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Solve Your Toughest Analog Problems at the Lowest Power
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Why Efficiency Matters

Rising Energy Demands and Costs
* 20% of base station operating expenses are electricity*
e $7 hillion electricity costs at data centers worldwide**

* $7.2 billion worldwide electricity costs for operating
servers and associated infrastructure in 2005***

e 1 trillion minutes of mobile video by 2010 equates to
$100 million in energy costs*

* 300 new Giga Watt power plants would be required
by 2030 worldwide at current growth rate

Sources:

*  National Semiconductor calculation

** Information Week

*** Lawrence Berekeley National Laboratory, February 2007 study

Learn more about the
impact of energy-efficiency
needs, National's corporate
social responsibility, and
PowerWise solutions at

PowesWine® Solutions asd the Futurn of Enorgy Utifizatien

www.national.com/powerwise

System Benefits of Improved Performance-to-Power

* Lower power consumption

- Reduced energy costs and carbon footprint

- Extended equipment lifespan

- Reduced landfill disposal
* Less heat

- Greater performance in a smaller box

- Added reliability from lower operating temperature
* Longer battery life

- Better user experience on the same battery

Designers are constantly forced to make trade-offs between
the design needs of added features and smaller form factors
and the highest possible performance — and all of this with
lower power consumption.

Performance

Solution Features

Size

Power
Consumption




PowerWise® Solutions

PowerWise® Solutions
Outstanding Peformance-to-Power Ratios

Systems

Products

National’s PowerWise solutions offer outstanding performance-to-power ratios in systems

and products, including:

¢ Adaptive Energy Management Intellectual Property
Reference Designs & Tools

System-Optimized Integrated ICs

Power, Amplifier, Interface and Data Conversion ICs

PowerWise Adaptive Voltage Scaling Technology

PowerWise® technology is an advanced energy-
management solution for the energy constrained

digital devices of today and tomorrow: Mobile phones,
PDAs, handheld gaming consoles, personal navigators
and others. Developed by National Semiconductor in
collaboration with ARM, PowerWise technology enables
longer battery life, more features and improved user
experience by reducing the energy consumption in digital
processors by up to 64%.

www.national.com

A
100% +

Relative Energy

National’'s PowerWise® AVS

64% Energy Savings Fixed Supply

Dynamic Voltage Scaling

PowerWise Adaptive Voltage Scaling
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Design Tools

Resources for Next-Generation Design

Tools for Energy-Efficient Designs
Access white papers, reference designs, and application
notes on PowerWise® products and systems.

www.national.com/powerwise

Parametric Catalog and Search
Search for desired product folder, product database by
attributes of interest.

www.national.com/cat

WEBENCH?® Online Design Tools

Design, build, and test analog circuits in
this FREE online design and prototyping
environment.

www.national.com/webench

Online Seminars
FREE online seminars by industry experts.
Log onto National's analog online seminars 4

today. 1!

www.national.com/onlineseminars

Analog University®

Expand your knowledge and understanding
of analog with our free online educational
training tool.

www.national.com/AU

Power Designer

Published bi-monthly, Power Designer’s
technical articles cover key power design tips
and techniques for today’s design engineers.

www.national.com/powerdesigner

DESIGNER

Signal Path Designer®

Published bi-monthly, Signal Path Designer’s |
technical articles cover analog signal path tips
and techniques for today’s design engineers.

www.national.com/spdesigner

Ll
b A THER
NWDESIGNER]!

ANALOG s

Analog Edges™ App Notes
National’s monthly analog design technical
journal.

www.national.com/analogedge

31

WANALOG
SEDGE]

Application Notes

Access hundreds of application notes on a variety of design
topics from product to end application specific app notes.
www.national.com/appnotes

News@National Newsletter

Register to receive updates on the
products and technical topics that
interest you—spam-free!

www.national.com/newsletter

NEWS@
N VATIONALY i

Application Solutions
Access over 100 dynamic
diagrams for medical systems,
consumer electronics,
communications, and

many more applications.

www.national.com/solutions

Analog by Design Talk Show

Tune in to this all-analog talk show,
hosted by Bob Pease, and streamed

ISh
24/7 on the web. | sted 5 Bob Fease.
www.national.com/analogbydesign *

FPGA Design Guides

These design guides feature National device ™
solutions by part number for different FPGA
manufacturers, including Xilinx and Altera.

www.national.com

Knowledge Base

Easy, natural-language online search
engine provides quick access to
products and technical information.

www.national.com/kbase

o
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GSPS Ultra-High Speed A/D Converters

Features kSPS MSPS GSPS
e 8-bit ADCs up to 3 GSPS sampling rate

I E— E—
* Koy features so-1o00ff) 1-50 Jso-so0 ff 053
ADC ADC ADC ADC

o Best-in-class performance vs. power

o Energy-efficient PowerWise® products
e Full-power bandwidth beyond 3 GHz (ADC083000)

ADC ADC ADC
Applications: ADC ADC ADC

Ideal for use in test & measurement and communication systems
ADC ADC ADC

MSPS High-Speed A/D Converters

Features
e 8- to 14-bit ADCs up to 200 MSPS sampling rate
¢ Key features:
o High-input bandwidth
o Energy-efficient PowerWise products
o Qutputs available: CMOS, Parallel LVDS, and Serial LVDS Data Conversion Applications

Applications: —

Ideal for use in medical and industrial imaging, wireless l“ R— o
communications, infrastructure, test & measurement, and Digital Copiers g: Ultrasound

portable instrumentation

Wirel
kSPS Low-Power A/D Converters and Industrial csturion
D/A Converters A
Features | Medical
e 8- to 14-bit ADCs up to 1 MSPS sampling rate ! m !
Cellular &
* Key features: Handsets Displays PC

o Low-power, energy-efficient PowerWise products

o Pin-and-function compatibility for easy selection/upgrade
o ADCs guaranteed over sample rate

- Small packaging

Applications:
Ideal for use in industrial, medical, consumer, automotive, and portable systems

www.national.com/adc 7



GSPS Ultra-High Speed A/D Converters

ADC083000 — PowerWise® 8-Bit, 3 GSPS ADC Delivers Unsurpassed Performance without

Heat Sinks
GSPS Family Performance (typical) 8-Bit GSPS A/D Converters
* Energy-efficient PowerWise® products Product ID Description
¢ High7.2t075 Eﬁe_ctive Number of Bits (ENOB) ADCO81000 | 1 GSPS
* Full power bandwidth beyond 3 GHz (ADC083000) < ADC08D1000 * | Dual, 1 GSPS (2 GSPS in interleave mode)
* Up to 3 GSPS sampling speed ADC08D1020 ° Dual, 1 GSPS (2 GSPS in interleave mode),
e DNL +0.20 LSB includes test pattern and clock phase adjustment
¢ QOperating power between 0.8W and 1.9W (No heat sink required) ADCO081500 * | 1.5GSPS
¢ Power down mode: under 25 mW <« ADC08D1500 * | Dual, 1.5 GSPS (3 GSPS in interleave mode)
o | Dual, 1.5 GSPS (3 GSPS in interleave mode),
ADC083000 Features ALELT ) includes test pattern and clock phase adjustment
* Interleaving capability enables up to 6 GSPS operation ADC083000 ° | 3GSPS
* Adjustable sampling clock phase ADCO8B3000 * | 3 GSPS, on-chip buffer
¢ Multiple ADC synchronization capability * PowerWise product

¢ Choice of single or dual data rate output clocking

¢ Serial interface for extended control (including gain and offset)
¢ Full speed test patterns for system testing and debugging

e 4k byte on-chip FIFO memory

¢ Reference board available with LMX2531 clock conditioner and
LMH6555 high-speed amplifier, for inputs between DC and 750 MHz

Applications:

Ideal for use in direct RF down conversion, digital oscilloscopes, communications transceivers,
test instrumentation, and ranging applications such as LIDAR and RADAR

RADAR System

RADAR Front End B Automatic Gain [JJJJj pitt oriver ADC083000
+

Micropr I{

Antenna Array

LMH6555

LMX2531

Clock Conditioner




MSPS High-Speed A/D Converters

ADCO08B200 - 8-Bit, 200-MSPS ADC with 1K Capture Buffer

Features
¢ Variable-size FIFO eliminates the need for FPGA resources

¢ On-chip PLL provides option to multiply input clock signal frequency by RS ENOE vs Samplo Rate

2,4, or 8 times, allowing for slower on-board clock 8
¢ Direct access to internal reference ladder allows for flexibility in input 115
voltage ranges 15

¢ Power consumption scales linearly with sampling rate 53725 /\
=
¢ FPGA training pattern simplifies high-speed data capture 2 7
6.75
65
100 150 200 250

Sample Rate (MSPS)
e |

ADC08B200 On-Chip FIFO and PLL Greatly Simplify Digital Interface
and Sampling Clock Generation

RCLK REN ADC08B200 Power Consumption vs Sample Rate
400
@ >
4 = 300
E Burst- 2 =
E =200
e £
o 3
WENsync 2
50
“_\ i )
0
— BSIZE<1:0> 0 30 60 90 120 150 180 210
K MULID> WEN SaplciatellSES)

Applications:

Ideal for use in laser ranging, RADAR, pulse capturing, flat panel displays, projection systems, set-top boxes, battery-powered
instruments, communications, medical scan converters, x-ray imaging, astronomy systems, high-speed Viterbi decoders, and
astronomy applications

8-Bit MSPS A/D Converters

Product ID | Sampling Rate (MSPS) Power ENOB (Bits) SNR (dB) SFDR (dB) THD (dBc) Packaging
ADC08060 20to 60 1.3 mW/MSPS 15 446 64 -57 TSSOP-24
ADC08L060 10to 60 0.65 mW/MSPS 16 48 59.1 -57 TSSOP-24
ADC08100 100 1.3 mW/MSPS 15 47 60 -60 TSSOP-24
ADC08200 200 1.05 mW/MSPS 14 46 58 -58 TSSOP-24
ADC08B200* 200 2 mW/MSPS 14 47 56 -55 TQFP-48
ADC08D500** e | 500 1.4W 15 453 475 -47.5 LQFP-128
ADC08500 e | 500 10.8W 15 453 475 -47.5 LQFP-128

* Buffer

** Dual

e PowerWise® product

www.national.com/adc 9
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MSPS High-Speed A/D Converters

MSPS High-Speed A/D Converters
Product ID Channels Speed (MSPS) Power (mW) SNR (dB) SFDR (dB) Outputs Packaging

10-Bit

ADC10040 o 1 40 55.5 59 80 CMO0S TSSOP-28
ADC10065 ° |1 65 68.4 59 80 CMO0S TSSOP-28
ADC10080 o |1 80 78.6 59 79 CMO0S TSSOP-28
ADC10D020 2 20 150 59 75 CMOS TQFP-48
ADC10D040 2 40 257 60 72 CMO0S TQFP-48
ADC10DL065 © |2 65 370 61 85 CMOS TQFP-64

ADC11L066 1 66 357 65 78 CMo0S LQFP-38
ADC11C125 1 125 608 65.5 88.2 CMOS LLP-48
ADC11C170 1 170 715 65.1 85.4 CMOS LLP-48
ADC11DL066 2 66 686 64 80 CMOS TQFP-48
I ——,
ADC12081 1 5 105 68 79 CMO0S LQFP-32
ADC12010 1 10 160 70 83 CMO0S LQFP-32
ADC12020 1 20 185 70 86 CMOS LQFP-32
ADC12040 1 40 340 70 84 CMO0S LQFP-32
ADC12L063 1 62 354 66 78 CMO0S LQFP-32
ADC12L066 1 66 357 66 80 CMOS LQFP-32
ADC12L080/81 1 80 425 66 80 CMO0S LQFP-32
ADC12C170 ° |1 170 715 67.2 85.4 CMO0S LLP-48
ADC12V170 o |1 170 781 67.2 85.8 Parallel LVDS LLP-48
ADC12C080 o |1 80 300 7.2 90 CMO0S LLP-32
ADC12C105 o |1 105 400 70.1 90 CMO0S LLP-32
ADC12DS080 o |2 80 845 7.2 90 Serial LVDS LLP-60
ADC12DS105 o |2 105 1060 70.1 88 Serial LVDS LLP-60
ADC12D040 2 40 600 68 80 CMO0S TQFP-64
ADC12DL0O40 » |2 40 210 69 86 CMO0S TQFP-64
ADC12DL065 © |2 65 360 69 86 CMOS TQFP-64
ADC12DL0O80 = |2 80 447 69.3 82 CMO0S TQFP-64
ADC120S065 4 65 800 69 83 Serial LVDS LLP-60

ADC14L020 ° |1 20 150 74 93 CMOS LQFP-32
ADC14L040 ° |1 40 235 73.3 90 CMOS LQFp-32
ADC14155 ° |1 155 967 7.3 87 CMOS LLP-48
ADC14V155 o |1 155 951 ni 86.9 Parallel LVDS LLP-48
ADC14C080 o |1 80 300 74.2 90 CMO0S LLP-32
ADC14C105 o |1 105 400 73 88 CMOS LLP-32
ADC14DS080 o |2 80 800 74.2 90 Serial LVDS LLP-60
ADC14DS105 o |2 105 1000 70.5 83 Serial LVDS LLP-60

® PowerWise® product

10
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ADC12EU050 — PowerWise® Ultra-Low Power, High-Speed Continuous-Time Sigma-Delta ADC

Features

e 8-channel, 12-bit, 50 MSPS ADC
* Energy-efficient PowerWise® ADC

e Ultra-low power consumption: 350 mW
» Consumes 44 m\W/channel at 50 MSPS
« Alias-free sample bandwidth up to 25 MHz

MUX and
T/R switches

Regulator

Reference

Applications:

On-chip PLL+VCO

68 dB Signal-to-Noise and Distortion (SINAD)

70 dBFS Signal-to-Noise Ratio (SNR)
Instant Overload Recovery (I0R)
Available in LLP-68 packaging

Ultrasound Block Diagram

X
beamformer

|,

central control

Beamformer
system

»

ADC12EU050

Y

RX
beamformer

/

Spectral doppler
processing
(D Mode)

Y

\

Image and motion
processing
(B Mode)

Color doppler
processing
(F Mode)

4

Y

Audio
output

.
=

Medical imaging, industrial imaging, communication, test & measurement, and portable systems

www.national.com/adc
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MSPS High-Speed A/D Converters

ADC14V155 — PowerWise® 14-bit, 155 MSPS ADC for High IF Sampling

Features
* 1.1 GHz full power bandwidth 7000 IR tertion vs Fin
* 69.5 dBFS SNR at 238 MHz input A N i
« 85 dBFS SFDR at 238 MHz input wnl A W s
« -81.9 dBFS THD at 238 MHz input Ay
* Dual 3.3V, 1.8V supply operation R I V/'\K -\“/
e Power consumption: 951 mW . /./'\ \ /
* Parallel LVDS outputs S0 = -y,
e Available with CMOS outputs (ADC14155) -100.00
e Available in LLP-48 packaging (7 x 7 x 0.8 mm) -105.00
¢ Reference board available with LMH6515 high-speed amplifier 11000 : : : :
and LMK03001 clock conditioner 0 10 o o’ o’ =
Applications:

. . . . . ADC14V155 SNR, SFDR vs Input Frequency
Ideal for use in wireless basestation transceivers, WiMAX, power 0T

amplifier linearization, high IF sampling receivers, multi-carrier, multi-
mode receivers, cable modem termination systems, communications - AL A

instrumentation, spectrum analyzers, digitizers, and RADAR systems ' '\ / \ /\/"v\/ \

T M
75.00 SFDR (dBFS)

H\.;m\_\‘::\,\- SNR (dBFS)
SINAD (dBFS)

UMTS Diversity Receiver IF-Sampled, Four Carrier Using ADC14V155

ADC Output ADC Input 70.00 : -

Antenna o Carriers K—\ P
Each 5 MHz BW

Total 20 MHz l ll | | | |

[ [ I

~1950 MHz T 3072 MHz [ 215.04 MHz

\ 4

65.00

122.88 MHz 2452-72 MHz ” L 20 o = o
Fs *Fs
Air Interface Frequency IF Frequency
1920 - 1980 MHz 215.04 MHz #
Bandwidth ADC14V155 (x2 |
B (x2) DDR VDS SCAN25100
Clock & Data
AGC
Filter "‘ Filter Filter

O 16

Digital

LMX2531
1704.96 - | 3072MHz ~ LMHB515 (x2) Tuner
1764.96 MHz LO Reference 122.88 MHz CPRI
'(-:‘I’:“’:I‘(’"'e’ and Interface

Y DDR VDS Filters

Clock & Data
Filter &» }:Q ﬁ» Filter Filter
16 AGC SYSCLK
Temp

30.72 MHz

LMK02000



ADC14C105 — PowerWise® 14-bit, 105/95 MSPS ADC for High IF Sampling

Features

¢ 1 GHz full power bandwidth

e 72 dBFS SNR at 240 MHz input

¢ 82 dBFS SFDR at 240 MHz input

e -79.3 dBFS THD at 240 MHz input

e Power consumption: 400 mW

e Single 3.3V supply operation

e Available in 32-pin LLP® packaging (5 x 5 x 0.8 mm)
e 12-hit, 105/95 MSPS ADC (ADC12C105)
e 12-hit, 80/65 MSPS ADC (ADC12C080)
e 14-hit, 80/65 MSPS ADC (ADC14C080)

Applications:

Ideal for use in 3G wireless basestation receivers, WiMAX, power
amplifier linearization, high IF sampling receivers, multi-carrier, multi-
mode receivers, test and measurement equipment, communications

test equipment, and RADAR systems

SNR, SINAD, SFDR vs Fiy

dBFS

P SFDR
SNR
SINAD
59“] 60 110 160 210 260 310
FIN (MHz)

dBFS

Distortion vs Fiy

i :

e

—

3RD Harmonic

9 2ND

L

100
10 60 110 160 210

Fin (MHz)

260 310

LM97593 — Integrated Dual ADC with Digital Downconverter and Automatic Gain Control for

Communications Applications

Features
e 2-channel, 12-bit A/D converter
¢ 123 dB dynamic range with CLC5526 DVGA (200 kHz)

¢ 650 MHz input bandwidth allows direct IF sampling of

inputs up to 300 MHz
¢ 83 dBFS SNR at fin=250 MHz, 200 kHz bandwidth
¢ 62 dBFS SNR at fin=250 MHz, Nyquist bandwidth
* 68 dBFS SFDR at fin=250 MHz, Nyquist bandwidth
¢ Digital downconverter composed of

o 4-stage CIC filter with programmable 8 to 2048 decimation ratio
o 21-tap symmetric FIR filter providing decimation by 2
> 63-tap symmetric FIR filter providing decimation by 2 or 4

¢ |ntegrated automatic gain control allows seamless integration

with external DVGA
¢ Power consumption: 560 mW at 65 MSPS
¢ 3.3V analog supply, 1.8V digital
¢ Available in PQFP-128 packaging

www.national.com/adc

IFA

IFB

CLK

CLC5526
(x2)

DVGA

LM97593

Dual Digital

Tuner/AGC

|— sck_IN

[— Serial Out A/B

— Serial Out B

— SCK

— SFS

— RDY

|— Parallel Output [15:0]
— Parallel Output Enable
— Parallel Select [2:0]

Applications:

Ideal for use in cellular basestations including GSM / GPRS /
EDGE / GSM Phase 2 receivers, satellite receivers, wireless

local loop receivers, digital communications, and wireless
microphone mainframes
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MSPS High-Speed A/D Converters

ADC12V170 — PowerWise® 12-Bit, 170 MSPS ADC for High IF Sampling

Features

* 1.1 GHz full power bandwidth SINAD, SFDR, SNR vs Fin

¢ 66.3 dBFS SNR at 250 MHz input . ::::)Ann ||

* 82.1 dBFS SFDR at 250 MHz input 0 ’/’FR"—*\*\-\\_\T i

e -79.6 dBFS THD at 250 MHz input % e . = . —

e Dual 3.3V, 1.8V supply operation

e Power consumption: 781 mW : : : ; ; ‘ ‘ ‘

e Parallel LVDS outputs Fin (MHz)

e Available with CMOS outputs (ADC12C170)

e Available in LLP-48 packaging (7 x 7 x 0.8 mm) THD, H2, H3 vs Fiy

Applications: ::

Ideal for use in 3G wireless basestation receivers, m_m .

WiMAX, power amplifier linearization, high IF sampling | & . |

receivers, multi-carrier, multi-mode receivers, test U o™

and measurement equipment, communications test e | |

equipment, and RADAR systems S, . - - ~ = 0 2 & -
Fin (MHz)

ADC14DS105 — PowerWise® 14-Bit, Dual, 105/95 MSPS ADC with Serial LVDS Outputs

Features

* 1 GHz full power bandwidth

e 83 dBFS SFDR at 240 MHz input

¢ 70.5 dBFS SNR at 240 MHz input
 -80 dBFS THD at 240 MHz input

LMH6515/52 ADC14DS105

g =
5 S
=7
=
=9

Clock
* Power consumption: 1000 mW 0 LMKO2000 |\ o H=—T—0
® o F
* Serial LVDS outputs +Vex0 5" o — 4
E‘

LVDS

Serial Data

e Single +3.3V supply operation

|

* Available in LLP-60 packaging
(9x9x0.8 mm, 0.5 mm pin-pitch)

e 12-hit, dual, 105/95 MSPS ADC (ADC12DS105)
* 12-hit, dual, 80/65 MSPS ADC (ADC12DS080)
* 14-hit, dual, 80/65 MSPS ADC (ADC14DS080)
» Reference board available with LMH6552 high-speed amplifier and LIMK02000 clock conditioner

LMH6515/52

Applications:

Ideal for use in high IF sampling receivers, wireless basestation receivers, test and measurement equipment, communications
instrumentation, and portable instrumentation



kSPS Low-Power A/D Converters
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ADCs Deliver Excellent INL and ENOB in Small Pin- and Function-Compatible Packages
Single-Ended Input ADCs (1-8 Channels) from the PowerWise® Family
12-Bit ADC

e INL: +0.64 LSB
e ENOB: 11.7

Sample Rate
(Samples Per Second) Resolution (bits)

vyt v : 3

1
w 8/10/12

¥ snon2

10-Bit ADC
e INL: +0.2 LSB
e ENOB:9.9

500K

8-Bit ADC
e INL: 0.5 LSB
e ENOB:7.8

200K
Applications:

Ideal for use in portable

systems, medical

instrumentation,

factory automation/ 50K
automatic test equipment,
consumer products,

mobile communications,
instrumentation, and control 1 Channel

systems SOT-6

8/10/12

v

4 Channels
MSOP-10

e

8 Channels
TSSOP-16

2 Channels
MSOP-8

Featured Products

ADC141S626 14-bit ADC

¢ Conversion rate 50 to 250 kSPS
INL + 0.95 LSB (max)

DNL + 0.95 LSB (max)

SINAD 82 dB (max)

Offset error + 5 LSB (max)

ADC122S706 Simultaneous Sampling ADC
e Conversion rate 500 kSPS to TMSPS
INL +1.0 LSB (max) Alarm / address options

DNL + 0.95 LSB (max) Offset error + 4.0 LSB (max)
SINAD 69.5 dB (min) ¢ Gain error + 4.0 LSB (max)

Offset error + 3.0 LSB (max) INL + 1.0 LSB up to 22 kSPS (max)

ADC121C021/27 12C ADC
* Supports all 3 standard sample rate modes

e Gain error + 5 LSB (max) e (ain error + 8 LSB (max)

e Power consumption at VA = 3V
o Active, 250 kSPS, 2.0 mW (typ)

o Active, 200 kSPS, 4.8 mW (typ)
> Power down 4 pW (typ)
e Temperature range: -40°C to +85°C

www.national.com/adc

e Power consumption at 1 MSPS

o Concerting VA =5V, VD =3V 20 mW
(typ)
> Power down 3 pW (typ)

e Temperature range: -40°C to +105°C

DNL + 1.0 LSB up to 22 kSPS (max)
SINAD 68.5 dB (min)

¢ Power consumption at 22 kSPS
o 0.26 mW (typ) at 3V

> 0.78 mW (typ) at 5V
> Power down 0.06 pW (typ)
e Temperature range: -40°C to +125°C



kSPS Low- Power A/D Converter Applications

Motor Control

- B - [T

ooooo oo

Encoder/
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kSPS Low-Power A/D Converters

Res Pin and Function | Speed Range | Supply Voltage Typ Power (mW) | Static Performance (Typ) :Ebl\llt(;)B Temp
Product ID (bits) | Inputs | Compatible (kSPS) Range(V) INL(LSB) | DNL(LSB) | typ Range (°C) | Packaging
Single-Ended Input SPI A/D Converters
ADC081S021® |8 1 A 50 to 200 2.7105.25 1.3 11 +0.45,-03 [+0.45,-03 |79 -40 to 85 SO0T-23, LLP-6
ADC081S051°® (8 1 200 to 500 2.7105.25 1.6 8.5 +0.06, -0.04 (+0.06,-0.05 |7.9 -40 to 85 S0T-23, LLP-6
ADC081S101® |8 1 500 to 1000 2.7105.25 2 10 +0.05 +0.07 79 -40 to 85 SO0T-23, LLP-6
ADC101S021® |10 1 50 to 200 2.7105.25 2.4 8.9 +0.14,-0.13 [+0.16,-0.09 [9.9 -40 to 85 SO0T-23, LLP-6
ADC101S051® |10 1 200 to 500 2.7t05.25 2.7 9.7 +0.15,-0.09 |+0.15,-0.11 |9.9 -40 to 85 SOT-23, LLP-6
ADC101S101® |10 1 500 to 1000 2.7105.25 2 10 +0.2 +0.3,-0.2 9.9 -40 to 85 SO0T-23, LLP-6
ADC121S021 ¢ |12 1 50 to 200 2.7105.25 1.5 79 +0.45,-04 [+0.45,-0.25 |11.7 -40 to 85 S0T-23, LLP-6
ADC121S051 ® |12 1 200 to 500 2.7105.25 1.7 8.7 +0.45,-04 [+0.5,-0.25 11.6 -40 to 85 SO0T-23, LLP-6
ADC121S101 ¢ |12 1 4 500 to 1000 2.7105.25 2 10 0.4 +0.5,-0.3 1.7 -40 to 125 S0T-23, LLP-6
ADC082S021°® |8 2 A 50 to 200 2.7105.25 1.6 5.8 +0.04 +0.04 79 -40 to 85 MSOP-8
ADC082S051° |8 2 200 to 500 2.7105.25 22 71 +0.12,-0.06 |+0.09 79 -40 to 85 MSOP-8
ADC082S101° |8 2 500 to 1000 2.7105.25 3.2 9.6 +0.13 +0.10 79 -40 to 85 MSOP-8
ADC102S021 ¢ |10 2 50 to 200 2.7105.25 1.94 |69 +0.13 +0.13 9.9 -40 to 85 MSOP-8
ADC102S051® |10 2 200 to 500 2.7105.25 2.1 8.6 +0.2,-0.1 +0.13 10.0 -40 to 85 MSOP-8
ADC102S101® |10 2 500 to 1000 2.7105.25 39 1.4 +0.4,-0.1 +0.26,-0.16 (9.9 -40 to 85 MSOP-8
ADC122S021 ¢ |12 2 50 to 200 2.7105.25 2.2 7.9 +0.35 +0.4,-0.2 1.7 -40 to 85 MSOP-8
ADC122S051 ¢ |12 2 200 to 500 2.7105.25 3 10 +0.5 +0.7,-0.4 1.7 -40 to 85 MSOP-8
ADC122S101 ¢ |12 2 v 500 to 1000 2.7105.25 4.3 13.1 +0.64 +0.9, -0.6 1.7 -40 to 85 MSOP-8
ADC084S021° |8 4 A 50 to 200 2.7105.25 1.6 5.8 +0.04 +0.04 79 -40 to 85 MSOP-10
ADC084S051® |8 4 200 to 500 2.7105.25 2.2 7.1 +0.12,-0.06 |+0.09 79 -40 to 85 MSOP-10
ADC084S101° |8 4 500 to 1000 2.7105.25 32 9.6 +0.13 +0.10 79 -40 to 85 MSOP-10
ADC104S021 ¢ |10 4 50 to 200 2.7105.25 1.94 169 +0.13 +0.13 9.9 -40 to 85 MSOP-10
ADC104S051 ¢ |10 4 200 to 500 2.7105.25 2.7 8.6 +0.2,-0.1 +0.13 10.0 -40 to 85 MSOP-10
ADC104S8101® |10 4 500 to 1000 2.7105.25 3.9 1.4 +0.4,-0.1 +0.26,-0.16 (9.9 -40 to 85 MSOP-10
ADC124S021 ¢ |12 4 50 to 200 2.7105.25 22 79 +0.35 +0.4,-0.2 1.7 -40 to 85 MSOP-10
ADC124S051 ® |12 4 200 to 500 2.7105.25 3 10 +0.5 +0.7,-0.4 1.7 -40 to 85 MSOP-10
ADC124S101 ¢ |12 4 4 500 to 1000 2.7105.25 43 13.1 +0.64 +0.9,-0.6 1.7 -40 to 85 MSOP-10
ADC088S022* |8 8 A 50 to 200 2.7105.25 0.9 5.5 +0.04 +0.04 79 -40 to 105 TSSOP-16
ADC088S052° |8 8 200 to 500 2.7105.25 1.2 6.5 +0.05 +0.06 79 -40 to 105 TSSOP-16
ADC088S102° |8 8 500 to 1000 2.7105.25 1.8 8 +0.05 +0.06 79 -40 to 105 TSSOP-16
ADC108S022¢ |10 8 50 to 200 2.7105.25 1.1 6.4 +0.10 +0.1 10.0 -40 to 105 TSSOP-16
ADC108S052® |10 8 200 to 500 2.7105.25 1.5 1.5 +0.10 +0.2 10.0 -40 to 105 TSSOP-16
ADC108S102¢ |10 8 500 to 1000 2.7105.25 2.1 94 +0.20 +0.2 10.0 -40 to 105 TSSOP-16
ADC128S022 ¢ |12 8 50 to 200 2.7105.25 1.2 1.5 +0.4 -0.3,+0.5 11.8 -40 to 105 TSSOP-16
ADC128S052 ¢ |12 8 200 to 500 2.7105.25 1.6 8.7 0.4 -0.4, +0.6 11.8 -40 to 105 TSSOP-16
ADC128S102 ¢ |12 8 v 500 to 1000 2.7105.25 2.3 10.7 +0.5 -0.4, +0.7 11.8 -40 to 105 TSSOP-16
ADC121C0212 ® |12 1 5.56 to 189 271055 026 |0.78 +0.5 +0.5 1.7 -40 to 105 TSOT-6
ADC121C027'2® |12 1 5.56 to 189 271055 026 |0.78 +0.5 +0.5 1.7 -40 to 105 TSOT-6
ADC121S625 ¢ |12 1 50 - 200 45t05.5 — 2.25 +0.5/-0.3 0.4 11.8 -40 to 85 MSOP-8
ADC121S655 ® |12 1 A 200 - 500 45t05.5 — 9 +0.6 +0.4 1.7 -40 to 105 MSOP-8
ADC121S705 ¢ |12 1  / 500 - 1000 45t05.5 — 11.5 +0.6 0.4 1.7 -40 to 105 MSOP-8
ADC141S626 ® |14 1 50 - 250 271055 2 4.8 +0.5 +0.5 13.7 -40 to 85 MSOP-10
TAlarm Option ~ 212C

