NCP5602

High Efficiency Ultra Smali
Thinnest White LED Driver

The NCP5602 product is a dual output LED driver dedicated to the

LCD display backlighting. ON Semiconductor®
The built-in DC-DC converter is based on a high efficient charge _
pump structure with operating mode 1x and 1.5x. It provides a peak http://onsemi.com
87% efficiency together with a 0.2% LED to LED matching.
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® ICON Function Implemented @ MU SUFFIX )
® Built—in Short Circuit Protection 1 CASE S13AA
® Provides Two Independent LED Drives
ZA = Specific Device Code
e Support 12C Protocol M = Date Code
e Smallest Available Package on the Market * = Pb-Free Package
® Tight 0.2% LED to LED Matching (Note: Microdot may be in either location)
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Figure 2. Simplified Block Diagram
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PIN FUNCTION DESCRIPTION

NCP5602

Pin No.

Symbol

Function

Description

1

GND

POWER

This pin is the GROUND signal for the analog and digital blocks and must be
connected to the system ground. This pin is the GROUND reference for the
DC-DC converter and the output current control. The pin must be connected
to the system ground, a ground plane being strongly recommended.

LED1

INPUT, POWER

This pin sinks to ground and monitors the current flowing into the first LED,
intended to be used in backlight application. The current is limited to 30 mA
maximum (see Note 2). When the ICON bit of the LED-REG register is

High, the LED?2 fulfills the ICON function. In this case, LED1 is deactivated.

LED2

INPUT, POWER

This pin sinks to ground and monitors the current flowing into the second
LED, intended to be used in backlight application. The current is limited to
30 mA maximum (see Note 2). When the ICON bit of the LED-REG register
is High, the LED2 fulfills the ICON function. In this case, LED1 is
deactivated. The ICON current is 600 pA typical.

IRerF

INPUT, ANALOG

This pin provides the reference current, based on the internal bandgap
voltage reference, to control the output current flowing in the LED. A 1%
tolerance, or better, resistor shall be used to get the highest accuracy of the
LED biases. An external current source can be used to bias this pin to dim
the light coming out of the LED.

In no case shall the voltage at pin 4 be forced either higher or lower than the
600 mV provided by the internal reference.

SDA

INPUT, DIGITAL

This pin carries the data provided by the 12C protocol. The content of the
SDA byte is used to program the mode of operation and to set up the output
current (see Table 2).

SCL

INPUT, DIGITAL

This pin carries the 12C clock to control the DC-DC converter and to set up
the output current. The SCL clock is associated with the SDA signal.

VOUT

OUTPUT, POWER

This pin provides the output voltage supplied by the DC-DC converter. The
Vout pin must be bypassed by 1.0 uF ceramic capacitor located as close as
possible to the pin to properly bypass the output voltage to ground. The
circuit shall not operate without such bypass capacitor properly connected to
the Vout pin.

The output voltage is internally clamped to 5.5 V maximum in the event of no
load situation. On the other hand, the output current is limited to 40 mA
(typical) in the event of a short circuit to ground.

Cc2P

POWER

One side of the external charge pump capacitor (Cgy ) is connected to this
pin, associated with C2N (see Note 1).

C2N

POWER

One side of the external charge pump capacitor (Cgy ) is connected to this
pin, associated with C2P (see Note 1).

10

C1pP

POWER

One side of the external charge pump capacitor (Cgy ) is connected to this
pin, associated with C1N, pin 11 (see Note 1).

11

VBAT

INPUT, POWER

Input Battery voltage to supply the analog and digital blocks. The pin must be
decoupled to ground by a 1.0 uF ceramic capacitor.

12

CiN

POWER

One side of the external charge pump capacitor (Cgy ) is connected to this
pin, associated with C1P, pin 10 (see Note 1).

1. Using low ESR ceramic capacitor is mandatory to optimize the Charge Pump efficiency.
2. Total DC-DC output current is limited to 60 mA.
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NCP5602

MAXIMUM RATINGS

Rating Symbol Value Unit
Power Supply VBaT -0.3<v<7.0 \%
Output Power Supply Vout 7.0 \%
Digital Input Voltage SCL, SDA -0.3<V < Vgar \%
Digital Input Current 1.0 mA
Human Body Model: R = 1500 @, C = 100 pF (Note 3) ESD 2.0 kV
Machine Model 200 \%
LLGA12 Package
Power Dissipation @ Tp = +85°C (Note 4) Pp 200 mwW
Thermal Resistance, Junction-to—Case Roeac 51 °CIW
Thermal Resistance, Junction—to—Air Roia 200 °C/W
Operating Ambient Temperature Range Ta -40to +85 °C
Operating Junction Temperature Range T, -40to +125 °C
Maximum Junction Temperature T Imax +150 °C
Storage Temperature Range Tstg —65 to +150 °C
Latchup Current Maximum Rating per JEDEC Standard: JESD78 - +100 mA

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the
Recommended Operating Conditions is not implied. Extended exposure to stresses above the Recommended Operating Conditions may affect
device reliability.
3. This device series contains ESD protection and exceeds the following tests:

Human Body Model (HBM) +2.0 kV per JEDEC standard: JESD22-A114.

