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General Description

LM8850 is a step-up DC-DC converter optimized for use with
a supercapacitor to protect a battery from power surges and
enable new high power applications in mobile device archi-
tectures. The device creates an ideal rail from 3.6V to 5.7V
boosting from a single Li-lon cell with an input voltage range
of 2.3V to 5.5V, Target V,;; must be at least 10% higher than
Vin-

An 12C interface controlling multiple output voltage settings,
input current limits, and load currents up to 1A provides su-
perior user flexibility. The LM8850 operates in Auto mode,
where the converter is in PFM mode at light loads and switch-
es to PWM mode at heavy loads. Hysteretic PFM extends the
battery life by reduction of the quiescent current to 6pA (typ.)
during light load and standby conditions. Synchronous oper-
ation provides true shutdown isolation and improves its effi-
ciency at medium-to-full load conditions.

High-switching frequency enables smaller passive compo-
nents. Internal compensation is used for a broader range of
inductor and output capacitor values to meet system demand
and achieve small system solution size.

LM8850 is available in a 9-bump ultra-thin micro SMD pack-
age. Only four external surface-mount components, a 1.0 yH
inductor, a 4.7 pF for input capacitor, 4.7 pF for output ca-
pacitor and 0.05F-1.0F supercapacitor for energy storage are
required.
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LM8850

High-Performance, Step-Up DC-DC Converter for High-
Power Applications in Mobile Devices

Features

6pA typ. quiescent current

Vour = 3.6V t0 5.7V (max Vg = 5.7V)

Operates from a single lithium ion cell (2.3V to 5.5V)
8 user-selectable output voltages via 12C
High-speed 3.4 MHz [2C-compatible interface

Up to 1.0A maximum load current capability

4 levels of current limiting

Auto-mode operation and Forced PWM

2.5 MHz switching frequency (typ.)

+2.5% DC output voltage precision

1.0 pH inductor (2520 case size)

4.7 pF input and output capacitors (0603 case size)
PGOOD signal

True shutdown isolation

Output over-voltage protection

Internal active voltage balancing for supercapacitors

micro SMD 9-bump package
(1.58 mm x 1.62 mm x 0.35 mm)(0.5 mm pitch)

Applications

Flash LED
Mobile Phones
WIMAX

uUsB

Audio Amplifier

Typical Application Circuit

36v R
1uH VIN
4.7 uF
vouT
SW
L LM8850
—] PG
—_1spA
—] SCLK
EN GND

0.05F to 1.0F

BAL I
1

|||—

30113220

© 2010 National Semiconductor Corporation 301132

Downloaded from Elcodis.com electronic components distributor

www.national.com

d

al1qo\ ul suonesljddy Jamod-ybiH 10} JoudAU0) HA-2a dn-da1s ‘@ouewoad-ybiH 0S88INT

S9JIAD


http://elcodis.com/parts/6146875/lm8850urx.html

LM8850

()
(=)
)

/"\\\

O
VAN

10
(= C
(=)

Connection Diagram and Package Mark Information
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FIGURE 1. 9-Bump ultra-thin micro SMD Package

Pin Descriptions

Note: The package marking “X” denotes the date code, “V” is a National Semiconductor internal code of die traceability.

Pin # Name Description

A1 VIN Power Supply Input. Connect to input filter capacitor (See Typical Application
Circuit)

A2 SW Switching node. Connection to the internal NFET switch and PFET synchronous
rectifier

A3 GND Ground Pin

B1 SDA I2C data (Use a 2kQ pull-up resistor)

B2 PG Power Good indicator

B3 VOUT Output pin.

C1 SCLK I2C Clock (Use a 2kQ pull-up resistor)

Cc2 EN Enable pin. The device is in shutdown when voltage to this pin is <0.4V and
enabled when >1.2V. Do not leave this pin floating.

