Intersil® EL7581C
— 3-Channel DC:DC Converter
élantec
Features General Description

e TFT/LCD display supply
- Boost regulator

-V on charge pump

-V opr charge pump

2V to 15V V)N supply
5V <VpoosT < 18V

5V <Von <40V

-40V < Vopp <0V
VBoosr =5V @1A
VBoosTt = 12V @700mA
VBoosT = 15V @600mA

High frequency, small inductor
DC:DC boost circuit

Over 90% efficient DC:DC boost
converter capability

« Adjustable frequency
« Adjustable soft-start
 Adjustable outputs

* Small parts count

Applications

e TFT-LCD panels
* PDAs

Ordering Information

Part No Package | Tape& Reel | Outline#

EL7581CRE 20-Pin HTSSOP MDP0048

The EL7581C is a 3-channel DC:DC converter IC which is designed
primarily for usein TFT/LCD applications. It features a 2.0V to 14V
input capability and provides 5V to 18V output from a micropower
boost converter. This output is designed to power the column drivers
and can provide up to 600mA @15V, or 1A @5V output. A pair of
charge pump control circuits provide regulated outputs of Von and
Vorr suppliesat 8V to 40V and -5V to -40V, respectively (depending
on the Veoosrt set and external component configuration), each at up
to 15mA.

The EL7581C features adjustable switching frequency, adjustable soft
start, and each supply channel has a separate output enable control to
alow selection of supply start-up sequence. An over-temperature fea-
ture is provided to allow the IC to be automatically protected from
excessive power dissipation.

The EL7581C is available in a 20-pin HTSSOP package and is speci-
fied for operation over the full -40°C to +85°C temperature range.

Connection Diagram

VSSB ~— ROSC

SOFTS ENCPP
FBB ENBCPN
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LX1 PGND2
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VN Input Voltage

Vb8, Vobcer V
SW Voltage

Important Note:

DDCPN

Electrical Characteristics

VN = 3.3V, VeoosT = 12V, lout = 450mA, Fosc = IMHz, Ta = 25°C unless other wise specified.

Absolute Maximum Ratings (=)

Values beyond absolute maximum ratings can cause the device to be per-
manently damaged. Absolute maximum ratings are stressratings only
and functional device operation isnot implied

Maximum Continuous Output Current

Storage Temperature

Operating Ambient Temperature
14v

Lead Temperature
igx Power Dissipation

ESD Voltage

1A

-65°C to +150°C
-40°C to +85°C
300°C

See Curves

2kv

All parameters having Min/Max specifications are guar anteed. Typ values arefor information purposes only. Unless otherwise noted, all testsare at the
specified temperature and are pulsed tests, therefore: Ty=Tc=Ta

Parameter | Description | Condition Min Typ Max Unit
DC:DC Boost Converter
1Q1 Quiescent Current - Shut-down V(ENB) =0V 10 HA
1Q2 Quiescent Current - Switching V(ENB) = Vppg, frequency = 600kHz 5 8 mA
V(FBB) Feedback Voltage 1.204 1.229 1.254 \Y,
VREF Reference Voltage 1.218 1.260 1.302 \
1(FBB) Feedback Input Bias Current Current magnitude 0.1 HA
VIN Input Supply Range 2 14 \%
Dmax Maximum Duty Cycle 85 90 %
1(LX)mAx Current Limit - Max Average Input VBoosT = 15V, I(VBoosT) =500mA, VN = 2.7V 3.2 A
Current

Rps-on Switch On Resistance at VeoosT = 10V, I(LX1+LX2+LX3+LX4) = 0.15 Q

500mA
ILEAK-SWITCH Switch Leakage Current 1 A
VBoosT Output Range VBoost > VN + VDiobE 5 15
AVBoosT/AV|N | Line Regulation 2.7V <V N < 13.2V, Veoosr = 15V 0.1 %
AVpoost/Alo; | Load Regulation 50mA < lp; < 300mA 0.5 %
Fosc-RANGE Frequency Range Rosc range = 240kQ to 60kQ 200 1000 kHz
Fosci Switching Frequency Rosc = 100kQ 480 600 720 kHz
Fosc2 Switching Frequency Rosc = 220kQ 240 300 360 kHz
Positive Regulated Charge Pump (Von)