Machine Model (MM) +200V per JEDEC standard: JESD22-A115.
4. The maximum package power dissipation limit must not be exceeded.
5. Moisture Sensitivity Level (MSL): 1 per IPC/JEDEC standard: J-STD-020A.
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NCP5602

POWER SUPPLY SECTION (Typical values are referenced to Ta = +25°C, Min & Max values are referenced -40°C to +85°C ambient
temperature, operating conditions 2.85 V < Vbat < 5.5V, unless otherwise noted.)

Rating Pin Symbol Min Typ Max Unit
Power Supply 11 Vpat 2.7 - 55 \%
Continuous DC Current in the Load @ Vf=3.0V, ICON =L 7 lout mA
@3.2V<Vbat<55V 60 - -
@3.0V<Vbat<55V 45 - -
Output ICON Current (ICON = H) @ T; =+ 25°C, Vf=2.8 V, 7 liconNTROL - 600 850 uA
Vbat=3.6 V
Continuous Output Short Circuit Current 7 Isch - 45 150 mA
Output Voltage Compliance (OVP) 7 Vout 4.8 - 5.7 \%
DC-DC Start Time (Cout = 1.0 uF) 3.0 V < Vbat = Nominal < 5.5 V 12 Tstart - 150 - us
from Last ACK Bit to Full Load Operation
Output Voltage Turn Off Time from Last ACK Bit to Vout = 5% 12 Toff - 300 - us
Standby Current, Vbat = 3.6 V, lout =0 mA, ICON =L 11 Istdb - - uA
@ SCL=SDA=L 6.0
@ SCL = SDA = H (No Port Activity) 12
Operating Current, @ lout =0 mA, ICON = H, Vbat =3.6 V 11 lop - 750 - UA
Output LED to LED Current Matching, @ 3.0 V < Vbat< 4.2V, 2,3 IMAT 1.0 +0.2 1.0 %
ILep = 10 mA, LED1 & LED? are Identical —25°C < Ta < 85°C
Output Current Tolerance @ Vbat=3.6 V, I gp = 10 mA -25°C < Ta 2,3 oL - +3.0 - %
<85°C
Charge Pump Operating Frequency —40°C < Ta < 85°C - Fpwr - 1.0 - MHz
Thermal Shutdown Protection - Tsp - 160 - °C
Thermal Shutdown Protection Hysteresis - TspH - 30 - °C
Efficiency Epwr %
- LED1 =LED2 =10 mA, Vf=3.2V, Vbat = 3.2 V (Total = 20 mA) - - 87 -
- LED1 =LED2 =30 mA, Vf=3.4V, Vbat = 3.75 V (Total = 60 mA) - - 84 -

ANALOG SECTION (Typical values are referenced to Ta = +25°C, Min & Max values are referenced -40°C to +85°C ambient
temperature, operating conditions 2.85 V < Vbat < 5.5 V, unless otherwise noted.)

Rating Pin Symbol Min Typ Max Unit
Reference Current @ Vref = 600 mV (Note 7) 4 IREF 1.0 - 60 UA
Reference Voltage (Note 7) 4 VREF -3% 600 +3% mV
Reference Current (IREF) Current Ratio (see Table 2) - ILEDR - 16 - -

6. The overall output current tolerance depends upon the accuracy of the external resistor. Using 1% or better resistor is recommended.
7. The external circuit must not force the Irgg pin voltage either higher or lower than the 600 mV specified. The limits represent the min/max values
one can force to run the normal operation.

DIGITAL PARAMETERS SECTION (Typical values are referenced to Tp = +25°C, Min & Max values are referenced —40°C to +85°C
ambient temperature, operating conditions 2.85 V < Vbat < 5.5 V, unless otherwise noted.) Note: Digital inputs undershoot < — 0.30 V to
ground, Digital inputs overshoot < 0.30 V to Vgar:

Rating Pin Symbol Min Typ Max Unit
Inputl2C Clock Frequency (Note 8) 6 Fsck - - 400 kHz
Positive Going Input High Voltage Threshold, SCL, SDA Signals 5,6 ViH 1.3 - Vear \%
Negative Going Input High Voltage Threshold, SCL, SDA 56 ViL 0 - 0.4 \%
Signals

8. Parameter not tested in production, guaranteed by design.
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NCP5602

APPLICATION INFORMATION

DC-DC Operation

The converter is based on a charge pump technique to
generate a DC voltage capable to supply the White LED
load. The system regulates the current flowing into each
LED by means of internal current mirrors associated with
the white diodes. Consequently, the output voltage will be
equal to the Vf of the LED, plus the drop voltage (ranging
from 200 mV to 400 mV, depending upon the output
current) developed across the internal NMOS mirror.
Typically, assuming a standard white LED forward biased
at 10 mA, the output voltage will be 3.8 V.

