offers several capabilities, for
examples:

- o Real-Time Hardwarc in the Loop
Simulations via USB HID.

Real-Time Hardware in the Loop )
(HIL) Simulation via USB HID Mwﬁ;ﬂ:{"agzp)da“’
interface
Target — Hi
T R 450
Open- {Data Acquisilion)
Loop Host—Target
. . 200
(Signal Generation)
Closed- Targel—Host
200
Loop {Control System)

¢ Higher HIL update rate available via
other specially designed interfaces.

¢ Create working stand-alone embedded
systems from Simulink ™ models with just one click.

The actual update rate depends on several factors
such as the host PC speed and other USB hardware in
the communication loop; for example, communication
speed is faster when the target is connected directly to
host USB controller than via a USB hub.

—~ Generated source code compatible with
Realview MDK™ for ARM with
options for automatic compile and
download option.

— Data logger to micro SD card (FAT32).

— Support simulation and code
generation for typical peripherals
such as push/toggle button or
character LCD.

— Supported  on-chip  peripherals
include Digital 10, ADC, DAC,
RTC, PWM, USART, USB (Virtual
COM) and more.

— Support integration with Finite State
Machine simulation and code
generation via Stateflow™ and
Stateflow Coder™,

MINIMUM REQUIREMENTS

Minimum requirements for FiO Std to fully
function with RapidSTM?32 Blockset.

o Matlab™ 2009a (v7.8)
e Simulink™ (v7.3)
o Real-Time Workshop™ (v7.3)

e Real-Time Workshop Embedded
Coder™ (v7.3)

» Realview MDK™ for ARM (v4.0)
¢ Microsoft NET Framework (v3.5)

CAUTIONS!!

All FiO EVBs are pre-installed with
proprietary bootloader. FiQ EVBs are solely
intended to be programmed using FiO own
Flash programmer whith can program any
FiQ EVBs directly {g _
Windows via USB Zr RS232 interfaces.
DO NOT use STMicroelectronics Flash
Loader Program to program FiQO EVBs
because this will erase the pre-installed
bootloader and void your warranty totally.
Therefore, jumper J8 should nof be tampered
with in any circumstances,

FURTHER INFORMATION

For further information and tutorials please visit:
http://www.aimagin.com/learningresources

Revi.5 DRAFT {17-Ocl-10) DocID; 530002

2007
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OPERATING MODES

FiO Std supports 4 operating modes
1. In-Aplication Programming via USB HID
2. In-Aplication Programming via RS232
3. Mass Storage Device {microSD card rcader)
4. Run Custom User Program
The following figures show required jumpei(s)
and program swilch (SW1) scitings for each
operating mode. - Each operating mode can be
activated by pressing the reset switch (SW2).

1.1 USBIAP

AT e J1, J3
i - Enable
A9 a
At0 - €3 9% [ U.S B
wit [ L° I_f/ F;q A Link
a2 g ut M - 8
At n o1z
Atd " ea = HH .
AlS @ €3 Lo J9 High
: @n K- X El
B2 mmum ce

(=1}

B3
B4
B85
Bg
ar
o2
.

1.2 RS232 IAP

Connect
CN5to
PC
(RS232)

u I_!

A5 V
H“ FIO Std v.2
o

1.3 Mass Storage Device

Enable
USB

J4
Enable
LED1
and
LED3 |*®

Pr
J1, J3

Link |™a

FiO Std v,
H

o’

H

1 fwrite

SW1 to
left
LED 4

Off

Warning: J8 should not be tampered with
at all. Warranty is votd if J§ is tampered.
Note: Other jumpers, e.g. J2, J6, J7 not
mentioned in the above figures may be set or

not, depending upon required functionalities.
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FiO Std PCB LAYOUT

EXT USB J5 Select External or
USRB as the source of

power supply

E

RS8232 connector (to
USARTI Module)

GND Tx Rx

J3 USB connect/
disconnect pin
Connect =[=H]

Disconnect [Fa]w

USB dataline
connect/disconnect

All Al2  All Al2

:t // EfE

"Disconnect  Connecl

Onboard LED
enable/disable setling

(

External supply input

15VDC Maximum)

= =m
GND +

3.3V (upto 800mA)
regulated output for
internal/external circuits

_| Power ON LED

Output from 10K
pofentiomeler

Onboard LED user
input enabled/ disable
by J4

Enable Cé capacitor

backup to Vgar
HI—
J6/J7 Onbeard digital "
user input ol Enable Disable
| |
N\ A
El Hi Fi 2
"@ """"""" H i0 S&gd Y. , High capacitance
[Eapk ’ %% - capacitor C6 as RTC
Low R m:;l ce backup battery
16 17
CN1 Program Mode
Mode seleclion switch B11)] L ED
(see details under B5 MicroSD card R8P B10
OPERATING MODES B6 i = BY .
seclion) LED4K) %Cﬂ _I Reset switch
B7 PRG| sWt | per B8
D2 a GND
. — \ 7
Micro SD card slot I_/ \_| Program switch
]
1
PRG SW1 i ; -
______________________________ .E_______-----_..-__-h
| | [} | |
Mode Select JO EI : E]
EI [ ] i m []
USB  RS232 ! User . MSD
1AP IAP | PRG '
]
1
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BILL OF MATERIALS

[Manufacture Part No.] Name Designator Source
[0603B&882K500CT] 6.8nF C2 www.es.co.th
C1, C3, C4, C5,
[06032C 104KAT2A] 0.1uF gfg;‘ggéﬂj' WWW.mouser.com
C18, C21
[C1608C0G1H100C] 10pF C10, C15 WWW.Mmouser.com
{C1608C0G1H200J) 20pF €16, C19 WWW.mouser.com
[293D106X0010A2TE3] 10uF C17, C20 WWW.MOUSET.Com
[EECSOHD334H]) 0.33F C6 waww.mouser.com
[2908-05WB-MG] MicroSD socket CN1 WWW.mMouser.com
[67503-1020]) USB Mini-B female CN2 WWW.mouser.com
[CD0603-B0230] CD0603-B0230 D1 WWww.moliser.com
[STPS1L30M] STPS1L30OM D2 WWW.mouser.com
(MMZ16085601A] Ferrite Beads L1 Wwww.mouser.com
[APT1608EC] LED Red LED1 www.mouser.com
[APT1608YC] LED Yellow LED2 WWW.mouser.com
[APT1608SGC] LED Green per L N W mouser.com
[PVG3A103C0O1R00] 10K P1 wWww_mouser.com
[KTC9014S-C-RTK/P] KTC8014 Qi,Q2 www.es.co.th
R1, R2, R3, R4,
[0803WAJ0103TSE] 10K Eféf‘;;bﬂ;a' www.es.co.th
R22, R24
[RCO603FR-0736KL] 36k R12 WWW.MOUSEr.com
[0603WAJO101TSE] 100 R13 WWW.mouser.com
[CRO603-FX-4870ELF] 487 E]g: A www.mouser.com
[WROBX000PTL] O R6, R7 www.es.co.th
[RCO603JR-071ML] 1M R8 WWW.Mouser.com
[CRCW(6031K50JNEB] 1.5k Rg, R10 WWW.Mouser.com
[$555820201] Switch SWi www.mouser.com
[SKRPACEQ10] Switch Sw2 WWW.mouser.com
[534-1593-2] Terminal T1 WWW.Mouser.com
[STM32F103RET6TR] STM32F103RETE U1 Wwww.mouser.com
[USBLC6-2P6] USBLC6 U2 WWW.MOoUser.com
[ST3232EBTR] ST3232EBTR U3 www.mouser.com
[LD1117S33TR] LD1117833 U4 WwWW.ouser.com
[ABS10-32.768KHZ-9-T] Xtal 32.768kHz Y1 WWW. mouser.com
[ABM7-8.000MHZ-D2Y-T) Xtal 8MHz Y2 Www.mouser.com
Rev1.5 DRAFT (17-Oct-10) DociD: 530002 60f7 Almagin
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ENGINEERING DRAWINGS (Units: mm)
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Patent Pending
PCT/TH2010/000010, PCT/TH2010/000020, and PCT/TH2010/000037

Information In this document Is provided solely In connection with Almagin products. Alimagin reserves the right to make
changes, corrections, modifications or improvements, to this document, and the products and services desaibed herein
at any time, without nobice.
www.aimagin.com
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Constant-Current, 16-Channel LED Driver with Diagnostics

1 General Description

The AS1110 is designed to drive up to 16 LEDs through a fast serial
interface and features 16 output constant cwment drivers and an on-
¢hip diagnostic read-back function.

The high clock-frequency {up lo 50MHz), adjustable oulpul current,
and flexible senial interface makes the device perfectly suited lor
high-volume transmission applications.

Oulput current is adjustable (up lo 100mA/channed) using an external
resistor (RexT).

The serial inferface with Schmitl Ligger inpuls includes an integraled
shift register, Additionally, an intemnal data register stores Lhe
currently displayed data.

The device feafures integrated diagnostics for over-
temperature, open-LED, and shorted-LED conditions. Infegrated
registers slore global fault slatus information during load s well as

the detailed temperaturefopes-LED/shorled-LED diagnastics resulls.

The AS1110 also [ealures a low-current diagnostic mode to minimize
display flicker during fault testing.

The AS1110is available in a 24-pin SSOP and the 28-pin QFN
(5x5mm) package.

Figure 1. Main Diagram and Pin Assignmenls

2

3

Key Features
16 Constant-cumeni output channels

Excelient outpul current accuracy

- Between channels: <+3%
- Belween devices: <+3%

Output current per channel: 0.5mA to 100mA
Conlrolled In-rush currenl

Over-Temperature, Open-LED, Shorted-LED
Diagnostic functions

Low-current test mode

Global fault monitoring

Low shutdovm mode current: 10pA

Fast serial interface: 50MHz

Cascaded configuration

Extremely fast output drivers suitable for PWM
24-pin SSOP and 28-pin QFN (5x5mm) Package

Applications

The device is ideal for lixed- or slow-rolling displays using static or
multiplexed LED malrix and dimming funclions, large LED matrix
displays, mixed LED display and swilch monitoring, displays in
elevators, public transporls (underground, trains, buses, taxis,
airplanes, efc.), large displays in sladivms and public areas, price
indicators in retail slores, promotional panels, bar-graph displays,
industrial conlroller displays, while good panels, emergency light
indicalors, and raffic signs.

WLED

ASHi0

g

Y1) OEN

REXT

GHD VDD
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4 Pin Assignments

Figure 2. Pin Assignmenls (Top View)
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4.1 Pin Descriptions

Table 1. Pin Descriplions

Ground

2 28 sl Serial Data Input
Serlal Data Clock. The rising edae of the CLK signal is used 1o clock data inte and out of the

3 1 CLK AS1110 shift register. In esror mode, the rising edge of the CLK signal is used to switch error
modes.

4 2 LD Serial Data Load

590 310 OUTNO15 Qutput (Furrenl Dri\rers_. These pins are used as LE_D drivers orllc?r input sense for
12:19 diagnostic modes. Data is transferred to the dala register at the rising edge of these pins.

Output Enable. The active-low pin OEN signal can always enable ouiput drivers fo sink
cument independent of the AS1110 mode,

2 2 OGN o= Output arers ar enabld,
1 = Output drivers are disabled.
Serial Data Output. In normal mogde SDO is latched out 8.5 clock cycles after SDI is lalched
in.

22 21 SDO In global error detection mode this pin indicales the occurrence of a global erfor.
0 = Global error mode returned an efror.
1= No errors.

23 2 REXT External Resistor Connection. This pin connects through Lhe external resislor {REXT) to
GND, to setup the load current.

24 23 VoD Positive Supply Voltage

- " NIC Not connected

www.ams.com/LED-Driver-ICS/AS1110 Revision 1.6
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Datasheet - Absolute Maximum Ratings

5 Absolute Maximum Ratings

L

Stresses beyond those listed in Table 2 may cause permanent damage to the device, These are slress ratings only, and functional operation of
the device at these or any olher conditions beyond those indicated in Electricat Characteristics on page 4 is not implied. Exposure 1o absolule
maximum raling condilions for exiended pericds may affect device reliability.

