l' EUP2619

EUTECH TFT LCD DC-DC Converter with Integrated
ICRORECTIONES Charge Pumps and OP-AMP

DESCRIPTION FEATURES

The EUP2619 generates power supply rails for tiin-f ® 2.5V 10 5.5V Input Supply Range
transistor (TFT) liquid-crystal display (LCD) pagein ® 1.2MHz Current-Mode Step-Up Converter

tablet PCs and notebooks operated from 2.5V to fpwut - Built-In 20V/2.8A, 0.1& N-Channel MOSFET
supply. The device integrates a step-up conveptesitive - High Efficiency Up to 90%

and negative charge pumps, and a high speeg Wuffer. - +1% Accurate Output Voltage

The external compensated step-up converter, prayittie - Fast Transient Response to Pulse Load
regulated supply voltage for the panel source dri@s, - Over-Current Protection

features an internal power MOSFET and high frequenc - Output Under-\Voltage Protection

operation allowing to use small inductors and cépec ® 600kHz Negative Charge Pump Driver for VGL
The step up converter uses fixed-frequency peakecur @  600kHz Positive Charge Pump Driver for VGH
mode control architecture  which provides fast ®@ High Speed High Current 18Va¥y Buffer

load-transient response and easy compensation.8A 2. - #500mA Output Short-Circuit Current
peak current limit for the internal switch protegewer - 45V/us Slew Rate

supply fault condition. - 20MHz, -3dB Bandwidth

The regulated positive and negative charge pumplatgys - Rail-to-Rail Input and Output

generate the positive and negative supply raildHerTFT
LCD gate resistive voltage-divider ICs.

The high speed ¥ buffer features 500mA short circuit 3mmx3mm TQFN-16 Package
current, 20MHz bandwidth, fast slew rate 45V/usd an RoHS Compliant and 100% Lead (Pb)-Free
rail-to-rail inputs and outputs. Halogen-Free

The EUP2619 includes internal power-up sequencing,
over/under voltage protections of the boost comvednd ~ APPLICATIONS

Power-On Sequence Control

)
® Thermal-Overload Protection
°
°

over temperature protection to ensure in safe tipgra ® Tablet PCs
The EUP2619 are available in a 16-pin 3m&mm TQFN ® Notebook Displays
packages.

Typical Application Circuit
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Note (1): C3 is an optional capacitor which avoids the noise disturbance
Figure 1.
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EUP2619

Pin Configurations

Package Type Pin Configurations
(Top View)
FBN DRVP FBP COMP
| O 116) 15[ |14] |13]
DRVN| 1 } _r_‘ o —_—_——1__ |r12 FB
- s
REF| 2| | N
TQFN-16 . : Thermal Pad | 7
AGND[ 3| | | To|x
SR il
NC_Z: _l___________l_ :—; PGND
T isigeiqtigsi ]
EN OPAI OPAO SUP
Pin Description
PIN TQFN-16 DESCRIPTION
1 DRVN Driver output pin of the negative charge gum
> REF Reference bypass terminal. Bypass REF to AGND aithinimum of 0.2gF close to
this pin.
3 AGND | Analog Ground.
4 NC No Connection.
5 EN Active-High Enable Control Input.
6 OPAI VCOM buffer input pin. If OP function is nased, connect this pin to AGND.
7 OPAO | VCOM buffer output pin. If OP function istngsed, make sure this pin floating.
8 SUP VCOM buffer, Vg, and \&. charge pump power input. Positive supply railtfa
operational amplifiers.
9 PGND Power Ground.
10 LX Switching pin. Drain of the internal power NO& for the main step-up regulator.
11 IN Supply Input.

Main Boost Regulator Feedback Input. FB regulaies 2V nominal. Connect FB to
12 FB the center of a resistive voltage-divider betwédenrhain output and the analog ground
(AGND). Place the resistive voltage-divider clogdite pin.