* PowerWise® product
www.national.com/adc
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kSPS Low-Power D/A Converters

8-/10-/12-Bit D/A Converters Provide Seamless Upgradeability

Features Interchangeable DACs

* Pin- an_d function-compatible across 1 Channel 2 Channel 4 Channel 8 Channel
resolutions

¢ 2- and 4-channel family with smallest 12
package outline in-class (3 mm x 3 mm)

* Rail-to-rail output swing 10
e Power consumption at 3.6V
o 1 channel, 226 pA (max) 8
o 2 channel, 270 pA (max)
o 4 channel, 485 pA (max)
> 8 channel, 585 pA (max)
o External reference (2- and 4-channel), 8-channel has 2 references
¢ Up to 30 MHz over clock rates for 1-channel and 40 MHz for 2, 4, and 8-channel
¢ QOperates over -40°C to 105°C

Applications:
Ideal for use in portable, battery-powered applications in industrial, medical, and consumer designs

Typ Current Static

: . . Consumption (pA) Performance (Typ)
# Mux | Pin and Function | Typ Settling | Supply

Product ID Inputs | Comp. Family Time (psec) | Voltage (V) mmmm Reference | 1/0 Type! | Packaging

Digital-to-Analog Converters

A +0.16, . MSOP-8,
DACO081S101 o |8 1 3 2.7t055 175 260 012 +0.04, -0.02 | From supply | Serial (SPI) TSOT-6
DAC101S101 e |10 1 5 27t055 175 260 +0.6 +0.15, -0.05 | From supply | Serial (SPI) #’ISSOOTPGS
DAC1218101 o |12 1 v 8 271055 175 260 +2.6 +0.25, -0.15 | From supply | Serial (SPI) _II\_/ISSOQI_PBS
DACO082S085 o |38 2 4 3 27tobhb 210 320 +0.14 +0.04, -0.02 | External Serial (SPI) Mﬁoﬁ)m
DAC102S085 e |10 2 45 271055 210 320 +0.7 +0.08. -0.03 | External Serial (SPI) mS)O]Em
DAC122S085 o | 12 2 v 6 27t055 210 320 2.4 +0.2,-0.1 External Serial (SPI) M_?,O]l;w
DAC084S085 o | 8 4 A 3 27t055 | 350 500 0.14 +0.04, -0.02 | External Serial (SPI) miﬂ%w’
DAC104S085 e | 10 4 45 27t055 350 500 +0.7 +0.08, -0.03 | External Serial (SPI) MIS)(J:;IO
DAC124S085 o |12 4 v 6 27t055 360 480 +24 +0.2,-0.1 External Serial (SPI) M?,O:Sm
Dual . TSSOP-16,
DACO088S085 o |8 8 3 27t05.5 650 970 +0.125 +0.03 External Serial (SPI) LLP-16
Dual . TSSOP-16,
DAC108S085 o |10 8 45 271055 650 970 +0.5 +0.08, -0.04 External Serial (SPI) LLP-16
DAC1285085 © |12 |8 6 271055 | 650 970 +2.0 +0.15, -0.09 E“a' Serial (SP1) | [SSOP-16,
xternal LLP-16
DAC121C081 ¢ | 12 1 6 271055 0.38mW | 0.73mW | +2.2/-1.5 | +0.18/-0.12 | Supply 12C IEELB'
DAC121C085 » | 12 1 6 271055 0.38mW | 0.73mW | +2.2/-1.5 | +0.18/-0.12 | External 12C MSOP-8

1SP1/QSPI/DSP compatible
® PowerWise® product
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kSPS Low-Power D/A Converter Applications
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Audio Performance Control

Dynamic Range Optimization

20k 20k
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20k AMA
Wy
Room 1 LUTHPARY[1]]
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| W | 1 'l
Micro ] -_ + = ‘Slulpply =
4 t
Controller || I oltage
= Room 2
AVAV =
DACOS2S085| o I_:"
A‘N\, Full-Scale Adjust
20k
From Processor
DAC102S085
Sensor Set-Point Control
V
Va A
T
Humidity
Sensor
= LMP7702 l(\:llicro-
30 mV//Hz ontroller
Multi-Channel Output: Multiple Applications
ADC1218625
Sensor
Signal 1
Set ADC Reference Voura Dour ||—— Output to Another DAC
(Daisy Chain)
Setting Sensor Drive or Supply Vours SCLK || ¢——
(Add buffer for sensor with —
’ EIn:v isl:pse:ance) SYNC [|&——
D | ¢&——
Set Offset or Gain ——— Vourc
Progr le Isource 4'_ Vouro
) ) W DAC128S085
Bipolar Output Swing AN ‘ v
OUTE
h VRer 1 [|—— 3V or 5Vper
(ChA-ChD)
Vourr v
Set Limits for Range Detector Vi (ChE- glfFHf [— 3V or SVper
Voute
Control (Valve, Damper, Roboti Vours
Process Ctrl) or Voltage Setpoint |

(Battery Ctrl, Signal Trigger)

www.national.com/adc
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Analog Front Ends (AFE)

LM98714 — 3-Channel, 16-Bit, 45 MSPS Analog Front End with Integrated CCD/CIS Sensor Timing
Generator and LVDS Output

Features LM98714 Eval Board and Graphical User Interface*
e Maximum input level selectable between 1.2V and 2.4V AT T

* Input signal polarity selectable as + or - for use with CIS or CCD sensors f
e Channel sampling rate: 15/22.5/30 MSPS in 3/2/1 channel mode

e SNR -74 dB (at 0 dB PGA gain)

e INL: + 23 LSB (typ)

¢ Power dissipation: 505 mW

e Integrated PGA: gain range 0.7 to 7.84x in 256 steps

e Integrated analog DAC: offset range +300 mV or +600 mV with +9 bit resolution
e Integrated digital DAC: offset range -1024 LSB to +1008 LSB with +6 bit resolution *Available for order — contact sales rep
¢ (Operating temp: 0°C to 70°C

¢ Single 3.3V supply

e Available in TSSOP-48 packaging

Applications:
Ideal for use in multi-function peripherals, facsimile equipment, flatbed or handheld color scanners, and high-speed document scanners

Legacy MFP Image Sensor Block Diagram New MFP Image Sensor Block Diagram Partitioning
FFC [ ’ - FFC I r
Image Sensor Board connectors Main Image Image Sensor Board connectors Main Image
CCD Timing Clock Bus and cabling Processing Board Low and cabling Processing Board
cco (High Speeg CMOS) ¥ cco et
Clock Drivers Clock Drivers imi
i / ASIC for Image b Timing
(74ACT series) Processing a!rlld (74ACT series) Generator
Clock Generation
o ASIC for
l l LMgg714 2 image
Y T % Processing
CCD Sensor CCD Sensor LVDS or § E"d c"’:k
& Analog & Analog T[S eneration
Output Signal Front End Output Signal Front End " BT TTT
Buffers Buffers Clock

CCD Analog Output
(Red, Green, Blue analog signals)

R ANALOG e Read Analog Edge AN-1583. Topic:
“Simplifying CCD/CIS Image Capturing with a 3-Channel 16-Bit AFE/Timing Generator”

L % www.national.com/analogedge
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LM98519 — 6-Channel, 10-Bit, 32.5 MSPS per Channel, Analog Front End for High-Speed Linear CCD
and CIS Sensors

Features
CCD Sensor

e CDS or S/H processing with negative input
signal polarity - ——

* Enhanced ESD protection on timing and ' SPI
control pins TS Data Output Image Processor/

e B6-channel AFE optimized for operation with Iy Asic
3-color, 6-output Linear CCDs

* Digital black level calibration for each channel CCD Timing Motor

¢ Digital white level calibration for each channel

¢ Programmable input clamp

e Maximum input level 1.2V

e Channel sampling rate: 32.5 MSPS
e SNR: 68 dB (at 0 dB PGA gain)

e INL: £ 1 LSB (typ)

¢ Power dissipation: 1.04W

* Integrated PGA: total gain range 1x to 20x in
256 steps

* Integrated analog course DAC: offset range
+ 277 mV with +4 bit resolution

e Integrated analog fine DAC: offset range
+ 111 mV or + 60 mV with +11 hit resolution

¢ Operating temperature range: 0°C to 70°C
e Single 3.3V supply
e Available in TQFP-80 packaging

Red

ain and ) .
Offact : P DR9:0

Green

ain and " '
o ; P D630

ain and ) '
o / P B30

RESETB
[<@{—sHP
<@ SHD
Timing | g1 cipin
Control
VCLP s <@~ BLKCLP
VCLP_EXT 18V Vi i <@ MCLK
Regulator reg B
Lam®) lg4- CE
<@+ BOS
VCLP_INT O - Vreftou
< Reference < Vrefhou
Generator t
R
lamp Voltage Vref
Buffer
[<@——sEns
Serial  [<@H——SCLK
Interface |@——SDI
—t» sbo
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PowerWise® High-Speed Amplifiers

LMH6552 — 1.5 GHz Fully Differential Amplifier

Features

5V 5V
« 1.5 GHz bandwidth at Av = 1: 750 MHz at A, = 8 . @_T
° 450 MHZ, 01 dB ﬂatness From Input Low-Pass Filter VDS

SMA Connector  Rg Serial Data

e -90 dB THD at 20 MHz, -74 dB THD at 70 MHz —\
e 3800 V/ps slew rate —
e 10 ns Sett”ng time t0 0.1 % fﬁvA " k ADC Input Common Mode Clock
¢ 10.3 dB noise figure { K ’O
* 5to 12V operation = T l =] == T Managoment fame
¢ Available in SOIC-8 narrow Tsmd. LLP-8 packaging ) p— — —
 |deal match for 8/10/12/14-bit high-speed ADCs, such as oL
the ADC14DS105 From Input W Low-Pass Filt ADC14DS105 VDS

SMA Connector  Rg

¢ Reference board available with LMK02000 clock conditioner Serial Data
and ADC14DS105 N\ ﬂ

Ap p I icati ons: A A K ADC Input Common Mode I

Ideal for use in communications receivers, differential ADC i

drivers, video over twisted pair, differential line drivers, single

ended to-differential converters, high speed differential signaling,
intermediate frequency amplifiers, SAW filter buffers/drivers, and
data acquisition front ends

LMHG6555 — 1.2 GHz Low-Distortion Differential Driver

Features
¢ 1.2 GHz bandwidth B
* -50.5 dBc THD at 750 MHz R Ry | Your=08Ve
S 340 mVpp 500 Vp+  Rat 500 (
* 15 dB noise figure Wy Mo AAGEER'W  ADC081000/
e 13.7 dB fixed gain Vi M MY ADCO081500
i Vi g Ry Vour+ Vemo  SPI

e 3.3V operation R o 500
* 1300 V/ps slew rate T3 | MH6555  Re Vo T
¢ |deal match for 8-bhit ADCs up to 3 GSPS, such as the =

ADC08(D)1000/1500/3000 family
¢ Reference board available with LMX2531 clock conditioner oPT OPT

and ADC083000/1000 L

¢ Available in LLP-16 packaging

Applications:

Ideal for use in communications receivers, differential ADC drivers, video over twisted pair, differential line drivers, single ended
to-differential converters, high speed differential signaling, intermediate frequency amplifiers, SAW filter buffers/drivers, and data
acquisition front ends
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High-Speed Amplifiers

Gain Bandwidth ‘ Slew Rate | Supply Voltage | Supply Current ‘ Offset Voltage | Voltage Noise | 2nd/3rd E
Product ID | (MHz) (V/ns) Range (V) Per Channel (mA) | Channels | max, 25C (mV) | (nV/yHz) HD(dB) Packaging IE
Fully Differential Amplifiers m
LMH6550 | 400 3000 5to 12 20 1 5 6 -92/-103 | SOIC-8 g
LMH6551 370 2400 3t0 12 12.5 1 5 6 -94/-96 SOIC-8 @
LMH6552 | 1000 3800 451012 19 1 16.5 1.1 -82/-19 S0IC-8, LLP-8
LMH6555 | 1200 1300 3103.6 120 1 50 19 -53/-54 LLP-16
LMH6622 | 160 80 5t0 12 43 2 1.2 1.6 -90/-100 | SOIC-8
LMH6624 | 1500 400 5t0 12 12 1 0.5 0.92 -65/-80 S0IC-8, SOT23-5
LMH6626 | 1300 360 5t0 12 12 2 05 1 -65/-80 SOIC-8
LMH6628 | 300 550 5t0 12 9 2 2 2 -65/-75 S0IC-8
LMH6702 | 1700 3100 10to 12 12.5 1 45 1.83 -100/-96 | SOIC-8, SOT23-5
LMH6703 | 1200 4200 81012 " 1 7 2.3 -87/-100 | SOIC-8, SOT23-6
LMH6645 | 55 22 25t0 12 0.725 1 3 17 — SOIC-8, SOT23-5
LMH6646 55 22 25t012 0.725 2 3 17 = SOIC-8
LMH6647 | 55 22 25t0 12 0.725 1 3 17 — SOIC-8, SOT23-6
LMH6601 125 275 241055 9.6 1 24 10 — SC70-6
LMH6642 130 135 2.7t0128 21 1 5 17 — SOIC-8, SOT23-5
LMH6643 | 130 135 27t012.8 2.7 2 5 17 — SOIC-8
LMH6644 130 135 2.7t0128 2.1 4 5 17 — SOIC-14, TSSOP-

14

LMH6645 | 55 22 25t0 12 0.725 1 3 17 — S0OIC-8, SOT23-5
LMH6646 55 22 25t012 0.725 2 3 17 — SoIC-8
LMH6658 | 270 700 3to 12 6 2 5 1 — SOIC-8
LMH6683 190 940 3to 12 6.5 3 5 12 — SOIC-14, TSS

Rail-to-Rail Input / Output High-Speed Amplifiers

VCM Min/ Vour Min/ Supply Supply Gain Slew Voltage

Max from Max vs Neg | Offset Voltage | Voltage Current Per Bandwidth Rate Noise
Product ID | Channels | Neg Supply Supply max, 25C (mV) | Range (V) Channel (mA) | (MHz) (V/us) (nV/YHz) | Packaging
LMH6618 | 1 -0.2/0.2 0.43/-0.44 0.6 27t0 10 1.6 140 57 10 TSOT-6
LMH6619 | 2 0.6 27t 11 1.25 130 55 10 SOIC-8
LMH6645 | 1 -0.5/0.5 0.02/-0.03 3 251012 0.725 55 22 17 soic-g,

o ' ’ ' ' S0T23-5

LMH6646 | 2 -0.5/0.5 0.02/-0.03 3 25t012 0.725 55 22 17 SOIC-8

www.national.com/amplifiers 23



High-Speed Amplifiers

LMHG6515 — High-Speed Differential Driver Increases Dynamic Range Performance

Features

* 8.3 dB noise figure, 40 dBm 0IP3 LMH® High-Speed Differential Drivers

¢ 500 mW power dissipation -

¢ 26 dB maximum gain, R, = 200 30 \\‘\\

e 31 dB gainrange in precise 1 dB steps 70 [ IMR

* Gain step error < 0.05 dB at F = 100 MHz __ 60 :f:zzs:{;," — g

¢ Differential-to-differential and single-to-differential é > \ MR %

e Available in small LLP-16 packaging (4 mm x 4 mm) E Noise Figure 4 :: ;

e |deal match for 12/14-hit high-speed ADCs up to 300 MHz, such as the \\ LU 110 2
ADC14V155 and ADC14DS105 ™ | 9

* Reference hoard available with LMKO03001 clock conditioner and 8
ADC14V155 50 100 150 200 250 300 350 400 450

Frequency (MHz)

Applications:

Ideal for use in communications infrastructure, basestations, high-bandwidth instrumentation, and automatic test equipment

LMHG6618 — 130 MHz, 1.25 mA Rail-to-Rail Input and Output Op Amp with Shutdown

Features

¢ QOperating voltage range 2.7V to 11V

e Small signal bandwidth 130 MHz

¢ 90 ns settling time to 0.1%, 120 ns to 0.01%
SFDR (f =1 MHz, AV = +1, Vour = 2 Vpp) 80 dBc
0.1 dB bandwidth (AV = +2) 15 MHz

e Industrial temperature grade -40°C to +125°C
Available in TSOT23-6 packaging

Applications:

Ideal for use in factory automation, industrial, video,
medical, and test and measurement applications

Precision High-Speed Amplifiers

Voltage | Gain

Packaging

Offset Voltage TcVos Noise Bandwidth | Slew Rate | Supply Voltage
Product ID | Channels | max, 25C (mV) (pv/°C) (\')] (MHz) (V/us) Range (V)
LMH6611 1 10 0.1 98 96 10 345 460 27t0 N
LMH6618 1 0.6 0.9 98 104 10 140 57 27t0 10
LMH6619 2 10 0.8 98 104 10 130 55 27t M
LMH6624 1 0.5 0.2 95 88 0.92 1500 400 510 12
LMH6626 2 0.5 0.2 95 88 1 1300 360 51012

S0T23-6
TSOT-6

S0IC-8
S0IC-8, SOT23-5
S0IC-8
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Amplifiers > 50 MHz

Gain Bandwidth | Slew Rate | Supply Voltage | Supply Current/ Offset Voltage Vol_tage 2nd/3rd : E
Product ID | (MHz) (V/ps) Range (V) Channel (mA) Channels | max, 25C (mV) | Noise (V) | HD (dB) Packaging o
LMHG6550 | 400 3000 5to 12 20 1 5 6 -92/-103 SoIC-8 E
LMH6551 370 2400 3to 12 12.5 1 5 6 -94/-96 S0IC-8 g
LMH6552 1000 3800 451012 19 1 16.5 1.1 -82/-19 S0IC-8, LLP-8 «
LMH6601 125 275 241055 9.6 1 24 10 -56/-73 SC70-6
LMHG609 | 900 1400 6to 12 7 1 25 31 -63/-57 S0IC-8, S0T23-5
LMH6618 140 57 27t0 10 1.6 1 0.6 10 -75/-75 TSOT-6
LMH6622 160 80 5t0 12 43 2 1.2 1.6 -90/-100 Solc-8
LMH6624 1500 400 5to 12 12 1 0.5 0.92 -65/-80 S0IC-8, SOT23-5
LMHG6626 1300 360 5to 12 12 2 0.5 1 -65/-80 Soic-8
LMH6628 | 300 550 510 12 9 2 2 2 -65/-75 SoIC-8
LMHG6640 | 62 170 45t0 16 4 1 1 10 -11/-72 S0T23-5
LMH6642 130 135 2710 12.8 27 1 5 17 -80/-65 S0IC-8, SOT23-5
LMH6643 130 135 2710 12.8 21 2 5 17 -80/-65 Solc-8
LMH6644 130 135 27t012.8 2.1 4 5 17 = SOIC-14, TSSOP-14
LMH6645 | 55 22 2.5t0 12 0.725 1 3 17 -62/-72 S0IC-8, SOT23-5
LMH6646 | 55 22 2510 12 0.725 2 3 17 -62/-72 SoIC-8
LMH6647 55 22 25t012 0.725 1 3 17 -62/-72 SOIC-8, SOT23-6
LMH6654 | 260 200 451012 4.5 1 3 45 -80/-85 S0IC-8, SOT23-5
LMH6655 | 260 200 45t012 45 2 3 45 -80/-85 SoIc-8
LMH6657 | 270 700 310 12 6 1 b 1 -70/-57 SC70-5, SOT23-5
LMH6658 | 270 700 3t0 12 6 2 5 " -70/-57 Solc-8
LMH6672 130 170 3t0 12 6.2 2 5.5 45 -92/-95 S0IC-8, PSOP-8
LMH6682 190 940 3to 12 6.5 2 5 12 -66/-54 SoIC-8
LMH6683 190 940 3t0 12 6.5 3 b 12 -66/54 S0IC-14, TSSOP-14
LMH6702 1700 3100 10to 12 12.5 1 45 1.83 -100/-96 SOIC-8, SOT23-5
LMH6703 1200 4200 810 12 1" 1 7 23 -87/-100 S0IC-8, S0T23-6
LMH6715 | 480 1300 10to 12 5 2 6 34 -60/-75 SoIC-8
LMH6720 | 400 1800 10to 12 5.6 1 6 34 -58/-70 S0IC-8, SOT23-6
LMH6722 | 400 1800 10to 12 5.6 4 6 34 -58/-70 SOIC-14, TSSOP-14
LMH6723 | 370 600 5t0 12 1 1 3 43 -65/-63 S0IC-8, SOT23-5
LMH6724 | 370 600 5to 12 1 2 3 43 -65/-63 S0IC-8
LMH6725 | 370 600 5t0 12 1 4 3 43 -65/-63 SOIC-14, TSSOP-14
LMH6732 | 540 2700 9to 12 9 1 8 25 -65/-64 S0IC-8, SOT23-6
LMH6733 1000 3750 3to 12 6.5 3 22 2.1 -72/-63 SSOP-16
LMH6738 | 400 3300 10to 12 105 3 25 2.2 -80/-90 SSOP-16
LMH6611 345 460 27t 11 &7 1 0.6 10 = S0T23-6
LMH6619 130 55 27t0 1N 13 2 0.6 10 — S0IC-8
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High-Speed Amplifiers and Buffers

LMH6502/03/05 — Variable Gain Amplifiers Feature >70 dB Gain Range

Features
e Energy-efficient PowerWise® product LMH6502 LMH6503
(LMH6505) Gain vs VG Various Temperature Feed-Through Isolation
* Linear-in-dB (LMH6502) V o .
* Linear-in-V/V (LMH503) 4 ? p
* 11 mA supply current (LMH6505) 5 e ’: —~
¢ 100 MHz gain control bandwidth _ =D el = a
« 1800 V/ps slew rate (LMH6502/03) E "= 1| s p
* 1500 V/s slew rate (LMH6505) - & ) /
* Available in SOIC-14 narrow and ol -
TSSOP-14 packaging (LMH6502/03) &l 2
* Available in SOIC-8 narrow and . Yo 20V | ::
mini SOIC-8 packaging (LMH6505) 0 02040608 1 12 14 16 18 2 100K ™ 10M 200M
Ve V) Frequency (Hz)

Applications:

Ideal for use in test and measurement, communications, video, and medical imaging

LMH6321 — +15V High-Speed Buffer Delivers Up to 300 mA with +5% Accurate Current Limit

Features Non-Inverting Buffer Application Diagram

¢ Stable +300 mA continuous current while driving large
capacitive loads

¢ 10 mA to 300 mA at +5 mA, +5% accurate adjustable
current limit

e Thermal shutdown protection prevents overheating
o +15V supply voltages allow wide output voltage swings

* High-speed and high-output current for a high-performance
system solution

Rout Output

Applications:

Ideal for use in automatic test equipment, instrumentation,
industrial controls, and factory automation

Fixed Buffers

Av+1 BW Slew Rate Supply Offset Voltage | Voltage 2nd/3rd HD Temperature
ProductID | Channels (MHz) (V/ps) Range (V) max, 25C (mV) | Noise (V) (dB) Range (°C) Packaging
LMH6321 1 110 1800 510 30 15 2.8 -57/-59 -40t0 125 PSOP-8, T0263-7
LMH6559 1 1750 4580 3t010 3 2.8 -58/-53 -40 to 85 S0IC-8, S0T23-5
LMH6560 4 680 3100 3t010 20 3 -58/-52 -40to 85 SIC-14, TSSOP-14
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Comparators

LMH7322/24 — Dual / Quad 700 ps Comparators with RSPECL Qutputs

Features
e 700 ps propagation delay
e QOverdrive dispersion:
20 ps (LMH7324)
o 75 ps (LMH7322)
¢ 4 Gbps toggle rate with 150 ps rise/ fall times

e Wide input range includes negative rail V¢g-1.5V
to VEE'O.ZV

e Supply range
o 2.7V to 12V (LMH7322)
> 5to 12V (LMH7324)

¢ Dual supplies and wide supply range for level
translation applications

e Low supply current
e Available in small LLP-24 (LMH7322) and LLP-32 (LMH7324) packaging

ECL Driver

i

Applications:

Coupled

Transmission Li

LE Levels Referred to VCCO

Line Termination
IN+

vceo
vcceo

12
LMH7322

434HY
EELY

VOH =3.9V
VOL =35V

Ideal for use in oscilloscopes, digitizers, mass spectrometers, logic analyzers, network/ spectrum analyzers, automated test

equipment, RADAR, and PET scanners

High-Speed Comparators

Supply Current
Per Channel
(mA)

Max Input
Bias Current
(nA)

Temperature
Range (°C)

Packaging

RS-PCEL Output

Output
Response | Offset Voltage Current | Supply Voltage
Channels | Time (ps) max, 25C (mV) (mA) Range (V)
LMV7239 |1 0.045 6 55 27t05
LMH7220 |1 0.0029 2.7 5 2.7t0 12
LMH7322 | 2 0.0007 8 50 2.7t0 12
LMH7324 | 4 0.0007 9.5 25 5to 12

0.065
15

30
4.3

600
7000

5000
5000

-40 to 85

-40 to 125

-40 to 125
-40 to 85

SC70-5, SOT23-5
TSOT-6

LLP-24
LLP-32

Low-Power Comparators

Output
Product Response | Offset Voltage | Current | Supply Voltage
1D Channels | Time (ps) | max, 25C (mV) (mA) Range (V)
LMP7300 | 1 4 0.3 10 271012
LMV7271 | 1 0.88 4 34 18105
LMV7272 | 2 0.88 4 34 18t05
LMV7275 |1 0.88 4 34 18t05
LMV7291 |1 0.88 4 34 1.8to5
LMV761 | 1 0.12 0.3 40 27t05
LMV762 |2 0.12 0.2 40 27105
LPV7215 |1 45 3 15 18t05

Supply Current
Per Channel
(mA)

0.012
0.009

0.009
0.009
0.009
0.275
0.275
0.00058

Max Input
Bias Current
(LLY

100
100
100
100
0.05
0.05
0.001

Temperature
Range (°C)

-40to 125
-40 to 85

-40 to 85
-40 to 85
-40 to 85
-40 to 125
-40 to 125
-40 to 85

Packaging
SoIC-8

SC70-5, SOT23-5
micro SMD-8
SC70-5, SOT23-5
SC70-5

S0IC-8, SO0T23-6
SOIC-8

SC70-5, SO0T23-5

www.national.com/amplifiers
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RF Detectors and Clock Buffers

LMV221 - 50 MHz to 3.5 GHz 40 dB Logarithmic Power Detector for CDOMA and WCDMA

Features

e 40 dB linear in dB power detection range
RF COUPLER ANTENNA
¢ Qutput voltage range 0.3 to 2V PA

e Shutdown pin ()

¢ Multi-band operation from 50 MHz to 3.5 GHz 500

¢ 0.5 dB accurate temperature compensation

 External configurable output filter bandwidth = 'm
e Available in LLP-6 packaging (2.2 x 2.5 x 0.8 mm)

Applications:

Ideal for use in wireless handsets, GSM/GPRS RF power
control loops, PA modules, 2G and 3G cellular transmit
paths, and battery-powered wireless applications

RF Detectors
Supply Voltage

Product ID | Application Channels | Range (V) Dynamic Range (dB) | Frequency Range (MHz) | Packaging

LMV221 CDMA, WCDMA, GSM, GPRS 1 2.75t0 33 40 50 to 3500 LLP-6

LMV225 CDMA,WCDMA,GSM,EDGE,GPRS, TDMA | 1 27t05 >30 450 to 2000 micro SMD-4, LLP-6
LMV226 CDMA,WCDMA,GSM,EDGE,GPRS,TDMA | 1 27t05 >30 450 to 2000 micro SMD-4
LMV228 CDMA,WCDMA,GSM,EDGE,GPRS, TDMA | 1 27t05 >30 450 to 2000 micro SMD-4
LMV232 3G,UMTS,WCDMA,CDMA2000,LAN,GPS | 2 251033 20 50 to 2000 micro SMD-8
LMH2100 | CDMA ,WCDMA,GSM,GPRS 1 271033 40 50 to 4000 micro SMD-6