Table 2. Absokie Maximum Ratings

| Units
VDD to GND v
Input Voitage 04 ol v
Oulput Voltage 04 15 v
2000 mA 24-pin SSOP 8
GND Pin Current i packag
2800 mA 28-pin OF N (5x5mim) package
¥ 88 SCIW on PCB, 24-pin SSOP package
Thermal Resistance Qua -
23 °CW on PCB, 28-pin QFN {(5x5mm) package
Ambient Temperature 40 +85 °C
Storage Temperature 55 150 °C
Humidity 5 86 % Non-condensing
F i Digital Qutpuls 2
Eleclrostalic Discharge : kv Norm: MIL 833 E method 3015
All Other Pins 2
Lalch-UUp Immurity (,N(')L"ﬂ 05} MO A EIMIESDT8
The reflow peak soldering temperature (body lemperalure)
specified is in accordance with fPCUEﬁEf(: J—rSTMZOD
Package Sody Tempersture a0 oo | o Sl Sufaco Meun Devees,
The lead finish for Pb-free leaded packages is malte lin
(100% Sn}.
Moisture Sensitivity SoIC 3 Represents a maximum ficor Iife of 168h
Level OFN 1 Represenls an infinite floor lfetime
\
wwaw.ams.com/LED-Driver-ICs/AST110 Revision 1.6 3-24
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Dalasheel - Eleclsical Characterislics

6 Electrical Characteristics
VoD = +3.0V lo +5.5V, TAMB = -40°C lo +85°C (unless otherwise specified).

Table 3. Electrical Characleristics

L

VoD Supply Yoltage
Vbs Culput Voltage QUTND:15 0 15.0
lour OUTNO:15, Vop = 5V (see Figure 7) 05 100
loH Quitput Current SDO -10 mA
loL SDO 1.0
: 0.7x VDD +
Vi High Level VDO 03
Input Voltage CLK, OEN, LD, SDI 03 v
3x
ViL Low Level 4.3 VoD
IDS(OFF) Qutput{ eakage Current OEN = 1, VDs = 150V o5 HA
VoL Output loL = +1.0mA 04
SDO v
Vor Voltage IoH = -1.0mA Vop-
0.4v
Device-to-Device Average Oulput Current VDs = 0.5V, Voo = Consl,
vach from OUTNO to OUTN15 REXT = 7440 A5 % [ mA
Current Skew Vs = 0.5V, Voo = Consl.,
Alv(LC1) (Between Channels) REXT = 7440 +1 *3 %
Device-to-Device Average Outpul Cumrent Vbs = 0.6V, VoD > 3.3V,
taviLcz) from OUTNO to OUTN 15 REXT = 372 43.50 5155 | mA
Cumrent Skew Vns = 0.6V, Vop = Const,
AlAviLe2) (Behween Channels) RexT = 3720 |22 0%
Device-lo-Davice Average Outpat Current Vos = 0.8V, Vob = 5.0V,
Mv(LC3) from OUTNG o OUTN15 REXT = 18602 A 104 | mA
Current Skew Vos = 0.8V, Vop = Consl,,
Alavics) (Between Channeis) REXT = 18602 +1 *2 %
e Low-Current Diagnosis Mode VDs = 0.8V, Voo = 5.0V 0.4 06 08 mA
Vs = 0.8V, Voo = 5.0V,
IPD Power Down Supply Current REXT = 37262, OUTNO-15 = On 10 20 pA
Quiput Current vs, oo
%/AVDS Outpust Vollage Regufation Vs within 1.0 and 3.0V 0.1 %V
%AVDD Output Current vs. VDD within 3.0 and 5.0V £1 WY
Supply Vollage Regulation : ' -
Rinur) Pullup Resistance QEN 250 | 500 800 kQ
RIN{DOWN) Pulidown Resislance LD 250 | 500 | 800 | kD
VTHL Emor Detection Threshold Votlage 025 | 03 | 045 v
] Voo = 3.0V 1.2 13 14
VTHH Eor Detection Threshold Voltage v
Vop = 50V 20 22 24
Towvi Overlemperalure Threshold Flag 150 *C
wiww.ams.com/LED-Driver-1Cs/AS1110 Revision 1.6 4-24
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Dalasheel - Elactrical Characterislics

II

un

t

Table 3. Electrical Characlerstics {Continted)

- Symhal aranisl _ Conditlon - - { Min:
IDD(OFF)Y0 REXT = Open, QUTNO:15 = Off
IDD(OFF)1 OFF RexT = 7440, OUTNO:15 = Off
IDD(OFF)2 REXT = 3720, QUTND:15 = Off
Ibo{oFF)3 | Supply Current RexT = 1860, QUTNO:15 = Off
IDD(ON) REXT = 744Q), QUTNG:15=On 6.2 1
lob{oN)2 ON REXT = 3720, QUTNO:15 = On 105 15
lobon)a RexT = 1860, OUTND:15 = On 195 26

6.1 Switching Characteristics

Voo = 3010 5.5V Vos = 0.8, Vin= Vop, ViL = GND, RexT = 372, VLoAD = 4.0V, RLoap = 640, CLoAD = 10pF; guaranlesd by design.

Table 4. Swilching Characleristics for VoD = 5V

CLK-SDO
P2 Mﬂh?)ﬁp&ga?;gﬁ%nre?!egglpﬂng i LD-OUTNn 00 | 200 | s
P23 OEN - OUTNR 100 | 200
tP4 Propagation Delay Time 10 ns
twW(CLK) CLK 15
twiL) Pulse Widlh LD i5 ns
twioE) OEN {@louT < 60mA) 200
. CLK Rise Time 500 | ns
i CLK Fall Time 500 | ns
tor Ouipul Rise Time of VouT (Tura Off) i00 | 200 ns
torF QOutput Fall Time of VouT (Turn On) 100 | 300 ns
{sum) Setup Time for SDI 5 ns
tH(D) Hold Time for SDI 5 ns
tsui) Setup Time for LD 5 ns
HL) Hold Time lor LD 5 ns
[TESTING OEN Time for Exror Detection 2000 ns
1STAG Slaggered Oulput Delay 20 40 ns
{SU(OE) Qulpui Enable Selup Time 20 ns
IGSYW(ERROR) Global Error Swilching Setup Time 10 ns
ISU(ERRCR}) Global Ermor Deteclion Setup Time 10 ns
tPro) Propagation Delay Globai Error Flag 5 ns
{SYWHERROR) Switching Time Global Error Flag 10 ns
o | i wjo| |
tPa.oN Low-Cuirent Test Mode Tum ON 3 5 s
taorr Propagation Delay Time Tum OFF 005 | 01 | ps
www.ams.com/LED- Driver-ICs/AS1110 Revision 1.6 5-24
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L

Table 4. Swilching Characleristics for Vob = 5V

Sfe o GondWons il M

Change from REXT1 = 372Q, louT1

loutz > 25mA

IREXT2,1 Extemnal Resislor Reaction Time = 50.52mA to REXT2 = 37.2kQ, 0.5 ps
louT2 < 1mA
Change from RexT1 = 37.2k€2,
IREXT2, Extemal Resistor Reaction Time louT1 = 0.5mA to REXT2 = 3720, 0.5 s

K multipke AS1110 devices are cascaded and fr or i is [arge, it may be critical to achieve the timing required for data Iransler between two

cascaded LED drivers,

vivtw.ams.com/LED-Driver-ICs/AS1110

Revision 1.6
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Datasheel - Typical Operaling Charactoristics

7 Typical Operating Characteristics

Figure 3. Owlpul Current vs. REXT,
VDb = 5V: Vos = 0.8V, Tama = 25°C
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Figure 5. Oulput Current vs. YDS;
Vop =5V Tame=25°C
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Figure 4. Relalive Oulput Currenf Error vs. Voo,

loutTor@VDD=5V - 1, Tame = 25°C
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Vop = 5Y, Tams = 25°C

120

100

/

80 /

60

louT (ITIA)

40

20

—_RE

Revision 1.6




75

AS1110 !
Datashest - Detailed Descriplion l
i

L

8 Detailed Description

The AS1110 is designed to drive vp 1o 16 LEDs Lhrough a fast serial interface and 16 conslant-current output drivers. Furthermore, the AS1110
provides diagnostics for detecting open- or shorled-LEDs, as well as over-lemperalure conditions for LED display systems, especially LED trafiic
sign applications.

The AS1110 conlains an 16-bit shift register and an 16-bit data register, which conver! serial input data into parallel cutput format. At AS1110
oulput slages, sixteen regulated cument sinks are designed to provide uniform and constani current with excellent maltching between ports for
driving LEDs within a wide range of forward vollage varialions. External oulput current is adjustable from 0.5 to 100mA using an extemal resistor
for flexibility in controlling the brightness intensity of LEDs. The AS1110 guarantees to endure 15V maximum at the ouiputs.

The serial interface is capabie of operating at a minimum of 30 MHz, salisfying the requirements of high-volume data transmission.

Using a multiplexed inpul/oulput technique, the AS1110 adds additional lunctionality to pins SDO, LD and OEN. These pins provide highly useful
functions {open- and shorled-LED defection, over-temperature detection), thus reducing pin count. Over-lemperature delestion will work on-the-
run, whereas the open- and shorted-LED detection can be used on-the-run of in low-current diagnostic mode (ses page 15).

Figure 8. AS1110 - Block Diagram

F 3 Y Enr i\ - . j & Global Enror
| etection [}, : : RN Delection
CLK ) . 16-Bit Shifi L —
50 T Regoter [ - :
g | Conlrol Logic

Indicales 16 Bil Path

8.1 Serial Interface

Dala accesses are made serially via pins SDI and SDO. At each CLK rising edge, the signal present at pin SD! is shifted inlo ihe first bit of the
intemnal shift register and the other bits are shifted ahead of the first bit. The MSB is the first bil 1o be clocked in. In error-delection mode the shift
register wil lalch-in the corresponding error data of temperature-, open-, and short-ermor register with each falfing edge of LD.

www ams Com/LED-Driver-ICs/AS1110 Revision 1.6 8-24
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A

The 16-bit dala register will lalch Lhe dala of the shift register at each rising edge of LD. This data is then used to drive the current generalor

oulput drivers 1o switch on the correspending LEDs as OEN goes low.

8.2 Timing Diagrams

This saclion contains timing diagrams referenced in other sections of this dala sheet,

Figure 9. Normal Mode Timing Diagram
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Figure 10. Oulput Delay Timing Diagram
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Figure 11. Dala Input Timing Diagram
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Figure 13. Switching Global Error Mode Timing Diagram
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8.3 Error-Detection Mode

Acquisition of the esror slatus occurs al the fising edge of OEN, Error-deleclion mode is starled on the rising edge of LD when OEN is high. The
CLK signal must be low when entering error defeclion mode, Error detection for apen- and shorted-LEDs can only be performed for LEDS that
are swilched on during {es! time. To swilch between error-detection modes clock pulses are needed (see Table 5).

Note: TolesiallLEDs, a test patiem that turas on all LEDs must be input to the AS1110.

8.4 Global Error Mode

Global emor mode is enlered when error-delection mode is slarled. Clock pulses during Lhis peried are used to select between temperalure,
open-LED, and shorted-LED lests, as well as low-current diagnostic mode and shutdown mode {see Table 5). In global emor mode, an eror flag
(TFLAG, OFLAG, SFLAG) is delivered to pin SDO if any errors are encountered.

Table 5. Global Emror Mode Seleclions

TFLAG = SDO = 1: No over-lefnperature waming.

0 Don't Care Over-TERmgggiuea Detectibn TrLag = SDO = 0: Over-temperature warning.

OFLAG = SDO = 1: No open-LED error.

! Fnabled Open-LED Delectin | ¢4 = $D0 = 0: Open LED erro

SFLAG = 8DO = 1: No shorted-LED error.

2 Enabled Shorted-LED Detection | ¢~ <r e et | ED orror

3 Don't Care | Low-Current Diagnostic Mode

SDI = 1: Wakeup

4 Don't Care Shuldown Mode SDI = 0: Shuldown

Note: Fora valid result SDI must be 1 lor the first device.

Ifthere are multiple AS1110s in a chain, the error flag will be galed lhrough all devices. To gel a valid resull al the end of the chain, a logic 1 must
be applied to the SDI input of the first device of the chaln. Il one device produces an error this error will show up after n*tpvo) + ISW(ERROR) al
pin SDO of the last device in the chain. This means il is noi possible to identify which device in the chain produced the errov. Therefore, if a global
ermor occurs, lhe delailed eror report can be 1un 1o idenlify which AS1110, or LED produced the erov.

Note: When no emor has occummed, the detailed emor report can be skipped, setting LD and subsequently OEN low.

www.ams.com/LED-Driver-ICs/AS1110 Revision 1.6 1-24
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8.5 Error Detection Functions

851 Open-LED Detection

The AS1110 open-LED delection is based on the comparison between VDS and YTHL. The open LED stalus is aquired at the rising edge of OEN
and stored internally. While detecling open-LEDs the culpui port must be tumed on. Open LED detection can be started with 1 clock pulse during
emror delection mode while the output port is turned on.

Note: LEDs which are tumed off at fest ime cannot be tested and will be shown as a logic 1 in the detailed error report.
Table 6. Open LED Defeclion Medes

t Sonditio
On VDS < VTHL 0 Open Circuit
On Vb5 > VTHL 1 Nomal

8.52 Shorted-LED

The AS1110 shorled-LED delection is based on the comparison between Vps and VTHH. The shorlened LED stalus is aquired al the rising edge
of OEN and stored intemally. While delecting shorted-LEDs the output port must be turned on. Shorled-LED deteclion can be slarted with 2 clock
pulses during error detection mode while the oulput port is lurned on.

For valid results, the voliage al QUTNG:QUTN 15 must be lower then YTHH under kow-current diagnestic mode operaling conditions. This can be
achieved by reducing the VLED vollage of by adding additional diodes, resistors or LED's.

Note: LEDs which are turned off at lest time cannot be fested and will be shown as a logic 1 in the delailed error repoit.
Table 7. Shorted LED Detection Modes

R g

'On ~ VDS > VIHH — 0 1 Short Circuit
On VDS < VTHH 1 Normal

8.5.3 Overlemperature
Thermal protection for the AS1110 is provided by continuously monitoring the device's core lemperalure. The overtemperature status is aquired
at the rising edge of OEN and stored internally.

