EUP2589

EUTECH

12 String White LED Driver

With Boost Controller
FEATURES

DESCRIPTION

The EUP2589 is a high power and high efficiency
boost controller with 12-channel current sinker athi
is ideal for large LCD backlighting applications.

EUP2589 wuses current mode, fixed frequency
architecture which can clamp the inductor peakesurr

each cycle. The switching frequency is programmable o

by an external frequency setting resistor. It dsiam
external MOSFET to boost up the output voltage from
a 4.5V to 28V input supply. The EUP2589 regulates
the current in each LED string to the programmed
value set by an external current setting resisthie
EUP2589 current matching can achiet®&.5% and
regulation accuracy can read2%.

A 3pA shutdown current and 1.0V (ILED@60mA)

feedback voltage and Maximum 65V output allows for
up to 18 high-power LEDs in series will greatly
improve efficiency and reduce power dissipation.

The device supports pulse width modulation (PWM)
brightness dimming and DC voltage dimming. During
digital PWM dimming, the WLED current is turned
on/off at the duty cycle and frequency determingd b
the PWM signal on the PWMI pin. In DC voltage
dimming, LEDs current turn ON/OFF frequency
programmed by the capacitor from BOSC to GND.

The EUP2589 integrated multiple protect functions,

3uA shutdown current

12 strings in parallel and up to 18 LEDs per
string

External PWM or DC Voltage Dimming
Control

Output voltage up to 65V

Wide Input voltage range 4.5V to 28V
Better than 1.5% LED Current Regulation
Accuracy Between Strings

Boost Switching frequency can be programmed
by external resistor

Multiple Fault Protections

-Current Limit protection

-Output Short circuit detection
-Over-temperature protection

-Output Over-voltage protection

LED current turn off in shutdown mode
Integrated UVLO/ Over Thermal protection
Minimal 0.5us LED On-Time regulation
Thermal Enhanced 28pin TSSOP28 and
SOP-28 Packages

RoHS Compliant and 100% Lead (Pb)-Free
Halogen-Free

APPLICATIONS

LCD Monitor LED Backlighting

® | CD-TV LED Backlightin
such as LED Open, LED Short, Output Over voltage, ghting
Over thermal, Input Over current, and Under voltage
lockout (UVLO), these protection will prevent the
LCD backlight from damage.
Typical Application Circuit
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Figure 1. Typical Application circuits
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EUP2589

Pin Configurations

Package
Type

Pin Configurations

Package

Type Pin Configurations

TSSOP-28

Ne (1]
VIN ]
vee [

comP [

EN [T ]

PWMI [ |
GND [ |
FSET [ |
ISET [ ]
BOSC [ |
CH1 [
cH2 [ ]
CH3 [ ]
CH4 [T ]

(Top View)

(Top View)

Y
Y
[=%

NC[ 1|
VIN[Z]
vee[3]
comp[4]
EN[5]
PWMI[6]
GND [T ]
FSET[8 |
ISET 9]
BOSC [0
CH1[T]
CH2[1Z]
CH3[13]
CH4[14]

[Z8]NC
[27]FAULT
[26]DRV
[Z5]PGND
[24]Ics
[Z3)ovP
[2Z]cH12
[2T]CH11
[Z0]cH10
[19]CH9
[18]CH5
[7]CH6
[16]CH7
[15]CH8

[ T_1NC
[T FAULT
[T 1 DRV
[ T_1 PGND
T 1ics
[ Jovp
[T ] CH12
[T CH11
[T 1 cH10
[T CHe
[T ] CHs
[T _1cHe
[ [ ]CH?
[T ] cHs

SOP-28

Pin Description

PIN

TSSOP-28

SOP-28

DESCRIPTION

1

NC

NC

Not connect.

2

VIN

VIN

Supply Voltage Input.

3

VCC

VvCC

5V Linear Regulator Output to power internal circpiBypass VCC to GND
with a ceramic capacitor of 1uF or greater. If &8¥N < 5.5V, connect VCC
directly to supply voltage of VIN.

COMP

COMP

Boost Converter Compensation Pin. Connect a 22@n&ic capacitor in serigs
with a 1k resistor from COMP to GND. When the EU825huts down, COMH
is discharged to GND.

EN

EN

The device enable pin. A logic high signal turngfmminternal LDO and enabld
the IC. Connect EN to VCC and make EUP2589 always ON.

PWMI

PWMI

Brightness Control Input. To use external PWM dimgrinode, apply a PWM
signal on this pin for brightness control. To uge iDput PWM dimming mode,
apply a DC voltage range from 0.2V to 1.2V on thiis linearly to set the
internal dimming duty cycle from 0% to 100%.