C3 BAL Balancing pin for active voltage balancing of supercapacitor

Ordering Information (9-Bump micro SMD)

Order Number 9-bump Micro SMD Package Marking Supplied As
LM8850 URE SK 250 units, Tape-and-Reel
LM8850 URX SK 3000 units, Tape-and-Reel

www.national.com
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VIN Pin to GND

GND
VOUT to GND

SW pin to GND
BAL to GND

(Note 3)

Maximum Lead
(Soldering,

Human Body

Charged Devi

Storage Temperature Range
Continuous Power Dissipation

EN, PG, SDA, SCLK pins to

Junction Temperature (T ax)

Temperature
10 sec.)

ESD Rating (Note 4)

Model

Machine Model

ce Model

Absolute Maximum Ratings (vote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

—-0.2V to 6.5V
-0.2V to 6.0V

(GND-0.2V) to

6.5V

-0.2V t0 6.5V
-0.2V to 6.0V
+150°C

-65°C to +150°C
Internally Limited

260°C

2kV
200V
1250V

Operating Ratings

Input Voltage Range
Recommended Load
Current

Junction Temperature (T )
Range

Ambient Temperature (T,)
Range (Note 5)

(Note 1, Note 2)

2.3V to 5.5V
OmA to 1.0A

-40°C to +125°C

—40°C to +85°C

Thermal Properties

Junction-to-Ambient Thermal

Resistance (6,,)
(micro SMD) (Note 6)

70°C/W

Electrical Characteristics (Note 2, Note 7, Note 8, Note 9)  Limits in standard typeface are for T, = 25°C. Limits
in boldface type apply over the operating junction temperature range (-40°C < T, = T, < +85°C). Unless otherwise noted,
specifications apply to the LM8850 open loop Typical Application Circuit with V,y = EN = 3.6V.

Symbol Parameter Condition Min Typ Max Units
Vour Output Voltage lout = OMA, Vo1 = 5V -2.5 +2.5 %
VSEL bits=000 3.6
Output Voltage Range VSEL bits=001 3.9
Register 0 VSEL bits=010 4.2
VSEL bits =011 4.5
Vour i v
VSEL bits=100 4.7
Output Voltage Range VSEL bits=101 5.0
Register 1 VSEL bits=110 5.3
VSEL bits =111 5.7
IshoN Shutdown Supply Current 0.4 3
lq PFrm Quiescent Current in PFM 6 10
Mode pA
lq_pwm Quiescent Current in PWM 330 500
Mode
Roson (vreT) Pin-Pin Resistance for Sync |V = Vg = 3.6V 200
NFET
— . mQ
Roson prem) Pin-Pin Resistance for Vin =Vgg = 5.0V 215
PFET
ISEL bits = 111 1350 1500 1650
VIN = 4.5V
ISEL bits = 101 923 1025 1128
) .. |VIN=4.5V
ILm Switch Peak Current Limit - mA
ISEL bits = 011 666 740 814
VIN = 4.5V
ISEL bits = 001 477 530 583
VIN = 4.5V

Downloaded from Elcodis.com electronic components distributor
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LM8850

Symbol Parameter Condition Min Typ Max Units
Ton =00 5
. Ton =01 75
Ton Turn on Time secs.
Ton=10 10
Ton=11 12.5
len Pin Input current EN 0.01 1 pA
Fosc Internal Oscillator 2.25 25 2.75 MHz
Frequency
Vi Logic High Input 1.2
Vi Logic Low Input 0.4 v
Vou Logic Output High 1.2
VoL Logic Output Low 0.4

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, = 150°C (typ.) and disengages at T
=140°C (typ.).

Note 4: The Human Body Model is a 100 pF capacitor discharged through a 1.5 kQ resistor into each pin. The machine model is a 200 pF capacitor discharged
directly into each pin. MIL-STD-883-3015.7.

Note 5: In applications where high power dissipation and/or poor package resistance is present, the maximum ambient temperature may have to be derated.
Maximum ambient temperature (T,.yax) is dependent on the maximum operating junction temperature (T yax.op = 125°C), the maximum power dissipation of
the device in the application (Pp_yax) and the junction-to-ambient thermal resistance of the part/package (8,,) in the application, as given by the following equation:
Tamax = Tomax™ (8yaX Ppyax)-

Dissipation Rating Table

Note 9: Open-loop Electrical Characteristics taken without supercapacitor.