Table 8. Overtemperalure Modes

Overtemperature Condition
Pon't Care Temperature < Tovi 1 Normal

www.ams.com/LED-Driver-ICs/AS1110 Revision 1.6 12-24
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8.6 Detailed Error Reports

The detailed error report can be read out alter global error mode has been run. At the falling edge of LD, Lhe detailed error report of the selecled
lest is lalched inlo the shift register and can be clocked out with n*16 clock cycles (n is Lhe number of AS1110s in a chain) via pin SDO. At the
same lime new data can be written into the shifi register, which is toaded on he next rising edge of pin LD. This pallem is shown at the output
drivers, at the falling edge of OEN.

8.6.1 Defalled Temperature Waraing Report
The detailed temperature warning report can be read out immediatefy affer global errer mode has been run. SDI must be 1 for the firsl device.
BitD of the 16bit dala word represents the temperalure flag of the chip.

Figure 14. Delailed Temperature Waming Repor Timing Diagram
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For detailed iming information see Timing Diagrams on page 9.

Delailed Temperalure Waming Report Example
Consider a case where four AS1110s are cascaded in one chain. The detailed error repor lists the temperatutes for each device in the chain;

IC1:76°) IC2:(85°] IC3:[170°] IC4:[60°)
In this case, IC3 is overhealed and will generale a global error, and therefore 4'16 clock cycles are needed to write out the detailed temperalure
warning report, and optionally sead in new data. The detailed temperalure waming report would look like Lhis:

JOOOCOBOOGO00O0{1 XOOCOOOCOO000T X0OO00CGOCODNCK XO0OOOCOOCH00
The 0 In he delailed temperature waming report indicales that IC3 is the device wilh the over-lemperature condition.

Note: Inan aclual report there are no spaces in the output.

wiww ams.com/LED-Driver-ICs/AS1110 Revision 1.6 13-24
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8.6.2 Detailed Open-LED Error Report
The detailed open-LED emor report can be read out immediately afler global error mode has been run. SDi must be 1 for the first device.

Figure 15. Delailed Open-LED Error Reporl Timing Diagram
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For delailed timing informalion ses Timing Diagrams on page 9.

Delailed Open-LED Emor Report Example

Consider a case where lhree AS1110s are cascaded In one chain. A 1 indicales a LED is on, a 0 indicates a LED is off, and an X indicales an
open LED, The open-LED tes! is only applied to LEDs that are tumed on. This lest is used with a tes! paitem where all LEDs are on al lest time.

ICLIMNMI AT HICZHCA N HIIXT] IC3H11111111111141)
IC2 has hree open LEDs switched on due to input. 316 clock cycles are neaded fo write the entire eror code oul. The delailed eror repor
would look like Lhis:

inpuidate: 1111441119191 111 1141141141944 111 1114111119141 11
LEDStatus: 1111111111 111911 131 XX1 11141441 X91 1414411411 11111+4
FailureCode: 11171111111 14411 191004111 1141011 149111114 111111114
Comparing this reporl with the input dala indicates that IC2 is the device wilh two open LEDs at position 4 and 5 and one open LED at position
14. For such a test it Is recommended lo enler low-current diagnoslic mode first (see Low-Curren! Diagnostic Mode on page 15) o reduce screen
flickering.
This test can be used also on-the-fly withoul using an all 1s test pattem (see Figure 19 on page 17).

Note: Inanactual repori there are no spaces in the oulpul. LEDs fumed off during tes! time cannot be tested and will show a logic 1 in the
delailed error repori

www.ams.com/LED-Driver-ICs/AS 1110 Revision 1.6 14-24



M

-~

82

AS1110 L
Datasheel - Detailed Description
It

8.6.3 Detailed Shorted-LED Error Report
The detailed shorted-LED error report can be read out immediately after global error mode has been run (see Global Error Mede on page 11).
SDi must be 1 for the first device.

Figure 16. Delailed Shorfed-LED Error Report Timing Diagram
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For detailed timimg information se¢ Timing Disgrams on page 9.

Delailed Shorted-LED Ermor Report Example

Consider a case where three AS1110s are cascaded in one chain. A 1 indicates a LED is on, a 0 indicales a LED is off, and an X indicates a
shorted LED. This test is used on-the-fty.

ICT{ XN TN HCZ T HATT11111113) IC3EX100011114111111)
1C1 has two shorled LEDs which are swilched on, IC3 has one shorled LED switched off due toinput. 3*16 clock cycles are needed to wrile the
enlire error code out The detailed errer report would look like this:

InpuiData: 111111 1411111911 1411141119111 411 0100011419114 1111
LEDSIatus: 111 11X X114 111141 111111144811 1411 X11191 11111141191
FaiureCode: 11111001114 741111 1111111411191 111 11111111114 11141

Showing IC1 as the device wilh two shorted LEDs al position 6 and 7, and IC3 wilh one shorted LED at position 1. The shorted LED at position 1
0f IC3 cannot be detected, since LEDs lumed off at test time are not tesled and wili show a logic 1" alt the delailed error report. To test all LEDs
this test should be run with an all 1s test patiem. For a test with an all on test pattern, low-current diagneslic mode should be entered first to
reduce on-screen flickering,

Note: Inan actual report there are no spaces in the output. LEDS tumed off during test time cannot be tested and will show a logic 1 in the
detailed efror report.

8.6.4 Low-Current Diagnostic Mode

To run the open- of shorted-LED lest, a lest pattern musi be used that will turm on each LED 1o be tested. This test patlern will cause a short

flicker on the screen while the test is being performed. The low-cuirent diagnostic mode can be initialed prior to running a detailed ertor report to

reduce this on-screen flickering.

Note: Nomally, displays using such a diagnostic mode require additional cables, resistors, and other components lo reduce the cument. The
AS51110 has this currenl-reduclion capability built-in, thereby minimizing the number of exlernal components required.

Low-currenl diagnostic mode can be initiated via 3 clock pulses during emor-detection mode. Afler the falling edge of LD, a test patlem displaying
all 15 can be written {0 the shift register which will be used for the next emor-delection tesi.

On the nex! falling edga of OEN, current is reduced lo l.c. With the next rising edge of OEN Ihe current will immediately increase to normal
levels and the delailed error repert can be read oul entering errof-delection mode.

www.ams.com/LED-Driver-1Cs/AS 1110 Revision 1.6 15-24
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Figure 17. Switching inlo Low-Curent Diagrostic Mode Timing Diagram
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For detailed timing information ses Timing Diagrams on page 8.

8.7 Shutdown Mode

The AS1110 fealures a shutdown mode which can be entered via 4 clock pulses during error-detection mede. To enable the shutdown mede a 0

must be placed al SDI after the rising edge of the 3rd clock pulse.

To disable shuldown mode a 1 must be placed al SDI after the 3rd clock puise. The shuldowniwakeup information will be latched through if
multiple AS1110 devices are in a chain. At the rising edge of the 4th clock pulse the shuldowm bit will be read cul and the AS1110 will shuldown

of wakeup.

Note: In shuldown mede the supply current drops down to <10pA.

Figure 18. Shuldown Made Timing Diagram
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9 Application Information

9.1 Error Detection
The AS1110 features iwo types of ermor delection. The error delection can be used on-the-lly, for active LEDs, without any delay, or by enteting
info low-current diagnosis mode.

9.41 Error Detectlon On-The-Fly

Error detection on-the-fly will output the status of aclive LEDs during operafion. Withou! choosing an ermor mode this wilk oulput the temperalure
flag at every input/output cycle. Triggering one chock pulse for open of fwo clock pulses lor short detection during error delection mode oulpuls
the delailed open- or short-ermor report with the next inputioutput eycle (see Figure 19). LEDs lurned off at test time are not tesled and will show
a logic "1* at the detailed error report.

Figure 19. Normal Operation with Error Delection During Operation — 64 Cascaded AS1110s
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9.4.2 Error Detection with Low-Current Dlagnosis Mode
This unique feature of the AS1110 uses an internal all 15 test pattern for a flicker free diagnosis of all LEDs. This exor delection mode can be
started at the end of each inpul cycle {see Figure 20},

Figure 20. Low-Cument Diagnosis Mode with Infernal Alf 1s Test Paltern - 64 Cascaded ASTH10s
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www.ams.com/LED-Driver-ICs/AS1110 Revision 1.6 17-24




85

AS1110 i
Dalashesl - Application Informalion I
i

The last patiern writlen into the shift register will be saved before starting low-current diagnosis mode and can be displayed immedialely after the
{est has been perfommed.

tow-current diagnostic mode is slarted with 3 clock pulses during error delection mode. Then OEN should be enabled for >2us for testing. With
the rising edge of OEN the LED {estis stopped, and while LD is high the desired error mode can be selected with the corresponding clock
pulses, After LD and OEN go low again the previously saved patiem can be displayed at the oulputs.

With the next data inpul the delailed error code will be clocked out at pin SDO.
Note: See Figure 21 for use of an external test patiern.

Figure 21. Low-Curmrent Diagnosis Mode with Extemal Test Paltern - 64 Cascaded AS1110s
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9.2 Cascading Devices

To cascade mullipie AS 1110 devices, pin SDO mus! be connected o pin SDI of the next AS1110 {see Figure 22). At each rising edge of CLK lhe
LSB of the shift regisier will be writlen into the shift register SOI of the next AS1110 in the chain.

Note: When n"AS1110 devices are in one chain, n*16 clock pulses are needed 10 lalch-in the input data,

Figure 22. Cascading AS1110 Devices
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9.3 Constant Current

In LED display applications, the AS1110 prevides virlually no current variations from channelHo-channel and from AS1110-10-AS1110. This is

mestly due to 2 faclors: )
a While louT = 10mA, the maximum current skew is less than +3% between channels and less than £6% between AST110 devices.

a In the saluration region, the characleristic curve of the outpul slage Is flal (see Figure 5 on page 7). Thus, the output cumrent can be kept
conslanl regardless of the varialions of LED forward vollages (VF).

9.4 Adjusting Oufput Current

The AS1110 scales up the reference currenl {IREF) set by exlemal resistor (REXT) to sink a current (louT) at each output port. As showm in
Figure 3 on page 7 the otpul current in the saturation region is exiremely flat so that it is possible fo define it as larget current (louT TARGET).
louT TARGET can be calculated by:

VRext= 1.253V {EQ1)
Irer = VrexT/RexT (if the other end of RexT is connecled fo ground) {EQ2)
lout TARGET = IREF'15 = (1.253VIREXT)*15 {EQ3)
Where:
RexT is the resislance of the external resistor connected to pin REXT.
VREXT is the vottage on pin REXT.

The magnifude of cuirent (as a {unction of REXT) is around 50.52mA al 3720 and 25.26mA at 744Q. Figure 3 on page 7 shows the relationship
curve between the louT TARGET of each channel and the coresponding extemal resistor (REXT).

9.5 Package Power Dissipation
The maximum allowable package power dissipation (PD) is determined as:

Poiraxy = (T TAMBYRTH{J-A) {EQ4)
When 16 output channels are turned on simultaneously, the actual package power dissipation is:
PoiacT) = {iDp*'Vop) + {lout*Duly*VDs* 16) (EQ S5}
Therefora, to keep PDtacT) < Po@aax), the maximum allowed output cument as a function of duty cycle is:
louT = {{(T+-TamB)RTH{-AHIDD Vo) IV Ds/Dity/ 16 {EQH)
Where:
Ta=150°C

9.6 Delayed Outputs
The AS1110 has graduated delay circuits between oulpuls. These delay circuits can be found between OUTNR and constanl current block.

The fixed delay time is 20 ns (fyp} where OUTNO has no delay, QUTN1 has 20ns delay, OUTNZ has 40ns delay ... OUTN15 has 300ns defay.
This deday prevenls farge inrush cuments, which reduce power supply bypass capacilor requirements when the outputs turn on (see Figure 11 on

page 10)

9.7 Switching-Noise Reduction
LED drivers are frequently used in switch-mode applications which nomnally exhibit switching nofse due to parasitic inductance on the PCB.

9.8 Load Supply Voltage
Considering the package power dissipation limits (see EQ 4:6), the AS1110 should be operaled within the range of
Vbs =04 to 1.0V.

For example, if VLED is higher than 5V, VDS may be so high that PD(acT) > PD(Max) where VDS = VLED - VF. In Lhis case, the lowest possible
supply voltage or a vollage reducer (VOROP) should be used. The vollage reducer allows
VoS = (VLED -VF) - VOROP.

Note: Resisiors o zener diodes can be used as a vollage reducer as shown in Figure 23.

www.ams.com/LED-Driver-ICs/AS1110 Revision 1.6 19-24
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Figure 23. Vollage Reducer using Resislor {Left} and Zener Diode (Righl}
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10 Package Drawings and Markings

The AS1110 is available in a 28-pin QFN (5x5mm}) package and a 24-pin SSOP package.