GND

GND

Ground

FSET

FSET

Boost Switching Frequency Program pin. Progranmbthest frequency by
different external resistancezdosi=57000/Rser

ISET

ISET

Full-Scale LED Current Adjustment Pin. The resis@afrom ISET to GND
controls the full-scale current in each LED stril®ET voltage is around 1.0V,
during full lighting, ICHx=1200/RISET). Set RISET=20K, ICHXx is set to
60mA.

10

BOSC

BOSC

Dimming Repetition Set. This is the timing pin the oscillator to set the
dimming frequency. To use DC input PWMI dimming repdonnect a
capacitor from this pin to GND to set the interdimhming frequency. A triangld
waveform is generated on this pin. To use extdPdM dimming mode,
connect a resistor from BOSC to GND set its voltagabout 0.7V, and apply
the PWM signal on DBRT pin.

11~22

CH1~CH12

CH1~CH12

Channel 12~1 LED current source. Leave it floatingpif used.

23

OvVvP

OVvP

Output over-voltage feedback input. Connect OViheotap point of the resistg
divider between output and ground.

=

24

ICS

ICS

Current Sense Input. During normal operation, pitissenses the voltage acro
the external inductor current sensing resistop&ak current mode control and
also to limit the inductor current during every shiing cycle.

bS

25

PGND

PGND

Power Ground

26

DRV

DRV

External N-CH Power Device Gate Driver Output. Tgiis provides the boost
converter power device gate drive signal.
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EUP2589

Pin Description

PIN TSSOP-28| SOP-28 DESCRIPTION
Fault Disconnection Switch Gate Output. When thstesy starts up normally,
27 FAULT FAULT | this pin smoothly turns on the external PMOS. WitinenEUP2589 is disabled,
the external PMOS is turned off to disconnect tipait and output.
28 NC NC Not connect
Ths;r;al GND - CH1~CH12 current mirror Ground.

Ordering Information

Order Number Package Type Marking Operating Temperature Range

EUP2589XIR1 TSSOP-28 (EP) W xxxxx ~40 °C to +85°C
EUP2589

EUP2589YIR1 SOP-28 W Xxxxx -40 °C to +85°C
EUP2589

EUP2589 (] 0 OO O

_

Lead Free Code

Packing
R: Tape & Reel

1: Lead Free, HalogereFr®: Lead

Operating temperature range
I: Industry Standard

Package Type

Block Diagram

X: TSSOP (EP)

Y

: SOP

VouT

j |

FAULT

DI——I—
cout

FAULT OVP +
ot
oo (| uvLo || BANDGAP focic - SHORT
1.2v
EN— ENABLE RAMP B
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GM
AMP,

BOSC
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ISETE
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F

PWM
Comparato

lod

Logic
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£

E3
ovP
=1

<%

Y

VOLTAGE
REFERENCE

PWM v
GENERATOR

Minimum Feedback Select

J

DRV HVNMOS
Lics

Fault Detector

Fault Detecto Fault Detector

Fault Detector

Shift

+
Fault Detector r)_':'

ISET Short
Detect

O/S and LED| /S and LED| O/S and LED
|ghon De(eml" |T°'“P b Short Denecn"'
DPWNIn
L LA
Phase ..1 [ I’l

CH1
CH2
{ |CH12

Figure 2. Block Diagram
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Absolute

Maximum Ratings (1)
m  CH(n), ICS to GND

28-Pin TSSOP [derate 29.4mW/°C (JEDEC high-k 2sPmyve +70°C]
28-Pin SOP [derate 16.67mW/°C (JEDEC high-k 2sPpya +70°C]

sipation{E +70°C)

COMP,OVP, DRV, PWMI, EN, 8ET, FSET, BOSC, VCC to GNB-------

m  VIN, FAULT to GND

m  PGND to GND

|

m  Continuous Power Dis

m  Operating Temperature Range
m  Maximum Junction Temperature
m  Storage Temperature Range

m Lead Temperature (soldering, 10s}
Operating Conditions (2)

Operating Temperature Range
m  Supply Voltage , VIN

EUP2589

-0.3V to 65V
-0.3V to 30V
-0.3V to +0.3V
-0.3V to +6V

-40°C to +85°C

+150°C

Note (1): Stress beyond those listed under “AbgoMiaiximum Ratings” may damage the device.
Note (2): The device is not guaranteed to functiotside the recommended operating conditions.

Electrical

Characteristics

-60°C to +150°C
+300°C

-40°C to +8°C
4.5V to 28V

(Circuit of Figure 1, VIN=12V, GND=PGND=0V, B1=20k, Vpwmi= 5V, Ta= 40°C to +85°C, unless otherwise
noted. Typical values are aiF +25°C.)