The built-in OVP circuit continuously monitor each
output and stops the converter when the voltage is above
5.0 V. The converter resumes to normal operation when the
voltage drops below 5.0 V (no latchup mechanism).
Consequently, the chip can operate with no load during any
test procedures.

Load Current Calculation

The load current is derived from the 600 mV reference
voltage provided by the internal Bandgap associated to the
external resistor connected across Irer pin and Ground (see
Figure 3). In any case, no voltage shall be forced at Irgg
pin, either downward or upward.

The reference current is multiplied by the constant
k = 250 to yield the output load current. Since the reference
voltage is based on a temperature compensated Bandgap,
a tight tolerance resistor will provide a very accurate load
current. The resistor is calculated from the Ohm’s law
(Rpias = Vref/lrer) and a more practical equation can be
arranged to define the resistor value for a given output
current;

Rpias = (Vref*k)/lout

(eq. 1)
Rbias = (0.6 *250)/lout

7
|
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GND

Rpias = 150/lout (eq. 2)

Consequently, the resistor value will range between
Rpias = 150/30 mA =5000 Q and Rpjss = 150/0.5 mA =
300 k<. Obviously, the tolerance of such a resistor must be
1% or better, with a 100 ppm thermal coefficient, to get the
expected overall tolerance.

VBandgap

DT

LED Return
H m Pin2 &3
q - |
SIPANN >
IRer
Pin 4 l
GND
R1
Note: The Irgr pin must never be
biased by an external voltage.
GND

Figure 3. Basic Reference Current Source

Load Connection

The NCP5602 chip is capable to drive the two LED
simultaneously, as depicted in Figure 1, but the load can be
arranged to accommodate one or two LED if necessary in
the application (see Figure 4). In this case, the two current
mirrors can be connected in parallel to drive a single power
full LED, thus yielding 60 mA current capability in a single
LED.

|
Q Q -
™
@ 4 RN
s | 3@ 8@k £
3 | | A
res
o
O
z
GND

BN

Figure 4. Typical Single and Double LED Connections
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NCP5602

Finally, an external network can be connected across
Vout and ground , but the current through such network will
not be regulated by the NCP5602 chip (see Figure 5). On

GND 4%|—

top of that, the total current out of the Vout pin shall be
limited to 60 mA.

1 uF/6.3V

|

D1 @ 20 mA
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UV LwyssG

D3 @ 5mA
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220R
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220R
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Figure 5. Extra Load Connected to Vout

I2C Protocol
The standard 12C protocol is used to transfer the data
from the MCU to the NCP5602. Leaving aside the

Acknowledge bit, the NCP5602 does not return data back
to the MCU.

SDA A7 A B A5 KW

A3 a2 A D 40 R

SCL AR AR AT AN AR AT AR AT AN AR AT AR

MZE
Previous Byte

Start Condition =——

Byte sent to Slave
Adress slave

L=E
—=«=— Mext operation——
——= R/ = Next operation——

Figure 6. Basic 12C Timings

MSB LSB
START A7 A6 A5 A4 A3 A2 Al R/W ACK
| 7 Bits Slave Address
Start condition sent by Master Sent by Slave
Figure 7. Peripheral Address Identification
B7 B6 B5 B4 B3 B2 B1 BO ACK STOP
Sent by Slave

Sent by Master

Figure 8. Basic DATA Transfer from MCU to Peripheral

http://onsemi.com

7



NCP5602

The physical address of the NCP5602 is 1001 111X, the
X being the Read/Write identifier as defined by the 12C
specification. Since the NCP5602 does not return data, the
first byte of the 12C frame shall be 1001 1110 ($9E) as
depicted in Table 2.

Table 1. NCP5602 Physical I12C Address
B7 B6 B5 B4 B3 B2 B1 BO

1 0 0 1 1 1 1 0

To set up a new output current value, a full frame shall
be sent by the MCU. The frame contains three consecutive
bytes and shall fulfill the 12C specifications:

First byte  : 12C address —$9E
Second byte : internal register address —$01
Third byte : output current value —$00 to $1E

(0 mA to 30 mA, Assuming Rext = 10 kQ)

The waveforms given in Figure 9 illustrate a typical
output current update.