Most positive Vo output depends on the magni-

tude of the V ppcpp input voltage (normally

connected to Veoost) and the external component

configuration (doubler or tripler)
Vpbpcpp Supply Input for Positive Charge Pump | Usually connected to VeoosT 5 15 \
V(FBCPP) Feedback Reference Voltage 132 142 152 \Y,
|(FBCPP) Feedback Input Bias Current Current magnitude 0.1 HA
I(DRCPP)mMax | Maximum RMS DRCPP Output Current | VDDCPP = 15V 80 mA

VDDCPP = 6V 15 mA
Frump Charge Pump Frequency Frequency set by ROSC - see boost section 0.5*Fosc Hz
Negative Regulated Charge Pump (VorF)

Most negative V orr output depends on the magni-

tude of the Vppcpn input voltage (normally

connected to Vgoosr) and the external component

configuration (doubler or tripler)
VDDCPN Supply Input for Negative Charge Pump | Usually connected to Vgoost 5 15 \Y,
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Electrical Characteristics

VN = 3.3V, VeoosT = 12V, lout = 450mA, Fosc = IMHz, Ta = 25°C unless other wise specified.

Parameter Description Condition Min Typ Max Unit
V(FBCPN) Feedback Reference Voltage -100 -50 0 mVvV
I(FBCPN) Feedback Input Bias Current Magnitude of input bias 0.1 HA
I(DRCPNf)max | Maximum Continuous RMS DRCPN VDDCPN =15V 80 mA

Output Current VDDCPN = 6V 15 mA
Fpump Charge Pump Frequency Frequency set by Rosc - see boost section 0.5*Fosc Hz
Enable Control Logic
VHI-ENX Enable Input High Threshold x =“BCPN", CPP" 1.6 \
VL 0-ENX Enable Input Low Threshold x =“BCPN", CPP" 0.8 \
1(ENx) Enable Input Bias Current x =“BCPN", CPP"; current magnitude 0.1 HA
Over-Temper ature Protection
Tor Over-temperature Threshold 140 °C
THYS Over-temperature Hysteresis 40 °C

Pin Descriptions
| =Input, O = Output, S= Supply

EL 7581CRE
20-Pin HTSSOP Pin Name Pin Type Pin Function
1 VSSB S Ground for DC:DC boost and reference circuits; chip substrate
2 SOFTS | Soft-start input; the capacitor connected to this pin setsthe current limited start time
3 FBB | Voltage feedback input for boost circuit; determines boost output voltage, Veoost
4 vVDDB S Positive supply input for DC:DC boost circuits
5 LX1 o Boost regulator inductor drive pin 1
6 LX2 o Boost regulator inductor drive pin 2
7 LX3 o Boost regulator inductor drive pin 3
8 DRVCPN o Driver output for the external generation of negative charge pump voltage, Vorr
9 VDDCPN S Positive supply for input for Vorr generator
10 FBCPN | Voltage feedback input to determine negative charge pump output, Vorr
11 VSSCP S Negative supply pin for both the positive and negative charge pumps
12 FBCPP | Voltage feedback to determine positive charge pump output, Von
13 VDDCPP S Positive supply input for Von generator
14 DRVCPP o Voltage driver output for the external generation of positive charge pump, Von
15 PGND1 o Power ground for LX switching FET
16 PGND2 o Power ground for LX switching FET
17 VREF | Voltage reference for Vcom and charge pump circuits; decouple to ground
18 ENBCPN | Enable pin for the DC:DC boost function (Veoost generation) and negative charge pump function
(Vorr generation)
19 ENCPP | Enable for DRVCPP (Von generation); active high
20 ROSC | Connected to an external resistor to ground; sets the switching frequency of the DC:DC boost

