National
Semiconductor

LM27964

White LED Driver System with 12C Compatible

Brightness Control

General Description

The LM27964 is a charge-pump-based white-LED driver that
is ideal for mobile phone display backlighting. The LM27964
can drive up to 6 LEDs in parallel along with multiple keypad
LEDs, with a total output current up to 180mA. Regulated
internal current sources deliver excellent current matching in
all LEDs.

The LED driver current sources are split into two indepen-
dently controlled groups. The primary group (4 LEDs) can be
used to backlight the main phone display and the second
group (2 LEDs) can be used to backlight a secondary dis-
play. A single Keypad LED driver can power up to 16 keypad
LEDs with a current of 5mA each. The LM27964 has an 1°C
compatible interface that allows the user to independently
control the brightness on each bank of LEDs.

The LM27964 works off an extended Li-lon input voltage
range (2.7V to 5.5V). The device provides excellent effi-
ciency without the use of an inductor by operating the charge
pump in a gain of 3/2, or in Pass-Mode. The proper gain for
maintaining current regulation is chosen, based on LED
forward voltage, so that efficiency is maximized over the
input voltage range.

The LM27964 is available in National’s small 24-pin Lead-
less Leadframe Package (LLP-24).

October 2005

Features

B 87% Peak LED Drive Efficiency

®m 0.2% Current Matching between Current Sinks

m Drives 6 LEDs with up to 30mA per LED in two distinct
groups, for backlighting two displays (main LCD and sub
LCD)

m Dedicated Keypad LED Driver with up to 80mA of drive

current

Independent Resistor-Programmable Current Settings

[2C Compatible Brightness Control Interface

Adaptive 1x- 3/2x Charge Pump

Extended Li-lon Input: 2.7V to 5.5V

Small low profile industry standard leadless package,

LLP 24 : (4mm x 4mm x 0.8mm)

LM27964SQ-I LED PWM frequency = 10kHz,

LM27964SQ-A LED PWM frequency = 23kHz

Applications

® Mobile Phone Display Lighting
® Mobile Phone Keypad Lighting
m PDAs Backlighting

®m General LED Lighting

Typical Application Circuit
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LM27964

Connection Diagram
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Bottom View Package Marking
Top View

Note: The actual physical placement of the package marking will vary from part to part. The package
marking “XX” designates the fab location. “YY” is a NSC internal date code and “ZZ” is Lot Code for die
traceability. All three will vary considerably. L27964S (10 kHz.) and 27964-A (23 kHz.) identifies the device
(part number, option, etc.).

Pin Descriptions

20138102

Pin #s Pin Names Pin Descriptions
24 Vin Input voltage. Input range: 2.7V to 5.5V.
23 Pout Charge Pump Output Voltage
19, 22 (C1) C1,C2 Flying Capacitor Connections
20, 21 (C2)
13, 14, 15, 16 D4A, D3A, D2A, LED Drivers - GroupA
D1A
4,5 D1B, D2B LED Drivers - GroupB
6 DKEY LED Driver - KEYPAD
17 lseTa Placing a resistor (Rggta) between this pin and GND sets the full-scale LED
current for Group A LEDs. LED Current = 200 x (1.25V + Rggra)
3 lsete Placing a resistor (Rgetg) between this pin and GND sets the full-scale LED
current for Group B LEDs. LED Current = 200 x (1.25V + Rggtg)
12 lseTk Placing a resistor (Rgetk) between this pin and GND sets the total LED
current for the KEYPAD LEDs. Keypad LED Current = 800 x (1.25V + Rggrk)
1 SCL Serial Clock Pin
2 SDIO Serial Data Input/Output Pin
7 VIO Serial Bus Voltage Level Pin
9, 10, 18, DAP GND Ground
8, 11 NC No Connect
Ordering Information
Order Information Current Source Package Supplied As

PWM Frequency

LM27964SQ-I 1000 Units, Tape & Reel
10kHz. SQA24 LLP -

LM27964SQX-I 4500 Units, Tape & Reel

LM27964SQ-A 1000 Units, Tape & Reel
23kHz. SQA24 LLP

LM27964SQX-A

4500 Units, Tape & Reel

www.national.com
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Absolute Maximum Ratings (Notes 1, 2) Operating Rating (Notes 1, 2)

If Military/Aerospace _specified_ devices are requiljed, Input Voltage Range 27V to 5.5V
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications. LED Voltage Range 2.0V to 4.0V
) Junction Temperature (T;) Range -30°C to +100°C
V|n pin voltage -0.3V to 6.0V . . )
. Ambient Temperature (T,) -30°C to +85°C
SCL, SDIO, VIO pin voltages -0.3V to (V,y+0.3V)
Range(Note 6)
w/ 6.0V max
Ibxx Pin Voltages -0.3V to .
” Veour+0.3V) Thermal Properties
w/ 6.0V max Juntion-to-Ambient Thermal 41.3°C/W

