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Bill of Materials
Component Value Package Manufacturer Part #
Symbol
LM27965 - SQA24 National LM27965SDX
LLP24
LM27965 - -- -- 551012878-001 RevA
Evaluation Board
D1A-D5A, D1B- White LED -- Nichia LM_M67C
D3B
Dic Blue LED Nichia LB_M573
Cn 1uF, 10V 0603 TDK C1608X5R1A105K
Cout 1uF, 10V 0603 TDK C1608X5R1A105K
C,.C, 1uF, 10V 0603 TDK C1608X5R1A105K
Rser 16.9kQ 0603 Vishay Dale CRCWO060316K9FKEA
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LM27965 Evaluation Board Layout
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FIGURE 1. Top Layer
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FIGURE 2. Bottom Layer (unmirrored)

Board Operation

BASIC CONNECTIONS

To operate the LM27965 Dual Display White LED Driver with

12C Compatible Brightness Control, connect a supply voltage

(2.7V-5.5V) between board connectors VIN and GND and at-

tach an I12C interface using one of the methods described in

the EXTERNAL CONTROL INTERFACE SECTION of this
document.

Default Jumper Connections:

* RESET: Connects the “+” post to the middle post of the
RESET header strip. This connects VIN to the RESET pin
of the LM27965, enabling the part.

¢ EN_LEDS: This connects POUT to the anodes of the
LEDs.

* Vin_EXT: Connects the adjustable voltage supply of the
USB Docking board to the VIN of the LM27965. If the USB
board is not used, this jumper does not need to be placed.
If the USB Docking board is going to be used for the 12C
interface, but not for VIN, make sure the Vin_EXT jumper
is removed.

With the default jumper connections made, the board will be
ready to operate once an input voltage and an I12C interface
generator (external or USB docking board) are connected.

EXTERNAL CONTROL INTERFACE CONNECTION

The LM27965 Evaluation Board provides two ways to connect
an [12C compatible interface to the LM27965 IC. The first
method to connect the interface is through a set of connectors
on the bottom of the evaluation board that allow the board to
plug into National's USB interface board directly. The second
method of interface connection is through a header strip lo-
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cated on the left hand side of the evaluation board. There are
pins available to connect VIO (contoller reference voltage),
SCL (Interface Clock Line), and SDIO (Interface Data Line)
each separated by a ground pin. The evaluation board has
two external pull-ups that connect both SCL and SDIO to VIO
to compliment the open drain inputs found on the LM27965.
The OPERATION DESCRIPTION section of this application
note describes the internal registers and 12C compatible in-
terface in greater detail.

OPERATION DESCRIPTION
I12C 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

S

data data data data data
change valid change valid change
allowed allowed allowed

30008911

FIGURE 3. Data Validity Diagram

A pull-up resistor between VIO and SDIO must be greater
than [ (VIO-V4, )/ 3mA]to meet the V, requirement on SDIO.
Using a larger pull-up resistor results in lower switching cur-
rent 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 12C session. A START condition is defined as SDIO

ack from slave

signal transitioning from HIGH to LOW while SCL line is
HIGH. A STOP condition is defined as the SDIO transitioning
from LOW to HIGH while SCL is HIGH. The 12C master always
generates START and STOP conditions. The 12C bus is con-
sidered 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.

START condition STOP condition
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FIGURE 4. Start and Stop Conditions

TRANSFERRING DATA

Every byte put on the SDIO line must be eight bits long, with
the most significant bit (MSB) transferred first. Each byte of
data has to be followed by an acknowledge bit. The acknowl-
edge related clock pulse is generated by the master. The
master releases the SDIO line (HIGH) during the acknowl-
edge clock pulse. The LM27965 pulls down the SDIO line
during the 9th clock pulse, signifying an acknowledge. The
LM27965 generates an acknowledge after each byte is re-
ceived.

After the START condition, the 12C master sends a chip ad-
dress. This address is seven bits long followed by an eighth
bit which is a data direction bit (R/W). The LM27965 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

[

addr = 10h

address h'06 data
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FIGURE 5. Write Cycle
w = write (SDIO = "0")
r =read (SDIO = "1")
ack = acknowledge (SDIO pulled down by either master or slave)
id = chip address, 36h for LM27965

www.national.com

C8SL-NV



AN-1582

12C COMPATIBLE CHIP ADDRESS
The chip address for LM27965 is 0110110, or 36h.

MSB LSB

ADR6 ADRS ADR4 ADR3 ADR2 ADR1 ADRO RW
bit7 bité bit5 bitd bit3 bit2 bit1 bitd

0 1 1 0 1 1 ]

-¢————————— 1°C Slave Address {chip address) —————————— !