J184214
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Typical Performance Curves
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Load Regulation (%)
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Typical Performance Curves
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Typical Performance Curves
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Typical Performance Curves
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8ya (°C/W)

Typical Performance Curves
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Applications I nformation

The EL7581C is high efficiency multiple output power
solution designed specifically for thin-film transistor
(TFT) liquid crystal display (LCD) applications. The
device contains one high current boost converter and
two low power charge pumps (Von and Vofrg).-

The boost converter contains an integrated N-channel
MOSFET to minimize the number of external compo-
nents. The converter output voltage can be set from 5V
to 18V with external resistors. The Von and Vorr
charge pumps are independently regulated to positive
and negative voltages using external resistors. Output

voltages as high as 40V can be achieved with additional
capacitors and diodes.

Boost Converter

The boost converter operates in constant frequency
pul se-width-modulation (PWM) mode. Quiescent cur-
rent for the EL7581C is only 5mA when enabled, and
since only the low side MOSFET is used, switch drive
current is minimized. 90% efficiency isachieved in most
common application operating conditions.

Vour

R8 y 6.8uH
AN, (OO0 Viy
R10 110k 499; L U L
13ka 1 Iqu Iqu
0.1uFI
FBB ’ VDDB LX
ROSC MAX_DUTY
62kQ Reference
Generator
VREF
= PWM PWM E 0.15
; 15Q
VRAMP Comparator Logic -I
ENB
O
12uA
Start-up _
Oscillator Q
ILour iZZk S 8omQ

SGND | soFTs

0.1uF

PGND

10
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EL7581C

3-Channel DC:DC Converter

A functional block diagram with typical circuit configu-
ration is shown on the previous page. Regulation is
performed by the PWM comparator which regulates the
output voltage by comparing a divided output voltage
with an internal reference voltage. The PWM compara-
tor outputs its result to the PWM logic. The PWM logic
switches the MOSFET on and off through the gate drive
circuit. Its switching frequency is external adjustable
with aresistor from timing control pin (Rt) to ground.
The boost converter has 200kHz to 1.2MHz operating
frequency range.

Start-Up

After Vpp reaches a threshold of about than 2V, the
power MOSFET is controlled by the start-up oscillator,
which generates fixed duty-ratio of 0.5-0.7 at a fre-
quency of severa hundred kilohertz. This will boost the
output voltage, providing the initial output current load
is not too great (< 250mA).

When Vpp reaches about 3.7V, the PWM comparator
takes over the control. The duty ratio will be decided by
the multiple-input direct summing comparator,
Max_Duty signal (about 90% duty-ratio), and the Cur-
rent Limit Comparator, whichever is the smallest.

The soft-start is provided by the current limit compara-
tor. As the internal 12uA current source changes the
external soft-start capacitor, the peak MOSFET current
is limited by the voltage on the capacitor. This in turn
controls the rising rate of output voltage.

The regulator goes through the start-up sequence as well
after the ENB signa is pulled to HI.

Seady-Sate Operation

When the output reachesthe preset voltage, the regulator
operates at steady state. Depending on the input/output
condition and component, the inductor operates at either
continuous-conduction mode or discontinuous-conduc-
tion mode.

In the continuous-conduction mode, the inductor current
is atriangular waveform and LX voltage a pulse wave-
form. In the discontinuous-conduction mode, the
inductor current is complete dry out beforethe MOSFET
is turned on again. The input voltage source, the induc-
tor, and the MOSFET and output diode parasitic
capacitors forms a resonant circuit. Oscillation will

occur in this period. This oscillation is normal and will
not affect the regulation.

At very low load, the MOSFET will skip pulse some-
times. Thisis normal.

Current Limit

The MOSFET current limit is nominal 3.2A. This
restricts the maximum output current lomax based on
the following formula:

32D — | x5

| :( AIL) Vin
OMAX 2 )"V,

where:

Aly, is the inductor peak-to-peak curtrent ripple and is
decided by:

\%
_ "IN
AIL——L X

vl

D is the MOSFET turn-on radio and is decided by:
_VoPViy

Vo

Fs is the switching frequency.