Continuous Power Dissipation
(Note 3)

Internally Limited

Resistance (8,,), SQA24A Package
(Note 7)

Junction Temperature (T, yax) 150°C

Storage Temperature Range -65°C to +150° C

Maximum Lead Temperature (Note 4)

(Soldering)

ESD Rating (Note 5) 1.0kV
Human Body Model - |Ip,, Pins: 2.0kV

Human Body Model - All other
Pins:

Electrical Characteristics (Notes 2, 8)

Limits in standard typeface are for T, = 25°C, and limits in boldface type apply over the full operating temperature range. Un-
less otherwise specified: V| = 3.6V; Vpya = 0.4V; Vp,g = 0.4V; Vpkey = 0.4V; Rgeta = Rsete = Rserk = 16.9kQ; BankA,
BankB, and DKEY = Fullscale Current; ENA, ENB, ENK Bits = “1”; C1=C2=1.0pF, C=Coyr=2.2uF; Specifications related to
output current(s) and current setting pins (Ipx and Isety) apply to BankA, BankB and DKEY. (Note 9)

Symbol Parameter Condition Min Typ Max Units
8.0V<Viy <55V 13.77 16.83 | mA
BankA or BankB Full-Scale (-10%) 15.3 (+10%) (%)
ENA or ENB = "1", ENK = “0”
, 3.0V <V <55V
g:;il: c(J:ruIrBre::lt(; Zgnl;lslt;zn BankA or BankB Half-Scale 7.5 mA
ENA or ENB = "1", ENK = “0”
2.7V <V £3.0V
BankA or BankB Full-Scale 15 mA
IDsx ENA or ENB = "1", ENK = “0”
Output Current Regulation 8.0V < Vin 5.5V 52.8 67.2 mA
Keypad Driver Enabled DKEY Full-Scale “12%) | 0 @12 | ()
ENA = ENB = “0”, ENK = “1”
3.2V <V <55V 30
Output Current Regulation Rseta = 8.3kQ, Rgeri = 16.9kQ DxA
BankA and DKEY Enabled Vi gp = 3.6V mA
(Note 10) BankA and DKEY Full-Scale 60
ENA = ENK = “1”, ENB = “0” DKEY
Rout Open-Loop Charge Pump Output | Gain = 3/2 2.75
Resistance Gain = 1 1 Q
VoxTH Vb« 1X to 3/2x Gain Transition Vpya and/or Vp, g Falling 375 .y
Threshold
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LM27964

Electrical Characteristics (notes 2, 8) (Continued)

Limits in standard typeface are for T, = 25°C, and limits in boldface type apply over the full operating temperature range. Un-
less otherwise specified: V| = 3.6V; Vpya = 0.4V; Vg = 0.4V; Vpkey = 0.4V; Rgeta = Rsete = Rserk = 16.9kQ; BankA,
BankB, and DKEY = Fullscale Current; ENA, ENB, ENK Bits = “1”; C1=C2=1.0pF, C,\=Coyt=2.2uF; Specifications related to

output current(s) and current setting pins (Ip. and lsgt,) apply to BankA, BankB and DKEY. (Note 9)

Symbol Parameter Condition Min Typ Max Units
Vur Current Source Headroom Voltage | lpyx = 95% Xlpy, (nOM.)
Requirement (Ioxx (NnOM) = 15mA) 180
(Note 11) BankA and/or BankB Full-Scale
Gain = 3/2, ENA and/or ENB = "1" my
lokey = 95% Xlpkey (nom.)
(Ipkey (nom) = 60MA) 180
DKEY Full-Scale
Gain = 3/2, ENK = "1"
Ioxx-match| LED Current Matching (Note 12) 0.2 2 %
la Quiescent Supply Current Gain = 1.5x, No Load 1.3 1.7 mA
lsp Shutdown Supply Current All ENx bits = "0" 3.0 5 HA
Vser Iset Pin Voltage 2.7V <V, <55V 1.25 \Y
loxas / Output Current to Current Set 200
lseTa-B Ratio BankA and BankB
lokey / Output Current to Current Set 800
lseTk Ratio DKEY
faw Switching Frequency 500 700 900 kHz
tsTART Start-up Time Pout = 90% steady state 250 ys
fowm Internal Diode Current PWM LM27964SQ-| 10 KHz
Frequency LM27964SQ-A 23
D.C. Step | Diode Current Duty Cycle Step 1/16 Fullscale
I12C Compatible Interface Voltage Specifications (SCL, SDIO, VIO)
Vio Serial Bus Voltage Level 1.8 Vin \
\" Input Logic Low "0" 2.7V <V £5.5V 0 0.27 x v
Vio
Vin Input Logic High "1" 2.7V <V, <55V 0.73 x Vio v
Vio
VoL Output Logic Low "0" lLoap = 2MA 400 mV
I12C Compatible Interface Timing Specifications (SCL, SDIO, VIO)(Note 13)
tq SCL (Clock Period) 25 ps
to Data In Setup Time to SCL High 100 ns
ts Data Out stable After SCL Low 0 ns
ty SDIO Low Setup Time to SCL Low 100 ns
(Start)
ts SPIO High Hold Time After SCL 100 ns
High (Stop)
| 4
scL / \
t ts
SDIO X::
Data In
le— 12 f
SDIO \ S
Data Out
ty — S
20138113
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Electrical Characteristics (Notes 2, 8) (Continued)