13 COMP | Compensation error amplifier pin.

14 FBP Feedback pin of positive charge pump. Réguila 1.2V nominal.

15 DRVP Driver output pin of the positive chargemm

16 FBN Feedback pin of negative charge pump. Réggita 0.24V nominal.

- ThPe;r;aI Exposed pad should be soldered to PCB board amiected to AGND.

N
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EUP2619
Ordering Information

Order Number Package Type Marking Operating Temperatire Range
XXXXX o °
EUP2619JIR1 TQFN-16 P2619 -40 °C to +85°C

EUP2619 (0 OO0 O O

Lead Free Code
1: Lead Free, Halogeee

Packing
R: Tape & Reel

Operating Temperature Range

I: Industry Standard
Package Type
J:TQFN
Block Diagram
FBP EN IN REF OPAI SUP
ey = - =
SUP
. +
I]: . 2 EA L10PAO
| A Thermal Shutdown, -
' . 22 Power-ON
DRVPL Sequence L
Fault Protection
Positive
Charge Pump {]AGND
Slope P
SUP Compensation >z }‘
Current
PWM Sense

¥

L
L«
DRVN [é

Negative

1.2V b v oc 1LX
Charge Pump

osc | f Logic& |

Driver
FBN FB  COMP PGND
Figure 2.
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EUP2619

Absolute Maximum Ratings (1)

Recommend Operating Conditions (2)

Vin 6V
IN to GND -0.3V to+6V

LX to GND -0.3V to 20V
PGND to GND -0.3V to -03V
SUP to PGND -0.3V to +dV

OPAI, OPAO to GND

DRVP, DRVN to PGND

REF, COMP, FB, FBN, FBP to GND
Continuous Power Dissipation {F +25°C) TQFN-16

Junction Temperature

-0.3V to (SUP+0.3V)
-0.3V to (SUP+0.3V)
-0.3V to (VIN+0.3V)
1.92W

+13°C

Storage Temperature Range
Lead Temperature (Soldering, 10sec)

Thermal Resistance
031 (TQFN-16)

-65°C to +150°C
260°C

65°C/W

Supply Voltage (VIN)

2.5V 10 5.5V

Operating Temperature

-40°C to +85°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

The e denote the parameter apply over the full operatemgperature range, otherwise the values are tested
Ta=+25°C. V|n=3.3V, Vout=8.5V, unless otherwise noted.

Symbol Parameter Conditions - EUP2619 Unit
Min. ‘ Typ. ‘ Max.
General Section
Vin Input Supply Voltage 2.5 5.5 V
UVLO_H | Vy Under Voltage Lockout Vn Rising 1.8 2 2.2 Vv
UVLO_L | Threshold Hysteresis 0.1
lo V\n Quiescent Current Veg=1.3V, LX no_swi_tching 1 mA
Vep=1.1V, LX switching 4 mA
lshuT V\n Shutdown Current M=0 1 pA
Venn EN Threshold 2 \
VENnL 0.8
Tsp Thermal Shutdown Temperature 150 °C
ATsp Thermal Shutdown Hysteresis 25 °C
Reference
VRer Reference Voltage 1.176| 1.2 1.224| V
Reference Load Regulator @=i<50uA 6 mV
IREF Reference Current Capability At VREF-1.5% 100 pA
Reference Undervoltage Rising eo!ge. 08 Vv
Lockout Threshold Hysteresis(typ)=200mV
Oscillator
fosc Operation Frequency 900 1200| 1500 | kHz
Dyax 8}5/2;2at0r Maximum Duty 87 90 93 %
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EUP2619

Electrical Characteristics (Continued)
The e denote the parameter apply over the full operatergperature range, otherwise the values are tested
Ta=+25°C. V|y=3.3V, Vout=8.5V, unless otherwise noted.