LMV112 - 40 MHz Dual Clock Buffer

Features
e Small signal bandwidth 40 MHz
e Supply voltage range 2.4V to 5V

Enable

oum

e Slew rate 110 V/ps e ¢ 1 LOAD!
 Total supply current 1.6 mA @ 10 Rlnad% clnadI
e Shutdown current 59 pA " = =
* Rail-to-rail input and output out2 LOAD2

e |ndividual buffer enable pins

Rioad Cioad

IFVW—4

L |

e Rapid ton technology

e Crosstalk rejection circuitry

¢ Available in LLP-8 pin-acess packaging

e Also available: LMV115 26 MHz clock buffer

Enable

Applications:

Ideal for use in 2G and 3G mobile applications, TD_SCDMA handsets, GSM modules, portable media players, smart phones, PDAs,
and battery-powered systems
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Analog Video Products

LMH1980 — Auto-Detecting SD/HD/PC Video Sync Separator

p ]
Features Application Circuit with Switch-Controlled Chroma Filter %
¢ Sync separation for NTSC, PAL, SECAM, Vee . —
480|/P, 576|/P, 720P, 1080|/P, and 33v-sv GND R, 100?1 0O 0DD /EVEN FIH
VESA-compatible timing o L) . orour L FIELD OUTRUT A
e Composite Video (CVBS), S-Video (Y/C), 1 1 T - oour Q) BuRsT mACK
Component Video (YPBPR/GBR) and PC 1 T Lee Lo

LMH1980

COMPOSITE
Vee SOl <V SYNC OUTPUT

Graphics (RGsB) Compatibility
* Bi-level and tri-level sync compatible
e HD detect output flag
e Automatic video format detection

e Fixed-level sync slicing of 0.5 Vp.pto 2 Vpp
video inputs

H vsout VERTICAL
- SYNC OUTPUT

4. HORIZONTAL
SYNC OUTPUT

.
’
SWITCH- ! MMBT3904
’
'

e 3.3V to 5V supply operation S L£D
e Available in tiny MSOP-10 packaging CHROMAFILTER o __ . ...%.-- '

Applications:

Ideal for use in consumer, professional, automotive and industrial video, video capture, editing and processing, genlock circuits,
surveillance and security video systems, Set-Top Boxes (STB) and Digital Video Recorders (DVR), LCD / plasma displays and video
projectors, machine vision and inspection systems, and video trigger oscilloscopes and waveform monitors

LMH1981 — Ultra Low-Jitter Sync Separator for SD/HD Video

Features Outputs

¢ 50% sync slicing ¢ Horizontal sync

e Low-jitter horizontal sync outputs * Vertical sync

e Supports NTSC, PAL, SECAM, 480i, 480p, 576i, 576p, 720p, 1080i, and 1080p e Odd/even field

¢ Accepts video signals from 0.5 Vppto 2 Vpp  Burst/back porch clamp

¢ No external programming with uC required ¢ Composite sync

¢ Horizontal sync output propagation delay <50 ns ¢ Video format (horizontal lines/field)

e 3.3V or 5V single supply operation
Analog Video to Serial Digital Interface (SDI) Converter Typical Diagram

S ]|
Applications: Video Out

Ideal for use in sync separation, A/V clock Analog Composite Video In CLC030
generation, video genlock, back porch clamp ® BDCHIES LMHO0S0

Serializer

generator, video format detection circuit, and
analog-to-SDI converter applications

Sync Reference SDI Cable Driver

T Info Clock
—> N Pl e 2 LMIK03000
Separator

Read Analog Edge Volume 4, Issue 7. Topic:

Clock Distribution

“Improving Video Clock Generation in Modern Broadcast Video Systems”
www.national.com/analogedge
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Analog Video Products

LMH1251 — Analog Video Converter for Converting HD Video to RGB Composite Video

Features

¢ YPBPR to RGBHV conversion within 1% accuracy
¢ YPBPR path: 70 MHz, -3 dB bandwidth

¢ RGB path: 400 MHz, -3 dB bandwidth

¢ Sync separator and processor

e Supports PC video display resolutions up to UXGA
(1600 x 1200 at 75 Hz)

¢ Smart video format detection for 480i, 480p, 576i, 576p,
720p, 1080i, and 1080p

e Power save mode
e Integrated 2:1 mux
¢ Available in TSSOP-24 packaging

Applications:

PC Video In

<IwWwoHX

Y
VideoIn ¢ P
Py

Yvy

R
Video Select S
Switch (2:1) HE:E

R GTB

Sync
Stripper/Separator
Clamp Generator

Buffers

—
—
—>

wo=

} To ADC/ Scalar

gy} } To ADC / Scalar

Ideal for use in TFT LCD monitors, set-top boxes, projectors, video format conversion systems, video editing and broadcast

equipment, and CRT displays

LMH6580/81 — 8 x 4, 500 MHz Analog Crosspoint Switch, Gain of 1, Gain of 2

Features

e 8inputs and 4 outputs

¢ 500 MHz -3 dB small signal bandwidth

e 2100 V/ps slew rate

¢ -70/-52 dBc channel to channel crosstalk (10/100 MHz)
e -55/-45 dBc all hostile crosstalk (10/100 MHz)

¢ Easy to use 4-wire serial programming

* Flexible programming modes: serial and addressed mode
¢ Symmetrical pinout facilitates expansion

¢ Two gain options: Ay =1 or Ay=2

 Available in TQFP-48 packaging

Applications:

LMH6580/81 Large Signal Bandwidth (2 Vp-p)

Normalized Gain (dB)

1 ' ' 1 ' '
~ D (3 = 2 N

T
GAIN
0
PHASE T =
N 45 o
N :
-90
\
-135
Vs =5y
- Vour=2Vpp -180
RL= 1500 o
1 10 100 1000

Frequency (MHz)

Ideal for use in studio monitoring/production video systems, conference room multimedia video systems, KVM (keyboard video
mouse) systems, security/surveillance systems, multi antenna diversity radio, video test equipment, medical imaging, and wide-band

routers and switches
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LMH6582/83 — 550 MHz, 16 x 8 Ultra-Low Crosstalk Crosspoint Switches

>
Features %
* 16 inputs, 8 outputs ‘ LMH6582/83 %
* 550 MHz, -3 dB bandwidth 2 Vp_p Frequency Response vs. Crosstalk m
e Fast slew rate: 3000 V/us 1 -10 (7]
¢ 100 MHz, 0.1 dB gain flatness 0 7 ~ -20
* All hostile crosstalk: 1 Frequency Response 30
o -64 dBc at 5 MHz g - o
o -46 dBc at 100 MHz E All Hostile Crosstalk I 'g
8 3 I 50 =
° Av=+1/+2 3. \/__ LV o=
* Ease of control: 4-pin serial interface E L Vomssy g
* Available in TQFP-64 exposed pad packaging s =~ P4 Vo =2vr, 1710 S
-6 W ‘ 80
Symmetrical Pin-Out Allows for Easy Expansion -7 90
. . - INPUTS 0.01 01 1 10 100 1000
One-chip solution: 16 Frequency (MHz)

pRRRERERRENEENRR /

> 16 inputs, 8 outputs
e Two-chip solution: | § {77707
o 16 inputs, 16 outputs or

o 32 inputs, 8 outputs

.
LR LRRRRRLRLER]]

16 OUTPUTS

Applications:

Ideal for use in wideband routers and switchers, conference room systems, KVM (keyboard, video, and mouse) systems, security/
surveillance systems, multimedia video systems, and professional A/V systems
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Analog Video Products

LMH6733/34 — Single Supply, Ultra High-Speed Triple Op Amps

Features 3:1 UXGA Mux Using Three LMH6733 Devices
¢ Energy-efficient PowerWise® product (LMH6733) DT
¢ 1 GHz -3 dB small signal bandwidth (Ay = +1, VS = £5V) ’ >
¢ 650 MHz -3 dB small signal bandwidth (Ay = +2, VS = 5V)
e 3750 V/ps slew rate

e Low supply current (5.5 mA per op amp, Vs = 5V) Tovios 3

750

e 70 mA linear output current A, = R WD %’5“
* 2.1 nV/VHz input noise voltage & w0 .
¢ CMIR and output swing to 1V from each supply rail 5 < T o

« Selectable gain buffer integrates gain setting resisters, — -
Ay =-1,+1, +2 V/V (LMH6734)

¢ Supply range 3 to 12V single supply

Applications:

Ideal for use in HDTV component video driver, high resolution projectors, flash A/D driver, D/A transimpedance buffer, wide dynamic
range IF amp, RADAR/communication receivers, DDS post-amps, wideband inverting summer, and line driver applications

Analog Multiplexers

Switching Crosstalk | Settling Tsettling 2nd/3rd | Supply Voltage | Temperature
Product ID Channels | Speed Rejection | Time Conditions HD (dB) | Range (V) Range (°C) Packaging
LMH6570 500 2 8 70 17 to 0.05% -68/-84 12t0 15 -40 to 85 SQIC-8
LMH6572 300 3 10 90 15 to 0.05% -80/-85 10 to 24 -40 to 85 SSOP-8
LMH6574 500 4 10 85 17 t0 0.05% -65/-85 1210 13 -40 to 85 SOIC-14

Video Amplifiers/Buffers

Gain Bandwidth | Slew Supply Voltage | Supply Current Offset Voltage | Voltage 2nd/3rd
ProductID | (MHz) Rate (V/ps) | Range (V) Per Channel (mA) | Channels | max, 25C (mV) | Noise (V) | HD (dB) Packaging
LMH6702 1700 3100 10to 12 12.5 1 45 1.83 -100/-96 | SOIC-8, SOT23-5
LMH6703 1200 4200 81012 1 1 7 23 -87/-100 | SOIC-8, SOT23-6
LMH6704 650 3000 81012 1.5 1 7 2.3 -62/-78 S0IC-8, S0T23-6
LMH6733 1000 3750 3t0 12 6.5 3 22 2.1 -72/-63 SSOP-16
LMH6734 925 3750 3t0 12 5.5 3 2 2.1 -63/73 SSOP-16
LMH6738 400 3300 10to 12 10.5 3 25 22 -80/-90 SSOP-16
LMH6739 750 3300 8t0 12 10.6 3 25 23 -80/-90 SSOP-16
LMH6601 125 275 24t05.5 9.6 1 24 10 -56/-73 SC70-6
LMHG6683 190 940 3to 12 6.5 3 5 12 -66/-54 S0IC-14, TSSOP-14
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Precision Amplifiers

LMP2015/16 — Single/Dual High-Precision, Rail-to-Rail Qutput Op Amps
Features

e Low guaranteed Vos over temperature 10 pV

e TCVqs guaranteed: 50 nV/°C (max)

* Low noise with no 1/f 35 nV/yHz

e High CMRR (130 dB) and PSRR (120 dB)

e High AVOL 130 dB

e Wide gain bandwidth product 3 MHz

e High slew rate 4 V/us

>
S
=
=
2
m
=
(7]

e Low supply current 930 pA

¢ Available in SOIC-8 (LMP2015/16) and SOT23-5 (LMP2016) packaging

Applications:

Ideal for use in medical, industrial, test and measurement, scales and weigh stations, PC, automotive, and telecommunications

Precision Operational Amplifiers

Offset Voltage | TcVos ‘ CMRR ‘ PSRR ‘ Voltage Noise Supply Current Supply
Product ID max, 25C (mV) | (pV/°C) | (dB) (dB) | Avol (dB) | (nV/yHz) Channels | Per Channel (mA) | Range (V) | Packaging
LMP2011 0.025 0.015 130 120 130 35 1 0.93 27t05 SOIC-8, SOT23-5
LMP2012 0.025 0.015 130 120 130 35 2 0.93 2.7t05 S0IC-8, MSOP-10
LMP2014MT 0.025 0.01 130 120 130 35 2 0.93 27t05 TSSOP-14
LMP7731/32 0.05 1 120 129 130 29 1 22 25t05 S0T23-5/S0IC-8
LMP2231/32 0.15 1 97 120 120 60 172 0.01 16t05 S0OIC-8, SOT23-5
LMP2234 0.15 1 97 120 120 60 4 0.009 18t0 5 S0IC-14, TSSOP-14
LMP7711 0.15 1 100 100 110 5.8 1 1.15 1.8t055 | TSOT-6
LMP7712 0.15 1.75 100 100 95 5.8 2 1.3 18t0 55 | MSOP-10
LMP7715 0.15 1 100 98 110 5.8 1 1.15 18t05 S0T23-5
LMP7716 0.15 1.8 100 98 110 5.8 2 1.3 18t05 MSOP-8
LMP7717 0.15 1 100 98 110 5.8 1 1.15 1.8t0 b SOIC-8, SOT23-5
LMP7718 0.15 1 100 98 110 5.8 2 1.3 18t05 S0IC-8, MSOP-8
LMP7701 0.2 1 130 100 19 9 1 0.715 27t012 SOIC-8, SOT23-5
LMP7707 0.2 1 138 98 119 9 1 0.715 27t012 S0T23-5
LMP7708 0.2 1 138 98 19 9 2 0.715 27t012 MSOP-8
LMP7709 0.2 1 138 98 19 9 4 0.715 27t0 12 TSSOP-14
LMP7702 0.22 1 130 100 119 9 2 0.75 27t012 S0IC-8, MSOP-8
LMP7704 0.22 1 130 100 19 9 4 0.725 27012 TSSOP-14
LMV771 0.85 0.35 90 90 100 12 1 0.6 27t05 SC70-5
LMV751 1 1 103 107 120 6.5 1 0.6 27t055 | S0T23-5
LMV772 1 0.35 90 90 100 12 2 0.6 27t05 S0IC-8, MSOP-8
LMV774 1 0.35 90 90 100 12 4 0.6 27t05 TSSOP-14
LMV841 0.5 0.5 12 108 123 20 1 1 2.7t012 SC70-5
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Precision Amplifiers

LMP7731/32 - Low-Noise, Precision, RRI/0 Op Amps

Features
3.3 nV/yHz input voltage noise, f = 3 Hz » Open loop gain 130 dB
e QOffset voltage 40 pV (max) e Slew rate 2.4 V/us

e CMRR 130 dB

0.001% THD atf=10kHz, AV =1, RL=2kQ

Applications:
Ideal for use in thermopile amplifiers, gas analysis instruments, photometric instrumentation, and medical instrumentation

Low-Noise Operational Amplifiers

Voltage Noise | Max Input Bias \%flf:;e max, | Supply Current Bandwidth | Supply Temperature
Product ID | Channels | (nVyHz) Current (nA) 25C (mV) Per Channel (mA) Range (V) | Range (°C) Packaging
LMH6624 1 0.92 25000 0.5 12 1500 5t0 12 -40 to 125 SOIC-8, SOT23-5
LMH6626 2 1 25000 0.5 12 1300 5t0 12 -40 to 125 S0IC-8, MSOP-8
LMH6622 2 1.6 15000 1.2 43 160 5t0 12 -40 to 85 S0IC-8, MSOP-8
LMH6702 1 1.83 34000 45 12.5 1700 10to 12 -40 to 85 S0IC-8, S0T23-5
LMH6628 2 2 20000 2 9 300 510 12 -55t0 125 SoIC-8
LMP7731 1 29 85 0.05 22 22 25t05 -40 to 125 S0T23-5
LMP7732 2 29 85 0.05 22 22 25t05 -40 to 125 SOIC-8
LMP7711 1 5.8 0.1 0.15 1.15 17 1.810 5.5 -40 to 125 TSOT-6
LMP7712 2 5.8 0.1 0.15 1.3 17 1.8t0 55 -40 to 125 MSOP-10
LMP7715 1 5.8 0.1 0.15 1.15 17 1.8to 5 -40 to 125 S0T23-5
LMP7716 2 5.8 0.1 0.15 1.3 17 1.8t0 6 -40 to 125 S0IC-8, MSOP-8
LMP7717 1 5.8 0.1 0.15 1.15 88 1.8t07 -40 to 125 SOIC-8, S0T23-5
LMV791 1 5.8 0.025 1.35 1.15 17 1.8t0 8 -40 to 125 TSOT-6
LMV792 2 5.8 0.1 1.35 1.3 17 18t09 -40 to 125 MSOP-10
LMV793 1 5.8 0.1 1.35 1.15 88 1.8t0 10 -40 to 125 S0IC-8, S0T23-5
LMV794 2 5.8 0.1 1.35 1.3 88 1.8to 11 -40 to 125 S0IC-8, MSOP-8
LMV796 1 5.8 0.1 1.35 1.15 17 1.8t0 12 -40 to 125 S0T23-5
LMV797 2 5.8 0.1 1.35 1.3 17 1.8t0 13 -40 to 125 MSOP-8
LM6211 1 6 0.01 25 0.96 17 5t0 24 -40 to 125 S0T23-5
LMV751 1 6.5 0.1 1 0.6 5 271055 -40 to 85 S0T23-5
LMP7701 1 9 0.05 0.2 0.715 25 271012 -40 to 125 S0IC-8, S0T23-5
LMP7702 2 9 0.4 0.22 0.75 25 2.710 12 -40 to 125 S0IC-8, MSOP-8
LMP7704 4 9 0.4 0.22 0.725 25 271012 -40 to 125 TSSOP-14
LMV771 1 12 0.1 0.85 0.6 Bib 271055 -40 to 125 SC70-5
LMV772 2 12 0.1 1 0.6 35 27t055 -40 to 125 S0IC-8, MSOP-8
LMV774 4 12 0.1 1 0.6 35 27t05.5 -40 to 125 TSSOP-14
LMV716 2 12.8 0.13 5 1.6 5 27t055 -40 to 85 MSOP-8
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LMP7717/18 — 88 MHz Precision, Low-Noise, Low-Power, 1.8V CMOS Input Op Amps

Features
e Input offset voltage 150 pV (max)
* Input referred voltage noise 5.8 nV/\VHz
e Input bias current 100 fA
* Gain bandwidth product 88 MHz, Ay=10
e Supply current per channel 1.15 mA
¢ Supply voltage range 1.8V to 5.5V
¢ Rail-to-rail output swing
o 10 kQ load 25 mV from rail
o 2kQ load 35 mV from rail
e Available in SOT23-5 and SOIC-8 packaging (LMP7717)
e Available in MSOP-8 and SOIC-8 packaging (LMP7718)

Applications:

Photodiode Transimpedance Amplifier
Cr

+

¥

Vg
Vour _ g
Y

Vour

L

Cin= Cp +Ccm

Ideal for use in A/D converter interface, photo diode amplifiers, active filters and buffers, low noise signal processing, medical

instrumentation, and sensor interface applications

LMP8100 — Programmable Gain Amplifier Delivers 0.03% Accuracy Over Temperature and

Gain Settings

Features
¢ Unmatched gain accuracy for every

GRT (Gain Resistor Termination) Gain Resistors

AA A A

AMA—AM—AM—AM—AAA

gain setting enables accurate signal 5
conditioning from -40°C to +125°C

e Gainrange 1to 16 V/Vin 1 V/V steps
enables flexible and fine gain adjustments

YWy

\516 \ 515 \ 514 \ 513 \ 512 \ 511 \'510 \ 59 \'s8 \'s7 \lss \lss \lsa \ 83 \lsz \s1

A —AAA—AAM—AAA—AAA A AA—AA—AM—AAA—AA
Y’" lvvv lvvv lvvv 1‘(" 1vvv lvvv YWY WAY—TWY

s17

Input Zero Switchs

Vour

$18

e Programmable frequency compensation o

increases usable bandwidth for all gain High -
Settings Impedance

Sensor
e Input zero calibration switch allows
output offset voltage measurement and
calibration
¢ Glitch-free transition between
programmed settings eliminates errors
12 nV/yHz input noise voltage accurately
signal conditions in near DC-sensor
applications
e Available in SOIC-14 packaging

¢ |deal match for 12-bit, 1-channel ADCs up to 1 MSPS

SCK (Serial Clock)
SDI (Serial Data In)

From P Cs (Chip Select)

Applications:

SDO (Serial Data Out)
o >fd Tata T |

Gain Decode Frequency
ogic Compensation
Latch Control

LMP8100
Shift Register

&DGND (Digital Ground)

+5

LMA4140ACM-4.1

Ideal for use in industrial instrumentation, sensor interface, data acquisition, test equipment, and gain control applications

www.national.com/amplifiers
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Precision Amplifiers

CMOS-Input Operational Amplifiers
Vos (pV) | TCVostyp | IsTyp | CMRR | PSRR | Temperature

Product ID | Description (max) (nV°C) Ch (dB) (dB) Range (°C) Packaging
LMP7711 Precision, 17 MHz, single, low-noise CMOS input op amp 0.15 1 1.15 100 100 -40 to 125 TSOT-6
LMP7715 17 MHz, single precision low noise, CMOS input, 1.8V opamp | 0.15 1 1.15 100 98 -40 to 125 S0T23-5
LMP7716 17 MHz, dual precision low noise, CMOS input, 1.8V opamp | 0.15 1.8 13 100 98 -40t0 125 MSOP-8
LMP7701 E;e:r';;f"' g O A UL il SRy e g ! 0715 [130  |100 | -40t0125 | SOT23-5, S0IC-8
LMP7702 E[r,e:,::n' dual CMOS Inpuc R0, wide supply range 0.2 1 075 [130  |100 4010125 | MSOP-8, SOIC-8
LMP7704 E;e:r':;f“' PR Tl 2 o 2 ST e 0.22 1 0725 [130 [ 100 4010125 | TSSOP-14
LMC6001 Ultra-low input bias current op amp 0.35 2.5 0.45 83 83 -40 to 85 Plastic DIP-8
LMC6061 Precision CMOS single micropower R-R output op amp 0.35 1 0.02 85 85 -40 to 85 S0IC-8
LMC6062 Precision CMOS dual micropower R-R output op amp 0.35 1 0.016 | 85 85 -40 to 85 S0IC-8
LMC6064 Precision CMOS quad micropower R-R output op amp 0.35 1 0.016 | 85 85 -40 to 85 S0IC-14
LMV771 Low offset, low noise single R-R out op amp 0.85 0.35 0.6 90 90 -40 to 125 SC70-5
LMV751 Low noise, low offset, single CMOS input op amp 1 1 0.6 103 107 -40 to 85 S0T23-5
LMV772 Low offset, low noise dual R-R out op amp 1 0.35 0.6 90 90 -40 to 125 S0IC-8, MSOP-8
LMV791 17 MHz, single low noise, CMOS input, 1.8V op amp with 135 1 115 100 9% 4010 125 TSOT-6
shutdown
LMV792 17 MHz, dual low noise, CMOS input, 1.8V op amp with 135 18 13 100 98 4010125 MSOP-10
shutdowns
LMV796 17 MHg, single low noise, CMOS input, 1.8V op amp 1.35 1 1.15 100 98 -40 to 125 S0T23-5
LMV797 17 MHz, dual low noise, CMOS input, 1.8V Op Amp 1.35 1.8 1.3 100 98 -40to 125 MSOP-8
LMV716 5 MHz, low-noise, RRO CMOS input op amp 5 5 1.6 80 82 -40 to 85 MSOP-8
LM6211 Low noise, RRO CMOS input op amp with 24V operation 25 2 0.96 98 98 -40 to 125 S0T23-5

Current Sense Amplifiers
Product Vem Range | Vos(mV) ‘ Max TCVOS ‘ Gain Output Supply Voltage Supply ‘ PSRR

] Description (V) (max) (pV/°C) (V/V) Range (V) Current (mA) | (dB) Packaging

High common-mode,

LMpg270 | o restional | V1018V 1 15 2 471055 1 80 soic-8
High common-mode, 20

Wmpgzr | o irections | V1018V |1 15 4751055 1 80 soic-8

Lmpgz7z | High common-mode, oo 16y | g 15 14 4751056 1 80 soic-
AV =14, unidirectional

Lmpszzs | High common-mode, | 446y | g 15 2 4751057 1 80 soic-8
AV = 20, unidirectional
High common-mode,

LMPg276 | o rections | V118V 1 30 2 47510538 1 80 soic-8

Lmpsz77 | High common-mode, | 5\ 4 16y | g 30 14 4751059 1 80 S0IC-8
AV =14, unidirectional
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Low-Voltage Amplifiers

Low-Voltage Operational Amplifiers

Supply Current | Gain Max Input E
Supply Voltage | Per Channel Bandwidth | Slew Rate | Offset Voltage | Bias Current | Voltage Noise 0
ProductID | Channels (mA) (MHz) (V/ps) max, 25C (mV) | (nA) (nV/yHz) Packaging E
LMV951 1 09to3 0.57 2.8 14 2.8 85 25 TSOT-6 g
LMV301 1 1.8t05 0.163 1 0.66 8 0.05 40 SC70-5 o
LMV791/92 | 1/2 18t05 1.15/1.3 17 9.5 1.35 0.025/0.1 5.8 TSOT-6/MSOP-10
LMV793/94 | 172 18105 1.15 8 28 135 01 58 Al
LMV796/97 | 1/2 18t05 1.15/1.3 17 9.5 1.35 0.1 5.8 S0T23-5/MSOP-8
LMV931 1 18105 0.116 1.5 0.42 4 50 50 SC70-5, SOT23-5
LMV932/34 | 2/4 18t05 0.116 15 0.42 5.5 50 50 #’ISSS%F;?]’EOIC 8
LMV981 1 18105 0.116 15 042 4 50 50 21(';%068 '\é'ngé_s
LM8262 2 251022 1.05 21 12 7 2700 15 MSOP-8
LM8272 2 2510 24 0.9 13 12 5 2700 15 MSOP-8
LM8261 1 251030 0.97 21 12 5 2700 15 S0T23-5
LMV321 1 25t055 0.3 5.6 2 315 150 24 SC70-5, SOT23-5
LMV822 2 25t05.5 0.25 5.6 2 35 150 24 S0IC-8, MSOP-8
LMV324 4 25t055 0.25 5.6/ 6.5 2 315 150 24 SOIC-14, TSSOP-14
LMV116/18 | 1 271012 0.6 45 40 5 2200 40 S0T23-5/S0723-6
LMV641 1 271012 0.158 10 1.6 0.5 105 14 S0IC-8. SC70-5
LMve41/42 | 1/2 271012 1.02 45 25 0.5 0.3 20 ﬁﬂngPB_/SSOIC 8
LMV844 4 2.7t0 12 1.02 45 25 05 0.3 20 TSSOP-14
LPV511 1 271012 0.00097 0.027 0.0077 3 1.9 320 SC70-5
LM6154 4 2.7to 24 1.4 j5) 30 5 1500 9 SOIC-14
LMV341 1 27105 0.107 1 1 4 0.375 39 SC70-6
LMV712 2 27105 117 5 5 3 0.13 20 'L“L';r;’os';"glgﬂo
LMV715/16 | 1/2 27105 1.17/1.6 5 5/5.8 3/5 0.1/0.13 20/12.8 SO0T23-6/MSOP-8
LMV721 1 27t05 1.03 10 5.25 3 400 85 SC70-5, SOT23-5
LMV722 2 27105 0.9 10 5.25 3 400 8.5 LLP-8, SOIC-8
LMV771/72 1/2 27t05 0.6 315 1.4 0.85/1 0.1 12 ﬁACS78P5-/BSOIC 8,
LMV774 4 27105 0.6 35 14 1 0.1 12 TSSOP-14
LMV851/52 1/2 27t05 0.41 8 45 1 0.5 1 SC70-5/MS0OP-8
LMV854 4 27t05 0.41 8 45 1 0.5 1 TSSOP-14
LPV531 1 27t05 0.425 4.6 25 45 0.01 25 TSOT-6
LMV422 2 27t055 0.4 8 38 4 0.1 25 MSOP-10
LMV651/52 1/2 271t055 0.11 12 2.8 15 100 17 SC70-5/MSOP-8
LMV654 4 27t055 0.119 12 32 18 300 17 TSSOP-14
LMV751 1 27t055 0.6 5 2.3 1 0.1 6.5 S0T23-5
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Micropower Amplifiers

LPV511 — Micropower Rail-to-Rail Input and Output
Op Amp LPV511 Supply Current vs Supply Voltage
1.6
Features - s ]
e Guaranteed 3V, 5V, and 12V performance T 12 :Zf,,cc 7—-57’///
o Supply current: 880 nA 7: - ﬂ/f//
« Bandwidth: 27 kHz g /| —
(%)

e Supply voltage range: 2.7V to 12V B
e Slew rate: 7.7 v/ms § 04
¢ Rail-to-rail input 02
¢ Rail-to-rail output 100 mV from rails 0

. . 0 2 4 6 8 10 12
e Unity gain stable Supply Voltage (V)
e Qutput short circuit current: 1.35 mA
e (Operating temperature range —40to 125 °C )
* Available in SC70-5 packaging Battery current sensing
Applications:
Ideal for use in battery powered systems, security systems, micropower
thermostats, solar powered systems, portable instrumentation, micropower R

filters, and remote sensor amplifiers

Vo o —SENSET T3y =10 .1

out R CHARGE CHARGE
1

Micropower Operational Amplifiers

Supply Offset Max
Current Per Voltage | Input Bias Supply Output | Voltage
Product Channel max, Current PSRR | Voltage Current | Noise Temp
] Channels | (mA) 25C (mV) | (nA) Range (V) (mA) (nv/yHz) | Range (°C) | Packaging
LMP2231 1 0.013 0.13 0.15 0.001 97 120 16t05 0.048 |22 60 -40t0 125 28?315
S0IC-8,
LMP2232 |2 0.01 0.13 0.15 0.001 97 120 16t05 0.048 |22 60 -40 to 125
MSOP-8
LMP2234 |4 0.009 0.13 0.15 0.001 97 120 16t05 0.048 |22 60 -40t0 125 S0IC-14,
' ' ' ' ' ' TSSOP-14
LMV551/52 | 1/2 0.037 3 3 38 93 90 27t055 |1 10 70 -40to 125 S
MSOP-8
LMV554 4 0.037 3 3 38 93 90 27t05 1 10 70 -40 to 85 TSSOP-14
LMV641 1 0.158 10 0.5 105 120 100 27t012 |16 26 14 -40to 125 gg%g
LMV651/52 | 1/2 0.1 12 1.5 100 100 95 27to55 |28 15 17 -40to 125 SC70-5/
MSOP-8
LMV654 4 0.119 12 1.8 300 100 95 27t055 |32 15 17 -40t0 125 | TSSOP-14
LPV531 1 0.425 46 45 0.01 95 90 27t05 25 15 25 -40 to 85 TSOT-6