Symbol Parameter Conditions . EUP2589 Unit
Min. | Typ. | Max.
VIN VIN Supply voltage 4.5 28 \Y,
I_VIN VIN Supply current PWMI=5V 25 5 mA
|_OFF |VIN Shutdown Current PWMI=0V, EN=0,VIN=12V 6 pA
VCC VCC Output Voltage gzs;i\ib?n\:VINQSV’ 4.5 5 55 \%
| vcC |VCC Current Limit 50 mA
UVLO |UVLO Rising 3.7 4.1 4.4 Y,
UVLO_HYS [UVLO Hyteresis 0.15 \Y
VIH EN High Level VEN Rising 15 v
VIL EN Low Level VEN Falling 0.8 \Y
Boost Converter
DRV Sourcing ImpendanceVIN=VCC=5V, IDRV=5mA 15 Q
DRV Sinking Impendance | VIN=VCC=5V, IDRV=5mA 4 Q
FSW Switching Frequency Re=112KQ 475 500 525 KHz
TON_MIN |Minimum ON Time 100 nS
ICS Boost Current Limit 0.28 0.3 0.32 \Y,
DMAX  Maximum Duty Cycle 90 93 96 %
GM COMP Transconductance [AICOMP=t1QuA 60 uS
LED Current Regulation
RCH CHn Sink Resistance ILEDNn=60mA,VCH=1V 15 Q
VISET |ISET Regulation Voltage 1 \%
ILED Output LED Current RISET=20& 57.6 60 62.4 mA
Imatch CHn Current matching ILED=60mA -1.5 1.5 %
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Electrical Characteristics (continued)

(Circuit of Figure 1, VIN=12V, GND=PGND=0V, B1=20k, Vpwmi= 5V, Ta= 40°C to +85°C, unless otherwise
noted. Typical values are aiF +25°C.)

EUP2589

Symbol Parameter Conditions . EUP2589 Unit
Min. | Typ. | Max.
Dimming Controls
TPWMImin [Minimum PWM Pulse In External PWM Dimming Mode 50. us
VPWMH |PWMI Input high level 15 VIN \%
VPWML |PWMI input low level 0 0.4 \%
IPWMI  |PWMI Pull Down current Ywwi=5V -1 +1 pA
Fault Detections
Vovp 8%"’0"""9‘9 Threshold on | picing Edge 12 | 125/ 13 Vv
Vhys-ovp |OVP Hysteresis Falling Edge 80 m
VCHx_OQV |CHXx Over Voltage Threshol®V y>5.5V 5.1 55 5.9 \
IFAULT [FAULT Pull Down Current 40 55 70 pA
VFAULT |FAULT Clamp Voltage VIN=12V, VFAULT=VIN-VauLT 6 \%
Tsd Thermal Shutdown Threshald 150 °C
Tsd_hys | Thermal shutdown hysteresis 30 °C
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EUP2589

Typical Operating Characteristics
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EUP2589

Typical Operating Characteristics (Continued)

Open LED Protection Short LED Protection
Open all LED strings at working Short Vour to GND at working
|
I
I
I
I
i |
Vo (BERAREEE T : : Vo
20v/div 0¥ - L 20v/div
ﬁ ﬁ q
VOUT VOUT
20V/div | - - S SRR : . 50V/div
Ve g - 4 : - i SS——
Sv/div | - 5V /div -
ILED ‘_ ILED
200mA/div 3 :  mmeemm————— 200 A/div &
100ps/div 10ms/div
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EUP2589

Detailed Descriptions Step-up Converter

The EUP2589 is a high-efficiency driver for arrags  The converter operation frequency is programmable
white LEDs. It contains a fixed-frequency, curremide, (from 150kHz to 1MHz) with a external set resistor
PWM step-up controller, 5V linear regulator, dimgin FSET pin, which is helpful for optimizing the extat
control circuit, and 12 regulated current sourcese( components sizes and improving the efficiency. An
Figure 2). When enabled, the step-up controllesstothe  oscillator resistor on FSET pin sets the interrsliltator
output voltage to provide sufficient headroom fbet frequency for the step-up converter according te th
current sources to regulate their respective stimgents.  equation:
The EUP2589 features programmable switching E  =57000/R
frequency, which allows trade-offs between external sw FSET

component size and operating efficiency. The céntro For Rese=112k2, the switching frequency is set to
architecture automatically skips pulses at lighad® to  500kHz.