Note 6: Junction-to-ambient thermal resistance is highly application and board-layout dependent. In applications where high power dissipation exists, special
care must be given to thermal dissipation issues in board design.

Note 7: 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 8: The parameters in the electrical characteristic table are tested under open loop conditions at V| = 3.6V unless otherwise specified. For performance
over the input voltage range and closed loop condition, refer to the datasheet curves.

0,a T,<25°C T, <60°C T,<85°C
Power Rating Power Rating Power Rating
70°C/W 1500 mW 980 mW 600 mW

www.national.com

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6146875/lm8850urx.html

Block Diagram
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= TDK EDLC272020-501-2F-50).

LM8850
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30113243

Efficiency Room temp, 100 mV PFM ripple
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CURRENT (pA)

EFFICIENCY (%)

9.0

Typical Performance Characteristics uniess otherwise noted: Vg r = 5.0V, T, = 25°C, Supercapacitor

Iq, PFM, No Load
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Efficiency, Voyr = 5V, PWM Mode, 25°C
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Efficiency over PFM ripple, V,y = 3.9V, Room Temp
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Line Regulation, V1 5V
V|y = 3.6V, 100 mV Ripple, Auto Mode

55 |
\AN =41V
5.0 e —
[ ————
A
45 / / Vin = 3.6V
b Vin=2.7V
= = I
3 V=23V Viy = 3.0V \
> 40 \
35
3.0

0 100 200 300 400 500 600
LOAD CURRENT (mA)

30113237

Line Regulation, Vo1 5V,
250 mA Load, 100 mV Ripple, Auto Mode

5.1

5.0 /&; =

a4
70°C
Y. d
5 438
=
25°C
47 /
46
-30°C
45 I
23 25 27 29 31 33 35 37 39
Vin (V)
30113239
Startup V2.7V, Vg 5.3V,
5sec Delay, Room Temp
! 2V/DIV
Vourt
INPUT r i 500 mA/
CURRENT ‘eomnen ! DV
5V/DIV
PGOOD

1.0s/DIV

30113201

Load Regulation, Vg1 5V,
V\y = 3.6V, 100 mV Ripple, Auto Mode
5.04
[ ————

/T3] -
RSN
5.00 / '/\/ N

- % 25°C \<
S
5 498 / /
3 / 7o°c / AN
4.9
-30°C
4.94
4.92
0 100 200 300 400 500 600
LOAD CURRENT (mA)
30113238
Osc Freq Error Normalized to 3.6V
4.00
3.00
2.00
1.00 /
£ 000
L .00 v
&
Eo-2.00 v
-3.00 /
-4.00 /
-5.00
-6.00
23 2.8 3.3 3.8 43 438
Vin (V)
30113241
Startup V| 3.6V, Vo1 5.0V,
5sec Delay, Room Temp
! 2V/DIV
Vout
| N\l | 500 mA/
INPUT | i
CURRENT B A — DIV
5V/DIV
PGOOD I
2.0s/DIV
30113202
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Input Current and V7, 1.5A Current Limit

LM8850

VouT 2VIDIV

INPUT | 500 mA/
CURRENT DIV
200 ms/DIV
30113203

Line Transient
Vin 2.7V - 3.6V, I gpp = 600 MA

50 mVv/
Vour | DIV
(GIETE FRSTAIE SESEINS S 500 mV/
VIN | . i DIV
100 ps/DIV
30113205

Load Transient
Vin =27V, Vg1 5.0V, | gpp 0-1000 mA

Vout W ‘ \ e 100 mV/
—-— DIV

)

1A/DIV

INPUT
CURRENT

10 ps/DIV

30113209

Input Current and V1, 500 mA Current Limit

VOUT s 2VIDIV
B R B
INPUT | - - - 500 mA/
CURRENT : : DIV
200 ms/DIV
30113204

Line Transient
Vin 3.6V -4.2V, |, gpp = 600 MA

e 50 mv/
V
ouT M DIV

| 500 mv/
| DIV

100 ps/DIV

30113207

Load Transient
Vin =27V, Vo1 5.0V, | gap 1000-0 mA

|

v 1 b 100 mv/
VouT M ] DIV

INPUT

R

CURRENT

\ 1A/DIV

10 ps/DIV

30113219
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Load Transient Load Transient
Vin = 3.6V, Vo1 5.0V, | gap 200-800 mA Vin=3.6V, Vo1 5.0V, |, g4p 800-200 mA