® PowerWise® product
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Shutdown Amplifiers

LMV791/92 — 17 MHz, Low-Noise, Low-Power, CMOS Input Op Amps with Shutdown

>
Features =
e Supply current E
LMV791 m
= 115 mA (LMV781) Input Referred Voltage Noise vs Frequency g
> 1.30 mA (LMV792) 100 \
* High unity gain bandwidth: 17 MHz ::z::
* Low input voltage noise: 5.8 nV/\Hz 5]
e Low input offset voltage: 1.3 mV (max) =
* Rail-to-rail output with 2 kQ loads g 10
¢ High PSRR (100 dB) ensures higher accuracy with noisy supplies E,
e High CMRR (95 dB) ensures high accuracy over a wide input range s
Applications: 1
. . 1 10 100 1k 10k 100k
Ideal for use in battery-power_e_d systems, sensor interfaces, Frequency (Ha)
embedded systems, and precision instruments
Shutdown Amplifiers
Gain Bandwidth | Supply Voltage Offset Voltage Temperature
Product ID | Channels | (MHz) Range (V) max 25 C (mV) Range (°C) Comments Packaging
LMP7711 |1 17 1.5t0 5.5 0.15 -40 to 125 CMOS input TSOT-6
LMP7712 |2 17 1.5t0 5.5 0.15 -40 to 125 CMOS input MSOP-10
LMV791 1 17 1.8t0 5.5 1.35 -40 to 125 Tri-State® output TSOT23-6
LMV792 2 17 1.8t05.5 1.35 -40 to 125 Tri-State output MSOP-10
LMH6601 | 1 125 241055 24 -40 to 85 CMOS input SC70-6
LMV951 1 238 09t03 28 -40 to 125 RRIO TSOT23-6
LMV711 1 5 27t05 3 -40 to 85 Output low for shutdown | SOT23-6
LMV712 2 5 27105 3 -40 to 85 RRIO LLP-10, SOIC-10
LMV715 1 5 27105 3 -40 to 85 Tri-State output S0T23-61
LMH6647 1 47 251012 3 -40 to 85 Tri-State output S0IC-8, SOT23-6
LMV341 1 1 27105 4 -40 to 125 Tri-State output SC70-6
LMV981 1 14 1.8t05 4 -40 to 125 Tri-State output, RRIO | micro SMD-6, SC70-6, SOT23-6
LMV982 2 1.4 1.8t05 4 -40 to 125 Tri-State output, RRIO | MSOP-10
LMC8101 1 1 2.7t010 5 -40 to 85 Tri-State output micro SMD-8, MSOP-8
LMV118 1 45 271012 5 -40 to 85 RRO S0T23-6
LMH6703 | 1 1200 810 12 7 -40 to 85 Low distortion S0IC-8, SOT23-6
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Low-Power Amplifiers

Low-Power Operational Amplifiers

Supply Current Gain Slew | Output | Voltage
Product Per Channel Supply Voltage | Offset Voltage | Max InputBias | Bandwidth | Rate Current | Noise
1D Channels | (mA) Range (V) max, 25C (mV) | Current(nA) (MHz) (V/us) | (mA) (nV/yHz) | Packaging
LMV341 |1 0.107 27t05 4 0.375 1 1 75 39 SC70-6
LMV651 | 1 0.1 27t055 1.5 100 12 2.8 15 17 SC70-5
LMVe52 | 2 0.11 27t055 15 100 12 2.8 15 17 MSOP-8
LMV931 |1 0.116 18t05 4 50 15 0.42 100 50 SC70-5, SOT23-5
LMV932 |2 0.116 18t05 5.5 50 15 0.42 65 50 S0IC-8, MSOP-8
LMV934 | 4 0.116 18t05 ol 50 15 0.42 65 50 SOIC-14, TSSOP-14
LMVEs1 | 1 0.116 18105 4 50 15 042 |65 50 g’é%‘i;:“é'g&_s
LMV654 | 4 0.119 27t055 1.8 300 12 32 15 17 TSSOP-14
LMVe41 |1 0.158 271012 0.5 105 10 16 26 14 S0IC-8. SC70-5
LMV301 |1 0.163 18to 5 8 0.05 1 0.66 60 40 SC70-5
LMve22 |2 0.25 27t055 35 150 5.6 2 40 24 S0IC-8, MSOP-8
LMv824 | 4 0.25 27t055 35 150 5.6 2 40 24 TSSOP-14
LMv821 |1 0.3 27t05.5 35 150 5.6 2 40 24 SC70-5, SOT23-5
LMv422 | 2 0.4 27t055 4 0.1 8 38 5 25 MSOP-10
LMV851 |1 0.41 27t05 1 0.5 8 45 62 " SC70-5
LMV852 | 2 0.41 27t05 1 0.5 8 45 62 11 MSOP-8
LMvgsd | 4 0.41 27t05 1 0.5 8 45 62 1 TSSOP-14
LPV531 1 0.425 27t05 45 0.01 46 25 15 25 TSOT-6
LMV951 |1 0.57 09to3 2.8 85 2.8 14 80 25 TSOT-6
LMV116 | 1 0.6 271012 5 2200 45 40 54 40 S0T23-5
LMV118 | 1 0.6 2.7t0 12 5 2200 45 40 54 40 S0T23-6
LMV751 |1 0.6 27t05.5 1 0.1 5 23 15 6.5 S0T23-5
LMVI71T |1 0.6 27t05 0.85 0.1 35 14 66 12 SC70-5
LMv772 | 2 0.6 27t05 1 0.1 35 14 66 12 S0IC-8, MSOP-8
LMV774 | 4 0.6 27t05 1 0.1 35 1.4 66 12 TSSOP-14
LM6588 | 4 0.8 5to 16 4 7000 15.4 15 230 23 S0IC-14, TSSOP-14
LMV722 |2 0.9 27t05 3 400 10 5.25 24 8.5 LLP-8, SOIC-8
LMV2011 | 1 0.93 27t05 0.025 0.005 3 4 15 35 S0IC-8, SOT23-5
LMv721 |1 1.03 27t05 3 400 10 5.25 24 85 SC70-5, S0T23-5
tMvi2 |2 117 27105 3 013 5 5 35 2 Tﬂ;?osglcﬂ cwm
LMV715 | 1 1.17 27t05 3 0.1 5 5 40 20 S0T23-6
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LMV951 — High Bandwidth, 1V, Rail-to-Rail Input and Qutput CMOS Op Amp

Features

e Guaranteed 1V single supply operation

¢ Wide bandwidth: 2.8 MHz

* No Vos glitch over the input CMVR

¢ Noinput Igjas current reversal over VCM range
e Buffered output stage

¢ High output drive capability

>
S
=
=
2
m
=
(7]

Virtual
OGround

C;
e Qutput short circuit ~ 1pF
o Sink current 35 mA

o Source current 45 mA

e Available in TSOT-6 packaging \Y%

Applications:
Ideal for use in battery-operated systems, battery monitoring, and supply current monitoring applications

LMV841/42/44 — Single/Dual/Quad CMOS Input, RRI/0, Wide Supply Range Op Amps

|—
Features
e Supply voltage range 2.7V to 12V [ I
* Guaranteed at 3.3V, 5V and 5V Vin
e Low supply current 1 mA per channel —0

e Unity gain bandwidth 4.5 MHz =
e Open loop gain 100 dB

¢ |nput offset voltage 500 pV max

e Input bias current 0.3 pA SENSOR

« CMRR 100 dB TR
* Input voltage noise 20 nV/vVHz /
 Rail-to-rail input and output L Vs
e Available in SC70-5 packaging (LMV841) ‘\

* Available in SOIC-8 narrow and .- LOAD
mini SOIC-8 packaging (LMV842) High Impedance Sensor Interface

. . . CMOS Input Feature
¢ Available in TSSOP-14 packaging
(LMV844) =

Active Band-Pass Filter

Rs

High Side Current Sensing
Rail-to-Rail Input and Output Feature

Applications:

Ideal for use in high impedance sensor interface, battery-powered instrumentation, high-gain amplifiers, DAC buffers,
instrumentation amplifiers, and active filters
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Low-Voltage, Low-Noise Operational Amplifiers

LMV716 — 5 MHz, Low-Noise, Dual Op Amp with CMOS Input

Features
* Input noise voltage 12.8 nV/yHz

e |nput bias current 0.6 pA
e (Offsetvoltage 1.6 mV

e CMRR 80 dB

e Openloop gain 122 dB

47 nF
ViNO—] |

22 nF

e Rail-to-rail output

e Gain bandwidth 5 MHz

e Slew rate 5.8 V/us

e Supply current 1.6 mA

e Supply voltage range 2.7V to 5V
e Available in MSOP-8 packaging

Applications:

357 ka

High Pass Section
Pass Band Gain = 50
fe=1kHz

357 kQ

220 nF

Low Pass Section
Pass Band Gain = 25
fc =3kHz

Ideal for use in active filters, transimpedance amplifiers, audio preamps, and HDD vibration cancellation circuitry

Low-Voltage, Low-Noise Operational Amplifiers

Voltage | Max Input Offset Supply
Product Noise Bias Current | Voltage max, | Current Per
] Channels | (nV/yHz) | (nA) 25C (mV) Channel (mA)
LMV716 | 2 12.8 0.13 5 1.6
LMV721 |1 85 400 3 1.03
LMV722 |2 85 400 3 0.9
LMV751 |1 6.5 0.1 1 0.6
LMV7I7TT |1 12 0.1 0.85 0.6
LMV772 | 2 12 0.1 1 0.6
LMV774 | 4 12 0.1 1 0.6
LMV791 |1 5.8 0.025 1.35 1.15
LMV792 |2 5.8 0.1 1.35 1.3
LMV793 |1 5.8 0.1 1.35 1.15
LMV794 | 2 5.8 0.1 1.35 1.3
LMV796 |1 5.8 0.1 1.35 1.15
LMV797 |2 5.8 0.1 1.35 1.3

Gain Slew
Bandwidth | Rate
(MHz) (V/us)
5 5.8
10 5.25
10 5.25
5 2.3
35 1.4
35 14
35 1.4
17 9.5
17 9.5
88 28
88 28
17 9.5
17 9.5

Supply

Voltage
Range (V)

27t05
27t05
27105
27t055
27t05

27t05

27t05
1.8t05
18to5
18105

18to5

18to5h
1.8t05

Output

Current | Temperature
(mA) Range (°C)
31 -40 to 85
24 -40 to 85
24 -40 to 85
15 -40 to 85
66 -40to 125
66 -40 to 125
66 -40to 125
21 -40to 125
21 -40to 125
21 -40 to 125
21 -40to 125
21 -40to 125
21 -40to 125

—O Vourt

Packaging
MSOP-8
SC70-5, S0T23-5
LLP-8, SOIC-8
S0T23-5
SC70-5

S0IC-8,
MSOP-8

TSSOP-14
TSOT-6
MS0P-10
S0IC-8, SO0T23-5

S0IC-8,
MSOP-8

S0T23-5
MSOP-8
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CMOS-Input Operational Amplifiers

LM6211 — Low-Noise, Rail-to-Rail Output, CMOS Op Amp Operates Up to 24V

Features (typ 24V)

e 5V to 24V supply voltage range

* 55 nV/yHz input referred voltage noise
¢ 20 MHz unity gain bandwidth

* 400 Hz 1/f corner frequency Reé?;ﬁgfe
e 5.6 V/us slew rate

e 1.05 mA supply current ) c:p’:tl:gﬂid «—
* Low input capacitance of 5.5 pF Phagégli.lgtl:ked VA Oscillator

¢ Extended temperature range of -40°C to +125°C to Reference

e THD of 0.01% at 1 kHz, 600Q

e Qutput short circuit current: 25 mA

e PLL loop filters

e Available in SOT23-5 packaging

High
Frequency
LP Filter

Loop
Filter

Bandpass
Filter

p ]
=
)
=
2
m
=
»n

VW

Applications:
Ideal for use in low-noise active filters, strain gauge amplifiers, and low-noise microphone amplifiers

LMV796/97 — 17 MHz, Low-Noise, Low-Power, CMOS Input 1.8V Op Amps

Features
e Low supply current: LMV796
o 1.15 mA (LMV796) Input Referred Voltage Noise vs Frequency
> 1.30 mA (LMV797) R = V=550
¢ High unity gain bandwidth: 17 MHz m Vs=18V
* Low input voltage noise: 5.8 nV/yHz
e Low input offset voltage: 1.3 mV (max)

* Rail-to-rail output with 2 kQ loads
¢ High PSRR (100 dB) ensures higher accuracy with noisy supplies
e High CMRR (95 dB) ensures high accuracy over a wide input range

Voltage Noise (nV/vHz)

Applications: 1

Ideal for use in battery-powered systems, sensor interfaces,
embedded systems, and precise instrumentation

1 10 100 1k 10k 100k
Frequency (Hz)
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Choosing an Audio Power Amplifier

Selecting an appropriate audio power IC for a particular
application is dependent upon the desired output
power, its corresponding THD specification, a specified
load impedance, and available voltage supply rails.
With the varying output power specifications stated

by IC manufacturers, and the variables mentioned
above, choosing the correct IC is sometimes difficult.
The following paragraphs are intended to simplify the
decision making process by explaining the general issues
with specifying output power with respect to THD and
some of the other variables mentioned above.

Power may be represented in many forms, but for
general purposes, power is based on the current through
a resistance multiplied by the voltage drop across that
resistance, as shown in Equation 1.

(1) P=VI
Two other equivalent forms of the same equation

based on either the voltage or current are shown in
Equations 2 and 3, respectively.

(2) P = V2R

(3) P =I°R
The output power of an audio IC can be represented
by any of the preceding equations, and depending upon
the measurement device, the output voltage or current
can be represented as peak or root-mean-square (rms)
amplitude. It is an industry standard to evaluate linear

systems with a sinewave whose rms voltage can be
obtained through Equation 4.

(4) Vims = VIA/T)v(0)dt] from t=0 —> ¢=T
Deriving the above equation for one period of a
sinewave [v(t) = Vpksin(wt)] results in Equation 5.

(5) Vims = VpkN2
The industry standard continuous average output is

found by using the output rms voltage, as shown in
Equation 6.

(6) Porms = v2rms/ RL,

If the same output power is to be obtained using the
peak output voltage as seen on an oscilloscope, then

44

Equation 5 should be substituted into Equation 6,
resulting in Equation 7.

(7) Porms = Vpk2/2RL,

Equation 6 or 7 are the most general equations
stating the output power of a power IC based on a
sinewave output into pure resistance. All of the above
equations would change if the signal form changed
or the load included some form of reactance. It
should also be noted that if the peak output voltage
were used directly into Equation 2, then a peak
output power rating would result. This nonstandard
technique misleads customers into thinking that a
part is capable of much more than what is really true.

System design engineers therefore may have a difficult
time distinguishing between the different power
ratings stated by semiconductor manufacturers.

Every output power rating of an audio IC has a
corresponding Total Harmonic Distortion (THD)
specification that states the quality of music
reproduction by the device. The more linear an
amplifier is, the lower the THD rating will be,
therefore providing clearer music amplification.

In some instances, IC manufacturers state output
power levels with THD values equal to 10%; a
condition well into clipping. When observed on an
oscilloscope, a sinewave appears to have its peaks cut
off. This condition of clipping can occur from two
factors; the maximum output voltage swing is reached
or the maximum output current drive capability is
reached. Both of these limiting factors can control
the maximum output power capability, as indicated
through Equations 1-3.

As shown in Figures 1-3, the amount of clipping
increases the number and level of harmonics
produced by the amplifier as its output limitations
are reached and exceeded. Although output power

is increased as the amplifier is driven farther into
clipping, the quality of sound is adversely affected by
the increasingly distorted waveform.



The output power obtained from one IC with a In summary, it should be remembered when selecting

10% THD specification will not be competitive an audio IC that any power rating has a corresponding
with another amplifier whose power is the same, but THD specification which is based on a given voltage
whose THD is lower. For a given supply voltage load,  supply and load. Most consumer applications require
two audio amplifiers can only be compared on equal clean crisp music as opposed to the harsh sound of
footings if their THD specifications are equivalent. clipping, so beware of those 10% distortion ratings and
The amplifier whose power is the same, but has a make sure that your comparisons are apples to apples.

lower THD, will generally be more expensive. This is In support of the above information, this audio

selection guide is set up to allow easy selection of parts
based on supply voltage range, load impedance, and
most importantly, power with respect to THD level.

partly because the output stage needs to be larger to
support more current drive capability. This makes the
device more expensive to produce and thus translates
into a higher end cost for the customer.

Figure 1: Ampllfler output: Po = 8[]W THD+N = 0.00056%, R. = 8Q
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Figure 2: Amplifier output: Po = 106W, THD+N = 1%, R, = 8Q
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Figure 1 - 3 are collected using National's LM4702
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High-Performance Audio

Typical High-Performance Audio Signal Path

DSP Audio Conditioning and Control :
General Purpose DSP, Int. A/D, D/A, EQ, Mic, TVB, Audio Power

Stand Alone A/D, D/A 3D, Pre-amp, Mux/Mix, Plus Drivers A/B. D

National Audio Capability

Performance Audio Focus
Ideal for applications such as:

¢ High-end components (Pre-amps/DACs/DVD-SCAD etc.)
e Music (including guitar amps)

e Powered speakers and subwoofers

¢ Home theater

¢ Home automation and dist. audio

¢ Professional mixers and effects

e Commercial sound reinforcement

o After market automotive

¢ Portable performance audio

46



High-Performance Audio Op Amps and Buffers

LMEA49860 — 44V Dual High-Performance, High-Fidelity Operational Amplifier

Features THD+N vs. Frequency
* Easily drives 6000 loads Vec =22V, Ve = -2V, Vout = 3VRms
 Optimized for superior audio signal fidelity 001 ks
¢ Qutput short circuit protection 0.005
e PSRR and CMRR exceed 120 dB (typ) 0.002
¢ Available in SOIC and DIP packaging 0.001
i— 0.0005
Applications: S 00002
Ideal for use in high-quality audio amplification, phono pre-amps, . 0.0001
high-performance professional audio, high fidelity active filters, equalization =
. : ; . 0.00005
and crossover networks, high-performance line drivers and receivers, and -
high-voltage industrial applications including test, measurement and ultrasound 0.00002
0.00001
20 50 100 200 500 1k 2k 5k 10k 20k
Hz
LME48860
THD+N 0.002% 0.00003% ? BFIETH o
Elctronic Engineering Times - China H
Input Noise Density 4.5 nV/Hz 2.7 nV/\Hz 2007 EERFRRR Electronic
a annual creativity in electronics awards 2006 Product of the Year Award

Supply Voltage Range +510 +18V +5t0 +22V

Input Voltage Slew
Product Noise Density Rate GBWP | PSRR | Supply
1] Description (nV/y/Hz) THD (%) | (V/pS) Voltage (V) | Packaging
& LME49710 | High-performance, high-fidelity audio op amp 2.7 0.00003 | 20 56 125 +2.5to0 17 | DIP-8, MSOP-8, T099-8
& LME49870 | High-performance, high-fidelity audio op amp 2.7 0.00003 | 20 55 125 +251t0+22 | SOIC-8
LM4562* | Dual high-performance, high-fidelity audio op amp 2.1 0.00003 | 20 56 110 +2.5t0 17 | DIP-8, MSOP-8, T099-8
< LME49720 | Dual high-performance, high-fidelity op amp 2.1 0.00003 | 20 56 110 +2.5t0 17 | DIP-8, MSOP-8, T099-8
<=} LME49860 | 44V dual high-performance, high-fidelity audio op amp | 2.7 0.00003 | 20 55 120 +25t0+22 | SOIC-8
&) LME49740 | Quad high-performance, high-fidelity audio op amp 2.1 0.00003 | 20 56 125 +2.5t0 17 | DIP-8, MSOP-8
D High-performance, high-fidelity current feedback
) -
\! LME49713 | audio op amp 19 0.00008 | 1900 30 102 +5to +18 SOIC-8
\ High-performance, high-fidelity, rail-to-rail input/output }
< | ME49721 | audio - 4 0.0002 85 20 103 221055 MSOP-8
o PP, . }
e LME49723 Dual, high-fidelity audio op amp 3.6 0.0002 8 17 100 +25t0 +17 | MSOP-8

*EETimes China ACE Awards 2007 Product of the Year; Electronic Products 2006 Product of the Year; EDN's 100 of Product of 2006

Headphone Buffer

Output ly Su

Supp pply
ProductID | Description THD (%) Current (mA) | Slew Rate (V/uS | GBWP (MHz) | Voltage (V) | Voltage (V) | Packaging

High-performance, high-fidelity,

LME43600 high-current audio buffer

0.00015 250 2000 20/180 +18V +5t0 £18 | T0263-5
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High-Performance Audio Amplifier
Power Amplifier Driver

LME49811 — Audio Power Amplifier Series Mono High Fidelity 200 Volt Driver with Mute

Ry
56 k

AAA
VVv

Features

* Very high voltage operation
e Scalable output power w
e Minimum external components

Ve

T
a QparNy
Re1

e External compensation

Ca Ry 12k0

¢ Thermal shutdown and mute

10 pF 1.a:ﬁ . 0 0220

I—lli\v Vv Source \ mult! .
. . = ¢, R. R o2
Applications: I o 0220

Ideal for use in AV receivers, audiophile power amps, pro audio,
and high-voltage industrial applications =

R “% =
s1
56 ko QP
) =

1

Vee

.||—|

Supply

Typical THD

Supply Voltage

Mute/

Product ID | Description Voltage (V) | Ratings (%) | THD Measurement Conditions Range (V) Shutdown | Packaging
Mazozg | Stereo high-fidelity audio power | 4, 0003 Ay =30 d8, 10 |+20t0£100 | Mute T0220-15
amplifier driver Vour = 20 Vgys at 1 kHz
U | SRR IREEIG AR o 0.005 eyl 110 | £20t0+75 Mute T0220-15
amplifier driver Vour = 14 Vgys at 1 kHz
) Mono high-fidelity audio power No Load, BW =30 kHz,
e -
©’LME49810 amplifier driver with Baker Clamp +100 0.0007 Vour = 20 Ves at 1 kHz 110 +20to +100 Mute T0247-15
WY igh-fideli i =
P meaggry | Mono high-fidelity audio power 1 g 0.005 e e 110 | +20to£100 | Mute T0220-15
amplifier driver with mute Vour = 10 Vrys at 1 kHz

LM4702 — Audio Power Amplifier Series Stereo High Fidelity 200 Volt Driver with Mute

Features

+Vee

+Vee Sourcel

Ce1
[ 30pF
01 4F
:l_: Rz
- 1203

¢ Very high voltage operation
e Scalable output power

¢ Minimum external components f?:'uf e )

. 1T v b S
* External compensation < G P e

L & Sink1
° I
Thermal shutdown and mute ? o e
$; =
L. r 1,;;; s —L
Applications: G g T s
. . . . TouF 18k0
Ideal for use in AV receivers, audiophile power amps, ?_”_NW i
pro audio, and high-voltage industrial applications = oL S 1543
J_- fguzl Ri2 Rn3

500k

|

30pF

Rz
56k
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High-Performance Audio Driving a MOSFET Stage

Power Stage Input O—@ L' Ly/i7] BIAS

| Source

Output
Stage

Output
Stage

+Vee
s |
: Ron I': LY
[
Output |
Stage |
1
1
il : mas | oy
: STAGE : O
= : : :E Rsn
= ' w]
cc ! : ——Csn
o . 1
| I Rep ': & =
Vee
LM4702 Stage
e =
S
1 =
I e
1
|
AWAV
+Vee
+Vee Re Cs
Rit s LT L cs =
2000
. |1
c Source _ m_‘ : Oy
{l
R
:_[ LM4702 1k
C
- S
l e R = Output Output
Ril prmy P < Stage
RCA 5000 J Sink O
_ € R CBias L
BIAS < Ren
Cn é Rs _—TL STAGE ay j’
= —
:% J Y . 4 T™
v = I Cc Sink  p =
+Vee MUTE es r’lc Reg Rep
S
R LI = —
e T ¢ .
-Vee

www.national.com/audio

For more information, read AN-1645 for help with the design of MOSFET drivers
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Mixed Signal Subsystems/Audio Codecs

LM4937 — Boomer® Audio Subsystem with OCL Stereo Headphone Output and RF Suppression

Features P \
MCLK —
* 18-bit stereo DAC PLLIN——>|  PLL |
¢ Multiple distinct output modes T I
i ! eaker
. Diﬂerential+(:)—| ¢ NoTume = 5‘-’-‘:'-IIF:EISB —Pﬁ] IS\'I'VIPk
* Stereo headphone amplifier Ditronal- (@) —| [ 12-+9dB HiaN
* Mono earpiece amplifier N : . Volume |, : [
. . . © i ix ~-56dB
¢ Differential mono analog input ' o E 6Vo|u1nsu:iB oand ki !
R <:>_H7 OIS utput
¢ Independent loudspeaker, headphone, and | Mode : AP
mono earpiece volume controls usok et pg || | Select !
125501 ——» | Interface/ DAC Gain Volume |, X
¢ Ultra-low shutdown current sws +4—>| DAC [ 3~6dB - 5~ - 56 dB i
1
e Click-and-pop suppression circuit " ' ! Mono
PoP SUPP oSt 3] RSP -Rproume f Earpicce
s A —| Interface . (Receivers)
Applications: i —4 |
Ideal for use in cell phones and PDAs
LM49450 — 2.2W Stereo Boomer
Class D Audio Subsystem Handheld GPS Navigation
Features e s
o 24-hit stereo DAC fL EEA e
¢ Selectable spread spectrum mode reduces EMI
e Ground-referenced headphone amplifiers with 100 dB SNR s i

e |2S compatible audio interface; 12C compatible control interface

o]
Keypad Controller
Controller

DSP/CPU

e Audio sample rates up to 192 kHz

¢ (Click-and-pop suppression

e Micro-power shutdown Speaker (((’
Audio Subsytems and Codec
. . Headphones n
Applications: —
@ e
Ideal for use in personal media/MP3 players, portable navigation, lrss asto aociosin et

digital still/video cameras, mobile phones, and VolP devices

Mono Stereo Class D
Product ID Description Input Ch. | Input Ch. | Speaker Driver | Packaging
LM4844 Stereo 1.2W audio subsystem with 3D enhancement — — — micro SMD-30
LM4888 Dual 2.1W audio amplifier plus stereo headphone and 3D enhancement — — — LLP-24
1W mono speaker 27 mW headphone Boomer amplifier with microphone pre-amp, o LLP-44,
LM4330 headphone sense, PCM and I2S PCM s micro SMDxt-36
1.1W mono speaker 26 m\W headphone Boomer with microphone pre-amp, GPIO, 2 . :
LM4931 headphone sense, I12C/SPI control, PCM, and 12S PCM IS v micro SMDxt-42
1.2W stereo speaker 80 mW OCL headphone 175 m\W earpiece Boomer with line out, - ]
LM4334 | i¢/SPI control, I2S and National 3D ! Z P8 micro SMDxt-42
1.3W mono speaker 33 mW headphone 115 m\W earpiece Boomer with 12S/PCM :

L4335 and auxiliary inputs, 12C control, mic pre-amp, DC volume control and AGC L IS v micro SMDxt-49
LM4937 520 mW mono speaker, 36 mW headphone, 55 mW earpiece with I2C/SPI mode 1 12S — micro SMDxt-36
1.2W mono speaker, 31 mW headphone, 115 m\W earpiece with I12C/SPI mode and :

LM49370 ® | <o ioctable OCL output PCM 12S v micro SMDxt -49

Filterless 2.2W stereo Boomer Class D audio subsystem with OCL headphone 2 :
LM49450 amplifier, 3D enhancement, and headphone sense ! IS v LLP-32

® PowerWise® product
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LM49370 — PowerWise® Audio Codec Subsystem with Ultra-Low EMI, Class D Amplifier, and
a PCM Interface for Bluetooth Transceivers

Synthesized
FM Radio/
Features Analogaln:]uls
e Spread spectrum Class D architecture reduces EMI L1 PR

T T for stereo loudspeakers

¢ Mono Class D 8Q amplifier, 490 mW at 3.3V T
. VREF_FLT AT
* OCL or AC-coupled headphone operation = PR
e T TT T GPIOT
e 33 mW stereo headphone amplifier at 3.3V = = s ,
. “ g MCLK
e 115 mW earpiece amplifier at 3.3V BB Vgp -
e Digital 3D stereo enhancement — }“ LULE
. . . < IRQ INT_MIC
e Total harmonic distortion: 0.04% Contraller [« oPIc
e Available in micro SMDxt-49 packaging (4 x 4 mm) : *inc oer
I2C (Stereo) EXT_BIAS
. P MID
Applications: T e
Ideal for use in smart phones, mobile phones and multimedia terminals, PDAs, AZDP |
Internet appliances and portable gaming, portable DVD/CD/AAC/MP3 players, and }mm.m.
digital cameras/camcorders < T
5% =
LM49370 = E
| Radio Module
PLLVpp BBVpy DVpp DUVss AVpp A Vss LS Vpp LS Vss
0—0 o—0
‘:” AUX_OUT
PLL_FLT POWER = E %{
CLOCKS and MANAGEMENT = ]
MCLK AL and CONTROL © —
SCL/SCK
SDA/SDI Ls_out
TEST_MODE/E REGISTERS
SPI_MODE —
AMP BYPASS
BIAS HP_VMIDFB
12S_CLK " I and DET HP_VMID
125_Ws E
125_SDI EI = ? HPL_OUT
al & - b
125_SD0 =
| z
PCM_CLK ; %‘V HPR_OUT
l:
PCM_SYNC I g m"_'
g H
PCM_SDI I E 5810 E VREF_FLT
PCM_SDO 5 FIR FILTER 1248 “ INT_BIAS
< and -
- I 5 DIGITAL 3D & EXT_BIAS
I a ALGORITHM MIC_DET
GPI02 I EXT_MIC
RQ ¢ INT_MIC
AUX_R . [ ----{:---
AUX_L E
CP_out
-34.5dB to 12 dB ; ] PN
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Analog Subsystems