The following table gives typical values:
Maximum Continuous Output Current

Vin (V) Vo (V) L (uH) Fs(kHz) |lomax (MA)
3 5 10 700 1000
3 9 10 700 550
3 12 10 700 450
45 9 10 700 850
45 12 10 700 700
45 15 10 700 600
9 12 10 700 1000
9 15 10 700 800
12 18 10 700 1000

Component Considerations

Input Capacitor

It isrecommended that Cyy islarger than 10uF. Theoret-
icdly, the input capacitor has ripple current of Al| . Due

11
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to high-frequency noise in the circuit, the input current
ripple may exceed the theoretical value. Larger capacitor
will reduce the ripple further.

Boost Inductor

The inductor has peak and average current decided by:

Al
| =1 +—
LPK =~ 'LAVG ™ 3

| _ o
LAVG T~ 1PpD

The inductor should be chosen to be able to handle this
current. Furthermore, due to the fixed internal compen-
sation, It is recommended that maximum inductance of
10uH and 15pH to be used in the 5V and 12V or higher
output voltage, respectively.

The output diode has average current of 1o, and peak
current the same as the inductor's peak current. Schottky
diode is recommended and it should be able to handle
those currents.

Output voltage ripple is the product of peak inductor
current times the ESR of output capacitor. Low ESR
capacitor is to be used to reduce the output ripple. The
minimum out capacitance of 330uF, 47uF, and 33uF is
recommended for 5V, 12V, and 16V for 600kHz switch-
ing frequency, respectively. For IMHz switching
frequency, 220uF, 33uF, and 22uF capacitor can be
used for the output voltages. In addition to the voltage
rating, the output capacitor should also be able to handle
the rms current is given by:

an?
lcorms = [(1©D)x|D+—t—
LAVG

X —1— x|
12 LAVG

Feedback Resistor Networ k

An external resistor divider is required to divide the out-
put voltage down to the nominal reference voltage.
Current drawn by the resistor network should be limited
to maintain the overall converter efficiency. The maxi-
mum value of the resistor network is limited by the
feedback input bias current and the potential for noise
being coupled into the feedback pin. A resistor network
in the order of 200kQ is recommended. The boost con-

verter output voltage is determined by the following
relationship:
Rg+ Ry,

Vout = TR

xV
FBB
10

A 3.9nF compensation capacitor across the feedback
resistor to ground is recommended to keep the converter
in stable operation at low output current and high fre-
guency conditions.

Schottky Diode

Speed, forward voltage drop, and reverse current are the
three most critical specifications for selecting the Schot-
tky diode. The entire output current flows through the
diode, so the diode average current is the same as the
average load current and the peak current is the same as
theinductor peak current. When selecting the diode, one
must consider the forward voltage drop at the peak diode
current. On the elantec demo board, MBRM120 is
selected. Its forward voltage drop is 450mV at 1A for-
ward current.

Output Capacitor

The EL7581C is specially compensated to be stable with
capacitors which have a worst-case minimum value of
10uF at the particular VouT being set. Output ripple
voltage reguirements also determine the minimum value
and the type of capacitors. Output ripple voltage consists
of two components - the voltage drop caused by the
switching current though the ESR of the output capacitor
and the charging and discharging of the output capacitor:

IOUT
Cout X FREQ

VOUTDVIN x

V
VOUT

x ESR+

RIPPLE = |PEAK

For low ESR ceramic capacitors, the output ripple is
dominated by the charging/discharging of the output
capacitor.

VouT-BoosT > 12V

The maximum voltage rating for the boost converter
power supply input pin, Vppg, is 12V. This voltage is
used to power the internal power FET for optimum effi-
ciency and reliable operations, Vppg voltage should be
maintained between 10V to 12V. For boost converter
output voltage greater than 12V, there are two

12
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approaches to reducing the voltage from V ouT-800ST t0
Vppg. The first approach is to use a Zener diode to
lower the VouT-BOOST going into the Vppg pin. The
second approach isto increasethe V ouT-8oosT t0 VDB
series resistor value. The Ipp-soosT VS Fsw curve is
shown in the typical performance curves section of the
datasheet. The necessary series resistor value can be cal-
culated from the Ipp-soosT VS Fsw curve and the boost
converter output voltage.