Symbol Parameter Conditions - EUP2619 Unit
Min. | Typ. | Max.
Main Step-Up Regulator
Vour Output Voltage Range e | Vp 18 \%
Vs Feedback Voltage No load °|Llir6] 12 | 1.224 V
1.188| 1.2 | 1.212
FB Load Regulation Osbap<Full, transient only -1 %
FB Line Regulation ¥=2.5V to 5.5V 0.15| 0.25 | %/V
FB Input Bias Current M=1.2V 50 125 200 nA
Gm Trans_qonductance of Error 70 WAV
Amplifier
Rix(ony LX ON-Resistance k=200mA 0.16| 0.25 Q
Transconductance 33| 5| 0] Av
ILm Current Limit 2.8 A
N-MOSFET Leakage Current| (¥=19V ° 1 10 pHA
Soft-start period 7 bit current ramp 8 mis
Vcowm Buffer
Vsup Supply Voltage Range ° 6 18 Vv
Vsup Undervoltage Threshold 3.8 4 4.2 V
lop Supply Current 52:32\32333%?%2 d ° 4 6.5 mA
Vos Input Offset Voltage ¥eao, Vopa=Vsud2 8 mV
IgiAS Input Bias Current Mrao Vora=Vsud2 ° -1 1 A
ggrl:;é:ommon Mode Voltage o 0 Veup Vv
Input Common Mode
joection Ratio 80 dB
lour=1mA Vg‘{
Von Output Voltage Swing High mV
lour=50mA Vsur
300
VoL Output Voltage Swing Low :zs;;gq:;A 35(;)0 mv
Short-Circuit Current S.ourlcmg ° | 500 mA
Sinking e | 500
Fsae -3dB Bandwith 20 MHZ
SR Slew Rate 45 VES
Large Signal Voltage Gain =1V to (Vsurl)V 80 dB
Gate-High Regulator
Vsup INnput Supply Range ° 6 18 V
Visup Over Voltage Threshold | Y.SUP=RIsIng. 19 | 20 | 21 v
Hystersis=200mV
FBP Line Regulation Error AU=8V to 18V, \ey=15V 0.2 %/\V
FBP Input Bias Current Mp=1.5V -50 50 nA
DRVP Current Limit Not in dropout 400 mA
VEgp Feedback Reference Voltage No load 1.174.2 1.224| V
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EUP2619

Electrical Characteristics (Continued)
The e denote the parameter apply over the full operatergperature range, otherwise the values are tested

Ta=+25°C. V|y=3.3V, Vout=8.5V, unless otherwise noted.

Symbol Parameter Conditions - EUP2619 Unit
Min. | Typ. | Max.
Gate High Regulator
Rone_p DRVP Switch On-Resistance 4 6 Q
Rone N 15 3
fsw_P Switching Frequency 600 kH
Positive Charge Pum 7 bit'voltage ramp W.ith
Softstart Period | NG 0 prevent hgh 3| 5 | ms
Gate-Low Regulator
Vsup Input Supply Range 6 18 Vv
FBN Line Regulation Error =9V to 18V, Vg =-7V 0.2 %IV
FBN Input Bias Current Mn=0.24V -50 50 nA
DRVN Current Limit Not in dropout 400 mA
VBN Feedback Reference \Voltage No load 0.2D.24 | 0.27
Ronnp DRVN Switch On-Resistance 4 6 Q
Ronn_ N 15 3
fsw_N Switching Frequency 60( kH
Negative Charge Pum 7 bit_voltage ramp W.ith
Softstart Period | I1eNg 0 prevent hgh 3| 5 | ms
Fault Detector
FB Fault Trip Level ¥ Falling 0.95 \Y
FBN Fault Trip Level V¥en Rising 0.42 \Y
FBP Fault Trip Level Yep Falling 0.95 V
Fault Delay 100 ms
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EUP2619