LM49100 — PowerWise® Mono Class AB Audio Subsystem with a True-Ground

Headphone Amplifier

Features

Voo

Ls

Lo

VDD s =

Very low power consumption

5 mA IDDQ with speaker and headphone enabled

Mono and stereo inputs . AL
Thermal overload protection

Cin 1||F MIN-

e Total harmonic distortion: 0.035% autio

* 12C control interface o~ C'M
¢ Input mute attenuation oz

* 2nd stage headphone attenuator s o

« 32-step digital volume control '"@"‘—“L =
e Ten operating modes =

e Minimum external components - , Peass

* Click-and-pop suppression Yo P If.?.,;
e Micro-power shutdown gy PO

RF suppression

Mono Input
-60 dB - +12dB

Left Input
-54 dB - +18 dB

Right Input
-54 dB - +18 dB

Bias
Click/Pop
Suppression

Mode Select

Charge Pump

¢ Available in space-saving GR-25 packaging
(3x3mm)
) ; ADDR I cno Vg HP Vg CP J_NDCP
Applications: I = L“J
Ideal for use in mobile phones, personal media / Y __,_j‘;"":s 2w

MP3 players, portable navigation, laptops, and VolP
devices

LM49250 — Stereo Boomer® Class D Audio Subsystem with Ground-Referenced Headphone

Amplifier and Mono Earpiece

Features

Output short circuit protection

Audio Boormer / Op Amp
LM4673/4/5 LM4920/8
LM48510 LMd8410
LM4981/2 LM4857 LM4953}

Thermal overload protection

LM4962 LMV774 LMV981

e Spread spectrum modulation a

Audio
e 12C control interface @ e
¢ Total harmonic distortion: 0.01%

Battery Cells

RF suppression

Charger

Battery Charger
LM3658

PM/Simple Switcher/LDO
LP3971 LP3905 LP3906 LP3955
LM367X LM3370 LM2734 /6/8
LM26001 LP3990

LP3999 LM283X
LM177X LM3880

Click-and-pop suppression
Micro-power shutdown

Available in space-saving micro SMD-36 packaging

Applications:

Personal Media Player

LCD Display Module / User Interface

Audio Sub-Systems
LM4935 LM4937 LM49370

PMU
Power Supply

VCC_Core

DVM

vee 1o
33v/3.0V
VCC_MEM
25V/1.8V

Serial / Parallel Output “
PMU

Keyhoard ) L LMU / LED Driver
Matrix RGE 18bit VCC_Core LP3350/4 LM4970 LM2795/6
b VM LM27851/2/3 LM27964/5
vee 1o LM2753 LM3500/1, LM2733

33V/30V
VCC_MEM
25V/18V

StaticBus | pE Controller

PMU/Simple Switcher/LDO
LP3910 LP3971 LP3905
LP3906 LP3955 LM367X
LM3370 LM2734 /6/8
LM26001 LP3990 LP5951
LP3995/9 LP5900

LM283X LM177X LM3880

Application
Processor

El

RIN

=
UART Telephone Line O
|t e

RJ45

Ethernet PHY

Ethernet PHY
DP83848 DP83849

Ideal for use in mobile phones, personal media / MP3 players, portable navigation, and VoIP devices
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LM49270 — Boomer® Filterless 2.2W Stereo Class D Audio Subsystem with OCL Headphone

Amplifier, 3D Enhancement, and Headphone Sense

Features

e Stereo filterless Class D amplifier

¢ Selectable OCL/CC headphone amplifier
¢ Headphone sense ability

¢ National’s 3D enhancement

¢ RF suppression

e 12C control interface

¢ 32-step digital volume control
e Total harmonic distortion: 0.02%
¢ Available in space-saving LLP-28 packaging

Applications:

Ideal for use in portable media players, smart phones, PDAs, and laptops

Product
ID

LM4845

LM4846

LM4851
LM4852
LM4855
LM4856

LM4857
LM4888

LM4938
<L) LM4946
LM4947
LM4949
LM49270

« LM49100 ©

m‘ﬂr LM4950

Description

1.15W mono speaker 75 mW headphone Boomer with 12C/SPI volume and
mode control, programmable National 3D and selectable OCL HP output

1.15W mono speaker 75 mW headphone Boomer with [2C/SPI volume and
mode control, programmable National 3D and selectable OCL HP output

1.1W mono speaker 115 mW differential headphone Boomer with SPI control
1.1W mono speaker 60 mW headphone Boomer with I2C control
1.1W mono speaker 115 mW differential headphone Boomer with SPI control
1.1W mono speaker 60 mW headphone Boomer with I2C control

1.2W stereo speaker, 75 mW headphone, 135 m\W earpiece Boomer and
line out with 12C mode and volume control and National 3D

1.3W stereo speaker, 90 mW headphone Boomer with National 3D

Stereo 2W audio power amp with DC volume control, selectable gain, and
docking station interface

1.3W mono speaker, 856 mW headphone Boomer with I12C/SPI mode and
volume control, National 3D and selectable OCL output

1.19W mono speaker, 87 m\W headphone Boomer with I2C mode and
volume control, National 3D and selectable OCL output

1.19W stereo speaker, 89 mW headphone Boomer with I2C mode and
volume control and selectable OCL output

2.2WV stereo speaker, 155 mW headphone with volume control,
National 3D and selectable OCL output

1.275W mono speaker (BTL), 50 m\W headphone Boomer with I12C, mode
and volume control, and true-ground headphone drivers

Stereo Boomer Class D audio subsystem with ground-referenced
headphone amplifier and mono earpiece

Voo

LSVpp

Audio Input CIN 1y
R3D

C3D

AudioInput | R3pIN

c BYPASS
Ny

12CVpp I

12CVpp

. SDA
m sc

30 Control

Bias
ClickPop
Suppression

Ic
Interface

Speaker
Volume
Control

|
p
Sl

Headphone
Volume
Control

|

ADR J__Gun
ViN

ViL
Mono Stereo THD | Class D
Input Ch. | InputCh. | (%) | Speaker Driver | Packaging
1 1 0.5 — micro SMD-25
1 1 0.5 — micro SMD-25
1 1 0.3 — LLP-24, micro SMD-18
1 1 1 — LLP-24, micro SMD-18
2 1 0.5 — LLP-24, micro SMD-18
2 1 0.5 — LLP-24, micro SMD-18
1 1 0.05 — LLP-28, micro SMD-30
— 1 0.06 — LLP-24
— 1 0.05 — TSSOP-28 exp pad
1 2 0.05 — LLP-24, micro SMD-25
1 lor2 0.03 v micro SMD-25
1 lor2 0.02 v micro SMD-25
1 2 0.02 v LLP-28
1 2 0.035 — Micro Array
1 2 0.14 v micro SMD-36

* PowerWise® product

www.national.com/audio
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OCL/CC Headphone Boomer® Amplifiers

LM4811 — Dual 105 mW Headphone Amplifier with Digital Volume Control and Shutdown Mode

Features T
¢ Digital volume control range from +12 dB to -33 dB ,:Sﬂ
e LD and MSOP surface mount packaging ¢ —
. . . . I"F+ Vin *_
e Click-and-pop suppression circuitry o ) A
¢ No bootstrap capacitors required '""“T§2 Rpuv"“ v G
= 100k =

e |Low shutdown current
e Available in LLP-10 and mini SOIC-10 packaging =

Applications:

Ideal for use in cellular phones, MP3, CD, DVD players,
PDAs, and portable electronics

Voo
50 kO
Shutdown |_

Vinz

Bypass
50 kQ

20k

|||—'Wv—<

Vour2

UP/DN

AUDIO
INPUT

Vin
v L

Clock

A:A
V

20k

1w

UP/DN
Control
Vi

v LI

OCL/CC Headphone Boomer Amplifiers

Output Power
THD < 10/0, V[;c = 3"

Product ID | Description THD (%) | PSRR (dB) | 160 (mW) 320 (mW)
LM4809 105 mW headphone Boomer with shutdown low, can drive 8Q 0.03 70 38 25
LM4811 105 mW headphone Boomer with up/down volume control, can drive 8Q 0.03 60 38 25
LM4908 ! 120 mW headphone Boomer amp, 0.1% THD+N 0.05 84 35 25
LM4910 35 mW headphone Boomer amp, bypass capacitor-less, OCL output 0.03 65 46 28
LM4911 40 mW headphone Boomer, low noise, selectable cap-coupled/OCL output — 65 40 25
LM4912 40 mW headphone Boomer amp, low noise, with mute — 65 40 25
LM4916 1.5V, mono 85 mW BTL output, 14 mW stereo headphone audio amplifier 0.2 66 — —
LM4921 Low-voltage IS 16-hit stereo DAC with stereo headphone power amplifiers and volume control 0.03 62 — —
LM4925 2-cell, single-ended output, 40 mW stereo headphone audio amplifier 0.05 70 — —
LM4924 40 mW 2-cell headphone Boomer amp with OCL output 0.01 66 40 24
LM4929 40 mW headphone Boomer with low noise and OCL output — 65 40 25
LM4980 e | 42 m\W stereo headphone Boomer with 2-cell battery operation and click/pop suppression 0.02 90 42 28
‘@rLM4985 135 mW headphone Boomer with OCL or cap-coupled output, 32-step 12C volume control 0.08 71 45 23

110 kV ESD Rated
* PowerWise® product
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Ground-Referenced Headphone Boomer® Amplifiers

LM48821 — Boomer Direct Coupled, Ultra-Low Noise, 52 mW Differential Input Stereo

Headphone Amplifier with I?C Volume Control i

Features = wi,, sv”_‘é‘

* Ground-referenced outputs we oo

* Differential inputs : y

e |2C volume and mode controls o e U

e Ultra low current shutdown mode S e

* Advanced output transient suppression circuitry eliminates noise ' I [ 1
during turn-on and turn-off transitions '1 T el

e 1.8V to 4V operation (12CVpp)

* No output coupling capacitors, snubber networks, bootstrap
capacitors, or gain setting resistors required

¢ Available in micro SMD-16 packaging

Y
AAAAAA
VVVVVV

Applications: L }J oo L P
Ideal for use in notebook PCs, desktop PCs mobile phones PDAs, ’—LJ

portable electronic devices, and MP3 players o "t

LM48860 — Ground-Referenced, Ultra-Low Noise, Fixed-Gain, Stereo Boomer Headphone
Amplifier

Features

¢ Fixed logic levels

e High PSRR

e Ultra-low current shutdown mode

¢ No output coupling capacitors, snubber networks, bootstrap capacitors, or gain-setting resistors required
¢ Shutdown either channel independently

e Click-and-pop circuitry eliminates noises

e Available in space-saving micro SMD-12 packaging

Applications:

Ideal for use in mohile phones, personal media / MP3 players, PDAs, laptops, and other portable electronic devices

Output Power

THD < 1%, Ve =3V
Product PSSR Supply Voltage
ID Description THD (%) | (dB) Range (V) Packaging
LM4920 | 50 mW headphone Boomer, fixed logic levels, fixed 1.5 V/Vgain 0.03 70 16to4.2 43 50 micro SMD-14

50 mW headphone Boomer amp, ultra-low noise, IntelliSense, . i
LM4982 32-step I°C volume control 0.05 66 1.6t0 4.0 47 51 micro SMD-16
ﬁmmzo 95 mW headphone Boomer, ultra-low noise, fixed 1.5 V/Vgain 0.01 80 16to 45 95 80 micro SMD-14

LMI48821 F;%:::Nm headphone Boomer, ultra-low noise, direct coupled, I12C volume 0.015 82 2t04 52 53 micro SMD-16
LM48860 | 30 m\W headphone Boomer amp, ultra-low noise, fixed 1.5V/V gain — — 251055 40 50 micro SMD-12

www.national.com/audio 55



High-Efficiency Boomer® and
Overture® Class D Amplifiers

LM48411 — Ultra-Low EMI, Filterless, 2.5W, Stereo, Class D Audio Power Amplifier with E2S

Features

e E2S system reduces EMI preserving audio quality and efficiency

¢ Qutput short circuit protection

¢ No output filter required for inductive loads

¢ Logic selectable gain

¢ Independent shutdown control

e Minimum external components

e Click-and-pop suppression circuitry

e Micro-power shutdown mode

e Available in space-saving micro SMD-16 packaging (0.5 mm pitch)

Applications:
Ideal for use in mohile phones, PDAs, and other portable electronic devices

High-Efficiency Boomer Class D

Output Power THD <1%

Product ID Description THD (%) m Packaging

LM4666 ' Stereo 0.65 — 450 mW LLP-14
LM4671 Mono filterless 0.04 2.21 1.19 micro SMD-9
AqLr1LM4673 . Mono filterless 0.02 2.15 1.24 micro SMD-9, LLP-8
LM4674 o Stereo filterless 0.05 1.9 1.25 micro SMD-16, LLP-16
LM4674A o Filterless 2.5 stereo Class D audio power amplifier o — e micro SMD-16
LM4675 o Mono, ultra-low EMI 0.02 22 1.3 micro SMD-9, LLP-8
LM48310 Mono filterless, E2S 0.03 2.1 1.3 LLP-10
<X LM4s410 Stereo, ultra-low EMI, filterless, 3D 0.025 1.9 1.2 LLP-24
LM48411 Stereo filterless, E2S 0.03 2 1.25 micro SMD-16
"Wpp =3V

e PowerWise® product

High-Efficiency Overture Class D

Output

Output Power | Power Typical Supply

THD < 1% THD <10% | THD THD Measurement Voltage
Product Supply Ratings | Conditions (W at Vs =3V, R, = 80
ID Voltage (V) (%) unless otherwise specified) Range (V) | Shutdown | Packaging
LM4668 Mono 12 — |6 — |75 |02 Po=1atVs=12V 9to 14 Low LLP-14, TSSOP-20
LM4680 Mono 12 — |6 — |75 |02 Po=1atVs=12V 9to 14 Low LLP-14
LM4681 Stereo 12 — |6 — |75 |02 Po=1atVs=12V 91to0 16 Low LLP-48
LM4682 Stereo | 12 — |6 — |75 |02 Po=1atVs=12V 9to 15 Low LLP-48
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Boosted Boomer® Moving Coil

LM48511 — Boosted Boomer Class D Audio Power Amplifier with Ultra-Low EMI and Spread
Spectrum

Features
e 3W outputinto 8Q at 5V with THD+N = 1%
¢ Selectable spread spectrum mode reduces EMI

Ji'cz

IH]I)MI

cl
280 pF

¢ 80% efficiency

* Independent regulator and amplifier shutdown controls
e Dynamically selectable regulator output voltages

e Filterless Class D

e 3.0V to 5.5V operation

¢ Low shutdown current

R4
25k0

4.87 k0
OSCILLATOR

e Click-and-pop suppression _j_‘
5D_AMP| AL ¢ J_

- . . VGO- T 1ch
Applications: LT 1T
Ideal for use in GPS, portable media, cameras, mobile phones, and v.mfi"|_fﬂf“ﬁzmm+ T
handheld games ey 7 ,MODULATUR.H-BRIDGEI

Cy

OSCILLATOR

Boosted Boomer Moving Coil
Output Power at THD < 1%

ProductID | Description THD (%) Packaging
LM4804 1.8W low voltage, high power Boomer 0.15 — 1.9 at 4.2V, 2% LLP-28
L4805 1W low voltage, high power Boomer (Supplies 1W down to 3V) 0.25 — 1.2 at 4.2V LLP-28

P LM48510 ¢ 1.2W Boosted Class D Boomer 0.07 1.7 at 3.3V 1.2 at3.3V LLP-16

&P LM48511 3W Boosted Class D Boomer with ultra low EMI and spread spectrum — 5.4 at 5V 3athV LLP-24

¢ PowerWise® product

LM48510 — PowerWise® Boosted Boomer Class D Audio Power Amplifier

Features L D1
¢ Click-and-pop suppression

e Low 0.01 pA shutdown current
* 76% efficiency VDD — | T 10pF
e Filterless Class D )
e 2.7V to0 5.0V operation (Vpp)

¢ Externally configurable gain on Class D

e Veryfastturnontime: 17 ps

¢ Independent boost and amplifier shutdown pins

SDAMP I a7pF

1pF 150 k0

Applications: INPUT

Ideal for use in mobile phones, PDAs, portable media,
cameras, and handheld games

Ci Ri
1pF 150 k0

Ci
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Boosted Boomer® Piezo Ceramic

LM48555 — Boomer Ceramic Speaker Driver

Features
) . . VDD L
¢ Fully differential amplifier T 10pH D1
m_‘
¢ Externally configurable gain cs I %t L co
Y _g g 4.7 uF j?: ’_l: 10 uF
¢ Soft-start function D3 c1 D2 =
¢ Low power shutdown mode VDD Bootstrap sw
VREF
¢ Under voltage lockout |:|_
D1
L
Applications: ERRERA ~
Ideal for use in mobile phones, PDAs, and digital cameras =
Shutdown | €2 Bias,
Control Shutdown, VAMP || A2
css O]
0.1 pF Circuitry [N [ K
= 1 1
CIN+  RIN+ , RO .
047pF  20K0 B1| IN+ our- (A1 4 200 X
mvyy T c|_ |
oUT+ | |A3 1 1pF 1
L—AAA B3 IN- t 1
L AAd
CIN-  RIN- GND ! !
047 pF 20 kO T 87w ' 1
) 200 ka Ceramic
! ] Speaker
LLI_CTF+ Load
82 pF
RF-
200 k0
=
% CF-
82 pF

Boosted Boomer Piezo Ceramic

Output Voltage at THD < 1%
(Vp-p) Ve =5V

Product ID | Description THD (%) | 800 nF +200Q | 2 pF + 300 Packaging

LM4802B | 12 Vp-p boosted ceramic speaker driver 0.05 12 at 4.2V LLP-28
LM4953 12.6 Vp-p ceramic speaker driver with ground reference, ultra low noise, fixed gain 0.02 — — LLP-14
LM4960 24 \V/p-p Piezoelectric speaker driver 0.04 24 — LLP-28
LM4961 15 Vp-p ceramic speaker driver 0.05 — 15 LLP-28
LM4962 15 Vp-p ceramic speaker driver with band switch function, can drive LM4951 for stereo solution | 0.04 — 15% micro SMD-20
@LM48555 15.5 Vp-p ceramic speaker driver 0.05 — 15% micro SMD-12

Sl ;
PN\ *ZL=2pF + 940
——a—— Audio eBook resources available online

N
(eBOOK&N
NTUTORIALSH
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Mono Boomer® Audio Amplifiers

LM4941 — PowerWise® Boomer 1.25 Watt Fully Differential Audio Power Amplifier with
RF Suppression and Shutdown

Features
¢ Improved RF suppression, by up to 20 dB over
previous designs in selected applications 20':{5 EE
e Fully differential amplification Ry
¢ Available in space-saving micro SMD package 20 kQ -IN
* Ultra low current shutdown mode - Differential Input (O3——W
¢ Candrive capacitive loads up to 100 pF -
¢ Improved click-and-pop circuitry eliminates noises . R,
during turn-on and turn-off transitions SHOIDOWN 80
e 2.4105.5V operation
¢ No output coupling capacitors, snubber networks =10 uF>:cB BYP
or bootstrap capacitors required + Differential Input @ v;v;v N
= 20k0
Applications: Rro g GJN_D
Ideal for use in mobhile phones, PDAs, and portable 2103 =

electronic devices

Fully Differential Mono Boomer
Output Power at 1% THD+N

Vee =5V
Product ID | Description THD (%) Packaging
LM4923 LM4898 with improved output power 0.02 — 1.1 LLP-8
LM4927 1.3W Boomer, high PSRR — 2.1 1.3 LLP-8
[ LMA4941 1.25W Boomer, RF suppression, high PSRR and CMRR 0.04 — 1.25 micro SMD-9, LLP-8

* PowerWise® product

Mono Boomer Audio Amplifiers

Output Power

Vee =5V
Product ID Description THD (%) Packaging
LM4819 350 mW audio power amplifier with shutdown mode 1 — 0.25 LLP-8, SOIC-8
LM4905 1W audio power amplifier 0.1 — 1.1 LLP-8, SOIC-8
LM4906 1W Boomer with no bypass cap, selectable gain 0.02 — 1 LLP-10, MSOP-8
LM4951 1.8W (at 7.5V) wide voltage range Boomer 0.07 — 0.9 micro SMD-9, LLP-10
LM4954 3W (into 3Q) wide voltage range Boomer 0.01 16 1.2 micro SMD-9
LM4990 2W (into 4Q) Boomer with selectable shutdown 0.02 2.03 1.25 LLP-10, micro SMD-9, MSOP-8, TSSOP-10
LM4991 3W (into 3Q) Boomer amplifier 0.02 2.13 1.1 LLP-8, SOIC-8
<@LM4995 . 1.3W Boomer amplifier 0.01 — 1.3 micro SMD-9, LLP-8

* PowerWise® product
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Stereo Boomer® Audio Amplifiers

LM4928 — 1.2W, Stereo Fully Differential Audio Amplifier with RF Suppression

Features

RF suppression circuitry

Fully differential amplification
Ultra-low current shutdown mode

Can drive capacitive loads up to 100 pF
Click-and-pop circuitry

2.4t0 5.5V operation

No output coupling capacitors, snubber networks, or bootstrap
capacitors required

Available in space-saving micro SMD-16 and LLP-14 packaging

Applications:

Ideal for use in portable equipment, battery-powered systems,
sensors, instrumentation, and automotive applications

Stereo Boomer Amplifiers

Product ID | Description

LM4928 1.2W stereo fully differential Boomer with RF suppression

LM4992 1.07 stereo Boomer with independent channel shutdown

Yo VWA
Cs i
1w T
N = Voz+
Common
Mode
Vor-
+IN
SD
BYP
e
Cs
- N
Voz+
Common
Mode
Vor-
+IN
+
GND—

RL
80

RL
80

Output Power

THD < 1%, Vyce =5V
THD (%) Packaging
0.04 1.8 1.2 micro SMD-16, LLP-14
0.15 — 1.07 LLP-14
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Specialty Audio

Specialty Audio Motor Drivers

Quiescent Current Wake up Output Current
Product ID | Description Supply Voltage Range (V) | Vpp =3V (mA) Time (ms) Voo =3V (mA) Shutdown Packaging
LM4570 Haptic motor driver 24t05.5 19 24 192 Low LLP-8
12V Boomer® Audio Amps

Output Power at THD < 1%

Supply Voltage Vee =12V
Product ID Description Range (V) THD (%) Packaging

LM4950 | 7.5W mono or 3.1W stereo Boomer 9.6 to 16 0.14 3.1 6.2 T0220-9, T0263-9

Specialty Audio Synch LED Drivers

Audio Number of Supply LED Drive Supply Voltage
Product ID Description Channels Control | Outputs Voltage (V) | Current (1x) Range (V) Packaging

LM4970 Audio synchronized color LED driver 27t05.5

Audio Synch LED Driver Typical Application

12CVpp
|_ 12CVpp T

SCL

Control

Interface Randomizer

Vpp or Vppgoost
------------- XX
la
l‘
LED1
Audio EED , :3\
sync urren i
Filter Control LED2
X
l¢
. LED3

LGND

I
|||
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Microphone Amplifiers

LMV1012/32 — Amplifiers for Electret Microphones

LMV1012 Amplifier Features
* Improved gain of 25 dB over common JFET Next-Generation Electret Condenser Microphone (ECM)
e Lower THD: 0.5%

e Better SNR: >55 dB

e 2-wire interface/connectivity

e Available in the world’s thinnest micro SMD-4 packaging

LMV1032 Amplifier Features ll '
e Low-supply current: <60 pA \
¢ Low-outputimpedance: 200Q
SNR: >55dB

¢ Improved gain of 6 dB over common JFET

Built-in gain

¢ 3-wire interface/connectivity

Applications:
Ideal for use in mobile communications, automotive communications,

PDAs, and accessory microphone products - :
i 1x1x05mm
1x1x04mm Thin

Tx1x0.3mm Ultra thin
Extremely thin

Amps for Mics
Integrated Supply
Digital Floor SNR THD (% at Viy =18 | PSRR | Typ IS/Ch | Voltage
Product ID Application Noise (dbFS A)' | (dB at Vpp =5V) mVp_p, Vpp = 5V) Range (V) | Packaging
LMV1024 2 4-wire PDM preamp -89 59 15 0.03 100 <518 16t03 micro SMD-6 (LDB*)
LMV1026 3 4-wire PDM preamp -89 59 15 0.03 100 <518 1.6t03 micro SMD-6 (LDB*)
LMV1032-6 | 3-wire Electret — 59 6 0.11 75 <60 1.7t05 micro SMD-4
LMV1032-15 | 3-wire Electret — 61 15 0.001 70 <60 1.7t05 micro SMD-4
LMV1032-25 | 3-wire Electret — 62 25 0.35 65 <60 1.7t05 micro SMD-4
LMV1031-20 | 3-wire Electret 1V bias | — 62 20 0.18 56 <72 2t05 micro SMD-4 (LDB*)
LMV1015-15 | 2-wire high-gain — 60 15.6 | 0.13 — <180 2t05 micro SMD (LDB*) XP*
LMV1015-25 | 2-wire high-gain — 61 239 |0.21 — <180 2t05 micro SMD (LDB*) XP*
LMV1012-7 2-wire high-gain — 59 7.8 0.1 — <180 2t05 micro SMD-4
LMV1012-15 | 2-wire high-gain — 60 15.6 | 0.09 — <180 2t05 micro SMD-4
LMV1012-20 | 2-wire high-gain — 61 209 |0.12 — <180 2t05 micro SMD-4
LMV1012-25 | 2-wire high-gain — 61 23.8 | 0.15 — <180 2t05 micro SMD-4 (UP/XP)*
LMV1031 3-wire analog — 62 20 0.18 56 — 2to b micro SMD-4
LMV1088 — — 60 36 0.1 85 — 27t055 | micro SMD-36

“Patent pending 1.8V, 1.2 MHz, 18 mVp.p 2PDM Qutput Right 3PDM Output Left “Thinnest preamp at 0.3 mm is XP version
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National Semiconductor Audio: Your Sound Solutions

LM48410

. Stereo Class D efficiency for portable audio applications.
\ For more information, see Class D on p. 56

LM49370

Integrated 12S/analog subsystem simplifies mixed-signal audio
implementation in handheld and portable devices.

For more information, see subsystems on p. 51

LME49860
E 0.00003% THD+N across bandwidth and loads operating up to +22V.