improve efficiency and prevents overcharging thgpoli  The EUP2589's fixed-frequency, current-mode, step-u
capacitor. The EUP2589 supports both analog anithtig controller automatically chooses the lowest actiiex
control of the LED current through a PWM logic inpu voltage to regulate the output voltage. When
signal or DC level on PWMI. The EUP2589 has muitipl |LED=60mA, a 1.0v is setting as the minimum CHx
features to protect the controller from fault cdiudhis. feedback reference. The error signal is comparetheo
Separate feedback loops limit the output voltagen# or  external switch current plus slope compensation to
more LEDs fail open or short. The controller featur determine the switch on-time. As the load changes,
cycle-by-cycle current limit to provide consistent error amplifier sources or sinks current to the GOM
operation and soft-start capability. A thermal-slain  output to deliver the required peak-inductor cutrdine
circuit provides another level of protection. Thpart  slope-compensation signal is added to the curemtes
includes a 5V linear regulator that provides theerimal  signal to improve stability at high duty cycles.

bias and gate drive for the step-up controller. Whe At light-load or Vout near to Vin operation, thens@rter
external 5V is available, the internal LDO can be ryns into the pulse-skipping mode, the FET is tdroa
overdriven to decrease power dissipation. Othetwisefor a minimum on-time of approximately 100ns, aheirt
connect the VIN pin to an input greater than 5.3Wi.  the converter discharges the power to the outpuhén
internal crude LDO keeps alive to provide powerpdyp  remain period. The external MOSFET will keep oftilin
for internal logic and controller even EN is lowhiash the output voltage needs to be boosted again.

only dissipate A quiescent current. Dimming Control

5V Supply VCC and UVLO The EUP2589 provides two PWM dimming methods:
The EUP2589 has built in 5V linear regulator VCC external PWM signal or DC input PWM Dimming mode.
supply for internal control voltage. The EUP2589 Both methods results in PWM chopping of the curiant
includes the power on reset (POR) and under-voltagghe LEDs for all 12 channels to provide LED control
lockout (UVLO) features. POR resets the fault latch \when bias the BOSC pin to a DC level, applying aNPW
POR occurs when VCC rises above 2.8V (typ). Thegignal to the PWMI pin to achieve the PWM dimmirg.
controller is disabled until VCC exceeds the UVLO pc analog signal can be directly applied to the PMgM
threshold of 4.05V (typ). Hysteresis on UVLO is to modulate the LED current. And the DC signalhiert
approximately 150mV. The VCC should be bypassed taconverted to a DPWM dimming signal at the setting
GND with a 0.47F or greater ceramic capacitor. oscillation frequency. The brightness of the LEEagris
System Startup proportional to the duty cycle of the DPWM signahe
When the EUP2589 is enabled, the chip checks théPWM signal frequency is set by the cap at the BOSC
topology connection first. The FAULT pin drives the PIn.

external Fault Disconnection PMOS to turn on slowly 1. Direct PWM Dimming

And after 8mS delay, the chip monitors the OVP foin  An external PWM dimming signal is employed to avkie
see if the Schottky diode is not connected or tbesb ~PWM dimming control. Connect a 10Qkresistor from
output is short to GND. If the OVP voltage is lowkan ~ BOSC pin to GND and apply the 100Hz to 2kHz PWM
70mV, the chip will be disabled and the external®®4s  dimming signal to PWMI pin. The minimum
turned off together. It is recommended on the start recommended amplitude of the PWM signal is 1.5W(Se
sequence that the enable signal comes after imptatge ~ Figure 3).

and PWM dimming signal established.
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EUP2589

DPWM
- ' JULT
PWM _-U-
osc
BOSC
100KQ

Figure 3. Direct PWM Dimming

2. DC Input PWM Dimming

To apply DC input PWM dimming, apply an analog
signal (range from 0 V to 1.2V) to the PWMI pin to
modulate the LED current directly. If the PWMI is
applied with a zero DC voltage, the PWM duty cywi#

be 0%. If the DBRT pin is applied with a DC
voltage>1.2V, the output will be 100% (See Figuje 4
The capacitor on BOSC pin set the frequency ofrivae
triangle waveform according to the equation:

Faosc = 35UF/ Cyosc

DC Level DPWM
S— JULT

PWM _-H-

0sc

/NN [sosc
A

Figure 4. DC Input PWM Dimming
Open String Protection

The open string protection is achieved through dher
voltage protection. If one or more strings are opbe

Setting the Over Voltage Protection

The open string protection is achieved through ther o
voltage protection (OVP). In some cases, an LEgtr
failure results in the feedback voltage always zditwe
part then keeps boosting the output voltage higret
higher. If the output voltage reaches the prograthme
OVP threshold, the protection function will be geged.