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the component may occur. Operating Ratings are conditions under which operation of
the device is guaranteed. Operating Ratings do not imply guaranteed performance limits. For guaranteed performance limits and associated test conditions, see the
Electrical Characteristics tables.

Note 2: All voltages are with respect to the potential at the GND pin.

Note 3: Internal thermal shutdown circuitry protects the device from permanent damage. Thermal shutdown engages at T; = 170°C (typ.) and disengages at T; =
165°C (typ.).

Note 4: For detailed soldering specifications and information, please refer to National Semiconductor Application Note 1187: Leadless Leadframe Package
(AN-1187).

Note 5: The Human body model is a 100pF capacitor discharged through a 1.5kQ resistor into each pin. MIL-STD-883 3015.7

Note 6: In applications where high power dissipation and/or poor package thermal resistance is present, the maximum ambient temperature may have to be
derated. Maximum ambient temperature (Ta.vax) is dependent on the maximum operating junction temperature (T ax.op = 100°C), the maximum power
dissipation of the device in the application (Pp.yax), and the junction-to ambient thermal resistance of the part/package in the application (6,4), as given by the
following equation: Ta-max = Ty-maX-OP — (BJA X PD-MAX)-

Note 7: Junction-to-ambient thermal resistance is highly dependent on application and board layout. In applications where high maximum power dissipation exists,
special care must be paid to thermal dissipation issues in board design. For more information, please refer to National Semiconductor Application Note 1187:
Leadless Leadframe Package (AN-1187).

Note 8: Min and Max limits are guaranteed by design, test, or statistical analysis. Typical numbers are not guaranteed, but do represent the most likely norm.
Note 9: Cyy, Cpourt, C1, and C, : Low-ESR Surface-Mount Ceramic Capacitors (MLCCs) used in setting electrical characteristics

Note 10: The maximum total output current for the LM27964 should be limited to 180mA. The total output current can be split among any of the three banks (Ipxa
= Ipxg = 30mA Max., Ipkey = 80mA Max.). Under maximum output current conditions, special attention must be given to input voltage and LED forward voltage to
ensure proper current regulation. See the Maximum Output Current section of the datasheet for more information.

Note 11: For each Ipyy output pin, headroom voltage is the voltage across the internal current sink connected to that pin. For Group A and B outputs, Vyg = Vout
-Vpxx- If headroom voltage requirement is not met, LED current regulation will be compromised.

Note 12: For the two groups of outputs on a part (BankA and BankB), the following are determined: the maximum output current in the group (MAX), the minimum
output current in the group (MIN), and the average output current of the group (AVG). For each group, two matching numbers are calculated: (MAX-AVG)/AVG and
(AVG-MIN)/AVG. The largest number of the two (worst case) is considered the matching figure for the bank. The matching figure for a given part is considered to
be the highest matching figure of the two banks. The typical specification provided is the most likely norm of the matching figure for all parts.

Note 13: SCL and SDIO should be glitch-free in order for proper brightness control to be realized.
Block Diagram

MAIN DISPLAY SUB DISPLAY  KEYPAD LEDs
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_| I_ _| |_ S5 S5 > > > > 2.2 yF
~ LR ] ~> =
C1+ C1-C2+ C2 |Poyt|p1a |p2a |p3a |paa D18 |D28 DKEY
]
Vi S !
27Vto 55V ] | 3/2X and 1X \ Ao KEYPAD
Regulated Charge Pump N D S § — DRIVER
22 uF MAIN DISPLAY SUB DISPLAY LA
ks L GAIN DRIVERS DRIVERS -
CONTROL y A1 1 4
— Y Viep = Vieo | =
SENSE SENSE
T\ r
T\
Soft- | 1.25V
Start Ref. Brightness f@——| Brightness Brightness »
Control Control <'l Control
A A A ? A 4
700 kHz 10 kHz or N M — P
Switch |91 23 kHz PWM
Frequency Current Clock
Gi | P R W
eneral Purpose Register
SCL @ > > P g Arh p, N, N
- 12C Interface Brightness Control Register =
SDIOG g > Block g Bank A and Bank B A
VIO © & » ] Brightness Control Register A A
KEYPAD
LM27964-1/A , | |
GND SETA SETB KEY
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LM27964