Figure 24. 28-pin QFN (5x5mm) Package

H
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SIDE VIEW PLANE .|
[} J -
ODD TERMINAL SIDE
~ gymbol- fotes: ~Symbol - -Min.
A 0.70 0.786 0.80 1,2 DBSC
Al 0.00 0.02 0.05 1,2 E BSC f
Al 0.20 REF 1,2 D2 3.00 3.15 3.25 1,2
L 045 0.55 0.65 1,2 E2 3.00 3.15 325 1.2
L1 0.03 0.15 1,2 K 0.20 1,2
aaa 0.15 1,2 b 0.18 0.25 0.30 1,25
bbb 0.10 1,2 e 0.50
[+ 0.10 1,2 N 28 1,2
ddd 005 1,2 ND 7 1,2,5
[;.5:] 0.08 1,2 NE 7 1,2,5
ggg .10 1,2

Notes: Unilateral coplanarity zone applies 1o the exposed heal sink slug as well as (ne lerminals.
1. Dimensioning and tolerancing conform to ASME Y14.5M-1994.

. All dimensions are in millimeters; angles in degrees.

2

3. Nis the totai number of terminals,

4. The terminal #1 identifier and terminal numbering convention shall conform to JEDEC 95 SPP-012. Delails of terminal #1 identfier are
optional but must be located within the zone indicaled. The terminal #1 identifier may be either a moid of marked feature.

5. Dimension b applies to metallized terminal and is measured between 0.15 and 0.30mm from terminal tip, If one end of the terminal has the
optional radius, the b dimension should not be measured in that radius area.

6. Dimensions ND and NE refer fo the number of terminals on each D and E side, respectively,

www.ams.com/LED-Driver-ICs/AS1110

Revision 1.6
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AS1110 ‘l!
Datashest - Package Drawings and Markings
Il

Figure 2. 24-pin SSOP Packege
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A 1.35 175
Af 0.10 0.25
A2 1.37 1.57

b 0.20 0.30
C 0.19 0.25

D 8.55 8.74

E 579 6.20
E1 381 399

e 0.63585C

h 0.22 049

L 0.40 127
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Dalasheel - Ordering Information

11 Ordering Information

The device is available as the standard products shown in Table 9.

" Description - .-~ [ Delivery Form - -Package
Conslant-Curreni, 16-Channel LED Driver with Diagnostics Tubes 24-pin SSOP
AS1110-BSST Constant-Current, 16-Channed LED Driver with Diagnostics Tape and Reel 24-pin SSOP
AST110-BQFR Conslant-Current, 16-Channel LED Driver with Diagnostics Tray 28-pin QFN (5x5mm)
AS1110-BQFT Conslant-Current, 16-Channel LED Driver with Diagnostics Tape and Reel 28-pin QFN (5x5mm)
Note: All producis are RoHS compliant and Ph-free.
Buy our products or get free samples online al waww.ams.comfiCdirect
Technical Support is available at www.ams.com/Technical-Support
For further informalion and requests, email us al sales@ams.com
{or} find your local distributor al www.ams.com/distributor
wpw.ams.com/LED-Driver-ICs/AS 1110 Revision 1.6 23-24
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Copyrights

Copyright © 1997-2012, ams AG, Tobelbaderstrasse 30, 8141 Unterpremsiaetlen, Auslria-Europe. Trademarks Registered @. All rights
reserved, The material herein may not be reproduced, adapled, merged, translated, stored, or used without the prier writien consent of the
copyright owner.

Alt products and companies mentioned are rademarks of registered trademarks of their respective companies.

Disclaimer

Devices sold by ams AG are covered by the warranty and patent indemnification provisions appearing in its Term of Sale. ams AG makes no
wairanty, express, stalulory, implied, or by description regarding the information set forth herein or regarding the freedom of the described
devices from patent infringement. ams AG reserves the right fo change specificalions and prices al any time and without notice. Therefore, prior
fo designing this product into a system, it is necessary to check with ams AG for curmenl informalion. This preduct is intended for use in normal
commercial applications, Applications requiring exlended temperalure range, unusual envirenmenial requirements, of high refiabifity
applications, such as military, medical life-suppor or life-sustaining equipment are specifically not recommended withoul addiional processing
by ams AG for each application. For shipments ol less (han 100 parls the manulacluring flow might show deviations from the standard
production ficw, such as test flow or tesi localion.

The information furnished here by ams AG Is believed to be correct and accurate. However, ams AG shall not be llable to recipient of any third
party for any damages, including but not limited to personal injury, property damage, loss of profits, loss of use, interuption of business of
indirecl, special, Incidental or consequential damages, of any kind, in connection with or arising out of the fumishing, performance or use of the
technical data herein. No obligation or liability lo recipient or any Lhird party shall arise or flow out of ams AG rendering of technical of othey
services.

amil

Contact [nformation

Headquarters

ams AG
Tobelbaderslrasse 30
A-8141 Unterpremstastien, Austria

Tl :+43(0)3136 5000
Fax :+43 (0) 3136 525 01

For Sales Offices, Distribulors and Representatives, please visil:
hilp:/iveww, ams.com/contact

www.ams.com/LED-Driver-ICs/AS 1110 Revision 1.6 24-24
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& o M TLC5940
PWP RHB NT

SLWS515C -DECEMBER 2004 -REVISED OCTORER 2007

16 CHANNEL LED DRIVER WITH DOT CORRECTION AND GRAYSCALE PWM CONTROL

FEATURES
+ 16 Channels

» 12 bit {4096 Steps) Grayscale PWM Control

+ Dot Correction
— 6 bit (64 Steps)

— Storable in Integrated EEPROM
« Drive Capability (Constant-Current Sink)

- O0mAto 60 mA (Ve < 3.6 V)
- 0mAto120 mA (Ve > 36 V)

» LED Power Supply Voltage up to 17 V

* Vec=3Vto55V

+ Serial Data [nterface

+ Controtled in-Rush Current

¢« 30MHz Data Transfer Rate

* CMOS Level IO

¢ Error Information
— LOD: LED Open Detection
— TEF: Thermal Error Fiag

\.‘CL‘ GND SCLC =)

APPLICATIONS

+ Monocolor, Multicolor, Full-Color LED Displays
« LED Signboards

« Display Backlighting

* General, High-Current LED Drive

DESCRIPTION

The TLC5940 is a 16-channel, constant-current sink
LED driver. Each channel has an individually
adjustable 4096-slep grayscale PWM brightness
conlfrol and a 64-slep, constant-current sink {(dot
correclion). The dot correction adjusts the brighlness
variations between LED channels and other LED
drivers. The dot comection data is stored in an
integrated EEPROM. Both grayscale control and dot
correclion are accessible via a serial interface. A
single external resistor seis the maximum current
value of all 16 channels.

The TLC5940 features two error information circuits.
The LED open deteclion {LOD) indicates a broken or
disconnected LED al an output terminal. The thermal
error flag (TEF) indicales an overtemperalure
condilion.

_{‘D Constant Current]
| G Regater 12-8i G Driver oUTD
. ! DCPRG : [ooig 8

1

GECLK:
@

1

¥ 684 Dot -
_1000“"?““" : Cormection

Staws ¢ 1
Inlurrrilhm 192

TED
DC DATA
191

VPRG

Conslad Current
12-B4 G d
'—I G5 Regster [——-I m‘umb} Driver QUTH

§
I' 6B Dt
DC Registet §
"L E“ n Correction
§ DC EEPROM 1 | LED Open Delection
'

VFRO
1
H

CNT

1
+2-Bil Gray : )
ouT
PWM Conlrod 5

19
I|JCPR

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

PowerPAD is a trademark of Texas Instruments.

PRODUCTION DATA informalion is cuarent as of publicaton date.

Prodwlscmrmlospeuﬁcanonspeflhalmnsmﬂmes
Instruments  slandar vman:{ Production processing does not
necessartly includa testing | parameters.

Copytighl © 2004-2007, Texas Instruments Incorporated
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These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam

‘Z’\ during storage or handling to prevent eleclrostatic damage to the MOS gales.

ABSOLUTE MAXIMUM RATINGS.

ORDERING INFORMATION

Ta PACKAGE!Y PART NUMBER
28-pin HTSSOP PowerPAD™ TLC5340PWP
—40°C to 85°C 32-pin 5mm x 5mm QFN TLC5940RHB
28-pin PDIP TLC5940NT

(1) For the most current package and ordering information, see the Package Cplion Addendum al the end
of this document, or see the Tl websile al www.ti.com.

over operaling free-air temperature range (unless otherwise noted}t?

UNIT
V| Inpul vollage range@ VCG -0.3Vio 6V
lo Qutput current (dc) 130mA
Vi Input voltage range V(BLANK)- V(Dcpggj, V(SCLKJ- V(XLAT}- V(sm), V(GSCLK}n V{IREF) —0.3V to Ve +0.3V
W, '/ 0.3V lo Ve +0.3V
Vo  Output voltage range (ST, ERY) ce
Vioure to Vioutis -0.3Vto 18V
EEPROM program range VrrG) 0.3V to 24v
EEPROM write cycles 50
ESD rati HBM (JEDEC JESD22-A114, Human Body Model) 2KV
ratin
1 CBM (JEDEC JESD22-C101, Charged Device Model) 500V
Tstg  Slorage lemperature range -55°C to 150°C
Ta Operating ambient temperature range -40°C to 85°C
HTSSOP (PWP)&¥ 31.58°C/W
Package thermal impedance® | QFN (RHB) 35.9°CAV
PDIP (NP} 48°C/W
(1) Stresses beyond those listed under absclule maximum ratings may cause permanent damage to the device. These are stress ratings
only, and funclional cperation of the device al lhese or any other condilions beyond those indicated under recommended operaling
condilions is nol implied. Exposure {o absolute maximum rated condilions for exlended periods may affect device reliability.
(2) All voltage values are wilh respect to network ground terminal.
{3) The package thermal impedance is calculaled in accordance wilh JESD 51-7.
(4) With PowerPAD soldered on PCB with 2 oz. (56,7 grams) trace of copper. See SLMAO002 for further information.
2 Submit Documentation Feedback Copyright © 20042007, Texas Instrumenls Incorporaled
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RECOMMENDED OPERATING CONDITIONS

MIN  NOM MAX| UNIT
DC CHARACTERISTICS
Vee Supply Voltage 3 55 \Y
Vo Vollage applied to output (OUTO-OUT15) 17 v
ViH High-level input voltage 0.8 Veo Vee v
ViL Low-level input voltage GND 0.2Vee v
loH High-level output current Vee = 5V at SOUT -t mA
oL Low-level outpul current Ve = 5V at SOUT, XERR 1| mA
OUTO to OUT15, Vee < 3.6V 60| mA
loLe Constant output current
OUTO to QUT15, Ve > 36V 1201 mA
Viergy EEPROM program vollage 20 22 23 v
Ta Operaling free-air lemperalure range 40 85| °C
AC CHARACTERISTICS
Vee =3V 10 5.5V, Ty = —40°C to 85°C (unless otherwise noted)
fiscixy Data shifl clock frequency SCLK 30| MHz
fesciy  Grayscale clock frequency GSCLK 30 MHz
taotao  SCLIK pulse duration SCLK = H/L (see Figure 11) 16 ns
taiftar  GSCLK pulse duration GSCLEK = H/L {see Figure 11) 16 ns
bz XLAT pulse duralion XLAT = H [see Figure 11) 20 ns
tanas BLANK pulse duration BLANK = H {s=e Figure 11) 20 ns
tog SIN to SCLK 1V {see Figure 11) 5 ns
tsut SCLK ) to XLAT 1 (see Figure 11} 10 ns
ez VPRG 1 | to SCLK t (see Figure 11) 10 ns
o Setup time VPRG t {XLAT t (see Figure 11) 10 ns
teud BLANK | 10 GSCLK t (see Figure 11) 10 ns
s XLAT 1 10 GSCLK t {see Figure 11) 30 ns
tsua VPRG { to DCPRG 1 (see Figure 16} 1 ms
tho SCLK 1 10 SIN (see Figure 11) 3 ns
by XLAT | to SCLK 1 {see Figura t1) 10 ns
tho ‘ SCLK { to VPRG 1 | (see Figure 11) 10 ns
Hold Time
tha XLAT | to VPRG 1 | (see Figure 11) 10 ns
[ GSCLK 1 to BLANK 1 (see Figure 11) 10 ns
ths DCPRG | to VPRG 1 {see Figure 11) 1 ms
lpreg Programming time for EEPROM (see Figure 16) 20 ms
(1) {and | indicales a rising edge, and a (alling edge respeclively.
DISSIPATION RATINGS
PACKAGE POWER RATING DERATING FACTOR POWER RATING POWER RATING
Ty < 25°C ABOVE Tp = 25°C Ta=70°C T =85°C
ot 3958mW 31.67mWIC 2533mW 2058mwW
28-pin HTSSOP with PowerPAD™ 2026mwW 16.21mWFrPC 1296mwW 1053mW
unsoldered
32-pin QFNY 34B2mW 27.86mWrC 2228mwW 1811mwW
28-pin PDIP 2456mW 19.65mWFrC 1572mwW 1277mW
(1) The PowerPAD is soldered to the PCB with a 2 oz. (56,7 grams) copper trace. See SLMAQ02 for further information.
Submit Documenlation Feedback 3
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ELECTRICAL CHARACTERISTICS
Vec = 3V 1o 5.5V, T,y =—40°C to 85°C (unless otherwise noled)
PARAMETER TEST CONDITIONS MIN TYP MAX|[ UNIT
Vou High-level culput voitage lon = -imA, SOUT Ve 0.5 v
Vor Low-level output vollage i = 1mA, SOUT 0.5 v
V| = Vi or GND; BLANK, DCPRG, GSCLK, SCLK, SIN, 1 1
XLAT
h Input current Vi = GND; VPRG - 1] A
V| = Vcc', VPRG 50
V| = 22V; VPRG; DCPRG = Vg 4 10| mA
No data transfer, all oulput OFF, 0.9 6
Vo = 1V, R(IREF) = {0k0 :
No data transfer, all oulpul OFF, 5.2 12
Vo =1V, R{IREF) = 1.3k} '
lec Supply current mA
Data transfer 30MHz, all oulput ON, 16 26
Vo =1V, R(IREF) = 1.3k}
Daia transfer 30MHz, all output ON, 30 60
VO o 1V, R(IREF) = 6400
ooy Efg"l‘fr'f;; sink current (S2€ | oy qutpul ON, Vo = 1V, Ryper, = 6400 54 61 69| ma
All output OFF, Vg = 15V, R(IREF) = 6401,
hig Leakage oulput cuirent OUTO to OUT15 0.1 HA
All oulput ON, Vo = 1V, R(IREF) = 64042, 1 +4
OUTO to OUT15, —20°C to 85°C :
All oulput ON, Vo = 1V, R(IREF) = 5401}, 1 8
Al Constant sink current efror QUTO to OUT15!" o
OLCD)  (see Figure 2) _ - o
a All outpul ON, Vg = 1V, R(IREF) = 32010, 1 6
CUTD to OUT15, —20°C to 85°C
All output ON, Vo= 1V, R[‘IREF) = 3200, +1 18
Ve = 4.5V to 5.5V, OUTO to OUT15
Al Constant sink current error Device lo device, Averaged current from QUTO to -2 4 o
OISl (see Figure 2) OUT15, Ryrery = 19200 (20mA)12 +0.4 o
Al Constant sink current error Device fo device, Averaged current from OUTO o 2.7 4 %
LD (see Figure 2) OUT15, Ryren) = 4800 (80mA)? +2
All outpul ON, Vo =1V, R(IREF) = 6400
. ‘ _ OUTO to OUTHS, Ve = 3V to 5.5V T ) %N
Moy ey Line regulation (see Figure 2)
All output ON, Vo = 1V, R(mgn =32000, +1 6 )
OUTO to QUTHS, Ve = 3V to 5.5V - -
All cutput ON, Vo = 1V to 3V, Ryrer) = 6400, o
. . OUTO to OUT15™ 2 8 WV
Alggcy Load regulation (see Figure 2)
All oulput ON, V? =1V to 3V, Ryrer = 3200, 2 8l owun
OUTO to OUT15™
Taen,  Thermal error flag threshold | Junction temperature®! 150 176| C
V(LED) LED open detection threshold 03 04 \'4
Viren) f}:,’;;f“* voliage Ryser) = 64002 120 124 128