L L S
+ NCP3a02

MEETETI BRI SR
Il 100ps 125M5 1 &.0nzdot
4 Chl r 1BY

Figure 9. Typical NCP5602 12C Startup Sequence

Dimming

The built=in 12C interface provides a simple way to
accurately control the output current flowing in the two
LED. Such dimming is active under the NORMAL mode
only and the LED2 current cannot be adjusted when the
ICON mode is active.

Table 2. LED-REGIO0..7] Internal Register Bits Assignment

The internal register LED—-REG]JO0..7] is set up by the
content of the SDA byte sent by the external MCU as
depicted in Table 2. For typical application, the 60 uA
reference current forced by the external resistor is
multiply by 16 to get a 1.0 mA/step in the output
LED. The waveforms given Figure 10 illustrate a normal
programming sequence.

B7 B6 B5 B4 B3 B2 Bl BO
RFU RFU ICON IREF*16*16 IREF*16*8 IREF*16*4 IREF*16*2 IREF*16
[B7,B6] = RFU:bits reserved for future use ICON = High — ICON mode takes place, LED#1 is

B5 = ICON:control the NORMAL/ICON
mode of operation:

= Low — Normal MODE takes place, the two
LED are activated and the current can be
adjusted from 0 mA to 30 mA maximum
per LED.

ICON

deactivated, the current to LED#2 being setup
to 450 pA. It is not possible to adjust this
current.

[B4..B0]= Output LED current. The content of these bits
is latched to the current reference on the 8t SCK
clock pulse.

The DC-DC converter is switched OFF and the two LED
are disconnected when LED-REG=%00.

http://onsemi.com
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NCP5602

When the ICON mode is activated, the DC-DC
converter is switched OFF, LED#1 is deactivated from the
VOUT and 450 uA are forced into LED#2. The

waveforms, given Figure 11, illustrate the programming
sequence to activate the ICON.

i SMR'T'W‘T' . L ; ki
R T TR L T LTI .’ R T T T T T AL mmes——
F ] r +
e O & || - S I 3
SRS PTTE R L TS o e .. . U . —
2l - - . - ro— : n 2sl —— L ]
[ 12C ADF. = $9E INTL.REG.#1 . leat=10md i ] [ 12C ADDRESS : 1COW Bit -
:....I...‘I....i..‘.\....i...‘i‘...i....\....i..." oo b b b b b b b by n v
Chi 5.0 Chz 5.0% I 20.0ps S00MSs Z.0nzft Ch1 5.0 Chz 5.0% I 20 0ps S00MSSE Z.Onzdot
4 Ch1 o 18Y 4 Ch1 r 18Y
Figure 10. Output Current 12C Programming Sequence Figure 11. ICON Programming Sequence
J2 VCC
2
1 c3 220NnF/63V 220 nF/63V
POWER GND «——)}——¢ —
GND 4.7 uF/10 V cl c2
N o
Yoo z Q z o GND <—)|
o o S R 4.7 uF/16 V
xS 1 Vbat Vout 7 Yout
TP1 xsSS ©d9
SCL LI" sct 6
. SCL
Al'l'l 51 spA
D1
SDA
CONTROL 4
TP2 IREF 2 LED1 @
PORT LED1 AN 4
GND LWY8S
1 D2 S
v 3 LED2 &)
@ GND LED/ICON N 4
LL LWY8S
o U1l
NCP5602
X
233
Z1
—]
GND
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Figure 12. Demo Board Schematic Diagram
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NCP5602 : ILED M atching
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Figure 13. LED Current Matching
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Figure 14. Efficiency as a Function of Vg, Vpat
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Figure 15. NCP5602 Demo Board
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PACKAGE DIMENSIONS
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DIMENSIONING AND TOLERANCING PER

ASME Y14.5M, 1994 .

. CONTROLLING DIMENSION:

MILLIMETERS.

DIMENSION b APPLIES TO PLATED

TERMINAL AND IS MEASUR

ED BETWEEN

0.15 AND 0.20 MM FROM TERMINAL.

. COPLANARITY APPLIES TO

THE EXPOSED

PAD AS WELL AS THE TERMINALS.

MILLIMETERS
DIM[ MIN | MAX
A | 050 | 0.60
A1| 000 | 005
b | 015 | 025
D 2.00 BSC

D2 | 080 [ 1.00
E 2.00 BSC

E2| 055 [ 0.65
e 0.40 BSC

K| 025 [ ——
L | 030 | 050
11] 040 | 060

SOLDERING FOOTPRINT*

0.66 — 2.30 12X

: 0.23
= [ =97 e

- |_|_ff

2.06 — p—

* —] —1 +
093] ! -|—__—|-—T— 0.91
— v

11X
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0.63

DIMENSI

ONS: MILLIMETERS

*For additional information on our Pb—Free strategy and soldering
details, please download the ON Semiconductor Soldering and
Mounting Techniques Reference Manual, SOLDERRM/D.
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