Typical Operating Characteristics

Step-up Regulator Efficiency Step-up Regulator Output Voltage
vs. Load Current vs. Load Current
100 00
90 =
“ ~~ 7~ 0.1 \
70 / VIN=2.5V_ VIN=33V 9 o2 \
£ 60 g
Z &3
5 VIN=SV 5 03
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& 40 / 3
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30 //
20 05
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0 06
1 10 100 1000 0 100 200 300 400 500 600
Load Current(mA) Load Current(mA)
Step-up Regulator Step-up Regulator Switching
Line Regulation . Frequency vs. Input Voltage
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S 2
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0.00 116
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Input Voltage (V) Input Voltage(V)
. Step-up Regulator Load-Transient
Step-up Regulator Startup with 100mA Load Response (100mA to 400mA)
pre———e—————— * L - ,\
2VAdiv : )
M‘ ouT
. 200mV/div
Jmsiisiiiiimmimisrin vott )
/ SVidiv :
v,
IL. ) ' \ Tload
S00mA/div . 200mA/div
i
2ms/div 200ps/div
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EUP2619

Typical Operating Characteristics (continued)

Quiescent Current Power-up Sequence of Boost
vs. Input Voltage and Charge Pump

50
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45 2V/div
40 / - VOUT
< 35 / SVidiv
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5 30 s / SV/div
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No Switching
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Positive Charge-Pump Regulator Negative Charge-Pump Regulator
Load-Transient Response (10mA to 90mA) o0 Line Regulation
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0.06
A A -~
N NMW\VGH . 0.04
N/v\/ \J\/‘P \/J\/\IM\\/V\'J\,. 200mV/div ;\5\ 002
5 000
2 0m
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EUP2619

Typical Operating Characteristics (continued)

Negative Charge-Pump Regulator Negative Charge-Pump Regulator

" Load Regulation Load-Transient Response (10mA to 80mA)
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45
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Operational Amplifier Rail-to-Rail Operational Amplifier
Input/Output Waveforms Load-Transient Response
S I — ' - sl OPAO
/,--.\ OPAl P 200mV iy
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N\
N
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NSNS
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S0mA/div
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Operational Amplifier Operational Amplifier

Large-signal Step Response Small-signal Step Response

OPAI
SV/idiv
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™ v div 100mV/div
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EUP2619

Typical Operating Characteristics (continued)

SUP Supply Current
vs. SUP Supply Voltage
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\% No Switching
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EUP2619

Table 1. Component List (Figurel)

Designation Description
C1 1k, 6.3V, X7R ceramic capacitor
c2 221F, 25V, X5R ceramic capacitor
C4 820pF, 6.3V, X7R ceramic capacitof
C5, C7 0.1F, 25V, X7R ceramic capacitors
C6, C9 LF, 25V, X7R ceramic capacitors
C8 220nF, 6.3V, X7R ceramic capacitof
C10, C11 1QF, 6.3V, X5R ceramic capacitors
Cl12 1QuF, 25V, X5R ceramic capacitor
D1 Schottky diode 30V, 3A
DIODES B330A
Dual diodes 30V, 200mA(3 SOT23)
D2, D3 Zetex BAT54S
Fairchild BAT54S
L1 Inductor, 1@H, 3A/50n

Function Description

The EUP2619 contains a high performance curreniemod
boost regulator, a gate-on charge pump driver and a
gate-off charge pump driver. It also includes of a
high-current  rail-to-rail operation amplifier. The
following content contains the detailed descriptemd

the information of the component selection.

Step-Up Converter

The Step-up regulator is a high efficiency curnentee
PWM architecture with 1.2MHz operation frequendy. |
performs fast transient responses to generate eourc
driver supplies for TFT LCD display. The high opgaa
frequency allows smaller components to minimize the
thickness of LCD panel. The Step-up Converter can
operate in continuous conduction mode and steadg st
operation, where the inductor current is continlyous

the first half cycle, the power MOSFET is on and
Schottky diodes are reverse biased, the outpuecurs
provided by output capacitor, inductor voltage BNV
and its current increase at the rate of VIN/L; dgrthe
other half cycle, MOSFET is off and Schottky diodes
forward biased, the energy stored in the inductor i
released. The inductor current ripple is:

ViN -V
Al =AT2x N ZOUT
L
1-D
AT2 ="
F
SwW

Where L is self-inductance, the energy of indudtor
stored by electromagnetic induction.