To make sure the chip functions properly, the OVP
setting resistor divider must be set with a propaue.
The recommended OVP point is about 1.2 times higher
than the output voltage for normal operation.

R1+R2j

2

Voue = 1.23><[

Short String Protection

The EUP2589 monitors the CHx pin voltage to judige i
the short string occurs. If one or more strings<erted,
the respective CHx pins will be pulled up to theo$to
output and tolerate high voltage stress. If the (ilx
voltage is higher than 5.5V, the short string ctiodiis
detected on the respective string. When the shorgs
fault (CHx over-voltage fault) continues for greatkan
2ms, the string is marked off and disabled. Onstriag

is marked off, its current regulation is forced to
disconnect from the output voltage loop regulatibhe
marked-off LED strings will be shut off totally uhthe
part restarts. If all strings in used are shor, HUP2589
will shut down the step-up converter.

Fault Protection

The EUP2589 has multiple features to protect thécde
from fault conditions. Separate feedback loopstlithe
output voltage under any circumstance, ensuring saf
operation. Once an open string is detected, thegsis
disabled while other strings operate normally. The
EUP2589 also features short LED detection. TaHllstd

all the EUP2589 fault protections control.

respective CHx pins are pulled to ground and the IC

keeps charging the output voltage until it reachPOV
threshold. Then the part will mark-off the openings

whose CHXx pin voltage is less than 210mV. Once the

mark off operation completes, the remaining LEDngs
will force the output voltage back into tight regtibn.
The string with the highest voltage drop is theingl
string during output regulation.

The EUP2589 always tries to light at least onengtend
if all strings in use are open, the EUP2589 shatsrdthe

step-up converter. The part will maintain mark-off

information until the part shuts down.
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EUP2589

Table 1. EUP2589 Fault Protection

FAULT IC Operation
Faults Output (HV) Mode Boost DC-DC WLED Current
Only 12CHx A”.OFF’ Mark OFF the shorted
CHx Short to GND Pull Lo, Normal Controller will CHX, Others keep
Enable PCH Shutdown. Otherwise, !
Normal
Keep Normal
Only 12CHX Al OFF, |y 1 OFF the LED
CHx Over \oltage Pull Lo, Normal Controller wil Open CHYX, Others kee
Enable PCH Shutdown. Otherwise, '
Normal
Keep Normal
OVP shorted to GND
or Boost Schottky Pull Hi,
Diode Malfunction Disable PCH Normal off off
(VOVP<O-07V)
DC-DC Boost Output When \Vove is greater
than 1.23V, the boos
Exceeds OVP Pull Lo, :
Normal controller will be turned On
Threshold Enable PCH ff i d
(Vov=1.23V) off until Voyp drops to
ovPT= 1.18V.
Off first, Off first,
Thermal Fault Pull Lo, Normal Then Return to softart | Then Return to sofstart
(TJI>+150°C) Enable PCH after TJ falls below after TJ falls below
120°C 120°C
EN Lo PUllHi, 1 shutdown, 10<6A Off Off
Disable PCH '
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EUP2589

Packaging Information

TSSOP-28

LT P

EZ?
E1
E

P 1l
UHUHHHHUHHHHHH A

Y

MILLIMETERS INCHES
SYMBOLS MIN. MAX. MIN. MAX.
A - 1.20 - 0.047
Al 0.00 0.15 0.000 0.006
b 0.19 0.30 0.007 0.012
El 4.40 0.173
D 9.60 9.80 0.378 0.386
D1 3.05 3.55 0.120 0.139
E 6.20 6.60 0.244 0.260
E2 2.62 3.12 0.103 0.122
e 0.65 0.026
L 0.45 0.75 0.018 0.030
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EUP2589

SOP-28
TARAAAARAAARART T .
’ —r— }:3 R I §
e NI O b

SYMBOLS MILLIMETERS INCHES

MIN. NOM. MAX. MIN. NOM. MAX.
A 2.36 2.49 2.64 0.093 0.098 0.104
Al 0.10 — 0.30 0.004 — 0.012
A2 — 2.34 — — 0.092
b 0.33 0.41 0.51 0.013 0.016 0.02(¢
C 0.23 0.25 0.30 0.009 0.010 0.017
D 17.70 17.91 18.11 0.697 0.705 0.713
E 10.01 10.31 10.64 0.394 0.406 0.419
El 7.39 7.49 7.59 0.291 0.295 0.299
e 1.27 BSC 0.050 BSC
L 0.38 0.81 1.27 0.015 0.032 0.05C
(] 0° — 8° 0° — 8°
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