Typical Performance Characteristics uniess otherwise specified: Viy = 3.6V; Vigoxa = 3.6V, Viepse
= 3.6V; Rgera = Rsers = Reerk = 16.9kQ; C,=Co=1uF , and Cyy = Cpour = 2.24F.

LED Drive Efficiency vs Input Voltage
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Shutdown Current vs Input Voltage
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BankA/BankB Diode Current vs Brightness Register
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Diode Current vs Input Voltage
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BankA Diode Current vs BankA Headroom Voltage
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Typical Performance Characteristics uniess otherwise specified: Viy = 3.6V; V £pea = 3.6V, Viepus
= 3.6V; Rgera = Rsers = Rserk = 16.9kQ; C,=C,=1pF , and C,y = Cpour = 2.2uF. (Continued)

BankB Diode Current vs BankB Headroom Voltage
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Keypad Driver Current vs. Brightness Register Code
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Keypad Driver Current vs Keypad Rgey Resistance
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Keypad Driver Current vs Input Voltage
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Keypad Diode Current vs Keypad Headroom Voltage
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LM27964

Circuit Description

OVERVIEW

The LM27964 is a white LED driver system based upon an
adaptive 1.5x/1x CMOS charge pump capable of supplying
up to 180mA of total output current. With three separately
controlled banks of constant current sinks, the LM27964 is
an ideal solution for platforms requiring a single white LED
driver for main and sub displays, as well as other general
purpose lighting needs. The tightly matched current sinks
ensure uniform brightness from the LEDs across the entire
small-format display.

Each LED is configured in a common anode configuration,
with the peak drive current being programmed through the
use of external Rgery resistors. An 12C compatible interface
is used to enable and vary the brightness within the indi-
vidual current sink banks. For BankA and BankB, 16 levels of
PWM brightness control are available, while 4 analog levels
are present for the DKEY driver.

CIRCUIT COMPONENTS

Charge Pump

The input to the 1.5x/1x charge pump is connected to the V,y
pin, and the regulated output of the charge pump is con-
nected to the Vgyr pin. The recommended input voltage
range of the LM27964 is 3.0V to 5.5V. The device’s regu-
lated charge pump has both open loop and closed loop
modes of operation. When the device is in open loop, the
voltage at Vot is equal to the gain times the voltage at the
input. When the device is in closed loop, the voltage at Vot
is regulated to 4.6V (typ.). The charge pump gain transitions
are actively selected to maintain regulation based on LED
forward voltage and load requirements. This allows the
charge pump to stay in the most efficient gain (1x) over as
much of the input voltage range as possible, reducing the
power consumed from the battery.

LED Forward Voltage Monitoring

The LM27964 has the ability to switch converter gains (1x or
3/2x) based on the forward voltage of the LED load. This
ability to switch gains maximizes efficiency for a given load.
Forward voltage monitoring occurs on all diode pins within
BankA and BankB (DKEY is not monitored). At higher input
voltages, the LM27964 will operate in pass mode, allowing
the POUT voltage to track the input voltage. As the input
voltage drops, the voltage on the DXX pins will also drop
(Voxx = VeouT — Viepx) Once any of the active Dxx pins
reaches a voltage approximately equal to 375mV, the charge
pump will then switch to the gain of 3/2. This switchover
ensures that the current through the LEDs never becomes
pinched off due to a lack of headroom on the current
sources.

Only active Dxx pins will be monitored. For example, if only
BankA is enabled, the LEDs in BankB will not affect the gain
transition point. If both banks are enabled, all diodes will be
monitored, and the gain transition will be based upon the
diode with the highest forward voltage. The DKEY pin is not
monitored as it is intended to be for keypad LEDs. Keypad
LEDs generally require lower current, resulting in lower for-
ward voltage compared to the BankA and BankB LEDs that
have higher currents. In the event that only the DKEY driver
is enabled without either BankA or BankB, the charge pump
will default to 3/2 mode to ensure the DKEY driver has
enough headroom.

It is not recommended that any of the BankA or BankB
drivers be left disconnected if either bank will be used in the
application. If Dxx pin/s are left unconnected, the LM27964
will default to the gain of 3/2. If the BankA or BankB drivers
are not going to be used in the application, leaving the Dxx
pins is acceptable as long as the ENx bit in the general
purpose register is set to "0".