‘ . e Apart from professional and consumer audio applications, this
! . . device also provides value in high-voltage industrial applications.
For more information, see audio op amps on p. 47
w
LME49810

100W to 3 kW Drive capability. Emulates a guitar amp when
overdriven. Made for powered speakers, sound reinforcement,
amplifiers, and professional audio systems.
For more information, see audio drivers on p. 48
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Remote Diode Temperature Sensors and
Hardware Monitors

PowerWise® Precision Remote Diode Temp Sensors (RDTS) with TruTherm™ Technology

TruTherm Beta Compensation Technology

¢ Precisely senses the temperature of remote diodes in deep-
submicron processes

¢ Compensates effects of beta variation
¢ Eliminates processor dependent offset calibration

¢ Precise temperature measurement combined with National's
advanced fan control solution enables optimal acoustic solutions

Features (LM95233/34/35/41/45)

¢ Remote and local sensors

¢ Analog and digital filters to reduce noise

¢ Calibrated for 2N3904 or processors on 45, 65, or 90 nm processes
¢ Resolves temperatures above 127°C

¢ Remote diode fault detection

e SMBus 2.0 compatible interface, supports TIMEQUT

Applications:

Ideal for use in processor/computer system thermal management
(e.g. laptop, desktop, workstations, server), electronic test equipment,
and office electronics)

Temperature Error (°C)

Temperature Error (°C)

Large Spread in Temperature Measurement Accuracy
Without TruTherm Technology

20 30 40 50 60 70 80 90
Temperature (°C)

—.— —-— —a— —a—
CPU-1  CPU-2 CPU-3 CPU4 CPU5 CPU6  CPU-7 CPU8  CPU-9

Temperature Measurement Accuracy With TruTherm Technology

3

2

20 30 ] 50 60 70 80 1]
Temperature (°C)

LM95245 — PowerWise® Single Remote Diode and Local Temperature Sensor

Features

e 45 nm supported TruTherm beta compensation technology
¢ Monitors one remote diode and local temperature

¢ Remote temperature accuracy: £0.75°C (max)

¢ One programmable critical temperature alarm

e Supply voltage: 3.0V to 3.6V

e 350 pA supply current

e 3level address pin

¢ Available in MSOP-8 and SOIC-8 packaging

Applications:

Ideal for use in processor/computer system thermal management,
electronic test equipment, and office electronics
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Remote Diode Temperature Sensors

‘ ‘ Processor ‘ Measurement | No. of Remote
Product ID Description Pin-Compatible Supported Method Channels Terit Selectable Addresses
LM86/89/99 ¢ | +0.75°C, MSOP-8 P4 & AMD Traditional 1 1 Factory set
LM95235 e | +0.75°C, MSOP-8 65 nm TruTherm 1 1 v
LM95245 « | +0.75°C, MSOP-8 45 nm TruTherm 1 1 4
LM95231 e | +1.25°C, MSOP-8 I 90 nm TruTherm 2 — Factory set
LM95241 +1.25°C, MSOP-8 65 nm TruTherm 2 — Factory set
LM95213 e | +1.1°C, LLP-14 1 — Traditional 0-2 3 (4
LM95233 e | +0.875°C, LLP-14 65 nm TruTherm 0-2 3 (4
LM95214 | £1.1°C, LLP-14 — Traditional 0-4 3 4
LM95234 e | +0.875°C, LLP-14 v 65 nm TruTherm 0-4 3 4
LM96194 e | +2.5°C, LLP-48 65 nm TruTherm 2-4 — Full PI hardware monitor
LMm87 +4°C, TSSOP-24 — Traditional 2 1 DAC hardware monitor
LM93 +3°C, TSSOP-56 — Traditional 2 — Full LVT hardware monitor
LM94 e | +2.5°C, TSSOP-56 I 65 nm TruTherm 2-4 = Full PI'and LVT hardware monitor
* PowerWise® product _
m
LM94/96194 — PowerWise® TruTherm™ Hardware Monitor with Pl Loop Fan Control E
=
Features E'
e TruTherm beta compensation technology %
J Monit_ors up to 4 remote diodes, Ipcal temperature, 4 cooling fans, and 16 power R ostional-Integral [P1) Fan 3
supplies (LM94) or 9 power supplies (LM96194) Control Block Diagram E
¢ Controls cooling fans with advanced fan speed control techniques . 8
 Voltage measurement accuracy: +2% FS (max) iuthing 7
e Dual dynamic VID monitoring supports VRD10.2/11 Thermal
e Temperature resolution: 9-bits, 0.5°C %i::lpe i _\

e Temperature sensor accuracy: +2.5°C (max)
¢ Power supply voltage: 3.0V to 3.6V

e Available inTSSOP-56 packaging (LM94)

e Available in LLP-48 packaging (LM96194)

Applications:
Ideal for use in servers, workstations, and other single/multi-processor based equipment

Product ID Key Features

LM63C/D 11-bit remote diode and LVT fan control

LM80/81B Voltage monitoring, DAC output, Tach inputs

LM96000 Desktop hardware monitor, dual RDTS, linear fan control for 4-pin fans
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Analog Temperature Sensors

LM94021/22 - Low-Voltage, Low-Power, 1.5 to 5.5V, Analog Temperature Sensor

Features

¢ Next generation LM20 Output Voltage vs Temperature
¢ Supply voltage 1.5V to 5.5V 35 ‘ ‘
e +1.5°C temperature accuracy 30

¢ Four configurable gains for optimum sensitivity vs. supply
and temperature

\\\‘(\

\ ‘ ‘
Gain 1(-13.6 mV/°C)
25 [~ =
\

20

\

~—_
15 \
—

e Low 5.4 pA quiescent current \‘\(Gainz(-mﬂmvl"c)
¢ Wide temperature range of -50°C to +150°C W= R ~

\

¢ Short-circuit protected output s Gain4(-€mV/°C) WK: \§‘
e Available in SC-70 packaging and die form ‘ Gain 3 (-82mV/°C) —
e Evaluation board available

Output Voltage (V)

0.0

g
]

0 25 50 75 100 125 150
Temperature (°C)

Applications:

Ideal for use in low-voltage, battery-powered systems such as Supply Qutput Drive

cellular phones, PDAs, MP3 players and digital cameras, as well  [ZE 8 RRHTICR (L]

as automotive, and storage devices LM94021 9 2 100 Class A
LM94022 ‘ 5.4 ‘ 50 ‘ 50 Class AB

LM26LV — 1.6V Lowest Power, Factory Preset Temperature Switch and Temperature Sensor

Features

e Ultra-low supply voltage: 1.6V to 5.5V for all trip points

e Ultra-low supply current: 8 pA (typ)

* Highest accuracy with temperature trip point accuracy of +2.3°C (0 to 69°C )
 0°C to 150°C temperature trip point range, -50°C to 150 °C analog output temperature range
e Trip-test pin allows in-situ testing to verify connectivity and comparator function
e Analog output can be overdriven for trip point testing

e Push-pull and open-drain digital outputs in same package

e Buffered Vgyp output drives external circuits, such as A/D converters

e 5°C Hysteresis

 Factory programmable temperature set point

e Available in 2.2 mm x 2.5 mm LLP-6 packaging (SC-70 footprint)

Applications:
Ideal for use in industrial and automotive markets, and in consumer applications including notebooks and cell phones

Product ID | Key Features Description

LM26 2.7V t0 5.5V, + 3°C, -40°C to 125°C factory preset set point, SOT-23 | Small, low power, analog temperature switch plus analog temperature sensor
LM27 2.7V to 5.5V, +3°C, 120°C to 150°C factory preset set point, SOT-23 | Small, low power, analog temperature switch plus analog temperature sensor
LM45 4V to 10V supply voltage, +/-3°C, SOT-23 Low-power, precision temperature sensor

LM56 A 0 Sl ply i, 270 ey, Ul aninelle User programmable temperature switch plus analog temperature sensor

set point
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Digital Temperature Sensors

LM95071 — High-Accuracy SPI General Purpose Digital Temperature Sensor

Features

e +1°C accuracy (0°C to 70°C)

* 14-hit resolution (0.03125°C/LSB)

e 2.4V to 5.5V supply

e Low power: 280 pA typical

e -40°C to 150°C temp range

¢ Next generation to the LM70 and LM74
* Available in SOT23-5 packaging

Applications:

Ideal for use in system thermal management, portable devices,

personal computers, disk drives, and test equipment

Product ID Key Features

LM70 3-wire, 11 bits, + 2.0°C

LM71/ LM95071 3-wire, 14 bits, + 1.0°C

LM73 2-wire, 11 to 14 bits, + 1°C

LM74 3-wire, 13 bits, + 1.25°C

LM75 2-wire, 9 bits, + 2.0°C

LM76 2-wire, 13 bits, + 0.5°C & + 1.0°C
LM77 2-wire, 10 bits, + 1.5°C

LM92 2-wire, 13 bits, + 0.33°C & + 0.5°C

Voo

!

LM95071

14-Bit
Delta-Sigma
A/D Converter

Temperature
Sensor
Circuitry

Manufacturer's | Temperature
ID Register Register

Control Logic

Three-Wire Serial Interface

Comments

Bare bones sensor, LLP® packaging

High accuracy and resolution

High accuracy, programmable resolution, fast conversion time
World's smallest, low power, micro-SMD packaging

Industry standard

Higher accuracy

ACPI compliance

World’s most accurate

-
m
=
-
m
=
-
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=
m
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m
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Automotive AEC-Q100 Portfolio

This family of temperature sensors is optimized for the
automotive market. Increased electronic content in
critical automotive and industrial applications is driving
the need for specialized high temperature thermal
management solutions. These temperature sensors
provide high accuracy at the critical high temperature
area and operate in extended temperature range,
making them ideal for use in automotive head units,
transmission control, diesel systems, electric motor
control, and suspension systems.

www.national.com/tempsensors

Automotive AEC-Q100 Portfolio
Product ID

Description

LM95235Q © Remote diode temperature sensor with TruTherm™ technology
LM940220 Low-voltage analog temperature sensor

LM27A High temperature (120 — 150°C) thermostat

LM71A General purpose digital temperature sensor

LM95071 General purpose digital temperature sensor

¢ PowerWise® product

67



Interface Product Overview

Logic
(FPGA)

Data Bus

Signal Conditioners

Serial Switching/Redundancy

High-Speed Industrial Ethernet

SDI Cable Drivers, Equalizers, SerDes, Reclockers

LVDS/Bus LVDS/M-LVDS

——— > LVDS (Point-to-Point)
— o Bus LVDS/M-LVDS (Multidrop)

LEE Clock Conditioners (Clean, Multiply, & Distribute)
% 1:n Repeaters

i PLLVCO

Clock Bus

LVDS/Bus LVDS/M-LVDS Control Bus
RS-485/422/232/UART/USB

10/100 High-Speed Industrial Ethernet

# JTAG Controller/Mux/Analog Probe Test Bus

RS-485/422/232

10/100

High-Speed Industrial Ethernet
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Multi-Drop LVDS

Multi-drop: Drive as many as 32 loads using Bus LVDS or M-LVDS

Bus LVDS is a multi-drop version of LVDS with beefed-up drive to support as many as 32 loads. Controlled edge rates help reduce
reflections and allow B-LVDS to support data rates as high as 400 Mbps.

 High drive with controlled edge rates

e Up to 400 Mb .
pto ps Multidrop Topology

a multi-drop solution capable of data rates as high as
125 MHz. M-LVDS has guaranteed edge rates greater than
1 ns, increased drive and a wider input common mode range.

M-LVDS is described in the TIA/EIA-899 standard and is v

 High drive with >1 ns edge rates
e Upto 125 MHz

DS91D176 driving 50 MHz clock on ATCA backplane
- 13 loads - 1/2 inch stubs - Rx slot 7, Tx slot 14

El  Edi  ‘eiica  Mgiztdcq  Lig  Display  Lueors  Meaprs  Maske Mah  Uikes Mo
271 A 1 15,27.5:

)

VVV VVV

W-

=
Rr = Z, (diff.) m
2
>
(x)
Max Speed/ | Supply m
Product ID Drivers | Receivers | LVDS Type | Ch (Mbps) Voltage | Temperature Packaging Comments
Transceivers
DS91C176TMA 1 1 M-LVDS 100 MHz 33 -40 to +85°C Soic-8 M-LVDS, half duplex, type 2
DS91D176TMA 1 1 M-LVDS 100 MHz 33 -40 to +85°C SoIc-8 M-LVDS, half duplex, type 1
DS91C180TMA 1 1 M-LVDS 100 MHz 33 -40 to +85°C Soic-14 M-LVDS, full duplex, type 2
DS91D180TMA 1 1 M-LVDS 100 MHz 33 -40 to +85°C Soic-14 M-LVDS, full duplex, type 1
DS92001TMA 1 1 B-LVDS 400 33 -40 to +85°C SOIC/LLP-8
DS92LV010ATM 1 1 B-LVDS 155 33 -40 to +85°C Soic-8
DS92LV040TLQA 4 4 B-LVDS 200 33 -40 to +85°C LLP-44
DS92LV030ATVEH 9 9 B-LVDS 200 33 -40 to +85°C PQFP-64
DS92CK16TMTC 6 1 B-LVDS 250 33 -40 to +85°C TSSOP-24 Master/Slave
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LVDS and CML PHYs
Signal Conditioning—Extend Your Reach

National offers an array of signal conditioning solutions,
covering data rates from DC to 10 Gbps and topologies ranging 10
from point-to-point to 32 multidrop loads.

LVDS is the most widespread high-speed signaling technology
and generally requires the least amount of power while
supporting data rates from DC to 3.125 Gbps.

CML supports data rates as high as 10 Gbps while generally CML MLwith
maintaining the lowest jitter. ! e L]

Signal conditioning using Equalization and Pre-emphasis
(for CML, De-emphasis) enables hoth technologies

to significantly extend cable and backplane reach by
compensating for media loss.

B-LVDS and M-LVDS are lower speed technologies that use
controlled edge rates to improve signal integrity when driving
multiple loads in multidrop or multipoint configurations.

National's Signal Conditioners

P ]

LVDS with
Signal Conditioning

Data Rate (Gbps)

0
g ‘5‘2 1‘[] 41‘5 SD Zf 3"0 1‘03‘5 1; 4‘1‘4 5‘[]1‘65‘5 AISD io ((r:i) cable
9 1‘5 3‘0 4‘5 EP (in) FR_4
0 30 60 90 120 150  (cm)
DS16EV5110 — HDMI/DVI Cable Equalizer
Features
¢ 1.65 Gbps (DVI 1.0 and HDMI 1.2a) 05 i
> 40m 24 AWG HDMI/DVI cable ,’
>25m 28 AWG HDMI/DVI cable 0.4 !
>20m CAT5/5e/6 -/
« 2.25 Gbps (HDMI 1.3) _ Unequalized
>30m 24 AWG HDMI/DVI cable : 7 7
* Supports digital TV resolutions: 480i/p, 720i/p, and 1080i/p 2 )/
(including 1080p with 12-bit color depth) g 02 7
« Supports computer resolutions from VGA to WQXGA o \ Equalized e
e Flexible Serial Management Bus (SMBus) interface 0.1 |~ 27
o Settable boost for optimum equalization
e Qptimized for 250 Mbps to 1.65 Gbps 0

¢ Clock channel loss of signal (LOS) detect 0 2 4 6 8 10 12 ¥ 16 18 20
e 0.13 Ul total at 1.65 Gbps including cable 2.25 Gbps HDMI Jitter Over 28 AWG/HDMI Cable Length (m)

e Low power consumption: 430 m\W (typ)

Appllcatlons:. ] o ; A\l - See the new show:
Ideal for use in DVI/HDMI cable extenders/switchers, digital P :

; : LT Aiellae) . “Designing Long-Reach Applications with
routers, projectors, and high definition displays ‘1 DVI HDMI and PCI Express Cable Standards”

www.national.com/nationaltv
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Cable Extension and Switching/Redundancy

PowerWise® Cable and Backplane Equalizer Family Operates from 2.5 to 10 Gbps

Features

Unequalized

Equalized, TJ = 0.18 Ul

* Equalizes 40 inch FR4 or 10m 24 AWG Twin-AX
at 6.4 Gbps

¢ 94 m\W typical power consumption per channel

Applications:
Ideal for use in extending cable reach in storage,

automated test equipment, networking, and medial
applications, and in reducing jitter in high-speed
backplanes

Product ID Description Supply Voltage Channels | Package
DS32EV400 Quad 1-5 Gbps general purpose equalizer 3.3 4 LLP-48
DS64EV400 © Quad 5-10 Gbps general purpose equalizer 33 4 LLP-48
DS32EV100 © Single Channel 1-5 Gbps general purpose equalizer 3.3 1 LLP-14
DS64EV100 © Single Channel 5-10 Gbps general purpose equalizer 33 1 LLP-14
DS50EV401 Quad 2.5-8Gbps PCI Express equalizer 2.5-33 4 LLP-48
* PowerWise® product
PowerWise® Energy-Saver Equalizers Energy-Saver Equalization
Clock +/- Clock +/-
Energy-saver equalizers employ passive components to provide as Dote0, ._> p— Data 0+
much as 7 dB relative boost. Energy-savers require no power or Gable N _owa 1 e Doty Cable OUT
. . . . . Cost-Effective HDMI Cable
ground, add no Rj and are bi-directional. Energy-savers are ideal LIS " _— Data2+)
for placement in connectors, backplanes and cables and can act '
independently or in conjunction with an active equalizer.
Device Datarate Packaging Zwagnl:gli\::‘;la:::?;“Ehps After DS38EP100
DS38EP100 1t05 Gbps 7dB LLP-6
DS80EP100 510 12.5 Gbps 7dB LLP-6 T T
. . =
DS25BR204 1 to 4 LVDS Splitter with Selectable Input =]
=
m
Features PWRDWN E‘%
m

e DCto 3.125 Ghps

e Select 1 of 2 Inputs

e 5 ps Rjtypical

¢ Input Equalization and Output Pre-emphasis

www.national.com/interface
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Equal-
Input ization
Product ID Function Compatibility (dB) (Mbps) | Packaging
DS15BA101SD Adjustable output buffer | 1 1 — CML LVPECL | — — 1500 LLP-8
DS10BR150TSD Single LVDS Buffer 1 1 — LVDS/LVPECL/CML | LVDS  |— — 1000 LLP-8
DS25BR100TSD e | Single LVDS buffer 1 1 — LVDS/LVPECL/CML | LVDS | 0/6 3/6 3125 LLP-8
DS25BR110TSD e | Single LVDS buffer 1 1 — LVDS/LVPECL/CML | LVDS | — 0/3/6/9 | 3125 LLP-8
DS25BR120TSD o | Single LVDS buffer 1 1 — LVDS/LVPECL/CML | LVDS | 0/3/6/9 |— 3125 LLP-8
DS25BR150TSD e | Single LVDS buffer 1 1 — LVDS/LVPECL/CML | LVDS | — — 3125 LLP-8
DS90LV804TSQ Quad LVDS Buffer 4 4 — LVDS/LVPECL/CML | LVDS | — — 800 LLP-32
DS90LV004TVS Quad LVDS Buffer 4 4 — LVDS/LVPECL/CML | LVDS | 0/6 = 1500 TQFP-48
SCANS90004TVS Quad LVDS Buffer 4 4 — LVDS/LVPECL/CML | LVDS | 0/6 — 1500 LLP-32
DS15BR400TSQ/TVS Quad LVDS buffer 4 4 — LVDS/LVPECL/CML | LVDS | 0/6 — 2000 LLP-32, TQFP-48
DS15BR401TSQ/TVS Quad LVDS buffer 4 4 — LVDS/LVPECL/CML | LVDS | 0/6 — 2000 LLP-32, TQFP-48
DS25BR400TSQ Quad CML transceiver |8 8 Loopback | CML CML | 0/-3/-6/-9 | 0/5 2500 LLP-60
DS42BR400TSQ Quad CMLtransceiver |8 8 Loopback | CML CML | 0/-3/-6/-9 | 0/5 4250 LLP-60
et ..
DS15EA101SQ Adaptive cable equalizer | 1 1 — LVPECL CML  |— Adaptive | 1500 LLP-16
DS16EV5110SQ Settable HDMI/DVIEQ |1 1 — LVDS/LVPECL/CML | CML | — 30 1650 LLP-48
DS25BR110TSD e | Single LVDS equalizer |1 1 — LVDS/LVPECL/CML | LVDS | — 0/3/6/9 | 3125 LLP-8
DS38EP100DS ® | Power-saver equalizer | 1 1 — LVDS/LVPECL/CML | — — 7 5000 LLP-6
DS80SP100SD Power-saver equalizer | 1 1 — LVDS/LVPECL/CML | — — 1 12500 | LLP-6
DS32EV400SQ Quad Settable equalizer | 4 4 — CML CML | — Upto14 |3125 LLP-48
DS32EV100SD Single Settable equalizer | 1 1 — CML CML  |— Upto 14 | 4250 LLP-14
DS64EV400SQ e | Quad Settable equalizer | 4 4 — CML CML  |— Upto20 |10000 |LLP-48
DS64EV100SD e | Single Settable equalizer | 1 1 — CML CML | — Upto20 | 10000 |LLP-14

Differential-to-Differential

Switching/Redundancy

Signal Conditioning

Comments

Adjustable output swing

Int termination, 8 kV ESD

Int termination, 8 KV ESD,
PowerWise® product

Int termination, 8 kV ESD,
PowerWise product

Int termination, 8 KV ESD,
PowerWise product

Int termination, 8 kV ESD,
PowerWise product

15 kV ESD

15 kV ESD

15 kV ESD, JTAG

Int termination, 15 kV ESD
15kVESD

Int termination, 6 kV ESD
Int termination, 6 kV ESD

Use with DS15BA101

Settable EQ in 8 steps

Int termination, 8 kV ESD,
PowerWise product

No PWR or GND required,
PowerWise product

No PWR or GND required
8 EQ settings,

PowerWise product

8 EQ settings

8 EQ settings,

PowerWise product

8 EQ settings

LB = Loopback
* PowerWise® product

TCML devices in this column that feature de-emphasis show negative dB

DS25BR100/10/20 — PowerWise® 3.125 Gbps LVDS Buffers with Pre-Emphasis and Equalization

Features

e 17 ps typ jitter (2.5 Gbps, 22-1 pattern)
e Programmable pre-emphasis and equalization
e Wide common mode input accepts LVDS, CML, and LVPECL

¢ Integrated 100Q input and output termination
7 KV ESD protection on LVDS pins
Available in LLP-8 packaging

Applications:

Ideal for use in routers, switches, storage, medical imaging, video security,
image capture, and processing
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Switching/Redundancy Signal Conditioning

=3 Bes

Receive | Max
Pre- Equal- | Speed/

In- | Out- | Muxing | Input emphasis | ization | Ch
Product ID Function puts | puts | Options | Compatibility Output (dB)! (dB) (Mbps) | Packaging | Comments

Multiplexers and Mux-Buffers

DS25MB100TSQ 2:1/1:2 mux/buffer 3 3 2:1/1:2,LB | CML CML 0/-3/-6/-9 | 0/5 2500 LLP-36 Int termination, 6 kV ESD

DS42MB100TSQ 2:1/1:2 mux/buffer 3 3 2:1/1:2,1B | CML CML 0/-3/-6/-9 | 0/5 4250 LLP-36 Int termination, 6 kV ESD

DS08MB200TSQ Dual 2:1/1:2 mux/buffer | 6 6 21122 LVDS/LVPECL/CML | LVDS — — 800 LLP-48 15kVESD

DS15MB200TSQ Dual 2:1/1:2 mux/buffer |6 6 21N1:2 LVDS/LVPECL/CML | LVDS 0/6 = 1500 LLP-48 15kV ESD

SCAN15MB200TSQ | Dual 2:1/1:2 mux/buffer |6 6 21122 LVDS/LVPECL/CML | LVDS 0/6 — 1500 LLP-48 JTAG

DS25MB200TSQ Dual 2:1/1:2 mux/buffer | 6 6 2:1/122,LB | CML CML 0/-3/-6/-9 | 0/5 2500 LLP-48 Int termination, 6 kV ESD

DS40MB200SQ Dual 21/1:2 Mux/Buffer |6 6 21/1:2,LB | CML CML 0/-3/-6/-9 | 0/5 4000 LLP-48 Int termination, 6 kV ESD

DS42MB200TSQ ® | Dual 2:1/1:2 mux/buffer |6 6 2:1/1:2,LB | CML CML 0/-3/-6/-9 | 0/5 4250 LLP-48 Int termination, 6 kV ESD

Crosspoint Switches

DS90CP22M-8/MT | 2x 2 crosspoint 2 2 2x2 LVDS/LVPECL/CML | LVDS — — 800 TSSO0P-16,SOIC-16

SCAN90CP02SP/VY | 2 x 2 crosspoint 2 2 2x2 LVDS/LVPECL/CML | LVDS 0/2/35/5 | — 1500 LLP-28, LQFP-32 | JTAG, 1149.6
<'DS10CP152TMA 2x 2 crosspoint 2 2 2x2 LVDS/LVPECL/CML | LVDS — — 1500 S0IC-16 9 ps Jitter typical
CPDS25CP10250 2x2 crosspoint 2 2 2x2 LVDS/LVPECL/CML | LVDS 0/3/6/9 0/3/6/9 | 3125 LLP-16 10 ps jitter typical
SPDSI0CPISASQ | 4X 4 crosspoint 4 |4 |ax4 | woSAvPeCCML|WDS |09 |0369  [1500 | LLPdo Low power pzr%mfha"”e"
SPDS25CPI04SQ | 4 X 4 crosspoint 4 |4 |ax4  |LVDSLVPECLCML |LvDS  |0369  |0369 [3125 | LLP40 pops Jittertypical

DS90LV110ATMT 1:10 LVDS repeater 1 10 | 110 LVDS/LVPECL/CML | LVDS — — 400 TSSOP-28 Input failsafe
<Y DS10BR2545Q 1:4 LVDS repeater 2 4 1:4 LVDS/LVPECL/CML | LVDS — — 1500 LLP-40 Select 1 of 2inputs
<Y DS25BR20450Q 1:4 LVDS repeater 2 4 1:4 LVDS/LVPECL/CML | LVDS 0/6 0/6 3125 LLP-40 Select 1 of 2inputs

LB = Loopback  'CML devices in this column that feature de-emphasis show negative dB
* PowerWise® product

DS25CP104 — PowerWise® LVDS 4 x 4 Crosspoint Switch

Features

e DC to 3.125 Ghps

* 10 ps typical jitter

¢ Programmable equalization and pre-emphasis
¢ Configurable using pins or SM Bus

Output

AL
-

Pin-Programmable
Equalization 6 dB

A

— National
4 Nissionst,
T 1 DS25CP104
—— 4xd

Crosspoint Switch

=2
|
m
=
>
o
m

Applications:

Ideal for use in routing and switching of video, data, or

clock signals, and redundancy \ \
Configuration Set I Pin-Programmable I
Iy Pins or SMBus Pre-emphasis & dB
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Serializer/Deserializer (SerDes)

Selecting the Right SerDes

7]
-]
483 33 t0 133 MHz DS90CR48x (= ncB -
284 20 to 85 MHz DS90CR28x 22
] 53
213 20 to 85 MHz DS90CR21x T
&
Hex
10:1 to 66 MHz SCAN928028/6260 (6 Channels)
o 10
= DS90UR241/124 == CB
('S
x 24:1 DS99R103/04/05/06 C= DCB 3to 40 MHz @
= Q
s DS90C241/124 =C= DCB 0 35 MHz 5
-
Q
18:1 15t0 66 MHz BOELPINAEIINEVAEZABN =C= (SCAN921821 has pre-emphasis) S
2
16:1 25 to 80 MHz DS92LV16 3
&
10:1 DS921V1023/1224 and SCAN921025/1226 20 to 80 MHz
\
Equalization ~
————— == L ocs | | | sc+mzwo 614.4, 1228.8 Mbps (CPRI)
Receive Equalizati [V
D0 B o == L nce || | scanzsioo ! 614.4, 1zzs.f, 2457.6 Mbps (CPRI)
\ \
50 100 250 500 1000 1500 2500 5000 10000 20000
Data Payload (Mbps)

DS90UR241/124 - 5 to 43 MHz 24-bit Serializer/Deserializer with DC-Balance and Pre-Emphasis

Features - -
* Serializes 24 bits at 5 to 43 MHz (125 to 1032 Mbps) " .......| DS90UR241 DS90URIZA | i
. R(_at(;]eiv;er atutomlatilcalll(y locks to any data pattern 1032 Mbps

without external cloc Data Payload

¢ DC-balance encoding for AC-coupled and optical
interconnects

¢ Drives 10m twisted pair cable

¢ At-speed BIST pattern generation/verification
¢ 10 kV ESD (IS0-10605) and hot plug protection
e Extreme -40 to +105°C temperature range —

¢ Meets National automotive grade compliance e
(InC|Udes AEC-O-1 00) 24-bit, 5 to 43 MHz LVCMOS interface Automatic receiver lock

DC-balanced output for AC-coupled applications No reference clock required

10 m CAT5 Cable

DIN(230] ROUTIZ30]
—E S ELLL N

System Logic
System Logic

30 inch FR4 Backplane

RCLK

- PLL&CDR
||

Timing and Control

LocK
RPWDNb

Applications:
Ideal for use in remote displays, remote cameras, signal acquisition, automotive, and bus extension
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SerDes

Selected SerDes Products

Mux Clock Speed | Max Rate/ | Max Throughput
Product ID Ratio | Function #Ser (MHz) Ch (Mbps) | (Mbps) Temperature Packaging | Eval Kit
Single-Channel 10-bit SerDes
DS92LV1021ATMSA | 10:1 Serializer 1 16 to 40 400 400 -40 to +85°C SSOP-28 BLVDS03
DS92LV1212AMSA 10:1 Deserializer | — 16 to 40 400 400 -40 to +85°C SSOP-28 BLVDSO03
DS92LV1023ETMSA | 10:1 Serializer 1 30to 66 660 660 -40 to +85°C SSOP-28 BLVDS03
DS92LV1224TMSA 10:1 Deserializer | — 30to 66 660 660 -40 to +85°C SSOP-28 BLVDS03
SCAN921025SLC 10:1 Serializer 1 30to 80 800 800 -40 to +85°C BGA-49 BLVDS03
SCAN921226SLC 10:1 Deserializer | — 30to 80 800 800 -40to +85°C BGA-49 BLVDS03
SCAN921025HSM 10:1 Serializer 1 20to 80 800 800 -40to +125°C BGA-49 BLVDS03
SCAN9Z1226HSM 10:1 Deserializer 20to 80 -40to +125°C BGA-49 BLVDSO03
SCAN921260UJB 10:1 Deserializers 20 to 66 3960 -40 to +85°C LBGA-196 | BLVDSO03
SCAN926260TUF 10:1 Deserializers | — 16 to 66 660 3960 -40 to +85°C LBGA-196 | BLVDSO03
SCAN928028TUF 10:1 Serializers 8 25 to 66 660 5280 -40 to +85°C LBGA-196 | BLVDSO03
16-bit
Cossnervi o1 L soves 1|1 2v0m | am | oprarcion | 0t0,a5 | 7070 | oostae
18-bit
DS92LV18TVV SerDes 15 to 66 1188 1188 per direction | -40 to +85°C PQFP-80 LVDS-18B-EVK
21-bit
DS90CR217MTD 21:3 | Transmitter 1 20to0 85 595 1780 -10to +70°C TSSOP-48 | CLINK3V28BT-85
DS90CR218AMTD 21:3 | Receiver — 12t0 85 595 1780 -10to +70°C TSSOP-48 | CLINK3V28BT-85
24-bit with DC-Balance and Pre-Emphasis
DS90C241QVS** 24:1 Serializer 1 510 35 840 840 -40to +105°C | TQFP-48 SERDES24-35USB
DS90C124QVS* 1:24 | Deserializer | — 51035 840 840 -40to +105°C TQFP-48 SERDES24-35USB
DS99R103TVS 24:1 Serializer 1 31040 960 960 -40 to +85°C TQFP-48 SERDES03-40USB
DS99R103TSQ 24:1 Serializer 1 31040 960 960 -40 to +85°C LLP-48 SERDES03-40USB
DS99R104TVS 1:24 | Deserializer | — 3t040 960 960 -40 to +85°C TQFP-48 SERDES03-40USB
DS99R104TSQ 1:24 | Deserializer | — 3t0 40 960 960 -40 to +85°C LLP-48 SERDES03-40USB
DS99R105VS 24:1 Serializer 1 3t0 40 960 960 0to +70°C TQFP-48 SERDES05-40USB
DS99R105S0Q 24:1 Serializer 1 3040 960 960 0to +70°C LLP-48 SERDES05-40USB
DS99R106VS 1:24 | Deserializer | — 3t040 960 960 0to +70°C TQFP-48 SERDES05-40USB
DS99R106SQ 1:24 | Deserializer | — 3t0 40 960 960 0to +70°C LLP-48 SERDES05-40USB
DS90UR241QVS** 24:1 Serializer 1 5t043 1030 1030 -40to +105C TQFP-48 SERDESUR-43USB
DS90UR1240QVS* * 1:24 | Deserializer | — 510 43 1030 1030 -40to +105 C TQFP-64 SERDESUR-43USB
2ot
DS90CR287MTD 28:4 | Transmitter 1 20to 85 595 2380 -10to +70°C TSSOP-56 | CLINK3V28BT-85
DS90CR288AMTD 28:4 | Receiver — 20to 85 595 2380 -10to +70°C TSSOP-56 | CLINK3V28BT-85
48-bit (with DC Balance and Pre-Emphasis)
DS90CR483VJD 48:8 | Transmitter 1 33t0 112 672 5376 -10to +70°C TQFP-100 CLINK3V48BT-112
DS90CR484VJD 48:8 Receiver = 33to 112 672 5376 -10 to +70°C TQFP-100 CLINK3V48BT-112
DS90CR485VS! 48:8 Transmitter 1 66 to 133 798 6384 -10to +70°C TQFP-100 CLINK3V48BT-133
DS90CR486VS’ 48:8 | Receiver 66 to 133 798 6384 -10to +70°C TQFP-100 CLINK3V48BT-133
8hb/10b CPRI Basestation SerD
SCAN12100TYA 8:1 SerDes 1 30.72 614.4,1228.8 -40 to +85°C TQFP-100 SCAN25100EVK
SCAN25100TYA 8:1 SerDes 1 30.72 614.4,1228.8, 2457.6 -40 to +85°C TQFP-100 SCAN25100EVK

*This Product is National Automotive Grade Compliant (Includes AEC-Q100 Compliance)
TThese products are IS0 10605 ESD compliant
"Package codes: National has recently moved to 2-letter package code suffixes for new products. The new VV code refers to the same PQFP-80 package as the old VHG code.

www.national.com/interface
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National's Comprehensive 3 Gbps SDI Solution

3G HD/SD SDI Equalizer, Deserializer, Serializer, Reclocker, and Cable Driver

National is the first semiconductor supplier to offer a complete designer flexibility for building a system. Do you require HD/SD
end-to-end solution for the emerging 3 Gbps SDI market. operation today with an upgrade path to 3 Gbps SDI tomorrow?
Each of National’s 3G SDI products has a footprint-compatible National’s SDI technology offers solutions for all your SDI needs.
counterpart for HD/SD and SD only applications to maximize

3G HD/SD SDI Production Switcher Simplified Block Diagram

Processing Block

120m of cable** ke e e e e e e e e e mm— - - -
2.97 Gbps |
3G SDI :

Deserializer Serializer ) Coax )

liGhps IMHosa1 [ LMH0340 |
Cross F ;
. point P . .