I
Vi 100 mV/ | e . 100 mV/
ouT H‘V\M DIV VouT WMW DIV

e 500 mA/ INPUT
INPUT / DIV CURRENT ‘ \ ,
F— : 500 mA/
CURRENT DIV
4 us/DIV 4 us/DIV
30113221 30113222
Load Transient Load Transient
Vin =42V, Vo1 5.0V, | gap 0-200 mA Vin =42V, Vo1 5.0V, |, 55p200-0mA

Vour ¥ : 50 mv/ : . :
' ' o iomprassamiaiissrmatmensy 100 T
DIV VouTt v y ' DIV

[

) 200 mA/ INPUT
[ DIV CURRENT
INPUT ‘ 200 mA/
CURRENT DIV
10 ps/DIV 10 us/DIV
30113223 30113224
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LM8850

Operation Description

LM8850 FUNCTIONALITY

The LM8850, a high-efficiency, step-up DC-DC switching
boost converter, delivers a constant voltage from a stable DC
input voltage source. Using a voltage mode architecture with
synchronous rectification, the LM8850 has the ability to de-
liver up to 600 mA of load current, depending on the input
voltage, output voltage, ambient temperature, and the induc-
tor chosen.

There are three modes of operation depending on the current
required - PWM (Pulse Width Modulation), PFM (Pulse Fre-
quency Modulation), and shutdown. The device operates in
PWM mode at load currents of approximately 200 mA or high-
er. Lighter output current loads cause the device to automat-
ically switch into PFM for reduced current consumption (Iq =
6pA typ). Shutdown mode turns off the voltage regulation and
offers the lowest current consumption (lsyyrpown = 0.4 PA
typ).

Once enabled, the LM8850 charges the supercapacitor uti-
lizing all of the default settings in the registers. The 12C must
be used to change the default settings and this can only be
done with the LM8850 enabled. Once a register is written to,
the changes will transition immediately. Every time the EN pin
transitions from VIL to VIH, registers 0 and 1 are reset to their
defaults settings and any settings need to be rewritten into the
appropriate registers.

AUTO MODE

The LM8850 utilizes AUTO mode to reduce the amount of
energy required to maintain the regulated output voltage un-
der light load conditions. The transition from Auto mode to
PWM mode varies depending on input voltage and output
voltage. For an output voltage of 5.0V and an input voltage of
3.6V, the transition will occur around 225 mA.

Auto mode can only be used with a supercapacitor. If no su-
percapacitor is being used in the circuit, Auto-Mode must be
disabled via 12C.

VrippLE

The ripple voltage used in Auto-Mode is programmable via
I2C. The ripple voltage can be set to 50, 100, 200 and 250
mV. The larger the ripple voltage, the more constant energy
will be supplied by the supercapacitor. The regulator will re-
main asleep until the effective energy to reduce the
supercapacitor’s voltage by the ripple value has been used
by the load.

POWER GOOD

The Power Good signal is both an output and a read only
register bit. The Power Good signal will have a Vg, value if
the Vgt is greater than 85% of its programmed value. This

is a typical value for 5.0V and 3.6V V. The typical value will
vary based on input and output voltage.

PROGRAMMABLE Vo

The output voltage of the LM8850 can be programmed via
I2C to any of 8 different values: 3.6, 3.9, 4.2, 4.5,4.7, 5.0, 5.3,
and 5.7V. The only requirement is that the input voltage must
remain 10% below the desired output voltage for it to remain
in regulation. The output voltage can be changed while the
part is enabled and regulating. The transition time will depend
on load conditions.

TURN-ON TIME

The LM8850 has four programmable turn time values, 5, 7.5,
10, and 12.5 seconds. During the turn on time, the LM8850 is
ramping to the output voltage while limiting the inrush current
which charges the supercapacitor.