I2C Compatible Interface

DATA VALIDITY

The data on SDIO line must be stable during the HIGH
period of the clock signal (SCL). In other words, state of the
data line can only be changed when CLK is LOW.

SCL
SDIO X X n
data data data data data
change valid change valid change
allowed allowed allowed

20138106

FIGURE 1. Data Validity Diagram

A pull-up resistor between VIO and SDIO must be greater
than [ (VIO-Vo.) / 2mA] to meet the V5, requirement on
SDIO. Using a larger pull-up resistor results in lower switch-
ing current with slower edges, while using a smaller pull-up
results in higher switching currents with faster edges.

START AND STOP CONDITIONS

START and STOP conditions classify the beginning and the
end of the I2C session. A START condition is defined as
SDIO signal transitioning from HIGH to LOW while SCL line
is HIGH. A STOP condition is defined as the SDIO transition-
ing from LOW to HIGH while SCL is HIGH. The I1°C master
always generates START and STOP conditions. The 12C bus
is considered to be busy after a START condition and free
after a STOP condition. During data transmission, the 12C
master can generate repeated START conditions. First
START and repeated START conditions are equivalent,
function-wise. The data on SDIO line must be stable during
the HIGH period of the clock signal (SCL). In other words,
the state of the data line can only be changed when CLK is
LOW.

STOP condition

20138111

START condition

FIGURE 2. Start and Stop Conditions

TRANSFERING DATA

Every byte put on the SDIO line must be eight bits long, with
the most significant bit (MSB) being transferred first. Each
byte of data has to be followed by an acknowledge bit. The
acknowledge related clock pulse is generated by the master.

www.national.com
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Circuit Description (continued)

The master releases the SDIO line (HIGH) during the ac-
knowledge clock pulse. The LM27964 pulls down the SDIO
line during the 9th clock pulse, signifying an acknowledge.
The LM27964 generates an acknowledge after each byte
has been received.

ack from slave

After the START condition, the I2C master sends a chip
address. This address is seven bits long followed by an
eighth bit which is a data direction bit (R/W). The LM27964
address is 36h. For the eighth bit, a “0” indicates a WRITE
and a “1” indicates a READ. The second byte selects the
register to which the data will be written. The third byte
contains data to write to the selected register.

ack from slave ack from slave

startn msb Chip Address Isb msb Register Add Isb X ack msb DATA Isb p

1

:

-1

1
1
start i

Id = 36h

FIGURE 3. Write Cycle
w = write (SDIO = "0")
r = read (SDIO = "1")
ack = acknowledge (SDIO pulled down by either master or slave)
rs = repeated start
id = chip address, 36h for LM27964

I12C COMPATIBLE CHIP ADDRESS
The chip address for LM27964 is 0110110, or 36h.

MSB LSB
ADR6 ADRS ADR4 ADR3 ADR2 ADR1 ADRO RW
bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
0 1 1 0 1 1 0
'-«¢——————— |1°C Slave Address (chip address) ——————— >
20138109
FIGURE 4. Chip Address
INTERNAL REGISTERS OF LM27964
Internal Hex Power On
Register Address Value
General Purpose |10h 0000 0000
Register
Bank A and Bank |AOh 0000 0000
B Birghtness
Control Register
KEYPAD BOh 0000 0000
Brightness Control

addr = 10h

1
ack address h’06 data ack i stop
20138112
MSB LsB
0 0 0 0 0 ENK ENB ENA
bit7 bit6 bit5 bitd bit3 bit2 bit1 bit0

20138108

FIGURE 5. General Purpose Register Description
Internal Hex Address: 10h

Note: ENA: Enables DxA LED drivers (Main Display)
ENB: Enables DxB LED drivers (Sub Display)
ENK: Enables Keypad Driver

DxA Drivers Enabled

MSB LSB

0 0 0 0 0 ENK ENB ENA

bit7 bité bits bit4 bit3 bit2 bit1 bit0
0 0 0 0 0 0 0 1

20138107

FIGURE 6. General Purpose Register Example
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LM27964

Circuit Description (continued)

MSB LSB

DxB3 DxB2 DxB1 DxBO DxA3 DxA2 DxA1 DxAO
bit7 bité bits bit4 bit3 bit2 bit1 bit0

«¢—— DxB Brightness Control ——p<¢—— DxA Brightness Control —}

20138105

FIGURE 7. Brightness Control Register Description
Internal Hex Address: AOh

Note: DxA3-DxAQ: Register Sets Current Level Supplied to DxA LED drivers
DxB3-DxBO0: Register Sets Current Level Supplied to DxB LED drivers
Full-Scale Current set externally by the following equation:

Ipxx = 200 x 1.25V / Rgery
Brightness Level Segments = 1/16th of Fullscale

Full Scale Brightness
MSB LSB

DxB3 DxB2 DxB1 DxBO DxA3 DxA2 DxA1 DxAO
bit7 bit6é bits bit4 bit3 bit2 bit1 bit0

1 1 1 1 1 1 1 1

«¢—— DxB Brightness Control ——<¢—— DxA Brightness Control —>!