SDIIN ! Switch G - ' SDIOUT

Fut !
P 3G SDI A 3GSDI |

Deserializer ™Y Serializer [ ) Coax )

LMH0341 LMH0340 :
|
L o e e e e e e e = e e = = = == -

**Belden 1694A coaxial cable

Backward Compatible Solutions for SD, HD, and 3G SDI
‘ [ I | I I |
I | 1 ) I I
IMH344 | LMHO346 | LMHO36 LMH0302 | LMHo340 | LMH0341 :
36 HD/SD i 3G HD/SD " 3G HD/SD 3G HD/SD 1 3G HD/SD " 3G HD/SD I
EQ . Reclocker i Reclocker Cable Driver \ Serializer/Driver | Reclocking |
36 | I w/ &1 MUX | ;  Deserializer ' 36
. I m [ ' 1 I I
| I ] I |
| I 1 | I
v JULPSIB) o TSSOR0) 0 o (P-a8)_ ot o AUPENG) n o JUPAB) o JUIPAR)
LMHoD44 ! LMH0046 : LMH0056 ' LMHooozsa ! LMH0040 ' LMHo041 '
HD/SD EQ : HD/SD . HD/SD ’ HD/SD ; HD/SD ! HD/SD :
: Reclocker . Reclocker ' Cable Driver ! Serializer/Driver ' Reclocking 3
HD : | wif 4:1 MUX : : : Deserializer : HD
Q@ & 4 @ @
[ ' 1 1 I I
I o ! 1 I I
T [ _ (WP-6) o _ (TSSOP20) | _ _(UP4®)_ _ i _ (LP-16) _ _ ;_ _ (P48 _ _ _ _ (P48 _ i
LMH0074 Future Product | Future Product LMHO0001 I LMHO070 ' LMHO0071 I
SDEQ : SD I SD SD ! SD : SD ;
Reclocker Reclocker : Cable Driver | Serializer/Driver ! Reclocking '
SD ! | w/ 4:1 MUX ] | Deserializer : SD
]
| 1 I 1
Q@ W @ B N A
I 1 1 I |
(LLP-16) (TSSOP-20) ; (LLP-48) (LLP-16)) | (LLP-48) I (LLP-48) I b
Equalizers ! Reclockers : Cable Drivers : Serializers I Deserializers -
I 1 I I |
| |
|
LVDS Bus Interface
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SDI Serializers and Deserializers with
LVDS Interface

Competitor’'s Legacy Solution

Wide parallel bus:
Introduces EMI
Burdens layout

1.485 Gbps

SDI OUT

2;,*.‘""“’ Cable

Serializer Driver

20-bit
FPGA Single-ended
TTL

g
4_

~115 ps

Jitter Cleaner

Max Serial data rate:

Output Jitter:

National’s New Solution

Narrow parallel bus simplifies layout
Differential Signaling Reduces EMI

Max
Serial

LMHO0340
3G SDI
Serializer
Driver

Low Cost
FPGA

[5-bit VDS + clk 2

50 ps

« Improve analog (jitter) performance

¢ Reduce board area

* Maximize flexibility

Benefit

Datarate:
2.97 Gbps

SDI OUT

Output jitter:

Feature
Supports 3G, HD, SD, SDI, and DVB-ASI
5-bit LVDS interface

Tx and Rx | Differential signalling

No external VCO required

Available in LLP-48 packaging

Supports SMPTE 424M, 292M, 259M, and DVB-ASI

Narrow parallel bus simplifies layout and conserves board area
Reduces EMI

Simplify design, conserve board area, and reduce system cost
7 x 7 mm? package is 60% smaller than BGA-100

50 PSp-p output alignment jitter at 3G and HD rates

Integrated cable driver
420 mW typical power consumption

Lowest output jitter (0.15 Ul) provides ample margin for designing to
SMPTE specifications

Reduce power consumption and board area
Lowest power serializer / driver

0.6 Ul minimum jitter tolerance

Deserializer | Reclocked active loop through with serial cable driver

510 mW typical power consumption

Recover noisy signals with greater than 60% of eye closed
Facilitates input monitoring
Lowest power SDI deserializer

Serializers:
LMHO0340 3G HD/SD
LMHO0040 HD/SD
LMHO0070 SD

Key Features

¢ Integrated cable driver

* 50 psp-p output alignment jitter at 3G and HD rates
¢ No external VCO required

www.national.com/interface

Deserializers:

LMHO0341 3G HD/SD

LMH0041 HD/SD

LMHO0071 SD

Key Features

e Reclocked loop through

e 0.6 Ul minimum input jitter tolerance

* No external VCO required
* No reference clock required
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High-Speed Industrial Ethernet
Advanced 10/100 Ethernet PHYs

DP83848 — PHYTER® 10/100 Ethernet PHYs for Commercial, Industrial, and Extreme Applications

Features
¢ Industry’s lowest deterministic latency
o Software utility support
¢ Selectable MII/RMII interface
¢ Flexible interrupt capability
¢ Reference clock output (to MAC)
e Controlled I/0 during power up
¢ Very low power consumption
<23 mW (energy detect mode)
< 250 mW (normal operation)
e Built-in Self-Test (Packet BIST)
Applications:

Ideal for use in industrial automation, test and measurement,
telecom, military, and aerospace applications

@Precision PHYTER 10/100 IEEE 1588 PHY Single PHYTER

Product ID DP83640T Product ID DP83348C DP83848I DP83848VYB DP83848YB

Parameter Industrial Parameter Commercial Industrial Extended Extreme
Temp Range (°C) -40 to 85 Temp Range (°C) 0to70 -40 to 85 -40 to 105 -40t0 125
Number of Ports Single Number of Ports Single
Interface MII/RMII Interface MII/RMII/SNI
IEEE 1588 Precision Time Protocol vl & v2 <10 nS Low, Deterministic Delay o © o o
Cable Health Diagnostics o IEEE 1149.1 (JTAG) ‘ o . ‘ .
Fiber Support . Packaging LQFP-48
Synchronized GPIOs 12 Package Size (mm) 9x9x 1.4
Synchronized Clock Output 3
IEEE 1149.1 (JTAG) .
LEDs 8
Packaging LQFP-48
Package Size (mm) 9x9x1.4
Mini PHYTER
Product ID DP83848MSQ | DP83848J DP383848K DP83848TSQ | DP83348HSQ
Parameter Commercial Commercial | Commercial Industrial Extreme
Temp Range (°C) 0to70 0to70 -40 to 85 -40 to 85 -40t0 125
Number of Ports Single
Interface MII/RMII
Low, Deterministic Delay . . . . .
Smart Power Up/Down . . . . .
LEDs 1 2 2 1 1
Packaging LLP-40
Package Size (mm) 6x6x0.8
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High-Speed Industrial Ethernet

DP83849 — Dual PHYTER 10/100 Ethernet PHY for Commercial, Industrial,
and Fiber Applications

Features DP83849
¢ Flexible port switching and chaining

o MII port assignment MAC A
> MDI chaining _I——
¢ Industry’s lowest deterministic latency
e Enhanced cable diagnostics
¢ Two fully independent 10/100 ports |
MACB Network
o Selectable 100Base-Tx/100Base-Fx _I PortB ey
o MII/RMII/SNI A
e Controlled I/0 during power up
e Built-in Self-Test (Packet BIST)
 Industrial temperature range
 Fully IEEE 802.3u compliant
¢ Available in TQFP-80 packaging (12 x 12 mm)
e Low power consumption: < 300 m\W per port

Unique Flexible Switching Capability Enhanced Cable Diagnostics

Applications:
Ideal for use in industrial automation, test and measurement, telecom, military, and aerospace applications

Dual PHYTER
Product ID DP83849C | DP838491 | DP83849ID | DP83849IF

Parameter

Temp Range (°C)
Number of Ports
Interface

Low, Deterministic Delay
Fiber Support

Flexible Port Switching
Cable Health Diagnostics
IEEE 1149.1 (JTAG)
Packaging

Package Size (mm)

Commercial
0to70

Industrial
-40 to 85

Industrial
-40 to 85

Dual
MII/RMII

TQFP-80
12x12x1.0

Industrial
-40 to 85

www.national.com/interface
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LMK Clock Conditioner Family
Jitter Cleaning + Multiplication + Distribution

Amp 4 ADC
Filter TS ASIC

veo Distribution Network

M Loop W \ |
B~ e g

Backplane

SerDes
DS92LV18

PLL +VCO
i LMX2531

LMKO03000C

AsiC

Other
Circuits

A
FPGA m

DAC14135

LMK03000/01/02 and LMK02000/02 Features

¢ Fully integrated VCO option delivers unprecedented jitter performance, reducing board space and risk

e Can be configured as jitter cleaner or clock generator

¢ Available in three performance grades for clocking various high performance applications with diverse jitter requirements
¢ Footprint compatibility between performance grades

e Three LVDS and five LVPECL clock outputs with dedicated divider and delay blocks simplifies distribution architecture

¢ Wide clock output frequency range of 1 to 862 MHz

¢ Small form factor minimizes PCB space by 70%

Applications:

Ideal for use in 2G/3G basestations, data converter clocking, networking, medical equipment, instrumentation, military, and
aerospace applications

Product ID PowerWise LVDS Outputs LVPECL Outputs VCO Frequency Jitter (RMS typ)
LMK02000 v 3 5 External VCXO Integrated — 0.2 pst
LMK03000C v 3 5 Integrated Integrated 1185 to 1296 MHz 0.4 ps
LMK03001C v 3 5 Integrated Integrated 1470 to 1570 MHz 0.4 ps
LMK03000 v 3 5 Integrated Integrated 1185 to 1296 MHz 0.8 ps
LMK03001 v 3 5 Integrated Integrated 1470 to 1570 MHz 0.8 ps
LMK03002C — 0 4 Integrated Integrated 1566 to 1724 MHz 0.4 ps
LMK03002 —_ 0 4 Integrated Integrated 1566 to 1724 MHz 0.8 ps
LMK02002 — 0 4 External Integrated 1566 to 1724 MHz 0.2 ps

1 0.2 ps including external VCX0
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LMK Clock Conditioner Family

Performance

LMKO03001C as a Clock Generator

-20.00
-30.00 -
-40.00 -
-50.00 -
-60.00 -
= -70.00 L
=
S -80.00 -
= \
3 -90.00 g —
S 1000 N =
® N
2 1100 —
i ‘i-\.-._.
1200 ™~ -
™
-130.0 { i
400 200 fs at Foyt = 1500 MHz \ ]
10 Hz to 20 MHz N
-150.0 M
™
-160.0 ~
-170.0 o
-180.0
10 100 1k 10k 100k ™ 10M
Frequency Offset
LMKO03001C as a Jitter Cleaner
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*-.4 “Generating Precision Clocks for Time-Interleaved ADCs”
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The performance graph shows the LMK03001C

is the optimal solution for your clock generator
application. When configured as a clock generator
with a wide loop bandwidth, a high phase
detector frequency, and a low noise clock source,
the LMKO03001C features unprecedented jitter
performance of 200 fs RMS (10 Hz to 20 MHz).

The low jitter measured at offsets close to the
carrier frequency is a result of the best-in-class
integrated integer-N PLL, which has a phase noise
contribution of -224 dBc/Hz.

The performance graph shows the LMK03001C
also is the optimal solution for your jitter cleaner
application. The LMK03001C features jitter
performance as low as 310 fs RMS (12 kHz to

20 MHz) from a dirty clock. When configured as a
clock jitter cleaner with a narrow loop bandwidth,
the VCO phase noise becomes critical. The low
jitter measured at higher offsets from the carrier
frequency is a result of the integrated VCO, which
has an outstanding noise floor of -157 dBc/Hz.
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High-Performance Synthesizers

LMX2531 — PLLatinum® Frequency Synthesizer System with Integrated VCO from the
PowerWise® Family

Features LMX2531 Phase Noise
e 750t0 2790 MHz range in multiple frequency options :: O~ NI
: . : ) NN Competitor A

e Upto 10 dB improvement over next best monolithic competitor o I
» Significant cost savings over discrete and module solutions E 1:: LMX2531\\\\
e Fractional-N PLL programmable up to 4th order § i N ‘:\\
e Low 34 mA typ power consumption % gz A Sl
¢ High +4 dB typ output power simplifies external matching g :z: \:§\

circuitry and buffering e N
e Fastlock, cycle slip reduction with timeout counter 60 I

1kHz 10 kHz 100 kHz 1 MHz 10 MHz
e Partially integrated adjustable loop filter Frequency Offset
¢ Very low phase noise and spurs
e Low phase noise VCO with integrated tank inductor and
rogrammable output power level r
prog putp Applications:

2.8t0 3.2V operation
Very low power down current
1.8V MICROWIRE™ support

Ideal for use in 3G basestations, data converter clocking,
wireless LAN, broadband wireless access, CATV equipment,
RFID readers, bar code scanners, and automotive applications

Product ID

Eval Board ID

Foyr Low Band (MHz)

Four High Band (MHz)

Phase Noise
(10 kHz offset)*

Phase Noise
(1 MHz offset)*

LMX2531LQ1500E
LMX2531L0Q1570E
LMX2531L0Q1650E
LMX2531LQ1700E
LMX2531L0Q1742

LMX2531L0Q1778E
LMX2531LQ1910E
LMX2531L02080E
LMX2531L02265E
LMX2531L02570E

LMX25311500EVAL
LMX25311570EVAL
LMX25311650EVAL
LMX25311700EVAL
LMX25311742EVAL
LMX25311778EVAL
LMX25311910EVAL
LMX25312080EVAL
LMX25312265EVAL
LMX25312570EVAL

750 to 755
765t0 818
795 to 850
83110 885
880 to 933
863 to 920
917to 1014
952 to 1137
1089 to 1200
1168 to 1395

1499 to 1510
1530 to 1636
1590 to 1700
1662 to 1770
1760 to 1866
1726 to 1840
1834 to 2028
1904 to 2274
2178 to 2400
2336 to 2790

-99 dBc/Hz
-99 dBc/Hz
-99 dBc/Hz
-98 dBc/Hz
-99 dBc/Hz
- 97 dBc/Hz
-95dBc/Hz
- 93 dBc/Hz
- 94 dBc/Hz
- 91 dBc/Hz

-144 dBc/Hz
-144 dBc/Hz
-144 dBc/Hz
-139 dBc/Hz
-143 dBc/Hz
-144 dBc/Hz
-143 dBc/Hz
-142 dBc/Hz
-141 dBc/Hz
-139 dBc/Hz

*Measured at Fqy7 low band

High-Performance PLLatinum Family of PLL Products

Package Size
(mm)

Main Normalized
Phase Noise (dBc/Hz)

Supply Current | Supply Voltage
(mA) (V)

Aux. Operating Frequency
Range (MHz)

Main Operating
Frequency Range (GHz)

Product ID
Fractional-N PLLs

&P LMX2487E 30to75 250 to 3000 -209 8.2 25t03.6 40x4.0x0.75
& LMX2487 3.0t0 6.0 250 to 3000 -209 8.2 251t03.6 40x4.0x0.75
&P LMX2486 1.0to 4.5 250 to 3000 -210 8.3 2.5t03.6 40x4.0x0.75
&P LMX2485 05t03.0 7510 800 -209 5 25103.6 40x4.0x0.75
&P LMX2485E 0.05t0 3.0 75 to 800 -209 5 25t03.6 40x4.0x0.75

For additional information refer to PLLatinum Family of PLL and PLL + VCO Products, 2006 Selection Guide, Literature Number 550240-014
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National's Power Management Product Portfolio

Voltage

Conversion

Linear regulators

Switching regulators

- SIMPLE SWITCHERS®
regulators

- Synchronous
- Inductorless
- PWM controllers
- Isolated solutions
- High voltage

Core and 1/0 Voltage

(DSPs/FPGAs/ASICs)

Power Solutions by Category

Voltage
Control

Voltage
References

MOSFET drivers

H-bridges

High precision

| | Digitally stored
calibration

Motor driving and
motion control

Power Solutions by Application

Lighting
Management

Analog and
Signal-Path Power

Voltage

Monitoring

Current gauges
Battery charging

| | Programmable
supervisory

DDR Memory
Power

LDOs |

Switching regulators |

Switched caps |

Switching controllers |

Industrial and

Telecom

Hot-swap controllers |

MOSFET drivers |

PWM controllers |

Buck/boost switching
regulators

www.national.com/power

RFLDOs | H LMus* |

Switching regulators | -I White LED drivers |

H RGBLED drivers |

Inductorless constant-
current sources

TFT/Display
Power

Servers, Datacom
and Networking

|
MOSFET drivers |
USB switches | Dual regulators

Multiphase controllers

*LMUs = Highly integrated Lighting Management Units
**PMUs = Highly integrated Power Management Units

Termination regulators |

Core regulators |

Portable/Battery

Applications

-I Li-lon battery chargers |

-|Switchingregu|ators |

H Pmus+ |

-I RF PA regulators |

-I Voltage supervisory |

- White/RGB LED drivers |
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Commonly Used Power Switching Topologies

Buck

* IswitcH

lour

National
Semiconductor

Vour

I F———

1

Function: Step-down (Vout < VIN)

When to use: Typically when V) is 3x to 5x Voyt and lguT is
>0.5A and < 5A

Characteristics: Easy to design and good efficiency for the above-
mentioned typical ViN/VouT/louT conditions

Devices to use: All buck integrated regulators and controllers
Comments: Can do multi-output or isolation through coupling a
second inductor to the one shown in the basic circuit

Boost
lout
—
Pt

nym o
* IswitcH

Vour

l National l
Semiconductor I

Function: Step-up (Vout > Vn)

When to use: Typically used when transformerless, regulated output
voltages larger than input voltages at output currents beyond

100 mA - 200 mA are required

Characteristics: Best for low-power conversion (up to 10W or 20W)
and output voltages less than or equal to 7x the input voltage
Devices to use: All boost/flyback regulators and controllers
Comments: Output current Vin/VouT x 0.7 x switch current

SEPIC
l National
I Semiconductor

ILoap

1
mh ’ Vour
* Iswitch

Y YN,

SEPIC = Single Ended Primary Inductor Converter

Function: Buck-boost (Viy max. > Vout > ViN min.)

When to use: Excellent option when buck-boost operation is needed
and no transformer is desired

Characteristics: Lower input ripple than flyback, no snubber circuitry
required

Devices to use: Any boost/flyback regulator or controller

Comments: Also useful for replacing boost circuits when true
shutdown is required

Synchronous Buck
Vin

l

* Iswirch !

ILoaD

National

. v,
Semiconductor out

* Iswitch 2 1:

Function: Step-down (Vgut < V|N)

When to use: When high efficiency is required with high-output current
(> 5A) or low duty cycles (VN > 5 x Vout and/or lgyT < 0.5A)
Characteristics: A second switch replaces the diode in the basic

buck topology, reducing losses in the conditions mentioned above
Devices to use: Any “synchronous rectification” buck integrated
regulator or controller

Flyback

loap? —

Semiconductor

J NNationaI

Function: Step-up, step-down, invert or buck-boost

When to use: Typically when multi-output or isolation is required,
when step-up beyond 8 x V| is required or when the max. voltage or
current of the switch needs to be extended in order to take advantage
of the turns-ratio conversion from the transformer

Characteristics: Ideal for medium-power conversion (5W to 100W)
Devices to use: All boost/flyback regulators and controllers

Cuk

ILoap
| v
1 out

* IswiTcH

National
Semiconductor :I:

I

Function: Inverting (Vour is negative; V|\ is positive)

When to use: When a regulated, negative, low-ripple voltage is
needed from a positive supply

Characteristics: Continuous current at input and output translates

into a very low-ripple/very low-noise design

Devices to use: Any boost/flyback regulator — this is easiest with parts
that have a negative FB input pin

Comments: OK for isolation when a 1:1 transformer is added



Inverting Buck Boost
Vin

* Iswitch

lLoap
-

I

Function: Inverting (negative output from positive input, -Vour can be greater than
or less than Vi)

When to use: When an inverted, regulated output is needed. This topology is
commonly used for output currents from approximately 300 mA to 5 A.
Characteristics: Easy to implement, single output

Devices to use: Any buck integrated regulator or controller (see National's App
Note AN-1157 for implementing with a SIMPLE SWITCHER® buck regulator)
Comments: Alternatives for voltage inversion include cuk topologies (low noise)
or switched capacitor converters where lgyr is less than 200 mA (no inductor
needed)

National
Semiconductor

Vour

i——

Push-Pull

National
Semiconductor

Function: Isolated step-down, step-up or buck-boost and multiple outputs

When to use: When isolated, medium-to-high power conversion is needed

(25 W to 1000 W). This topology can also be used when the input voltage range

is very wide or when the V\\/Voyr ratio instep-down applications requires a very
small duty cycle (and thus might yield poor regulation) if a standard buck topology
is used.

Devices to use: LM5030 current-mode push-pull controller

Comments: The peak current and voltage stress in the switches are given by: Vpy
=26 V|N max., IPK =156 x PQUT/V|N min.

Active Clamp Forward lLoap
Vin ° . —>
i Vour
I | T
L v

National
Semiconductor

S

Function: Isolated, step-down or step-up
When to use: High step down ratios and/or isolated output and 100-300W power
Devices to use: LM5025, LIM5026, LM5032, LM5034

Comments: Forward topology requires lower peak current than flyback. At the
start of a switch conduction, the net magnetization of the transformer core must
be zero. Active Clamp recycles the reset energy, improving efficiency.

www.national.com/power

Single Inductor Buck & Boost

Vin
4

* Iswitch

& National
Semiconductor Vour

Function: Step-up and step-down

When to use: This topology is an alternative to sepic and flyback topologies
when automatic step-up/step-down functionality is needed, but no transformer or
second inductor is required

Characteristics: A second switch and output diode are added, resulting in an
effective overlapped boost topology on top of a basic buck topology. If desired,
synchronous rectification can be implemented to increased efficiency (both
diodes may be replaced by FETs).

Devices to use: Any integrated buck regulator or controller, including SIMPLE
SWITCHER buck regulators

Comments: Be sure to watch the voltage applied to the gate in the second FET
which will be V. If Vi is too high for the selected FET specifications, use voltage
limiting circuitry.

Vi Current-Fed Push-Pull (Cascaded) LoAD
| .

National
Semiconductor

Function: Isolated step-down, step-up, or buck-boost topologies. Can do tightly
regulated multiple outputs.

When to use: When isolated medium- to high-power conversion is needed, but
reduced losses, high efficiency, and no output inductor are also desired.
Characteristics: The current-fed cascaded topology consists of a buck regulation
stage followed by a push-pull isolation stage. Because the buck stage feeds
continuous current to the push-pull stage, no output inductor is required.
Devices to use: LM5041 current-mode cascaded controller

Comments: To increase conversion efficiency, the use of synchronous rectification
is recommended, both for the current-fed buck stage and the push-pull output
stage (self-driven synchronous rectification)

Half Bridge
Vin
T ) L
- [ T R
‘ ll 0 D ‘
o~ T

Function: Isolated, step-down or step-up

When to use: High step down ratios and/or isolated output and 200-1000W power
Devices to use: LM5033, LM5035

Comments: The half bridge converter is similar to the push pull converter, but
FETs are subject to lower voltages stresses and a center tapped primary is not
required. The reversal of the magnetic field is achieved by reversing the direction
of the primary winding current flow. For higher output power capability a full
bridge may be used instead.