BALANCING CIRCUIT

The LM8850 has an internal balancing circuit that helps main-
tain voltage balance between the two capacitors within the
super capacitor. The BAL pin regulates a voltage of VOUT/ 2
between the two capacitors. If one capacitor is overcharged
or less charged, the LM8850 will use the balancing circuit to
correct this charge inbalance. The balancing circuit can be
turned off/on via the 12C registers (BALMODE — Control
Reg01, bit 3). The balancing circuit also has the ability to stay
ON even after the LM8850 is shutting down (BAL — Control
Reg00, bit 4).

I12C Interface

Control of LM8850 is done via I12C compatible interface. This
includes switch over from AUTO to PWM mode, adjustment
of current limit, output voltage, PFM Hysteresis voltage, and
start-up time. The 12C interface can also switch the active
voltage balance circuit ON during shutdown. Additionally,
there is a flag bit that reads back PGOOD condition.

12C SIGNALS

In 12C-compatible mode, the SCL pin is used for the 12C clock
and the SDA pin is used for the I2C data. Both these signals
need a pull-up resistor according to 12C specification. The
values of the pull-up resistors are determined by the capaci-
tance of the bus. See 12C specification from Philips for further
details. Signal timing specifications are according to the 12C
bus specification. Maximum frequency is 400 kHz or 3.4 MHz
if in High-Speed Mode.

12C DATA VALIDITY

The data on SDA 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 \ / \ / \

\

SDA | X
E data data
i change | valid
allowed

:

data data data
change : valid change
allowed allowed

30113215

I12C Signals: Data Validity
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12C START AND STOP CONDITIONS

START and STOP bits classify the beginning and the end of
the 12C session. START condition is defined as SDA signal
transitioning from HIGH to LOW while SCL line is HIGH.
STOP condition is defined as the SDA transitioning from LOW
to HIGH while SCL is HIGH. The 12C master always generates

SDA \

START and STOP bits. The 12C bus is considered to be busy
after START condition and free after STOP condition. During
data transmission, 12C master can generate repeated START
conditions. First START and repeated START conditions are
equivalent, function-wise.

-

SCL

START CONDITION

P

STOP CONDITION

30113216

START and STOP Conditions

TRANSFERRING DATA

Every byte put on the SDA 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. All
clock pulses are generated by the master. The transmitter re-
leases the SDA line (HIGH) during the acknowledge clock
pulse. The receiver must pull down the SDA line during the
ninth clock pulse, signifying an acknowledge. A receiver
which has been addressed must generate an acknowledge
after each byte has been received.

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 LM8850 address
is 0x60. the eighth bit, a “0” indicates a WRITE and a “1” in-
dicates 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.

Chip address: 60h

MSB LSB
ADR6 ADRS ADR4 ADR3 ADR2 ADR1 ADRO R/W
Bit7 Bit 6 Bit 5 Bit4 Bit3 Bit 2 Bit 1 Bit0
- 1C Slave Address (chip address) L
30113213

I12C Chip Address

ack from slave

ack from slave ack from slave

start ~ MSB Chip Addr LSB MSB Register Addr LSB MSB Data LSB p

sl
o]

1

1

id = 0x60h

start i

addr = 02h

ack address hWOE data ack

stop

30113214

12C Write Cycle

w = write (SDA = “0”)

r =read (SDA =“1)

ack = acknowledge (SDA pulled down by either master or
slave)

rs = repeated start

id = chip address

Downloaded from Elcodis.com electronic components distributor
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When a READ function is to be accomplished, a WRITE func-
tion must precede the READ function as shown in the Read
Cycle waveform.