(1) The devialion of each output from the average of QUT0-15 constant current. It is calculated by Equation 1 in Table 1.
(2) The devialion of average of QUT1-15 constant current from the ideal constant-currend value. It is calculated by Equalion 2 in Table 1,
The ideal current is calculated by Equation 3 in Table 1.
(3} Theline regulation is calculated by Equation 4 in Table 1.
(4) The load regulation is calculated by Equation 5in Table 1.
(5) Not tested. Specified by design

Submit Documeniation Feedback
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Table 1. Test Parameter Equations

loutn —boUTave 0
A{%): CUTn OUTavg _0-15 %100

IOUTavg _0-15 (1)
I -1
A(%) _ ClUTavg OUT(IDEAL) %100
lourgoeaL) @)
1.24V
lOUT(IDEAJ.) =31.5x ( ]
IREF (3)
A(%f V) _ (IOUTn at Vcc = 5.5V) - (IDUTn at VCC = 30V) o 100
(IOUTI‘I at VCC = 3.0V) 2.5 (4)
A(%IV) _ (IOUTD at VOUTR e 30V)— (IOUTI'I al VOUTI‘I — 1.0\’) v, 100
(IOUTn at VOUTn =1 OV) 20 {5)
SWITCHING CHARACTERISTICS
Voo = 3V 1o 5.5V, T, = -40°C to 85°C {unless otherwise noted)
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
o N SouUT 16
Rise tima ns
tey OUTn, Ve = BV, Ta = 60°C, DCn = 3Fh 10 30
o . SOuT 16
Fall time ns
b OUTn, Vg = 5V, T4 = 60°C, DCn = 3Fh 10 o
todo SCLK to SOUT (see Figure 11} 30 ns
toat BLANK to OUTO 60 ns
Logo | . OUTn lo XERR (see Figure 11} 1000 ns
Propagation delay time ;
toga GSCLK to QUTO (see Figure 11) 60 ns
togq XLAT to loyy (dol correction) (see Figure 11) 60 ns
Lods DCPRG to QUTO (see Figure 11) 30 ns
tg Qutput delay ime QUTn to OUT(n+1} (see Figure 1) 20 30 ns
lonerr | Output on-time error touton— Tgsak {see Figure 11}, GSn = 01h, GSCLK = 11 MHz 10 -50 -850 ns
Copynghl © 20042007, Texas Instrumenls Incorporaled Submit Documentation Feedback 5
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DEVICE INFORMATION

PWP PACKAGE NT PACKAGE
(TOP VIEW) (TOP VIEW)
g +C  =slmivec outiffr ~“ a=:fjouts
BLANK [T 2 %7 B0 REF outz2 ]2 27[] vPRG
== T 1 == T R
I !

SIN CL5 124 713 souT 83;4 04 25 iCLK
VPRG 16 | , 128 FTJ XERR 5[5 24 [] XLAT
ouTo CI7 | T':{g‘a |22 |13 ouTis ouTe [] 6 23[] BLANK
ouT1 CIs : I21 11 QUT14 out7 [}~ 29[] GND
oura C ! l1e I ouTi2 oUTs 0 21 REF
ouTa CI] 11 l18 -7 oUT1 O 2]
ouTs [ 12I =17 T OUTi0 QUTi0 [ 10 19{] DCPRG
oute CI+3,. 16 1] OUTY ouUT11 [ 11 18]} GSCLK
out7 1414 15 [ oUTs ouT12 12 17[] SOUT

OuUT13 [}18 16[] XERR
OUT14 []14 151 QUT15
AHB PACKAGE
{TOP VIEW)
it e TN o =
O22rEEEEE
7 e T I i R R R
OmxO0O000O0
¥ — M~
SERIEISEISIS
DCPRG [B) r————————— 6] OUT10
| 1
IREF [26) | | (5] oute
vce [70) | } (34| outs
NG ) } THERMAL | (33] NC
NC [79) | PAD } Ciz] NC
GND @{ | (i} out?
BLANK [3T) | | (G} ouTs
XAT 3D L 1 5] outs
L ANERERERE
w Z 0 O — NN o o
Sae2EE5EE
» 500000
NC ~ No inlernal connegtion
6 Submil Documentlation Feedback Copyrighl © 20042007, Texas Instrumenls Incorporated
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TERMINAL FUNCTION

TERMINAL
NO. 1o DESCRIPTION
NAME
DIP | PWP | RHB

BLANK 23 2 31 [ Blank all outputs. When BLANK = H, all OUTn outputs are forced OFF. GS counter is also
resef. When BLANK = L, OUTn are controlled by grayscale PWM control.
Switch DC data input. When DCPRG =L, DC is connected to EEPROM. When DCPRG = H,

DCPRG 19 26 25 | | DG is connected to the DC register.
DCPRG also controls EEPROM wiiting, when VPRG = Vipag). EEPROM data = 3Fh {default)

GND 22 1 30 G | Ground

GSCLK 18 25 24 { | Reference dock for grayscale PWM conlrol

IREF 20 27 26 | | Reference current terminal

NC - - 12% 12% No connection

QuTO 28 7 4 O | Constant current culput

QuUTi 1 8 5 O | Constant current oulput

ouT2 2 9 6 O | Constant current output

QuT3 3 10 7 O | Constant current output

oUT4 4 11 8 O | Constant current output

ouTs 5 12 a O | Conslant current output

ouTe 6 13 10 0O | Constant curent oulput

ouT? 7 14 11 O | Constani current output

ouTs 8 15 14 O | Constant current oulput

ouT9 9 16 15 O | Constant current output

ouT10 10 17 16 O | Constant current output

OuUTH1 11 18 17 O | Constant current output

ouTi12 12 19 16 O | Conslant curreni ouviput

QuT13 13 20 19 O | Conslant curent output

ouT14 14 21 20 0O | Constant current output

ouT1s 15 22 21 O | Constanl cuirent output

SCLK 25 1 | | Serial data shift clock

SIN 26 2 | | Seral data input

SOuUT 17 24 23 O | Serial data output

VCC 21 28 27 I [ Power supply voltage
Muttifunction inpul pin. When VPRG = GND, the device is in GS mode, When VPRG = V¢, the

VPRG 27 6 3 I | device is in DG mode. When VPRG = Viyprg), DC register data can programmed into DG
EEPROM with DCPRG=RIGH. EEPROM data = 3Fh {defaull)

XERR 16 23 22 O | Error oulpul. XERR is an open-drain terminal. XERR goes L when LOD or TEF is detecled.
Level| triggered faich signal. When XLAT = high, the TLC5940 writes data from the input shift

XLAT 24 3 32 | | register to either GS register (VPRG = low) or DC register (VPRG = high). When XLAT = low,
the data in GS or DC register is held constant.

Copyright © 2004-2007, Texas Instruments Incorporated Submil Documentation Feedback 7
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PARAMETER MEASUREMENT INFORMATION

PIN EQUIVALENT INPUT AND OUTPUT SCHEMATIC DIAGRAMS
Resistor values are equivalent resistances, and they are not lested.

INPUT EQUIVALENT CIRCUIT OUTPUT EQUIVALENT CIRCUIT {SOUT)
(BLANK, XLAT, SCLK, SIN, GECLK, DCPRG) vee
vee —0|
400
INPUT —e souT
230
GND
, L GND
INPUT EQUIVALENT CIRCUIT (IREF) OUTPUT EQUIVALENT CIRCUIT (XERR)
VCC Vorer) 23Q
Amp XERR
400 Q2
INPUT _|
100 02
GND
GND
INPUT EQUIVALENT CIRCUIT {VCC) OUTPUT EQUIVALENT CIRCUIT (OUT)
a j— -
GND
INFUT EQUIVALENT CIRCUIT (VPRG)
INPUT
i % GND
GND

Figure 1. Input and Output Equivalent Circuits

8 Submit Documentation Feedback Copyright © 2004-2007, Texas Instruments Incorporated
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PARAMETER MEASUREMENT INFORMATION (continued)

tro toe Yhao ters b4e tpgts tpa2r tpaze fpads tpase by

Vg =4V

SOuUT Testpoint
Ry =510
C, = 15pF
I OouUTn

loiLey AlojLcoy Mlogen) Alogezy AMopcy Alocs)

oury | ourn—_l
) IVo=1V I Vo=1Vio 3V

Testpolint
Cy = 15pF

VIREF) thas
IREF Testpolnt Voo

R (reg) = 8402 470k01

p— XERR

Figure 2. Parameter Measurement Circuits

Copyrighl © 2004-2007, Texas Instruments Incorporaled Submit Documentation Feedback 9
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Reference Resistor, Rirer) - &

TYPICAL CHARACTERISTICS

SLVS515C —DECEMBER 2004-REVISED OCTOBER 2007
REFERENCE RESISTOR
Vs
OUTPUT CURRENT
10k T
i .68 kN
\
A\
1.92 k0
1k 0.96 kX
e,
]
0.48 k0
0.38 kit
032k
100

lg - Qutput Current - mA

0 20 40 60 80 100 120
lg — Output Current - mA

Figure 3.
OQUTPUT CURRENT
Vs
OUTPUT VOLTAGE

140 I I
TA = 25°C, |0 =120 mA

= 1

120]- Vee =5V o i
/ lo = 100 mA

100 i
Ip = 80 mA

80 i
Ip = 60 mA

60 i
lo = 40 mA

40 |
o =20 mA

20 }

g =5mA
Il
0 I
0 0.5 1 1.5 2 2.5 3

Vg - Qutput Veltage - V
Figure 5.

Power Dissipation Rate - mW

lg - Output Current - mA

4k

3k

2k

1k

0

65
64
63
62
61
60
59
58
57

56
55

POWER DISSIPATION RATE
Vs
FREE-AIR TEMPERATURE

TLCE240PWP
PowerPAD Soldered

TLG5940RHB \\{/
n Y
y
TLC5940NT \
N N
TLC5940PWP \\
PowarPAD Unsoldered \\
I

40 20 0 20 40 60 80 100

Ty — Free-Alr Temperature - °C

Figure 4.
OUTPUT CURRENT
v3
OUTPUT VOLTAGE
|
Ig = 60 mA,
[ Ve =5V
iy To=85C
N[~
LA
SNV
7 Ty = 25C —
T, =-40°C
0 0.5 1 1.5 2 25 3

Vg - Output Voltage -V
Figure 6.
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TYPICAL CHARACTERISTICS (continued)
CONSTANT OUTPUT CURRENT, Alg ¢ CONSTANT OQUTPUT CURRENT, Alg ¢
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Figure 9.