30008908

FIGURE 6. Chip Address

INTERNAL REGISTERS OF LM27965

Register Internal Hex Power On Value
Address
General Purpose [10h 0010 0000
Register
Bank A Brightness | AOh 1110 0000
Control Register
Bank B Brightness | BOh 1110 0000
Control Register
Bank C Brightness|COh 1111 1100
Control Register
MSB LsSB
0 0 1 EN3B EN5SA ENC ENB ENA
bit7 bit6 bit5 bitd bit3 bit2 bit1 bit

30008907

FIGURE 7. General Purpose Register Description
Internal Hex Address: 10h

Note: ENA: Enables DxA LED drivers (Main Display)
ENB: Enables DxB LED drivers (Aux Lighting)
ENC: Enables D1C LED driver (Indicator Lighting)
ENS5A: Enables D5A LED voltage sense
EN3B: Enables D3B LED driver and voltage sense

DxA Brightness Control
MSB Register Address: OxAQ LSB
1 1 1 DxA4 DxA3 DxA2 DxA1 DxAQ
bit7 bite bits bit4 bit3 bit2 bit1 bit0

30008904

DxB Brightness Control

MSB Register Address: 0xBO LSB
1 1 1 DxB4 DxB3 DxB2 DxB1 DxBO
bit7 bité bit5 bit4 bit3 bit2 bit1 bit0

30008905
DxC Brightness Control

MSB Register Address: 0xCO LSB
1 1 1 1 1 1 D1C1 D1COo
bit7 bité bit5 bit4 bit3 bit2 bit1 bit0

30008906

FIGURE 8. Brightness Control Register Description
Internal Hex Address: 0xAO0 (BankA), 0xB0 (BankB), 0xC0
(BankC)

Note: DxA4-DxAO0: Sets Brightness for DxA pins (BankA). 11111=Fullscale
DxB4-DxBO0: Sets Brightness for DxB pins (BankB). 11111=Fullscale
Bit7 to Bit 5: Not Used
DxC1-DxCO: Sets Brightness for DxC pin. 11 = Full-scale
Bit7 to Bit2:Not Used

Setting LED Current

The current through the LEDs connected to DxA and DxB can
be setto a desired level simply by connecting an appropriately
sized resistor (Rgg7) between the Iget pin of the LM27965 and
GND. The DxA and DxB LED currents are proportional to the
current that flows out of the Igzr pin and are a factor of 200
times greater than the Igz1 current. The feedback loops of the
internal amplifiers set the voltage of the Iggr pin to 1.25V
(typ.). The statements above are simplified in the equations
below:

Ipxasic (A)=200 x (Viser / Rger)
Rger ()= 200 x (1.25V / I amc)

Once the desired Rget value has been chosen, the LM27965
has the ability to internally dim the LEDs using a mix of Pulse
Width Modulation (PWM) and analog current scaling. 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 32 different levels/duty-cycles. The
internal PWM frequency for BankA and BankB is fixed at
20kHz. BankC(D1C) has 4 analog current levels.

For the LM27965 evaluation board, the diode current is
set to 15mA per output (Rger = 16.9kQ).
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Brightness Level Control Table (BankA and BankB)

Brightness Code (hex) | Analog Current (% of Duty Cycle (%) Perceived Brightness
Full-Scale) Level (%)

00 20 1/16 1.25
01 20 2/16 25
02 20 3/16 3.75
03 20 4/16 5
04 20 5/16 6.25
05 20 6/16 7.5
06 20 7/16 8.75
07 20 8/16 10
08 20 9/16 11.25
09 20 10/16 12.5
0A 20 11/16 13.75
0B 20 12/16 15
oC 20 13/16 16.25
oD 20 14/16 17.5
OE 20 15/16 18.75
OF 20 16/16 20
10 40 10/16 25
11 40 11/16 27.5
12 40 12/16 30
13 40 13/16 325
14 40 14/16 35
15 40 15/16 37.5
16 40 16/16 40
17 70 11/16 48.125
18 70 12/16 52.5
19 70 13/16 56.875
1A 70 14/16 61.25
1B 70 15/16 65.625
1C 70 16/16 70
1D 100 13/16 81.25
1E 100 15/16 93.75
1F 100 16/16 100

BankC Brightness Levels (%of Full-Scale) = 20%, 40%, 70%,
100%

LED Forward Voltage Monitoring

The LM27965 has the ability to switch converter gains (1x or
3/2x) based on the forward voltage of the LED load. This abil-
ity to switch gains maximizes efficiency for a given load.
Forward voltage monitoring occurs on all diode pins within
BankA and BankB. At higher input voltages, the LM27965 will
operate in pass mode, allowing the P, voltage to track the
input voltage. As the input voltage drops, the voltage on the
Dxx pins will also drop (Vpxy = Vpout — Viepy)- Once any of
the active Dxx pins reaches a voltage approximately equal to
175mV, the charge pump will switch to the gain of 3/2. This
switch-over ensures that the current through the LEDs never
becomes pinched off due to a lack of headroom across the
current sinks.