Half Scale Brightness
MSB LSB

DxB3 DxB2 DxB1 DxBO DxA3 DxA2 DxA1 DxAO
bit7 bit6 bits bit4 bit3 bit2 bit1 bit0

0 1 1 1 0 1 1 1

«¢—— DxB Brightness Control ——»<¢—— DXxA Brightness Control —)

20138104

FIGURE 8. Brightness Control Register Example

DKEY Driver Enabled
Full-Scale
MSB LSB
0 0 0 0 0 0 DKEY1 | DKEYO
bit7 bit6 bits bit4 bit3 bit2 bit1 bit0
0 0 0 0 0 0 1 1
20138110

FIGURE 9. Internal Hex Address: BOh

Note: DKEY1-DKEYO0: Sets Brightness for DKEY pin (KEYPAD Driver).
11=Fullscale

Bit7 to Bit 2: Not Used

Full-Scale Current set externally by the following equation:
Ipkey = 800 x 1.25V / Rgery

Brightness Level are= 100% (Fullscale), 70%, 40%, 20%

Application Information

SETTING LED CURRENT

The current through the LEDs connected to DxA, DxB and
DKEY can be set to a desired level simply by connecting an
appropriately sized resistor (Rger,) between the Iggr, pin of

the LM27964 and GND. The DxA and DxB LED currents are
proportional to the current that flows out of the Iggra and
IseTe pins and are a factor of 200 times greater than the
Isetas currents. The DKEY current is proportional to the
current that flows out of the Iggrk pin and is a factor of 800
times greater than the Iggk current. The feedback loops of
the internal amplifiers set the voltage of the Iggr, pins to
1.25V (typ.). Separate Rggry resistor should be used on
each Iggr pin. The statements above are simplified in the
equations below:

Ipxas = 200 X (Viser / Rseram)
Rseras =200 X (1.25V / Ipxam)

Iokey = 800 X (Viser / Rser)

Rsetk = 800 x (1.25V / lpkey)
Once the desired Rggry values have been chosen, the
LM27964 has the ability to internally dim the LEDs by Pulse
Width Modulating (PWM) the current. The PWM duty cycle is
set through the 12C compatible interface. LEDs connected to
BankA and BankB current sinks (DxA and DxB) can be
dimmed to 16 different levels/duty-cycles (1/16th of full-scale
to full-scale). The internal PWM frequency for BankA and
BankB is a fixed 10kHz (LM27964SQ-I) or 23kHz
(LM27964SQ-A) depending on the option.

The DKEY current sink uses an analog current scaling
method to control LED brightness. The brightness levels are
100% (Fullscale), 70%, 40%, and 20%. When connecting
multiple LEDs in parallel to the DKEY current sink, it is
recommended that ballast resistors be placed in series with
the LEDs. The ballast resistors help reduce the affect of LED
forward voltage mismatch, and help equalize the diode cur-
rents. Ballast resistor values must be carefully chosen to
ensure that the current source headroom voltage is sufficient
to supply the desired current.

Please refer to the 12C Compatible Interface section of this
datasheet for detailed instructions on how to adjust the
brightness control registers.

MAXIMUM OUTPUT CURRENT, MAXIMUM LED
VOLTAGE, MINIMUM INPUT VOLTAGE

The LM27964 can drive 4 LEDs at 30mA each (BankA) and
12 keypad LEDs at 5mA each (60mA total at DKEY) from an
input voltage as low as 3.2V, so long as the LEDs have a
forward voltage of 3.6V or less (room temperature).

The statement above is a simple example of the LED drive
capabilities of the LM27964. The statement contains the key
application parameters that are required to validate an LED-
drive design using the LM27964: LED current (I gp,), num-
ber of active LEDs (N,), LED forward voltage (V,gp), and
minimum input voltage (V\n-min)-

The equation below can be used to estimate the maximum
output current capability of the LM27964:

lLep_max = [(1.5 X V\) - Viep - (lapormionaL X Rour)l /
[(Nx X Rout) + kugryl (e0- 1)

lLep_max = [(1.5 X Viy ) - Viep - (lapprmional X 2.75Q)] /
[(Ny x 2.75Q) + Kyyryl
laooimionad IS the additional current that could be delivered
to the other LED banks.