Dot Correctlon Data - dec

Figure 10.
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PRINCIPLES OF OPERATION

SERIAL INTERFACE

The TLC5940 has a flexible serial interface, which can be connected lo microconlrollers or digital signal
processors in various ways. Only 3 pins are needed to input data into the device. The rising edge of SCLK signal
shifts the data from the SIN pin to the internal register. After all data is clocked in, a high-level pulse of XLAT
signal latches the serial dala to the internal registers. The internal registers are level-triggered lalches of XLAT
signal. All data are clocked in with the MSB first. The length of serial data is 96 bit or 192 bit, depending on the
programming mode. Grayscale dala and dot correction data can be entered during a grayscale cycle. Although
new grayscale data can be clocked in during a grayscale cycle, the XLAT signal should only latch the grayscale
data at the end of the grayscale cycle. Lalching in new grayscale data immediately overwrites the existing
grayscale data. Figure 11 shows the timing charf. More than two TLC5940s can be connected in series by
connecting an SOUT pin from one device to the SIN pin of the nexl device. An example of cascading two
TLC5H940s is shown in Figure 12 and the timing chart is shown in Figure 13. The SOUT pin can also be
connected to the controller o receive status information from TLC5940 as shown in Figure 22.

VPRG )SDC Data lw@ « GS Data Input Mode «
1T ) b))
b s ———H e [+
XLAT AL ,—I | i S[ I_]
iy ] i )
|

1

15t S Data Inpud Cycle | 2nd 63 Dala Ingnt et
t
|

<5 T
&1 s 2]

}‘_'hz_'—k_’:l-“‘a i 'suil‘—i‘i Iﬂ—"ﬂl—’{ — b l!uo-.ﬂ b

s UL MUUAAL L ATIAA - FFN

Relaile

[E2l=] 1) TelE EHE
la—p) uma

——a L

T
i
! i«
BLANK o I I R I 15t OS5 Data Oulpd Cycie 2nd GS Data Oulpul Cyde
SO o T e e
I
NN 2l e —— SR | e
oure et W & e s P p= I T
| I e l_|
{cutrent) h { : % ! 4. ! I | [
| -l :4— ity +|="—'d _H |4_'pd3"d "i =+W
ouT _534{—:—| “———Sﬁ—]—'—
{eurrent) | 1 ()(; [
: Hlpdl'ﬁ“d —’i ﬂ—15xlu
OUT45 ( PA-_44 .
{cumrent) )-_—_’—L'SS ! H . H H
_LIS I -H:‘_\m I8
)
XERR . L | L i
Figure 11. Serial Data Input Timing Chart
SIN{fa)—/* SIN sS0uT SIN SOUT |— SOUT(b)
TLC5940 (a) TLC5340 (b)
SCLK, XLAT, ] T
BLANK,
GSCLK,
DCPRG,
VPRG
Figure 12, Cascading Two TLC5940 Devices
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Figure 13, Timing Chart for Two Cascaded TLC5940 Devices

ERROR INFORMATION OUTPUT

The open-drain output XERR is used to report both of the TLC5940 error flags, TEF and LOD. During normal
operaling condilions, the internal lransistor connected to the XERR pin is furned off. The voltage on XERR is
pulled up to Ve through an external pullup resistor. If TEF or LOD is detected, the internal transistor is turned
on, and XERR is pulled to GND. Since XERR is an open-drain outpul, multiple ICs can be OR'ed together and
pulled up to V¢ with a single pullup resistor. This reduces the number of signals needed to report a syslem error
(see Figure 22).

To differentiate LOD and TEF signal from XERR pin, LOD can be masked out with BLANK = HIGH.
Table 2. XERR Truth Table

ERROR CONDITICN ERROCR INFORMATION SIGNALS
TEMPERATURE QUTn VOLTAGE TEF LOD BLANK XERR
TJ < T(TEF) Don't Care B X H H
T, > Taer Don't Care H X L

OUTn > V(LED) L L H
Ty« Taren OUTn <V, L H L
(LED) L
T QuTn > V(LED) H L L
42 Trer) oUTh <V, H H L
(LED)

TEF: THERMAL ERROR FLAG

The TLC5940 provides a temperature ersor flag (TEF) circuit lo indicate an overlemperature condilion of the IC. If
the junction temperalure exceeds the threshold temperalure (160C typical), TEF becomes H and XERR pin goes
to low level. When the junction temperature becomes lower than the threshold temperature, TEF becomes L and
XERR pin becomes high impedance. TEF slatus can also be read out from the TLC5940 slatus register.
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LOD: LED OPEN DETECTION

The TLC5940 has an LED-open detector that detects broken or disconnected LEDs. The LED open delector
pulis the XERR pin to GND when an open LED is detected. XERR and the corresponding error bit in the Status
Information Data is only aclive under the following open-LED conditions.

1. OUTn is on and the time 1pd2 (1 ps typical) has passed.
2. The voltage of OUTn is < 0.3V (typical)

The LOD status of each output can be also read out from the SOUT pin. See STATUS INFORMATION QUTPUT
section for details. The LOD error bits are falched into the Status Information Data when XLAT returns to a low
after a high. Therefore, the XLAT pin must be pulsed high then low while XERR is aclive in order to latch the
LOD errar into the Stalus Information Data for subsequent reading via the serial shift register.

DELAY BETWEEN OUTPUTS

The TLC5940 has graduated delay circuils between outputs. These circuits can be found in the constant current
driver block of the device (see the funclional block diagram). The fixed-delay lime is 20ns (typical), OUTO has no
detay, OUT1 has 20ns delay, and OUT2 has 40ns delay, etc. The maximum delay is 300ns from OUTO to
QUT15. The delay works during swilch on and switch off of each output channel. These delays prevent large
inrush currents which reduces the bypass capacitors when the outpuls lurn on.

OUTPUT ENABLE

All OUTn channels of the TLC5940 can be swilched off with one signal. When BLANK is set high, all OUTn
channels are disabled, regardless of logic operations of the device. The grayscale counter is also reset. When
BLANK is set low, all OUTn channels work under normal conditions. If BLANK goes low and then back high
again in less than 300ns, all outpuls programimed lo turn on still turn on for either the programmed number of
grayscale clocks, or the length of time thal the BLANK signal was low, which ever is lower. For example, if all
outpuls are programmed to turn on for 1ms, bul the BLANK signal is only low for 200ns, all outpuls still turn on
for 200ns, even though some oulputs are turning on after the BLANK signal has already gone high.

Table 3. BLANK Signal Truth Table

BLANK ouUTO - QUT1S
LOW Normal condition
HIGH Disabled

SETTING MAXIMUM CHANNEL CURRENT

The maximum oulput current per channel is programmed by a single resislor, Rygreg,, which is placed between
IREF pin.zand GND pin. The voltage on IREF is set by an inlemal band gap Vger with a typical value of
1.24V. The maximum channel current is equivalent to the current flowing through Rrer) multiplied by a factor of
31.5. The maximum output current per channel can be calculated by Equation 6:

v
Imax = H('REF) x 31.5
{IREF) ©
where:
V(IREF) =124V

Ryrer) = User-selected external resistor.

Imax Must be set between 5 mA and 120 mA. The oulput current may be unstable if I, is set lower than 5 mA.
Output currents lower than 5 mA can be achieved by selting Imax to 5 mA or higher and then using dot
correclion.

Figure 3 shows the maximum oulput current | versus Ryrer;. Ryrer) is the value of the resistor between IREF
terminal to GND, and |, is the constant oulput current of OUTO to OUT15. A variable power supply may be
connected to the IREF pin through a resistor to change the maximum output current per channel. The maximum
oulput current per channel is 31.5 times the current flowing out of the IREF pin.
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POWER DISSIPATION CALCULATION

The device power dissipation must be below the power dissipation raling of the device package to ensure correct
operalion. Equation 7 calculates the power dissipation of device:

DC
Pp = (Vcc X lc:c) + (VOUT X lwax X g3 X dpwm X N) s
where:
Vee: device supply voltage
lec: device supply current
Vour: TLC5940 OUTn voltage when driving LED current
Imax: LED cument adjusted by Rrer) Resistor
DC,: maximum dot correction value for OUTn
N: number of OUTn driving LED at the same time
dpyay: duty cycle defined by BLANK pin or GS PWM value

OPERATING MODES

The TLC5940 has operaling modes depending on the signals DCPRG and VPRG. Table 4 shows the available
operating modes. The TPS5940 GS operating mode (see Figure 11) and shift register values are not defined
after power up. One solution to solve this is to set dof cormrection data after TLS5940 power-up and switch back
to GS PWM mode. The olher soluticn is o overflow the input shift register with 193 bils of dummy data and latch
it while TLS540 is in GS PWM mode. The values in the input shift register, DC register and GS register are
unknown just after power on. The DC and GS register values should be properly stored through the serial
interface before starling the operation.

Table 4, TLC5940 Operating Modes Truth Table

SIGNAL INPUT SHIFT REGISTER MODE DC VALUE
DCPRG | VPRG
L EEPROM
GND 192 bit Grayscale PWM Mode -
H DC Register
L . . EEPROM
Voo 96 bit Dol Correction Data Input Mode -
H DC Register
L EEPROM
H VivPRG) X EEPROM Programming Mode Wirite dc register value to EEPROM. (Default
data: 3Fh)

SETTING DOT CORRECTION

The TLC5840 has the capability to fine adjust the outpul current of each channe! OUTO to OUT15 independently.

This is also called dot correclion. This feature is used to adjust the brightness deviations of LEDs connecled to

the output channels OUTO lo OUT15. Each of the 16 channels can be programmed with a 6-bit word. The

channel oulpul can be adjusted in 64 steps from 0% to 100% of the maximum output current |,,,. Dot correction

for all channels must be entered at the same time. Equation 8 determines the oulput current for each output n;
DCn

IOUTn = Imax * 63 8

where:
lmax = the maximum programmable output current for each oulput.
DCn = the programmed dot correction value for output n (DCn = 0 lo 63).

n=010 15
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Figure 14 shows the dot correction data packet format which censists of 6 bits x 16 channel, total $6 bits. The
formal is Big-Endian format. This means that the MSB is transmitted first, followed by the MSB-1, elc. The DC
15.5 in Figure 14 stands for the 5" most significant bit for output 15.

MSB LSB
95 a0 89 6 5 0

DC 155 | wee DC 15.0 | DG 14.5 pc 10 | DCOS (11 Dc 0.0

DC OUTIS “DC QUTI4 - DC OUTZ DC OUTO

Figure 14. Dot Correction Data Packet Format

When VPRG is sef to VCC, the TLC5940 enlers the dol correction data input mode. The length of input shift
register becomes 96 bits. After all serial dala are shifted in, the TLC5940 writes the data in the input shift register
to DC register when XLAT is high, and holds the dala in the DC register when XLAT is low. The DC register is a
level triggered latch of XLAT signal. Since XLAT is a level-lriggered signal, SCLK and SIN must not be changed
while XLAT is high. Aflter XLAT goes low, data in the DC register is laiched and does nct change. BLANK signal
does not need to be high to lalch in new data. XLAT has setup lime (tsut) and hold time (th1) to SCLK as shown
in Figure 15.

DC Mode Data

: Input Cycle n { DC Mode Data
| Veo I Input Cycle n+1
VPRG | i
nc n-1y ocn Dc " oc n DCn neC n+1 DC n+1
SIN | sB MSB MSB— MSB 2 Lsan LSB MSB MSB-1
| I
| v L I
scLk | 1 2 3 S| 95 96 I 1 2
| |
T | L)
| Nt : |
{ ]
pCn-1 \/ DCn-1\/ DCn-1 R/ ocn- 1 DC n— pCn DCn DCn
sout MSB MSB-1 A MsB-2 ‘ LSB+1 MSB MSB-1 A MSB-2
| ! ]
-t
I lsul—h_' h v i j_4
XLAT | |
t

Figure 15. Dot Correction Data Input Timing Chart

The TLC59240 also has an EEPROM fo store dol correclion data. To slore data from the dot correclion register to
EEPROM, DCPRG is set o high after applying Vprg lo the VPRG pin. Figure 16 shows the EEPROM
programming timings. The EEPROM has a default value of all 1s.
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VIPRG)

VPRG vee

kN

las b= beog Dl b5 B4

BCPRG 1
XLAT 11

sox |l LI
souT f_l'??rl -

Figure 16. EEPROM Programming Timing Chart

DCPRG
1
F—PlftpdS h—»—tods
ouTo
{Current}
{ 1
ouT15 i
{Current) [ |
Figure 17. DCPRG and OUTn Timing Diagram
SETTING GRAYSCALE

The TLC5940 can adjust the brightness of each channel OUTn using a PWM conlrol scheme. The use of 12 bits
per channel results in 4096 different brighiness steps, respective 0% to 100% brighiness. Equalion 9 determines
the brightness level for each oulput n:

. o, _ GSn
Brighiness in % 2095 x 100 ©
where:;
GSn = the programmed grayscale value for output n {GSn = 0 to 4095)
n=01o 15

Grayscale dala for all OUTn

Figure 18 shows the grayscale data packet formal which consists of 12 bits x 16 channels, totaling 192 bits. The
format is Big-Endian format. This means that the MSB is transmilted first, followed by the MSB-1, etc.