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. Diode pins D5A and
D3B can have the diode sensing circuity disabled through the
general purpose register if those drivers are not going to be
used.

BankC (D1C) is not a monitored LED current sink.

ADDITIONAL INFORMATION

For more information regarding the operation of the
LM27965, please refer to the LM27965 datasheet. If a Na-
tional Semiconductor USB Docking Board is required for
the creation of the I12C interface, please contact your local
National sales representative.
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Notes

THE CONTENTS OF THIS DOCUMENT ARE PROVIDED IN CONNECTION WITH NATIONAL SEMICONDUCTOR CORPORATION
(“NATIONAL”) PRODUCTS. NATIONAL MAKES NO REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE ACCURACY
OR COMPLETENESS OF THE CONTENTS OF THIS PUBLICATION AND RESERVES THE RIGHT TO MAKE CHANGES TO
SPECIFICATIONS AND PRODUCT DESCRIPTIONS AT ANY TIME WITHOUT NOTICE. NO LICENSE, WHETHER EXPRESS,
IMPLIED, ARISING BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS
DOCUMENT.

TESTING AND OTHER QUALITY CONTROLS ARE USED TO THE EXTENT NATIONAL DEEMS NECESSARY TO SUPPORT
NATIONAL'S PRODUCT WARRANTY. EXCEPT WHERE MANDATED BY GOVERNMENT REQUIREMENTS, TESTING OF ALL
PARAMETERS OF EACH PRODUCT IS NOT NECESSARILY PERFORMED. NATIONAL ASSUMES NO LIABILITY FOR
APPLICATIONS ASSISTANCE OR BUYER PRODUCT DESIGN. BUYERS ARE RESPONSIBLE FOR THEIR PRODUCTS AND
APPLICATIONS USING NATIONAL COMPONENTS. PRIOR TO USING OR DISTRIBUTING ANY PRODUCTS THAT INCLUDE
NATIONAL COMPONENTS, BUYERS SHOULD PROVIDE ADEQUATE DESIGN, TESTING AND OPERATING SAFEGUARDS.
EXCEPT AS PROVIDED IN NATIONAL’S TERMS AND CONDITIONS OF SALE FOR SUCH PRODUCTS, NATIONAL ASSUMES NO
LIABILITY WHATSOEVER, AND NATIONAL DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY RELATING TO THE SALE
AND/OR USE OF NATIONAL PRODUCTS INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR
PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY
RIGHT.

LIFE SUPPORT POLICY

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

Life support devices or systems are devices 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. A critical component is any component in a life support 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.

National Semiconductor and the National Semiconductor logo are registered trademarks of National Semiconductor Corporation. All other
brand or product names may be trademarks or registered trademarks of their respective holders.
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For the most current product information visit us at www.national.com

National Semiconductor National Semiconductor Europe National Semiconductor Asia National Semiconductor Japan
Americas Customer Customer Support Center Pacific Customer Support Center Customer Support Center
Support Center Fax: +49 (0) 180-530-85-86 Email: ap.support@nsc.com Fax: 81-3-5639-7507

Email: Email: europe.support@nsc.com Email: jpn.feedback@nsc.com
new.feedback@nsc.com Deutsch Tel: +49 (0) 69 9508 6208 Tel: 81-3-5639-7560

Tel: 1-800-272-9959 English Tel: +49 (0) 870 24 0 2171

Francais Tel: +33 (0) 1 41 91 8790

www.national.com




	LM27965 Dual Display White LED Driver with I2C Compatible Brightness Control
	Schematic
	Bill of Materials
	LM27965 Evaluation Board Layout
	FIGURE 1. Top Layer
	FIGURE 2. Bottom Layer (unmirrored)

	Board Operation
	BASIC CONNECTIONS
	EXTERNAL CONTROL INTERFACE CONNECTION
	OPERATION DESCRIPTION
	I2C Compatible Interface
	DATA VALIDITY
	FIGURE 3. Data Validity Diagram

	START AND STOP CONDITIONS
	FIGURE 4. Start and Stop Conditions

	TRANSFERRING DATA
	FIGURE 5. Write Cyclew = write (SDIO = "0")r = read (SDIO = "1")ack = acknowledge (SDIO pulled down by either master or slave)id = chip address, 36h for LM27965

	I2C COMPATIBLE CHIP ADDRESS
	FIGURE 6. Chip Address

	INTERNAL REGISTERS OF LM27965
	FIGURE 7. General Purpose Register DescriptionInternal Hex Address: 10h
	FIGURE 8. Brightness Control Register DescriptionInternal Hex Address: 0xA0 (BankA), 0xB0 (BankB), 0xC0 (BankC)


	Setting LED Current
	Brightness Level Control Table (BankA and BankB)

	LED Forward Voltage Monitoring

	ADDITIONAL INFORMATION