Positive and Negative Charge Pump (Von and
VOFF)

The EL7581C contains two independent charge pumps,
see charge pump block and connection diagram. The

negative charge pump inverts the Vppcpn supply volt-
age and provides a regulated negative output voltage.
The positive charge pump doubles the Vppcpp supply
voltage and provides aregulated positive output voltage.
The regulation of both the negative and positive charge
pumps is generated by the internal comparator that
senses the output voltage and comparesit with and inter-
nal reference. The switching frequency of the charge
pump is set to ¥ the boost converter switching
frequency.

The pumps use pulse width modulation to adjust the
pump period, depending on the load present. The pumps
are short circuit-protected and can supply 15mA to
80mA for Vpp 6V to 15V.

VDDCPN

Vorr

FBCPN

Ron is 30 - 40Q for Vpp 6V to 12V

VDDCPP

Ronp

DRCPP

Ronn

VSSCP

FBCPP

O VrBcPp Rs

13
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Positive Char ge Pump Design Considerations where:

A single stage charge pump is shown above. The maxi- RonN and Ronp resistance values depend on the
mum V oy output voltage is determined by the following Vbpcpp voltage levels. For 15V supply, Ron is typically
equation: 30V. For 6V supply, Ron is typically 40Q

Vi (Max) £ 2 x VDDCPP B 11 % 2% (Royy *+ Ronp) © If additional stageis rgquired, the LX switching signal is
1 L recommended to drive the additional charge pump

2xVpope P loyt ™ ma lout ™ 05%Fay* Coura diodes. The drive impedance at the LX switching is typ-
icaly 150mQ. The figure on the next page illustrates an

implementation for two-stage positive charge pump

circuit.
Two-Sage Positive Charge Pump Circuit
VDDCPP
VBoosT v
(5V-12V) LX
-I Cepp
DRCPP —d N N1 N O Vou

Cepp
_I Court Court
VSSCP

FBCPP

1.265V i Rs

The maximum V oy output voltage for N+1 stage charge
pumpis:

1
Von(max) £2xVDDCPP D I g1 % 2 (Ryyny + Ronp) P 2%V 0pe P louT * mf) louT ™
1

1 1
———————+ Nx V| (max) DN x(2xV, +1 X 4| B S——
05xFgy* Coyry X ( DIODE T OUT 05 x FgyxCopp VT 05x Fgyx Coun)

R4 and R12 set the Von output voltage:
R,+Rg

v FBCPPXR—S

on =V,

14
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Negative Charge Pump Design Considerations Similar to positive charge pump, if additional stage is
required, the LX switching signal is recommended to
drive the additional charge pump diodes. The figure on
the next page shows a two stage negative charge pump
circuit.

The criteria for the negative charge pump is similar to
the positive charge pump. For a single stage charge
pump, the maximum V op output voltageis:

Vorr(max) 2l % 2% (Rony + Ronnp) + 2% Vpiope P lout *

1 1

bl x b VDDCPN
s0* Cepn OUT™05xFg, xC

05xF ouT2

Two-Sage Negative Charge Pump Circuit

VDDCPN L svqov

DRCPN T
Il 1 1 1
O Vorr
I N N N
Com L L
1 Cout2 Courz
VSSCN
<R
FBCPN
<

i ’
VRer

The maximum V o output voltage for N+1 stage
charge pump is:
. 1 1
Vorr(max) 21gy7 2% (Royy + Ronne) + 2% Vpope P louT* 55% Fow™ Corn Blour*g5x% Faw*Couta

1 1
+
OUTXO'SXFS\NXCCPN lour ™55 Fsw* CouTt2

b

VDDCPN® NV, y (max) + Nx(2xVpy ope + 1

R2 and Rz determine V oer output voltage:

R
_ 2
Vorr = “(VRer P VEgcpn) X R, VEBCPN
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Over-Temperature Protection 3. Place the boost converter output capacitor close to
the PGND pins.