MSB LsB
191 180 179 12 11 0
GS 1511} ses | GS15.0]{GS 14.11 . . ' GS1.0 | GS011| eee | gS00
1] 1
GS OUT5 ) GS OUTH4 - GS OUT2 GS OUTO

Figure 18. Grayscale Data Packet Format

When VPRG is set to GND, the TLC5940 enters the grayscale dala input mode. The device swilches the input
shift register to 192-bit width, After all data is clocked in, a rising edge of the XLAT signal latches the data into
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the grayscale register (see Figure 11). New grayscale dala immediately becomes valid at the rising edge of the
XLAT signal; therefore, new grayscale data should be latched at the end of a grayscale cycle when BLANK is
high.The first GS data inpul cycle after dof correclion requires an additional SCLK pulse after the XLAT signal to
complete the grayscale update cycle. All GS data in the input shift register is replaced with status information
data (SID) after updated the grayscale register.

STATUS INFORMATION OUTPUT

The TLC5940 does have a stalus information register, which can be accessed in grayscale mode (VPRG=GND).
After the XLAT signal latches the dala inlo the GS register lhe input shift register data will be reptaced with status
information data (SID} of the device (see Figure 18). LOD, TEF, and dot correction EEPROM data
(DCPRG=LOW) or dot correction register data (DCPRG=HIGH) can be read out at SOUT pin. The stalus
information data packet is 192 bits wide. Bits 0-15 contain the LOD status of each channel. Bit 16 contains the
TEF status. If DCPRG is low, bils 24-119 conlain the dala of the dot-correction EEPROM. If DCPRG is high, bits
24-119 contain the data of the dot-correclion register.The remaining bils are reserved. The complete staltus
informalion daia packet is shown in Figure 19.

SOUT outputs the MSB of the SID al the same lime the SID are slored in the SID register, as shown Figure 20.
The next SCLK pulse, which will be the clock for receiving the SMB of the next grayscale dala, transmits MSB-1
of SID. If output vollage is < 0.3 V (lypical) when the outpul sink current furns on, LOD status flage becomes
aclive. The LOD stalus flag is an internal signal that pulls XERR pin down to low when the LOD status flag
becomes active. The delay time, tpd2 (1 ps maximumy), is frem the time of lurning on the outpul sink current to
the time LOD stalus flage becomes valid. The timing for each channel's LOD status to become valid is shifted by
the 30-ns (maximum) channel-to-channel turn-on time. After the first GSCLK goes high, OQUTO LOD sltalus is
valid; tpd3 + tpd2 = 60 ns + 1 ps. OUT1 LOD status is valid; tpd3 + td + tpd2 =60 ns + 30 ns + 1 pus = 1.09 us.
OUT2 LOD status is valid; tpd3 + 2*1d + tpd2 = 1.12 ps, and so on. It takes 1.51 ps maximum (tpd3 + 15*d +
tpd2) from the first GSCLK rising edge until all LOD become valid; {sul OD must be > 1.51 ps (see Figure 20) to
ensure that all LOD data are valid.

MSB LSB
0 18 16 23 24 119 120 i1
LOD15| sss Lobo | TEF X sne X DC155 | «se | DCO.O X T X
LOD Data TEF DC Values Reserved

Figure 19. Status Information Data Packet Format
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Figure 20. Readout Status Information Data (SID) Timing Chart

GRAYSCALE PWM OPERATION

The grayscale PWM cycle starts with the falling edge of BLANK, The first GSCLK pulse after BLANK goes low
increases the grayscale counler by one and swilches on all OUTn wilh grayscale value nol zero. Each following
rising edge of GSCLK increases the grayscale counter by one. The TLCE940 compares the grayscale value of
each output OUTn wilh the grayscale counter value. All OUTn with grayscale values equal to the counter values
are switched off. A BLANK=H signal after 4096 GSCLK pulses resets the grayscale counter to zero and
completes the grayscale PWM cycle (see Figure 21). When the counter reaches a count of FFFh, the counter
stops counting and all outputs turn off. Pulling BLANK high before the counter reaches FFFh immediately resets
the counter lo zero.
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Figure 21. Grayscale PWM Cycle Timing Chart

SERIAL DATA TRANSFER RATE

Figure 22 shows a cascading connection of n TLC5940 devices connected to a controller, building a basic
module of an LED display system. The maximum number of cascading TLC5940 devices depends on the
application system and is in ihe range of 40 devices. Equation 10 calculates the minimum frequency needed:

= 4096 x f

YascLk {update)
tsciky) = 198 % fupdate) * ™
where:

fiescLry: Minimum frequency needed for GSCLK
fiscuiy: minimum frequency needed for SCLK and SIN
fupaate): Updale rate of whole cascading system

n: number cascaded of TLC5940 device

(10)
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APPLICATION EXAMPLE

Voo YiLED) ViLED) ViLED) V(LED)
[ ]
*
= 100k - S ve 5
O OuT15
sy mN Ym0 SINpT et 1s0uT
XERA VE ¢
| SCLK

X1AT 100 nF==

GSGLK TLC5940 TLCES40
Gonlrotler DCPHG—\ IHEFFT

BLANK

2
SOUT N ICo iCn
W EEPROM
7
VPRG_D
N / . -/
VPRG_OH ) vi
S /

ta ‘e
50k sk
:
80k S0kE Ift
il = Jl%
SOk

Figure 22. Cascading Devices
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PACKAGING INFORMATION
Qrderable Device Status Package Type Package Pins Package Qty EcoPlan Leacd/Bail Finlsh MSLPeak Temp Op Temp (°C) Top-Slde Markings Samples
m Drawing (@) ()] @)
TLCS940NT ACTIVE PDIF NT 28 13 Green (RoHS  CU NIPDAU N / A for Pkg Type -40to 85  TLCSQ40NT Sarnples
& no Sh/Br)
TLCS3940NTG4 ACTIVE PDIP NT 28 13 Green (RoHS  CU NIPDAU N / A for Pkg Type 4010 85 TLCSQ4ONT
& no Sb/Br)
TLC5940PWP ACTIVE HTSSOP PWP 28 50 Green {RoHS CUNIPDAU  Level-2-260C-1 YEAR  -401085 TLC5940
& no Sb/Br)
TLC5940PWPG4 ACTIVE HTSSOP PWP 28 50 Green (RoHS  CUNIPDAU  Level-2-260C-1 YEAR  -401085  TLCS58940
& no Sb/Br)
TLC5940PWPR ACTIVE HTSSOP PWP 28 2000 Green (RoHS  CUNIPDAU  Level2-260C-1 YEAR  -40t0 85  TLC5940
& no Sb/Br)
TLC5940PWPRG4 ACTIVE HTSEOP PWP 28 2000 Green (RoHS  CU NIPDAU  Level-2-260C-1 YEAR  -4010 85  TLC5840
& no Sb/Br)
TLCS940RHER ACTIVE QFN RHE 32 3000 Green (RoHS  CU NIPDAU  Level2-260C-1 YEAR  -40t085 TLC
& no Sb/Br) 5940
TLC5940RHBRG4 ACTIVE QFN RHB 32 3000 Green (RoHS CUNIPDAU  Level-2-280C-1 YEAR  -401085 TLC
& no ShvBr) 5940

) The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: TI has announced that the device will be discontinued, and a litetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production 1o support existing customers, but Tl does nol recommend using this part in a new design,
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendiy classification: Pb-Free (RoHS), Ph-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check hitp://iwww.ti.com/preductcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (ROHS): Tl's terms "Lead-Free™ or "Pb-Free" mean semiconducior praducts that are compatible with the current RoHS requirements for all & substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where desigried to be soldered at high termperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-hased die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (ROHS & no SW/Br): Tl definas "Green” to mean Fb-Free (ROHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

@} ML, Peak Temp. -- The Moisture Sensitivity Level rating according 1o the JEDEC industry standard classifications, and peak solder temperature.

Addendum-Page 1




114

1, \.—.Ew PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 24-Jan-2013

@ Only one o markings shown within the brackets will appear an the physical device.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no reprasentation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third panties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited intormation may net be available for release.

In no event shali Tl's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by TI to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF TLCS940 :
« Enhanced Product: TLC5940-EP

NOTE: Qualified Version Definitions:

« Enhanced Product - Supports Detense, Aerospace and Medical Applications

Addendum-Page 2
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/3 TeExas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www li.com 5-Feb-2013

TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS

|+ Ko |<—P1—>|
bl oedddo T
Reel — — l
Diameler
AQ | Dimension designed to accommodate the component widlh
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodale the compenent thickness

W | Overall widlh of lhe carrier lape
i P1 | Pitch between successive cavily centers

[ [ 1

A Reetwiam Wi1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

OO0 C OO0 0 O0C0C Sprocket Holes
| 1
T I
Q1 : Q2 Qi : Q2

T
Q31 Q4 Q31 Q4 User Direction of Feed
b - A |

I T

Pocket Quadrants

“All dimensicons are nominal

Device Package|Package|Pins| SPQ Real Reel AD BO Ko Pt w Pint
Type |Drawing Dlameter| Width | (mm) | (mm) | (mm) | (mm} | {mm) [Quadrant
{mm) W1 {mm)
TLC5940RHBR QFN RHB 32 3000 330.0 124 53 53 15 8.0 | 120 Q2

Pack Materials-Page 1
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“'ymxns PACKAGE MATERIALS INFORMATION
INSTRUMENTS
WWW.li.00Mm 5Feb-2013
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins 5PQ Length (mm) | Width {(mm) | Helght (mm}
TLC5940RHBR QFN RHB 32 3000 367.0 367.0 350

Pack Malerials-Page 2
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MECHANICAL DATA

PWP (R—PDSO—G28)

PowerPAD ™ PLASTIC SMALL OUTLINE
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SIZL AND SHARE
| onien
SEPARAIL SHIET
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Sealing Plane

!
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&

Sealing Plane ¢

! |

/—7-\—‘—’

4073279-64 05710

NOTES: All linear dimensions ore in millimeters.

This drawing is subject to change wilhout notice.
Body dimensicns do not include mold flash or protrusions. Mold flush ond protrusion shall not exceed 0.15 per side.

This pockege is designed to be soldered to a thermal pad on the board. Relfer lo Technical Brief, PowerPad

Thermally £nhanced Package, Texas Instruments Lileroture No. SLMADD2 for information regarding

recommended board loyout.
See the additional figure in
Folis within JEDEC MO-153

mm

PowerPAD |s a trademark of Texas Instruments.

This dacument is availoble ot www.licom <htip: //www.ticom>.
the Produc! Data Sheel for deloils regarding the exposed thermal pad features and dimensions.

TExAS
INSTRUMENTS
www.tl.com

3
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THERMAL PAD MECHANICAL DATA

PWP (R—PDSO-G28)  PowerPAD"™ SMALL PLASTIC OUTLINE

THERMAL INFORMATION

This PowerPAD™ package Incorporates an exposed thermal pad thot Is designed to be ottached to a printed
clrcult boord (PCB). The thermal pad must be soldered direclly to the PCB. After soldering, the PCB can
be used as o heatsink. In additlon, through the use of thermal vias, the thermol pad con be attached
directly to the appropriale copper plane shown in the electrical schematic for the device, or alternatively,
can be altached to a speclal heotsink structure designed Into the PCB. This deslgn optimizes the heat
tronsfer from the Integrated clrcuit {IC).

For additional Information on the PowerPAD package and how to take advantage of Its heot disslpating
abllitles, refer to Technical Brlef, PowerPAD Thermolly Enhanced Package, Texas Instruments Literature

No. SLMAOOZ and Application Brlef, PowerPAD Made Easy, Texas Instruments Literature MNo. SLMAQOO4.

Both documents ore ovailoble at www.tlcom,

The exposed thermol pad dimensions for thls package are shown In the following llustration.

HHHHHHHHHHHHHﬁJ .
S N = e SN
I_TD— ‘LlL _______ t——————- Jrl

RERELRRE R

Exposed Thermal Pad Dimensions

4206332—33/AD 01/13

NOTE: A. All linear dimenslons ore In millimeters
Exposed tie strap features may not be present.

PowerPAD Is a trademark of Texas [nstruments

W TExas
INSTRUMENTS
www.ti.com



119

LAND PATTERN DATA

PWP (R—PDS0O—-G28) PowerPAD™ PLASTIC SMALL OUTLINE

Exomple Board Layout Stencll Openings
Vie pottern ond copper pod size Bosed on a stencil thickness

ma depending on layout constraints of .127mm {.005inch).
Y vy oo g youl cons Reference table below for olher

Increasing copper orea will golder stencil thicknesses
enhonce thermol performonce
(See Nots D)
— 1830 — 26x065 28x0,25 — |— 1.55

T Annnonnoeenn < dnnonnioo

V///:W//AV///WC//A// A

%
5,60 %0 o o % 20| 550 (See Note E) Y :[o
7 X |

W

A
T R 5 | 17 |

DO0000000AY)  H00GdBOnE0ont

AN

1Y

Solder _/

\\ H
?vc;sr.k T’ 517 Exomple Solder Mask 26%0,65 —-I |——
copper i 970 Defined Pad
PP 1 = (See Note C, D)
| Example
é______ﬂ_g_l‘ Soldermask Defined Pod
!/ ‘\‘
p yd ‘\\
/' N7 \$°| Example Center Power Pad Solder Stencil Opening
~ der Mask Openin =t

/ / X (Sea ﬂoteonfn 9 Stencil Thickness X Y

’.r ‘I 0.1mm 6.6 2.6

! ] H 0.127mm 6.17 2.4
Vo et L T+ -pad Geomatry 0.152mm 5.8 2.3

\ 0,07 All Around ,/ 0.178mm 5.6 2.2

N\ /
N .
.. .‘/‘/
T 4207609-19/R 07/12
NOTES: Al lineor dimensions are in milimelers.