Rout — Output resistance. This parameter models the inter-
nal losses of the charge pump that result in voltage droop at
the pump output Poyr. Since the magnitude of the voltage
droop is proportional to the total output current of the charge
pump, the loss parameter is modeled as a resistance. The
output resistance of the LM27964 is typically 2.75Q (V,y =
3.6V, T4 = 25°C). In equation form:
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Application Information (continued)

Veout = (1.5 X Vi) = [(NaX I gpa + N X I gps + Nk X
ILepk) X Rourl (eq. 2)

kyr — Headroom constant. This parameter models the mini-
mum voltage required to be present across the current
sources for them to regulate properly. This minimum voltage
is proportional to the programmed LED current, so the con-
stant has units of mV/mA. The typical kg of the LM27964 is
12mV/mA. In equation form:

(Veout = ViLEDx) > KiRrx X ILEDX (eq. 3)
Typical Headroom Constant Values
Khra = 12mV/mA
Kprs = 12 mV/mA
Knrk = 3 mV/mA

The "l ep-max" €quation (eq. 1) is obtained from combining
the Ryt equation (eq. 2) with the kyg, equation (eq. 3) and
solving for I_gp,. Maximum LED current is highly dependent
on minimum input voltage and LED forward voltage. Output
current capability can be increased by raising the minimum
input voltage of the application, or by selecting an LED with
a lower forward voltage. Excessive power dissipation may
also limit output current capability of an application.

Total Output Current Capability

The maximum output current that can be drawn from the
LM27964 is 180mA. Each driver bank has a maximum allot-
ted current per Dxx sink that must not be exceeded.

DRIVER TYPE MAXIMUM Dxx CURRENT
DxA 30mA per DxA Pin
DxB 30mA per DxB Pin
DKEY 80mA

The 180mA load can be distributed in many different con-
figurations. Special care must be taken when running the
LM27964 at the maximum output current to ensure proper
functionality.

PARALLEL CONNECTED OUTPUTS

Outputs D1A-4A or D1B-D2B may be connected together to
drive one or two LEDs at higher currents. In such a configu-
ration, all four parallel current sinks (BankA) of equal value
can drive a single LED. The LED current programmed for
BankA should be chosen so that the current through each of
the outputs is programmed to 25% of the total desired LED
current. For example, if 60mA is the desired drive current for
a single LED, Rgeta should be selected such that the current
through each of the current sink inputs is 15mA. Similarly, if
two LEDs are to be driven by pairing up the D1A-4A inputs
(i.e D1A-2A, D3A-4A), Rsera should be selected such that
the current through each current sink input is 50% of the
desired LED current. The same RSETXx selection guidelines
apply to BankB diodes.

Connecting the outputs in parallel does not affect internal
operation of the LM27964 and has no impact on the Electri-
cal Characteristics and limits previously presented. The
available diode output current, maximum diode voltage, and
all other specifications provided in the Electrical Character-
istics table apply to this parallel output configuration, just as
they do to the standard 4-LED application circuit.

Both BankA and BankB utilize LED forward voltage sensing
circuitry on each Dxx pin to optimize the charge-pump gain
for maximum efficiency. Due to the nature of the sensing
circuitry, it is not recommended to leave any of the DxA or

DxB pins unused if either diode bank is going to be used
during normal operation. Leaving DxA and/or DxB pins un-
connected will force the charge-pump into 3/2x mode over
the entire V,\ range negating any efficiency gain that could
be achieve by switching to 1x mode at higher input voltages.

Care must be taken when selecting the proper Rgery value.
The current on any Dxx pin must not exceed the maximum
current rating for any given current sink pin.

POWER EFFICIENCY

Efficiency of LED drivers is commonly taken to be the ratio of
power consumed by the LEDs (P _gp) to the power drawn at
the input of the part (P,y). With a 1.5x/1x charge pump, the
input current is equal to the charge pump gain times the
output current (total LED current). The efficiency of the
LM27964 can be predicted as follows:

PLeprotaL = (Viepa X Na X ILepa) +
(Viepe X Ng X I epg) + (Viepk X Nk X ILepk)
Pn=VinXIin
Pin = Vin X (GAIN X | gproTaL + l)

E = (PLeprotaL + Pin)
It is also worth noting that efficiency as defined here is in part
dependent on LED voltage. Variation in LED voltage does
not affect power consumed by the circuit and typically does
not relate to the brightness of the LED. For an advanced
analysis, it is recommended that power consumed by the
circuit (Vi X l,n) be evaluated rather than power efficiency.