In the steady state operation, the energy stored in
inductor must be converted equally, so the inductor
current ripples in two half cycle are identical.

Vv b Vi, -V
D 0N 1-D "IN~ “our _,

L FSW

I:SW

outr __1
vV 1-D
IN
Output Voltage

The output voltage is reduced to a reference veltag
1.2V by external feedback resistor divider. Thastess
maximum value is limited by feedback output biased
current and potential coupling noise of feedback pi
Output voltage of Step up Converter can be set
according to the following equations:

R1
V, =12x|1+—
ouT ( RZJ

The recommended range of R2 is from @0lo 50kQ.
Place the resistor divider as close as possibikeet@hip
can reduce noise sensitivity.

Inductor Selection

The output voltage ripple, transient response, @gpa
and efficiency of output current supply are decidgd
inductor selection and the inductor value is inficed

by input and output voltage, switching frequency #re

maximum output current. A 4uA or 1QuH inductor is

recommended for small ripple applications.

Output Capacitor Selection

Small value of ESR capacitor can minimum the output
voltage ripple. So it is recommended that multielay
ceramic capacitor§ X5R or X7R) are used to be output
capacitor because of its low ESR characteristiod an
small size in packageESR determines the output
voltage ripple according to the equation:

l~A xD
AVg = _0o"-
Fsw *Co
Diode Selection

Schottky diodes, with their low forward voltage gro
and fast reverse recovery, are the ideal choices fo
EUP2619 applications. It must be chosen correctly
depending on some parameters such as reverse
breakdown voltage, forward current and forward agét
drop. A Schottky diode rated at 3A is sufficient for most
EUP2619 applications.

Input Capacitor Selection

Input capacitors, which are decided by input angbatu
voltage, maximum output current, inductor and suppl
noise, are important in restraining input voltageple
and enhancing chip performance. In most applica@on
20uF capacitor is suitable. Care must be takenakem
sure that chip is normal operated, &1fesistor and a
1uF bypass capacitor should be taken next to ti VI
pin to decrease the high frequency noise of povier. w

+1g XESR
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EUP2619

Loop Compensation

The feedback loop of EUP2619 contains a trans-
conductance amplifier, which makes the chip achieve
better transient response and regulation. The EWU®26
employs current mode control architecture, which
features rapid current sense loop and slow voltage
feedback loop. Compensation is not required foidrap
current sense loop but is necessary for slow veltag
feedback loop to insure that the device is in teady
state. RC network connected between the COMP mn an
AGND is a compensation network. In the network,
resistors play a decisive role in achieving a higin of
high-frequency and obtain fast transient response.
Capacitor sets the zero of the integrator. Assuaibgut
loop stabilization, capacitor must be chosen betwee
220pF~10nF and resistor must be chosen accurately i
the range of 2R ~100kQ.

Dual Charge-Pump Regulator

The EUP2619 contain two individual low-power charge
pumps. One charge pump inverts the supply voltage
(SUP) and provides a regulated negative outputgelt
The second charge pump doubles the supply voltage
(SUP) and provides a regulated positive outputagat
The EUP2619 contain internal p-channel and n-cHanne
MOSFETs to control the power transfer. The internal
MOSFETSs switch at a constant 600kHz (0.5)F

Negative Charge Pump

During the first half-cycle, the p-channel MOSFEifris

on and the flying capacitor C7 charges to VSUP miau
diode drop. During the second half-cycle, the pacteh
MOSFET turns off, and the n-channel MOSFET turns on
level shifting C9. This connects C7 in paralleltwihe
reservoir capacitor C9. If the voltage across CAumia
diode drop is higher lower than the voltage aciGgs
charge flows from C9 to C7 until the diode turn$. of
The amount of charge transferred to the output is
controlled by the variable n-channel on-resistarfide
output voltage of negative charge pump is set by:

VGL = 0.24x| 1+ R _10x| RY
R6 R6

Positive Charge Pump

During the first half-cycle, the n-channel MOSFEifrnis

on and charges the flying capacitor C5 to the VOUT
voltage. During the second half-cycle, the n-channe
MOSFET turns off and the p-channel MOSFET turns on
to charge the DRVP pin up to the SUP voltage. Ad th
cycle, C5 is connected in parallel with C6 and psitie
maximum output voltage to (VSUP+VOUT). The output
voltage of positive charge pump is set by:

R4
VGH =12x|1+—
R5

Operational Amplifier

Operational Amplifier provides 36w voltage for LCD
monitor. The operational amplifier is capable of
+100mA continuous output current, 45V/us slew raee,
MHz -3dB bandwidth and rail to rail input/output
voltage.