An internal temperature sensor continuously monitors
the die temperature. In the event that die temperature 4. Locate feedback dividers close to their respected
exceeds the thermal trip point, the device will shut down feedback pins to avoid switching noise coupling
and disable itself. The upper and lower trip points are into the high impedance node.

typically set to 140°C and 100°C respectively.

5. Place the charge pump feedback resistor network
PCB Layout Guidelines after the diode and output capacitor node to avoid

L . switching noise; a demo board is available to illus-
Careful layout is critical in the successful operation of

the application. The following layout guidelines are rec-

ommended to achieve optimum performance. 6. All low-side feedback resistors should be con-
nected directly to Vssg. Vssp should be connected

to the power ground close to the negative terminal

trate the proper layout implementation.

1. Vrgr and Vppg bypass capacitors should be

placed next to the pins. of CouT-
2. Place the boost converter diode and inductor close
to the LX pins.
Typical Application Circuit
R8 o
o7 61.90k =
R14 390k
! AN
&1 ¢ open >—‘ <ﬁ|1|UF—|Z SOFTS ENCPP [19}—C "0
I : R15 180k
B ENBCPN [18 P (23/C24 = 10nF
ong F:;O = :'_Cm _| ©23 | C24 «——— ifpowersequencing
R1 is required
VDDB VREF [17] "Topen] open
77 1
499 =
v, ¢ LX1 PGND2 [16
(12va ctslsctal 13 ] [T L ¢
S00mA) 10, opef [A74F ] Lx2 PGND1 [15 1nf
Toou T i 01pF
v N LX3 DRVGCP 14—}~
W ezl ctel e D4**
10pFT3.7p =1
GND % DRVCPN  VDDCPP [13 . v
B — _[cs0 _L ({8ve
=1 T.HJF _1C21_|C22 _|C26 LR1118mA)
(_;,\?g VDDCPN  FBGPP [12] il ‘T).mF“’:z.zuF‘TWpF ik
15mA) L R% o3[ cal FBCPN VsSCP [1TH— e
47pF 130k 0107 3 S.SuIF 1 L 12
I 1 D™ i ) 3.9k
- R3
MV
33.2k

* MBRM120LT3
** BAT54S
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Effective May 15, 2002, Elantec, a leader in high performance analog products, is now a part of Intersil Corporation.

All Intersil U.S. products are manufactured, assembled and tested utilizing 1ISO9000 quality systems.
Intersil Corporation’s quality certifications can be viewed at www.intersil.com/design/quality

patent or patent rights of Intersil or its subsidiaries.

Intersil products are sold by description only. Intersil Corporation reserves the right to make changes in circuit design, software and/or specifications
at any time without notice. Accordingly, the reader is cautioned to verify that data sheets are current before placing orders. Information furnished by
Intersil is believed to be accurate and reliable. However, no responsibility is assumed by Intersil or its subsidiaries for its use; nor for any
infringements of patents or other rights of third parties which may result from its use. No license is granted by implication or otherwise under any

intersjl.

Sales Office Headquarters
NORTH AMERICA

Intersil Corporation Elantec

7585 Irvine Center Drive 675 Trade Zone Blvd.
Suite 100 Milpitas, CA 95035
Irvine, CA 92618 TEL: 408-945-1323
TEL: 949-341-7000 800: 888-ELANTEC
FAX: 949-341-7123 FAX: 408-945-9305

EUROPE

Intersil Europe Sarl
Avenue William Fraisse 3
1006 Lausanne
Switzerland

TEL: +41-21-6140560
FAX: +41-21-6140579

For information regarding Intersil Corporation and its products, see www.intersil.com

ASIA

Intersil Corporation

Unit 1804 18/F Guangdong Water Bldg.
83 Austin Road

TST, Kowloon Hong Kong

TEL: +852-2723-6339

FAX: +852-2730-1433
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