LM8850

ack from slave ack from slave repeated start ack from slave data from slave ack from master

Y vy vy \

start “ MSB Chip Addr LSB MMSB Register Addr LSB MSB Chip Address LSBm MSB Data LSB Us_ﬁp

Sl
o]

[

start § id =0x60h w 1 acki addr =h'01 iacki rs address = 0x60h i r iaok 0x6Ah data i acki stop
30113211
12C Read Cycle
HIGH-SPEED, 3.4 MHZ MODE 12C-COMPATIBLE CHIP ADDRESS
High-speed mode is entered by: The device address for LM8850 is 60 (HEX).
1. Start condition;
2. Chip Address: 0000 1XXXX (X = don't care);
3. Wait a clock for the acknowledge;
4. Now everything is in HS mode...do a repeated start (do
NOT do a “stop” then a “start” because a “stop” kicks the
part out of HS mode);
5. Send read or writes in HS mode. (Remember to use
“repeated starts” between commands.); then
6. When you are done with the last command send a “stop”
condition to put the part back into regular 400 kHz mode.
Register Information and Details
Register name Location Type Register
CONTROL 0 R/W Control Register 1
CONTROL 1 R/W Control Register 2
www.national.com 12
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MSB LSB

Register location = 00

Output Voltage Change

000=36V
001=3.9V
010=42V
011=45V
100=4.7V
101 = 5.0V (default)
110=5.3V
111=5.7V

FromRegister Location 4——— W —® From Register

01, bit 5 Location 00, bits 0
and 1

PFM Voltage Ripple

00=50mV

01=100 mV (default)
10 =200 mV
11=250 mV

Balance Circuit

0=0FF
1 = ON (default)
Effective when part is enabled

Mode

0 = AUTO (PFM/PWM — default)
1= FORCED PWM

Ton Time
0 0 = 5s (default)
01=7.5s
10=10s
11=12.5s

30113212
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LM8850

MSB LSB
7 6 5 4 2 1 0
|

Register location = 01

Switch Current Limit — (Max values)

111 = 1500 mA (default)
101 = 1025 mA

001 =740 mA

000 = 530 mA

Balmode

0 = OFF (default)
1=0N
Effective when part is disabled

Enable

0=OFF
1 = ON (default)

Bit 5 used to determine output voltage

000=36V
001=39V
010=42V
011=45V
100=4.7V
10 1=5.0V (default)
110=53V
111=57V

From Register ¢—— “'‘<~ ——® From Register

Location 01, bit 5

Location 00,
bits 0 and 1

PGOOD (Read only)

30113217
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Physical Dimensions inches (millimeters) unless otherwise noted
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# [0 0050 |45 BB URAO9XXX (Rev A}

9-bump ultra-thin micro SMD, 0.5 mm pitch
NS Package Number URAQ9EGA
X1 =1.58 mm = 0.030 mm
X2 =1.62 mm = 0.030 mm
X3 =0.35 mm = 0.075 mm
Order National Semiconductor LM8850URE/LM8850URX
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n Mobile
Devices

.;, For more National Semiconductor product information and proven design tools, visit the following Web sites at:

c www.national.com

9 Products Design Support
Amplifiers www.national.com/amplifiers WEBENCH® Tools www.national.com/webench
Audio www.national.com/audio App Notes www.national.com/appnotes

Clock and Timing www.national.com/timing Reference Designs

www.national.com/refdesigns

Data Converters www.national.com/adc Samples www.national.com/samples
Interface www.national.com/interface Eval Boards www.national.com/evalboards
LVDS www.national.com/Ivds Packaging www.national.com/packaging

Power Management www.national.com/power Green Compliance

www.national.com/quality/green

Switching Regulators | www.national.com/switchers Distributors

www.national.com/contacts

LDOs www.national.com/Ido Quality and Reliability

www.national.com/quality

LED Lighting www.national.com/led Feedback/Support

www.national.com/feedback

Voltage References www.national.com/vref Design Made Easy

www.national.com/easy

PowerWise® Solutions www.national.com/powerwise | Applications & Markets

www.national.com/solutions

Serial Digital Interface (SDI) [ www.national.com/sdi Mil/Aero

www.national.com/milaero

Temperature Sensors www.national.com/tempsensors [ SolarMagic™

www.national.com/solarmagic

PLL/VCO www.national.com/wireless PowerWise® Design

University

www.national.com/training

DC Converter for High-Power Applicat
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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

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

LIFE SUPPORT POLICY

COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

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

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.

Copyright© 2010 National Semiconductor Corporation
For the most current product information visit us at www.national.com

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.

LM8850 High-Performance, Step-Up DC

Email: support@nsc.com
Tel: 1-800-272-9959
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