POWER DISSIPATION

The power dissipation (Pp,sg) and junction temperature (T )
can be approximated with the equations below. P,y is the
power generated by the 1.5x/1x charge pump, P gp is the
power consumed by the LEDs, T, is the ambient tempera-
ture, and 6,4 is the junction-to-ambient thermal resistance
for the LLP-24 package. V|y is the input voltage to the
LM27964, V gp is the nominal LED forward voltage, N is the
number of LEDs and |, gp is the programmed LED current.

PDISS = PIN - PLEDA - PLEDB - F)LEDK
Poiss= (GAIN X V\ X I gpa + LEDB + LEDK) = (ViEDA X NA X
ILEDA) -
(Vieos X Ng X I epe) - (Vieok X Nk X |Lepk)
Ty=Ta + (Ppiss X 04a)
The junction temperature rating takes precedence over the
ambient temperature rating. The LM27964 may be operated
outside the ambient temperature rating, so long as the junc-
tion temperature of the device does not exceed the maxi-
mum operating rating of 100°C. The maximum ambient tem-
perature rating must be derated in applications where high
power dissipation and/or poor thermal resistance causes the
junction temperature to exceed 100°C.

THERMAL PROTECTION

Internal thermal protection circuitry disables the LM27964
when the junction temperature exceeds 170°C (typ.). This
feature protects the device from being damaged by high die
temperatures that might otherwise result from excessive
power dissipation. The device will recover and operate nor-
mally when the junction temperature falls below 165°C (typ.).
It is important that the board layout provide good thermal
conduction to keep the junction temperature within the speci-
fied operating ratings.
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LM27964

Application Information (continued)

CAPACITOR SELECTION

The LM27964 requires 4 external capacitors for proper op-
eration (C; = C, = 1yF, C\\y = Cour = 2.2uF). Surface-mount
multi-layer ceramic capacitors are recommended. These ca-
pacitors are small, inexpensive and have very low equivalent
series resistance (ESR <20mQ typ.). Tantalum capacitors,
OS-CON capacitors, and aluminum electrolytic capacitors
are not recommended for use with the LM27964 due to their
high ESR, as compared to ceramic capacitors.

For most applications, ceramic capacitors with X7R or X5R
temperature characteristic are preferred for use with the
LM27964. These capacitors have tight capacitance toler-
ance (as good as £10%) and hold their value over tempera-
ture (X7R: £15% over -55°C to 125°C; X5R: £15% over
-55°C to 85°C).

Capacitors with Y5V or Z5U temperature characteristic are
generally not recommended for use with the LM27964. Ca-
pacitors with these temperature characteristics typically
have wide capacitance tolerance (+80%, -20%) and vary
significantly over temperature (Y5V: +22%, -82% over -30°C
to +85°C range; Z5U: +22%, -56% over +10°C to +85°C

range). Under some conditions, a nominal 1pF Y5V or Z5U
capacitor could have a capacitance of only 0.1pF. Such
detrimental deviation is likely to cause Y5V and Z5U capaci-
tors to fail to meet the minimum capacitance requirements of
the LM27964.

The minimum voltage rating acceptable for all capacitors is
6.3V. The recommended voltage rating of the output capaci-
tor is 10V to account for DC bias capacitance losses.

PCB LAYOUT CONSIDERATIONS

The LLP is a leadframe based Chip Scale Package (CSP)
with very good thermal properties. This package has an
exposed DAP (die attach pad) at the center of the package
measuring 2.6mm x 2.5mm. The main advantage of this
exposed DAP is to offer lower thermal resistance when it is
soldered to the thermal land on the PCB. For PCB layout,
National highly recommends a 1:1 ratio between the pack-
age and the PCB thermal land. To further enhance thermal
conductivity, the PCB thermal land may include vias to a
ground plane. For more detailed instructions on mounting
LLP packages, please refer to National Semiconductor Ap-
plication Note AN-1187.
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Physical Dimensions inches (millimeters) unless otherwise noted
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National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves
the right at any time without notice to change said circuitry and specifications.

For the most current product information visit us at www.national.com.

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL COUNSEL OF NATIONAL SEMICONDUCTOR
CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component is any component of a life support

which, (a) are intended for surgical implant into the body, or
(b) support or sustain life, and whose failure to perform when
properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to result
in a significant injury to the user.

device or system whose failure to perform can be reasonably
expected to cause the failure of the life support device or
system, or to affect its safety or effectiveness.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor manufactures products and uses packing materials that meet the provisions of the Customer Products
Stewardship Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification (CSP-9-111S2) and contain
no “Banned Substances” as defined in CSP-9-111S2.

Leadfree products are RoHS compliant.

o
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