. Cuslomers should place o nole on the clreuil boord fabrication drawing not to alter the center

solder mosk defined pod.
. This package is designed to be soldered to o thermol pad on the board. Refer to Technical Brief, PowerPod

Thermally Enhonced Package, Yexas Inslruments Lilerature No. SLMA0DZ, SLMAOO4, and also the Product Data Sheets.

E. For specific thermal Information, via requirements, and recommended board layout. These documents
ore ovallable at www.\l.com <http: //www.ticom>. Publication 1PC—~7351 Is recommended for altemate designs.
Laser cutling apertures with trapezoldal wolls and olso rounding comers will offer better poste release.
Customers should contact thelr board assembly site for stencil design recommendations. Example stenci

design bosed on a 50% volumetric metal load solder poste. Refer to IPC-7525 for other stenci
F. Customers should contoct their board fabrication site for solder mask tolerances between and oround signal pads.

g —

A
B. This drawing is subject to change withoul notice.
C
D
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MECHANICAL DATA
RHB (S—PVQFN—NBQ) PLASTIC QUAD FLATPACK NO—-LEAD
e
[B]
515
185 \N
32
P / |
INDEX AREA
100 0,20 REF
R
sanpoooa—t¥ % SEATMG PLAME
[=[0.08]c}—
0,05 MAX
0,50
| ; 32X 0.30
gvuouiguguu__
D £41
- TRERRL PAD _J
) d
== it b et =]
D SHISN O SSPARATE SHEET C
) d
) —=
-] —=
ANANARANANANANS
J. ‘« 255
Bottom View
A204326/D 06/11

NOTES: A. Al linear dimensions are in millimeters. Dimensioning ond tolerancing per ASME Y14.5M-1994,

8. This drawing is subject lo change without notice.

C. OFN (Quad Flalpock No-Lead} Pockage configuration.

D. The package thermol pad must be soldered to the board for thermal and mechanical performance.

E. See the additional figure in lhe Product Dota Sheet for details regarding the exposed thermal pod features ond dimensions.
F

Falls within JEDEC MO-220.

w3 Texas
INSTRUMENTS
www.ti.com
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THERMAL PAD MECHANICAL DATA

RHB (S—~PVQFN—N32) PLASTIC QUAD FLATPACK NO-LEAD
THERMAL INFORMATION

This package incorporates on exposed thermal pad that Is designed to be attached direclly to an external
healsink. The thermal pod must be soldered directly to the printed clreuit board (PCB). After soldering, the

PCB can be used as a heolsink. In cddition, through the use of thermal vigs, the lhermal pad can be ottached
directly to the oppropriate copper plane shown in the electrical schematic for the device, or clternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the

integrated cireuit (IC).

For information on the Quad Flotpack No—Lead (QFN) package ond its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is ovoiloble at www.thcom.

The exposed lhermal pad dimensions for this package ore shown In the following illustration.

PIN 1 INDICATOR
C 03

1 8
guuuyijguuy
32+ 9
» | L —— Exposed Thermal Pad
I -] ‘;C
3,i5£0,10 2| — _|-9
- d
- -
| g
25 16
ANAONNAN
24 17
l4— 3,1520,10 —»

Bottom View

Exposed Thermal Pad Dimensions

4206356-3/X 12/12

NOTE: A. All linear dimenslons are In millimeters

W TEXAs
INSTRUMENTS
www.tl.com
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LAND PATTERN DATA

RHB (S—PVQFN—N32)

PLASTIC QUAD FLATPACK NO-LEAD

—-——3,15—!—-—-

Exomple Beard Layout

UUUU|UUU

— |05

315

?mmm}ﬂamm

on Solder Mask Defined Pad

Pad Geomelry
(Note C)

Example Solder Mask Opening
(Mote F)

Exomple Stencl Design
0.125 Thick Stencil
{Note E)
| —{=023] — =05
o8 JUUOODODDI__
— R0O,115 (e
— 0,3— | | [ —
o . I _a
B e e e I S
= ‘—! = 4,15 5,75
= 13 [[|03] =
-] i Li—— —
1,3 -—
Qo000
0,25—1
; 415
I 5,75
(68% Printed Solder Coverage by Area)
Exomple Vie Layout Design
may vary dependlng on constraints
Note D, F)
1,0
9x¢0,3—§; ¢ © o
L m- _q';_ - '
o ¢ o
|
4207808-3/P 12/12

NOTES:

Al linear dimensions are in millimeters.
This drawing s subject to change without nolice.
Publication IPC=7351 ls recommended for citemate designs.

This peckage is designed lo be soldered to a thermal pod on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SLUA271, and also Lhe Product Data Sheels
for specific thermal information, via requirements, ond recommended board loyoul. These documents are awailable at
www.li.com <hltp: //www.tl.com>.
Laser cutting operiures with lrapezoldal walis and olso rounding corners will offer better poste relesse. Customers should
contacl their board assembly site for slencl design recommendotions. Refer to IPC 7525 for stencll design conslderations.
Customers should contact their board fabrication site for recommended solder mask tolerances and via tentlng
recommendatlons for vies placed ln the thermol pod.

wB Texas

INSTRUMENTS

www.tl.com
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes lo its semiconductor products and services per JESD46, latest issue, and lo discontinue any product or service per JESD48, latest
issue. Buyers shoukd oblain the tales! retevant information belore placing orders and shoutd venly that such information is current and
complete. All semiconductor products (also referred to herein as “components’} are sotd subject to TI's lerms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of ils components to the specifications applicable at the time of sale, in accordance with the warranty in TI's lerms
and conditions ol sale of semiconductor products, Tesling and olher quality control lechniques are used (o the extenl Tl deems necessary
to support this warranly. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applicalions using Tl components. To minimize the risks associated with Buyers' products and applications, Buyers should provide
adequate design and operaling saleguards.

Tl does not warrant of represent that any license, either express or implied, is granted under any palent right, copyright, mask work right, or
other intellectual preperty right relating to any combination, machine, or process in which Tl componenls or services are used. Inlormation
published by TI regarding third-party products or services does not conslilule a license to use such producls or services or a warranly of
endorsement thereol. Use of such information may require a license from a Lhird pariy under the patents or other intellectual property of the
third party, or a license from Tl under the palents or other intetlectual property of T,

Reproduction of significant portions of Tlinfermation in Tl data books or data sheets is parmissible only if reproduction is without alleration
and is accompanied by all associaled warranties, condilions, linutations, and notices. Tl is not respansible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI componenls or services with statemenls different from or beyond the parameters slaled by Ti lor that component or service
voids all express and any implied warranties lor the assoclated T component of sejvice and is an unfair and deceptive business practice.
Tlis not responsible or hiable for any such statemenls

Buyer acknowledges and agrees that it is solely responsible for compliance with all fegal, regulatory and salety-related requirements
concerning its products, and any use of Tl components in ils applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agress that it has all the necessary expertisa to create and implement safeguards which
anlicipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures thal might cause
hanrm and take appropriate remedial actions. Buyer will fully indemnify Tt and ils representatives against any damages arising oul of the use
of any Tl components in salety-critical applicalions.

In some casss, Tl components may be promoted specilically to facililate safety-relaled applications. Wilh such componenls, Ti's goal is to
help enable customers 1o deslgn and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonelheless, such components are subject 1o these terms

No TI components are authorized for use in FDA Class Nl {or similar life-critical medical equipment) unless authorized oflicers of the parlies
have execuled a special agreement specilically governing such use,

Only those Tl components which Tl has specifically designaled as military grade or "enhanced plastic” are designed and intended lor use in
militaryfaerospace applications or environmenis. Buyer acknowledges and agrees that any military or aerospace use of Tl components
which have nof been so deslanated is solely al the Buyer's risk, and that Buyer 1s solely responsible for compliance with all fegal and
regulatory requirements in conneclion with such use.

TI has specifically designaled ¢ertain components as meeling ISO/TS 16949 requirements, mainly lor aviomolive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.

Products Applicatlons

Audio www, ti.com/audio Automotive and Transporlation  www.li.com/automotive
Amplifiers amplifier ticom Communications and Telecom  www.ti.comfcommunications
Data Converiers gdataconverter.ti.com Computers and Peripherals www.ti.corm/computers
DLP® Products www.dip.com Consumer Eleclronics www, Hi.COm/consumer-apps
DSP dsp.ti com Energy and Lighling www.ti.com/energy

Clocks and Timers wiwwr. li.com/ctocks Industrial www.ti.comindustrial
Interface interface ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt pawer.ti.com Space, Avionics and Defense  www.li.com/space-avionics-defense
Microcontrollers microgontroller.ti.com Video and Imaging www.ti.comivideo

RFID www.li-riid.com

OMAP Applications Processors
Wireless Connectivity

T) E2E CommunHiy

www.li.comiwirelessconnectivity

e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright @ 2013, Texas Instruments Incorporated
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]
SEMICONDUCTOR m

BD135/137/139

Medium Power Linear and Switching

Applications
« Complement o BD136, BD1338 and BD140 respectively

1. Emitler

NPN Epitaxial Silicon Transistor
Absolute Maximum Ratings 1c=25°C unless otherwise noled

TO-126
2.Collector 3.Base

Symbol Parametler Value Units
Veeo Colleclor-Base Vollage :BD135 45 \'
: BD137 a0 \'4
:BD139 80 \
Veeo Collector-Emitter Voltage 1 BD135 45 v
1 BD137 60 v
; BD139 80 V'
VEso Emitter-Base Voltage 5 v
e Collector Current {DC) 1.5 A
lep Collector Gurrent (Pulse) 3.0 A
Ig Base Current 0.5 A
Pc Collector Dissipation (Tg=25°C) 12.5 w
Pe Collector Dissipaticn {T;=25°C) 1.25 w
T Junction Temperature 150 °C
Tsig Slorage Temperalure - 55~ 150 °C
Electrical Characteristics 1.=25°C unless olhenwise noted
Symbol Parameter Test Conditlon Min. | Typ. | Max. | Units
Veeo(sus) Colleclor-Emilter Sustaining Vollage
:BD135 lo=30mA, Ig=0 45 \4
1 BD137 60 \'
:BD139 80 v
lcao Collector Cut-off Current Ve =30V, I =0 0.1 pA
leo Emitter Cul-off Current VEg =5V, I =0 10 pA
hrEd DC Current Gain T ALl DEVICE Ve = 2V, I = SmA 25
hggs : ALL DEVICE Vg = 2V, Ig=0.5A 25
heea :BD135 Vee = 2V Ig = 150mA 40 250
: BD137, BD139 40 160
Veefsal) Colleclor-Emitler Saluralion Voltage Ig = 500mA, Ig = 50mA 0.5 v
Vge(on) Base-Emitler ON Voltage Ve = 2V, I = 0.5A 1 v
hgg Classification
Classification 6 10 16
hrga 40 ~ 100 63~ 160 100 ~ 250
2000 Fginchitd Semiconduder International Rev. A, February 2000
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Typical Characteristics o
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Package Demensions

TO-126
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is aulhorized lo use and is
not intended to be an exhauslive lisl of all such trademarks.

ACEx™ HiSeC™ SuperSOT™-8
Bottomless™ ISOPLANAR™ SyncFET™
CoolFET™ MICROWIRE™ TinyLogic™
CROSSVOLT™ POP™ UHC™
E2CMOS™ PowerTrench® VCX™
FACT™ QFET™
FACT Quiet Series™ QS™
FAST® Quiet Series™
FASTI™ SuperSQT™-3
GTO™ SuperSOT™-6

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;
NEITHER DOES IT CONVEY ANY LICENSE UNDER TS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR

INTERNATIONAL.

As used herein:

1. Life supporl devices or syslems are devices or syslems
which, (a) are intended for surgical implant into the body,
or {b) support or sustain life, or (¢} whose failure lo perform
when properly used in accordance with inslructions for use
provided in the labeling, can be reasonably expected to
result in significant injury to the user,

2. A critical componenl is any componeni of a life support
device or syslem whose failure lo perform can be
reasonably axpecled to cause lhe failure of the life support
device or system, or to affect ils safely or effecliveness.

PRODUCT STATUS DEFINITIONS
Definltlon of Terms

Datasheet Identification Product Stalus

Dellnltion

Formative or In
Design

Advance Informalion

This dalasheet contains the design specifications for
product development. Specificalions may change in
any manner without nolice.

Preliminary First Production

This dalasheet conlains pretiminary data, and
supplementary dala will be published at a laler date.
Fairchild Semiconductor reserves the right to make
changes at any time without nolice in order 16 improve
dasign.

No Identification Needed Full Production

This dalasheet contains final specificalions. Fairchild
Semiconduclor teserves the righi 1o make changes at
any time wilhout notice in order o improve design.

Obsolete Not in Production

This datasheet conlains specificalions on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.

©2000 Fairchid Semicondudtor Internatienal

Rex.E
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