Reference Voltage

The reference voltage is nominally 1.2V, which can
deliver up to 10QA with good regulation. Connect a
0.22.F bypass capacitor between REF and AGND.

Fault Protection

EUP2619 has over current protection and over
temperature protection. When the chip working,
integrated over temperature protection circuit twaus
detects the chip temperature, and the chip woultlitre

off if the chip temperature exceed the over tentpeea
protection threshold.

During steady-state operation, if the output of bioest
converter or any of the charge pump outputs excigeds
respective fault-detection threshold, the EUP2619
activates an internal fault timetf any condition or
combination of conditions indicates a continuousltfa
for the fault-timer duration (100ms typ), the EURQ26
sets the fault latch to shut down all the outputsept
the reference. Once the fault condition is remoegdle

the input voltage (below the UVLO falling threshplat

EN pin to clear the fault latch and reactivatedeeice.

Power-Up Sequence

The EUP2619 employs soft-start circuitry to reduce
supply inrush current during start up conditions1c®
the voltage on IN exceeds approximately 2V, the
reference turns on. With a 022 REF bypass capacitor,
the reference reaches its regulation voltage oW.1.2
When the reference voltage exceeds 0.8V, the I@klen
the boost regulator. Once the FB voltage is abakehk
gate-off charge pump driver is enabled immediatahy
gate-on charge pump driver starts up after 4ms {TYP
delay time.

Timing Diagram
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EUP2619

PCB Layout

To obtain high performance including good regulatio
high efficiency and stability, high power switching
supply, a good PCB layout is expected. The PCBuayo
must be evaluated strictly. Power element should be
placed as close as possible ensuring the tracesharg
straight and wide. Put power element together elmoug
and connect them by using asteroid in the elenasmr)
then connect the asteroid to external Ground usimge
vias. Do not connect the GND pin of power element t
external Ground. There are some general guidefores
layout:

1. Place the VIN pin and REF pin bypass capac#srs
close as possible to the device.

2. Keep the traces of the main current paths ag ahd
wide as possible.

3. Put all the feedback resistances within the Suoape

of the corresponding feedback pin of them and kbep
traces short enough to avoid switching noise. Keep
feedback traces as close as possible to LX preaent
shield come into being.

4. Keep the traces between output capacitancecaut |
as short and wide as possible to get a best transie
response.

5. LX node is with high frequency voltage swing and
should be kept at small area. Keep analog compsnent
away from the LX node to prevent stray capacitioesa
pickup.
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EUP2619

Packaging Information

TQFN-16
T
EIE - T‘
E ) j C El
) ] i
b ) N
? NN00

DETAIL A

Lﬁf

Al

DETAIL A
Thermal Pad Option

Note: Exposed pad outline drawing is for referemicly.

SYMBOLS MILLIMETERS INCHES
MIN. Normal MAX. MIN. Normal MAX.
A 0.70 0.75 0.80 0.028 0.030 0.031
Al 0.00 - 0.05 0.000 - 0.002
b 0.18 0.25 0.30 0.007 0.010 0.012
E 2.90 3.00 3.10 0.114 0.118 0.122
D 2.90 3.00 3.10 0.114 0.118 0.122
D1 1.40 1.70 1.75 0.055 0.067 0.069
El 1.40 1.70 1.75 0.055 0.067 0.069
0.50 REF 0.020 REF
L 0.30 0.40 0.50 0.012 0.016 0.020
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