Non-Synchronous Step-Down (Buck)
Switching Regulators

LM2830/31/32 — High-Power Density Switching Regulator Delivers Up to 2A Output Current

Features

¢ 550 kHz, 1.6 MHz, or 3 MHz frequency v
options allow small passives s (Down to 06V)

High-power density
switching regulator

550 kHz, 1.6 MHz, or 3 MHz frequency
options allow small passives

¢ High-power density switching regulator o (V) I:MA
¢ Internal compensation simplifies design

¢ Ultra-low 30 nA standby current 0n
¢ Cycle-by-cycle current limit for short circuit protection onf

Memory,
CPLD,
Digital logic

J‘ Microcontroller,
Lower power FPGA,
3 AsIC,

Internal compensation
simplifies design ==

Applications:

|
1l MA
|—wW—s

Ideal for use in multimedia set-top boxes, USB-powered — =
devices, DSL modems, and hard disk drives ey et e TR

standby current for short circuit protection

High Power Density Switching Regulators

Product Input Max Input Min Output Current | Frequency Range

ID Voltage (V) Voltage (V) (mA) (KHz) & Sync PWM Mode Packaging
LM25005 | 42 7 1.23 40 2500 500, Sync v Current TSSOP-20

LM25007 | 42 9 25 37 500 50 to 800 4 Constant on-time | MSOP-8

LM25010 | 42 6 25 37 1000 50 to 1000 v Constant on-time | LLP-10, TSSOP-14EP
LM26001 « | 38 3 1.25 35 1500 150 to 1000, Sync v Current TSSOP-16

LM2694 30 8 25 24 600 50 to 1000 v Hysteretic LLP-10, TSSOP-14
LM2695 30 8 25 24 1250 50 to 800 v Hysteretic LLP-10, TSSOP-14EP
LM2696 24 45 1.29 20 3000 100 to 500 v Constant on-time | TSSOP-16

LM2734 20 3 0.8 18 1000 550, 1600 v Current S0T23-6

LM2734z | 20 3 0.8 18 1000 3000 v Current S0T23-6

LM2736 18 3 1.25 16 750 550, 1600 v Current S0T23-6

LM2830 5.5 3 0.6 45 1000 1600, 3000 v Current S0T23-5

LM2831 5.5 3 0.6 45 1500 550, 1600, 3000 v Current S0T23-5

LM2832 5.5 3 0.6 45 2000 550, 1600, 3000 v Current LLP-6, eMSOP-8
LM34910C | 50 8 25 45 1250 1000 4 COT Hysteretic LLP-10

LM34910 | 36 8 25 33 1250 1000 v Hysteretic LLP-10

LM34914 | 40 8 25 37 1250 1300 v Hysteretic LLP-10

LM5005 75 1 1.23 70 2500 500, Sync v Current TSSOP-20

LM5007 75 9 25 73 500 50 to 800 v Hysteretic LLP-8, MSOP-8
LM5008 95 9.5 25 75 350 50 to 600 v Hysteretic LLP-8, MSOP-8
LM5009 * | 95 9.5 25 85 150 50 to 600 v Hysteretic LLP-8, MSOP-8
LM5010A |75 6 25 70 1000 50 to 1000 v Hysteretic LLP-10, TSSOP-14EP
LM5010 75 8 25 70 1000 50 to 1000 v Hysteretic LLP-10, TSSOP-14EP

e PowerWise® product
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LM26001 — PowerWise® 1.5A Buck Regulator Delivers Industry-Leading Low |, and Feedback
Voltage Accuracy

Basic Step-Down Regulator

Features

* High-efficiency sleep mode (40 pA Iq typ.) _aovav R S

¢ 10 pA in shutdown mode : PGOOD _L )
* 3V cold-crank compatibility :x?‘ B=
e 4V to 38V continuous input range FREQ-ADJ COMP

AA
vy

¢ 1.5% reference accuracy LM26001
¢ Frequency synchronization FPWM

e Low input version LM26001B (4.8V to 18V)

e Available in TSSOP-16 exposed-pad packaging

Applications:

Ideal for use in automotive telematics, navigation systems,
in-dash instrumentation, standby power for home gateways/
set-top boxes, and battery-powered applications

LM34917 — Ultra-Small 1.25A Buck Switching Regulator with Intelligent Current Limit and OVP

Features
¢ Wide operating range: 8V to 33V (transient capability to 50V)
e Input Over-Voltage Shutdown at 35V

8V - 33V Input

e Integrated N-Channel buck switch LM34917
¢ Constant On-Time (COT) control for ultra-fast transient
response RON/SD Vour

¢ QOperating frequency remains nearly constant with load DOWN 6
current and input voltage variations T

¢ Valley current limit varies with V,y and Vgyr to reduce v §

excessive inductor current
* No loop compensation is required
¢ Maximum switching frequency: 2 MHz
¢ Available in micro SMD packaging

Applications:
Ideal for use in high-efficiency Point-0f-Load (POL) regulators, non-isolated buck regulator, and portable applications

www.national.com/power



Synchronous Step-Down (Buck)
Switching Regulators

LM3677 — PowerWise® Highest Efficiency DC-DC Converters in Smallest Solution Size

Features

e >90% efficiency in PWM mode and lowest standby Iq (16 pA) in the industry

¢ Smallest switcher in the industry, 3 MHz switching frequency (1 pH chip inductor) and tiny ceramic capacitors
e Tight Vour accuracy, tiny Vour ripple (5 mV peak-peak) and excellent transient response

¢ Available in micro SMD-5 packaging and integrated solution optimizes solution size

0 lour
Vin=3.0V Mode Control Function
90 | vin=36V \
s | e LM3v676
= 600 mA
< n Lowest Noise 1" E[y/! m
g . LM3671
@
- Smallest
S 50 A
= © owest I 350 mA LM3670 m Solution Size
- Vour=1.8V
. [ 1]
0.01 0.10 1 10 100 1000 1 2 3 MHz
Output current (mA)
Applications:

Ideal for use in powering digital subsystems in portable devices where size and efficiency are important

Product | Input Max | Input Min Output | Output | Output Frequency Range (KHz) | On/Off

ID Voltage (V) | Voltage (V) | Min (V) | Max (V) | Current(mA) | & Sync (computed field) | Pin PWM Mode Packaging

LM2612 5.5 2.8 1.05 1.8 400, 300 500 to 1000, Sync v Current micro SMD-10

LM2612BL | 5.5 2.8 1.05 1.8 400, 300 500 to 1000, Sync v Current micro SMD-10

LM2614 5.5 2.8 1 3.6 400 500 to 1000, Sync 4 Current micro SMD-10

LM2618 5 2.8 1.8 1.92 400, 300 500 to 1000, Sync v Current micro SMD-10

LM2619 5.5 2.8 1.5 3.6 500 500 to 1000, Sync v Current micro SMD-10

LM2651 14 4 1.24 13 1500 3000 v Current TSSOP-16
Voltage with input

LM3670¢ | 5.5 25 0.7 33 350 1000 v feedfoward S0T23-5
Voltage with input

LM3671¢ |55 2.7 1.1 23 600 2000 v feedforward S0T23-5, LLP-6
Voltage with input

LM3673 ¢ | 5.5 27 1.1 33 350 2000 v feedfoward micro SMD-5
Voltage with input

LM3674« | 5.5 2.1 1.1 3.3 600 2000 4 feedforward S0T23-5
Voltage with input

LM3676 5.5 29 1.1 33 600 2000 v feed forward LLP-8

LM3677 ¢ | 5.5 27 1.2 383 600 3000 4 Auto micro SMD-5

LM3679 5.5 25 1.8 1.8 350 3000 v Auto micro SMD-5

* PowerWise® product
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Synchronous Step-Down (Buck) Regulators

LM20xxx — PowerWise® Family of High-Efficiency, Full-Featured Synchronous Buck Regulators

Features Highest Power Density 5A Regulators
e External soft-start
e Tracking Vin sw Vour
e Precision enable %+ EN -
* Power good Av"I;M20145

. PGOOD
e Pre-hiased start-up

i . comp Vee

* Enhanced system reliability RT

SS/TRK

o High-accuracy current limit

» Over-voltage protection, under voltage lockout, and
over-current protection

e Available in eTSSOP-16 packaging

Efficiency vs Output Current (Vy = 5.0V, Vgyt = 3.3V, fSW = 500 kHz)

Feature Options 100

* Fixed and adjustable switching frequency e e

¢ Clock synchronization in ® ///}/.——-—a——\

* Clock synchronization out 3w I

Applications: £ - f-/

Ideal for use in powering FPGAs, DSPs, and ;f

microprocessors in servers, networking equipment, optical 80 13

networks, and industrial power supplies J i;"'ﬂf:‘eﬁm
T

Product | Input Max | Input Min Output Frequency Range (KHz) & | On/Off

1D Voltage (V) | Voltage (V) Current (mA) | Sync (computed field) Pin Packaging

LM20123 ¢ | 5.5 2.95 0.8 5 3000 1500 v Current Mode Control eTSSOP-16
LM20124 « | 5.5 2.95 0.8 5 4000 1000 v Current Mode Control eTSSOP-16
LM20125 ¢ | 5.5 2.95 0.8 5 5000 500 v Current Mode Control eTSSOP-16
LM20133 ¢ | 5.5 2.95 0.8 5 3000 460 to 1.5 MHz, Sync v Current Mode Control eTSSOP-16
LM20134 ¢ | 55 2.95 0.8 5 4000 460 to 1.5 MHz, Sync v Current Mode Control eTSSOP-16
LM20143 ¢ | 5.5 2.95 0.8 5 3000 500 to 1500 v Current Mode Control eTSSOP-16
LM20144 ¢ | 55 2.95 0.8 5 4000 500 to 1000 4 Current Mode Control eTSSOP-16
LM20145¢ | 5.5 2.95 0.8 b 5000 250 to 750 4 Current Mode Control eTSSOP-16
LM20154 ¢ | 5.5 2.95 08 5 4000 1000 v Current Mode Control eTSSOP-16
LM20242 | 36 45 0.8 32 2000 1000 v Current Mode Control eTSSOP-16

* PowerWise® product

www.national.com/power



SIMPLE SWITCHER® Non-Synchronous Regulators

LM25576 — PowerWise® SIMPLE SWITCHER Regulators Deliver Customized Performance and
Flexibility to Fit Your Design

New Emulated Current Mode (ECM) SIMPLE SWITCHER Family Features
e High V| to low Vgyr step-down ratios

e Superior transient response

* Fast design, guaranteed performance and flexibility

Switch

LM25576

Isense
Applications:
sWItchlng VUUT

Ideal for use in quickly designing a power supply optimized for your design { ‘ " : Froquency A
that's guaranteed to work Pomutts

Optimize Your Design with WEBENCH® and SIMPLE SWITCHER Regulators

Try the WEBENCH online design tool:
www.national.com/WEBENCH :

3 WebTHERM - Webench Thermal Simulation - Micrasoft nternet Explorer [_ [& [

5 =T
_MRNEBENCH'] oy

e m..—w

1. Select it 3. Analyze it

* Input your design requirements Stimulate your circuit and evaluate performance using electrical and

* Choose a recommended part from a customized list thermal simulations

2. Design it 4, Build it —

Adjust components and exercise operating values such as Request samples and purchase parts or demo boards

power dissipation, current flow, offset voltage, drift, and 5. Test it

frequency response Download your custom test vectors to verify your real board versus
virtual results

-
|

,---—-:L—-

4 Watch our Online Seminar on
NE “% “Introduction to Emulated Current Mode (ECM) Control”

(onNLINE B
SEM‘WARS www.national.com/onlineseminars
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SIMPLE SWITCHER® Non-Synchronous Regulators

Product Input Max | Input Min Output Frequency Range

1D Voltage (V) | Voltage (V) Current (mA) | (KHz) & Sync PWM Mode Packaging

LM25574 o | 42 6 1.23 40 500 50 to 1000, Sync v | Current TSSOP-16

LM25575 o | 42 6 1.23 40 1500 50 to 1000, Sync v | current TSSOP-16EP

LM25576 o | 42 6 123 40 3000 50 to 1000, Sync v | Current TSSOP-20EP

LM2590HV | 60 45 1.23 57 1000 150 v | Voltage T0263-7, T0220-7

LM2591HV | 60 45 1.23 57 1000 150 v | Voltage T0263-5, T0220-5

LM2592HV | 60 45 1.23 57 2000 150 v | Voltage T0263-5, T0220-5

LM2593HV | 60 45 5 5 2000 150 v | Voltage T 263-7, T0220-7

LM2594HV | 60 45 1.23 57 500 150 v | Voltage MDIP-8, SO-8

LM2594 40 45 123 57 500 150 v | Voltage MDIP-8, S0-8

LM2595 40 45 1.23 57 1000 150 v | Voltage T0263-5, T0220-5

LM2596 40 45 1.23 57 3000 150 v | Voltage T0263-5, T0220-5

LM2597HV | 60 45 1.23 57 500 150 v | Voltage MDIP-8, SO-8

LM2597 40 45 1.23 57 500 150 v | Voltage MDIP-8, S0-8

LM2598 40 45 1.23 57 1000 150 v | Voltage T0263-7, T0220-7

LM2599 40 45 1.23 57 3000 150 v | Voltage T0263-7, T0220-7

LM2670 40 8 12 12 3000 260, Sync v | Yoltegewith 145637 11p-14, T0220-7
V\n Feedfoward

LM2671 10 65 123 37 500 260, Sync v | Volagewith yinipg 11p.16,50-8
Vi Feedfoward

M2 [ 40 65 123 37 1000 260, Sync v | Joltegewith 1 yinpg 11p.1g,50-8
V\n Feedfoward

LM2673 4 8 1.23 37 3000 260 — | Vohagewith | 169637, 11p-14, T0220-7
Vi Feedfoward

M2674 |40 65 123 37 500 260 v | Volagewith fyinipg 11p.16,50-8
V\n Feedfoward

M2675 |40 65 123 37 1000 260 v | Joltegewith T yinpg 11p.16,50-8
V\n Feedfoward

LM2676 4 8 1.23 37 3000 260 v | Joltagewith | 145637, 1LP-14, T0220-7
V\n Feedfoward

LM2677 40 8 1.23 37 5000 260, Sync v | Volagewith 115637, 11p-14, T0220-7
Vn Feedfoward

LM2678 40 8 1.23 37 5000 260 v | Yoltegewith 145637 11p-14, T0220-7
V\n Feedfoward

LM2679 40 8 1.23 37 5000 260 — | Voltagewith | 76637, LLP-14, T0220-7
Vi Feedfoward

LM5574 o [ 75 6 1.23 70 500 500, Sync v Current TSSOP-16

LM5575 e |75 6 1.23 70 1500 500, Sync 4 Current TSSOP-16EP

LM5576 < | 75 6 1.23 70 | 3000 500, Sync v | Current TSSOP-20EP

¢ PowerWise® product
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SIMPLE SWITCHER® Synchronous Regulators

LM3102 — PowerWise® 2.5A, 42V SIMPLE SWITCHER Synchronous Step-Down Regulators

Features Vi = 45V to 42V
e COT control provides lightning-fast transient response Vin
¢ Stable with ceramic capacitors
. . FADJ
¢ Near-constant frequency operation from unregulated supplies LM310x
* No loop compensation reduces external component count 0 Enable

¢ Pre-bias startup
e DCM operation for a light load
¢ QOver voltage protection

Soft-start

Applications:
Ideal for use in embedded systems, industrial controls, automotive telematics and body electronics, point-of-load

LM2853 — PowerWise Synchronous SIMPLE SWITCHER Regulators Provides High Efficiency Up
to 3A

Features

e Input voltage range: 3.0V to 5.5V
 Maximum load current: 3A : N LM28s3
¢ Constant switching frequency at 550 kHz
* Internal compensation reduces external component count SGND  PGND

Viy=30to55V

¢ Synchronous conversion for efficient operation below 3.3V output

* Fixed voltage outputs (0.8V, 1.0V, 1.2V, 1.5V, 1.8V, 2.5V, 3.0V, 3.3V)
eliminates feedback resistors

Applications:

Ideal for use in low voltage point of load regulation, broadband networking and communications infrastructure, and FPGA/DSP/
ASIC core power applications

Simple Switcher Synchronous Regulators

Input Max | Input Min Output ‘ Output ‘ Output ‘ Frequency Range (KHz) & ‘
ProductID | Voltage (V) | Voltage (V) | Min(V) | Max (V) | Current(mA) | Sync (computed field) On/O0ff Pin PWM Mode | Packaging
LM2852 » 55 2.85 0.8 33 2000 500, 1500 v Voltage TSSOP-14
LM2853 » 55 3 0.8 33 3000 550000 4 Voltage TSSOP-14
LM2854 » 5.5 2.95 0.8 Vin 4000 500, 1000 v Voltage TSSOP-14
LM3100 » 36 45 0.8 32 1500 1000 v CcoT eTSSOP-20
LM3102 » 42 45 0.8 38 2500 1000 v CcoT eTSSOP-20
LM3103 » 42 45 0.6 38 750 1000 4 coT eTSSOP-16

* PowerWise® product
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Switched-Capacitor Converters and Regulators

LM2772 - Switched-Capacitor Buck Regulator in Tiny Package

Vour: 1.2V
loyr to 150 mA

Features Vin=3.0Vto 5.5V
e Qutput current up to 150 mA

e 1.2V output voltage
e Inductor-less charge pump solution minimizes PCB hoard space

e PFM mode during light load operation maximizes standby times in battery =

powered applications ] LM2772

High: ON
¢ 1.1 MHz fixed-frequency switching minimizes output voltage ripple and Low: Shutdown
optimizes output voltage precision
e Multiple gain architecture provides high efficiency over entire input c3 | c2
voltage range 1pF T 1pF
e Built-in thermal protection to protect from damage due to overheating

e Available in LLP-10 packaging for optimizing solution size )
Capacitors: 1 pF - TDK C1005X5R0J105K

4.7 pF - TDK C1608X5R0J475K or equivalent
Applications:

Ideal for use in DSP, memory, and microprocessor power for cellular handsets, and battery-powered devices

Switched-Capacitor Converters and Regulators

Buck Regulators

Input Max Input Min Output Frequency range Quiescent
Product ID | Voltage (V) Voltage (V) | Output Min (V) | Output Max (V) | Current (mA) | (KHz) On/0ff Pin | Current Packaging
LM2760 4.4 2 3.3 3.3 20 750 — 0.006 S0T23-5
LM2770 5.5 2.1 1.2 1.575 250 700 v 0.055 LLP-10
LM2771 55 2.7 1.5 1.5 250 1100 v 0.045 LLP-10
LM2772 5.5 2.1 1.2 1.2 150 1100 v 0.05 LLP-10
LM2787 5.5 2.1 -5.2 -1.5 10 260 v 0.4 micro SMD-8
LM2797¢ |55 2.6 18 18 120 500 v 0.035 MSOP-10
LM2798 |55 2.6 15 2 120 500 v 0.035 MSOP-10

Boost Converters

Input Max Input Min Switch Frequency range Quiescent
Product ID | Voltage (V) Voltage (V) | Output Min (V) | Output Max (V) | Current (mA) | (KHz) On/Off Pin | Current Packaging

LM2750 . 2.7 5 5.2 . 1700 v 5 LLP-10
LM2751 b 28 45 5 L 9.5 to 725 v 0.425 LLP-10
LM2753 . 3 5 5 . 725 v 0.06 LLP-10
LM2757 L 2.7 4.1 5 L 1242 4 1.3 micro SMD-12
Buck-Boost Converters

Input Max Input Min Output Frequency range Quiescent
Product ID antage (\')] Voltage (V) OutputMm(V) Output Max (V) | Current (mA) | (KHz) On/0ff Pin | Current Packagmg

LM2760 3.3 33 0.006 S0T23-5
LM3354 2.5 1.8 0.375 MSOP-10
Inverter/Doubler

Input Max Input Min Output Switching Quiescent
Product ID | Voltage (V) Voltage (V) | Output Min (V) | Output Max (V) | Current (mA) | Frequency (KHz) On/0ff Pin | Current Packaging

LM2781 micro SMD-8

¢ PowerWise® product
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Step-Down (Buck) Switching Controllers

LM1771 — PowerWise® High-Efficiency Synchronous Controller for Low-Voltage DC-DC

Conversion m Application Circuit
Features
Enable

O Viy

|||—“—4D

¢ Input voltage range of 2.8V to 5.5V
e 0.8V reference voltage

* Precision enable allows power supply sequencing Complientany o Var

Drivers

* No compensation required LM1771 16
e Constant frequency across input range
¢ Internal soft-start

i | 1 Synch ti
o Short C|rc_U|t protection . R e
¢ Available in SOT23 packaging L

l Down to 0.8V

>

ANA
V

>

A

I
I—Wv

No external compensation required

Applications:

Ideal for use in point-of-load regulation in consumer applications,
set-top boxes, cable modems, digital video recorders, printers,

>90% Efficiency Over Load Current

1
servers, and point-of-sale terminals ol ——
0.8 /
Simple Controllers N
0.6
05
Product ID i Packaging 04
LM1770 28 |55 — v $0T23-5 "
021 V) =5V
LM1771 28 55 v v LLP-6 and MSOP-8 011 Vour=33V
LM3475 27 10 v - S0T23-5 *0 05 1 15 2 25 3 a5 Y

LM2747 — PowerWise Synchronous Buck Controller with 1% Voltage Feedback
Accuracy Across -40 to +125°C

Vee=3.3V D¢ Cgoor Vin=3.3V
Synchronous Buck Controllers )i - . ]
Product | Operating v B00T L
1] Frequency Product Features Packaging _cc I Cin
HG
LM2742+ | 50 kHzto 2 MHz | 1.5% accuracy 0°C to 125°C, start-up delay TSSOP-14 S0 Lm2747 L
Vi
LM2743 ¢ | 50 kHzto 1 MHz | 2% accuracy -40°C to 125°C, start-up delay TSSOP-14 FWGD Vglt”‘l
FREQ/SYNC Isen 0
LM2744 « | 50 kHzto 1 MHz | External reference, start-up delay, tracking TSSOP-14

SS/TRACK LG

Pre-bias operation, external clock 250 kHz to
TSSOP-14 + SGND PGND

1 MHz, tracking
LM2746 ¢ | 50 kHzto 1 MHz | 1% accuracy 0°C to 85°C, start-up delay, tracking | eTSSOP-14

1% accuracy -40°C to 125°C, pre-bias operation,
external clock, programmable soft-start, tracking

LM2748 ¢ | 50 kHzto 1 MHz | 1.5% accuracy -40 to 125, tracking TSSOP-14

* PowerWise® product

LM2745 ¢ | 50 kHz to 1 MHz

—hk—1
&

LM2747 | 50 kHz to 1 MHz TSSOP-14

Applications:

Ideal for use in cable modems, DSL and ADSL, laser and ink jet printers, low voltage power modules, DSP, ASIC, core, and
portable computing
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Synchronous Step-Down (Buck) Switching Controllers

LM3743 — PowerWise® Synchronous 1 MHz Buck Controller with Programmable Tracking

Features Typical Application Circuit

e |C and power supply input voltage from 3V to 5.5V & —
e (Qutput voltage adjustable down to 0.8V ] vee HGATE
* +1.75% reference accuracy over full temperature and input voltage range - ss;"::gf LGIEI‘IV'V'\:
e Externally programmable soft-start with tracking capability GND

MP/EN
COMP/ B

¢ Low-side sensing programmable current limit without sense resistor

e Fixed high-side sensing for supplemental short-circuit protection
 Available in tiny plastic MSOP-10 packaging

A

Tracking Multiple Rail Application

Applications: o Vg1=5V

Ideal for use in communications, high-end consumer, computing, and industrial
applications $S/Tracking

0 Vp2=18V

Non-Synchronous Step-Down (Buck) Switching Controllers

Input Max Input Min Feedback Frequency Range
Product ID | Voltage (V) Voltage (V) | Output Min (V) | Output Max (V) | Tolerance % | (KHz) & Sync On/0ff Pin | PWM Mode | Packaging
LM3475 10 2.7 0.8 1 1.5 0 to 1400 v Hysteretic S0T23-5
LM3477 35 2.95 1.265 30.8 1.5 500 to 500 v Current MSO0P-8
LM3485 35 45 1.242 Vin 2 0 to 1400 — Hysteretic MSOP-8
LM3489 35 45 1.239 Vin 2 0 to 1400 v Hysteretic MSOP-8

Input Max | Input Min Feedback Frequency Range | On/Off

Product ID Voltage (V) | Voltage (V) Tolerance % | & Sync (KHz) Pin Topology, PWM Mode Packaging

LM1770 e |55 2.8 45 0.8 2 300 to 1000 — Constant on-time S0T23-5

LM1771 ® |55 28 45 0.8 2 300 to 1000 v Constant on-time LLP-6, MSOP-8

LM25115/A | 42 45 13.5 0.75 17 1000 1000, Sync | o | SSPR Voltage/current- TSSOP-16
injection

LM25116 « | 42 6 36 1.215 1.5 50 to 1000, Sync v Current TSSOP-20EP

LM27241 28 55 7.84 0.6 1.5 200 to 500 v Voltage X TSSOP-20

LM2727 16 22 5 0.6 1.5 50 to 2000 v Voltage X | TSSOP-14

LM2737 16 2.2 0.6 5 1.5 50 to 2000 v Voltage X TSSOP-14

LM3495 o | 18 29 06 5.5 1 20010 1500, Sync | v/ fn";‘;':ted Peak Current TSSOP-16

LM3743 e |55 3 46 0.8 1.75 300 to 1000 (%4 Voltage MSOP-10
Voltage/current-

LM5115/A 75 45 13.5 0.75 1.7 50 to 1000, Sync v injection Valley current TSSOP-16
mode

LM5116 e | 100 6 80 1.215 15 50 to 1000, Sync v Current TSSOP-20EP

* PowerWise® product
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Switching Controllers

Synchronous Step-Down (Buck)

LM5116 — PowerWise® 6V to 100V Emulated Current Mode Buck Controller

Features

e Ultra-wide input range: 6V to 100V Vin 6V to 100V

¢ Programmable output from 1.215V to 80V

e Less than 10 pA Ig in sleep mode
¢ Frequency adjustable to 1 MHz with sync capability ENABLE
e Programmable soft-start

e Drives standard or logic-level MOSFETs

e RDS(ON) or resistor current sensing

¢ Available in thermally-enhanced TSSOP-20EP packaging

Applications:

Ideal for use in telecommunications, automotive, and industrial control
applications

;]
LM5116

EN HO

<
[=)
<
=

sw
RT/SYNC

cs

Lo
CSG

Vour

—H

FB
SS RAMP GND

=N Read Analog Edge AN-1628
ATYED 2| “Minimizing FET Losses For a High-Input Rail Buck Converter”

www.national.com/analogedge

LM3495 — PowerWise® 1% Accurate, Ultra-High Precision
PWM Buck Controller

Features

¢ Input voltage from 2.9V to 18V

¢ Adjustable output from 0.6V to 5.5V

¢ Feedback accuracy: 1% over temperature

¢ Switch node fault protection

e Hiccup mode current limit protection for reduced thermal design
¢ Available in TSSOP-16 packaging

Applications:

Ideal for use in ASICs, FPGAs, DSPs, embedded controller power supplies, industrial
applications, and high output current power modules
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Viy  VLINS
MODE — {1 BOOST

1—AAA
g

W

ViN=12V10%

Shutdown LM3495

Signal
s 6
COMP/SD
csL
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Csyn FREQ/SYNC |
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SW/CSH
L RACK
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Step-Up (Boost) Switching Regulators

LM2735 - Integrates 2.1A Switch, Internal Compensation in Tiny Packages

Features Vin Vour
High Current Density 2'7‘" to 5.5 15 pH 12V
¢ 2.1A switch current over full temperature range

e Boost from 5V to 12V at 700 mA

Easy-to-Use, Small Solution Size

e Internal compensation allows for ease-of-use and minimal external
components

¢ 1.6 MHz operating frequency uses tiny passive components

* Available in SOT23-5, LLP-6, and eMSOP-8 packaging, making this
product ideal for space-constrained applications

Applications:
Ideal for use in TFT-LCD Bias, USB bus power, white LED flash/torch applications

Step-Up (Boost) Switching Regulators

Input Max | Input Min Switch Frequency Range

Product ID | Voltage (V) | Voltage (V) | Output Min (V) Output Max (V) Current (A) | (KHz) & Sync Packaging

LM2585 | 40 4 123 12 3 100 — | T0263-5, T0220-5

LM2586 | 40 4 123 12 3 100 to 200, Sync v | T0263-7,T0220-7

LM2587 | 40 4 123 12 5 100 — | T0263-5, T0220-5

LM2588 | 40 4 1.23 12 5 100 to 200, Sync v | T0263-7,70220-7

LM2622 | 12 2 126 12 1.65 600 to 1300 v | Msop-s

LM2698 | 12 22 22 17 1.35 600 to 1250 v | msops

LM2700 | 12 22 1.26 175 36 600 to 1250 v | LLP-14, TSSOP-14

LM27313 | 14 27 4 28 1 1150 to 1900 v | soT35

LM2731 | 14 27 123 2 15 600, 1600 v | s0T235

LM2733 | 14 27 3 40 1 600, 1600 v | s0T235

LM2735 |55 27 3 2% 225 475, 1500 v | SOT23-5,MSOP-8, LLP-6

LM3224 |7 27 Vin 20 26 615 to 1250 v | msop-s

LM3310 |7 25 Vi 20 2 660 to 1280 v [P

M3311 |7 25 Vi 20 2 660 to 1280 v |LP2s

LM3668 | 55 25 28 33 1 1600 to 2700, Sync v o |Lp12

LM4510 |55 27 18 12 85 to 100 v [P0

LM5000 | 40 3.1 1.259 Set by external feedback |, 300, 600 v | LLP-16, TSSOP-16
network

LMs001 | 75 31 1.26 ﬁs:\sgri"tema' feedback | ; 50 to 1500, Sync v |S08LLP8

LM5002 | 75 31 1.26 ﬁsmgri"tema' feedback | o 5 50 to 1500, Sync v | so0-8LLP-8

LMs015 | 75 425 fSee: dti)ya‘;’lztﬁ;'t‘fv'ork ﬁ::\lsxri"tema' LT ) 25 to 750, Sync v | TSSOP-14EP

www.national.com/power



Step-Up (Boost) Switching Controllers

LM3481 — High-Efficiency Low-Side N-Channel Controller for Switching Regulators

Features
 Wide operating range: 2.97V to 48V ka Vin=
e Internal push-pull driver with 1A peak current L o °

capability b T e

: . [l = -

* 100 kHz to 1 MHz adjustable and synchronizable L = - 1 4F, coramic  MBRS130LT3 Yot

clock frequency A "0 m3agr Ve 1o

\ COMP DR o L Cour
* 5 pA shutdown current (over temperature) o I :_[ 100
¢ Adjustable undervoltage lockout with hysteresis = -
- o . FA/SYNC/SD =

¢ Frequency compensation optimized with a

capacitor and a resistor
¢ 1.5% (over temperature) internal reference

Applications:
Ideal for use in distributed power systems, offline power supplies, set-top boxes, and portable applications

LM5022 — 60V Low-Side Controller for Boost and SEPIC Regulators

Features Viy =10V to 14V . R
* Internal 60V startup regulator

e 1A peak MOSFET gate driver 2 P VIN out
e \/\y range 6V to 60V RT cs
« Duty cycle limit of 90% , . o oy
e Programmable UVLO with hysteresis : ss vee
¢ Cycle-by-cycle current limit

¢ External synchronizable (AC-coupled)
¢ Single resistor oscillator frequency set
¢ Available in MSOP-10 packaging

Applications:
Ideal for use in telecommunications, networking equipment, automotive, and industrial applications

Step-Up (Boost) Switching Controllers

Product | InputMax | Input Min Frequency Range | On/Off
1D Voltage (V) | Voltage (V) | Output Min Voltage (V) (KHz) & Sync Pin Topology Packaging
LM3430 | 40 6 1.25 50 to 2000, Sync — Boost LLP-12
LM3478 | 40 2.95 1.26 100 to 1000, Sync v Boost, Sepic, Flyback MSOP-8
LM3481 | 48 2.97 1.275 100 to 1000, Sync % Boost, SEPIC, Flyback MSOP-10
LM3488 | 40 2.95 1.26 100 to 1000, Sync v Boost, Sepic, Flyback MSOP-8
LM5020 « | 100 13 Set by external feedback network | 50 to 1000, Sync v Flyback, Inverting, Buck, Boost, Forward M_Eﬂ%w’
MSOP-8,
LM5021 | 30 8 Set by external feedback network | 50 to 1000, Sync v Flyback, Forward VDIP-8
LM5022 | 60 6 1.25 50 to 2000, Sync v Boost, Sepic MSOP-10

* PowerWise® product
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Step-Up (Boost) and Step-Down (Buck) Regulators

LM3668 — Inductive Buck-Boost DC-DC Converter

Features
. VIN = 25 '55V
e 1A current capability o

* Voltage select pin allows output voltage flexibility J— Cc1 VDD PV, 2.8V/3.3V
IN . R
(2.8V/3.3V) T 0w Wi vouT r—o

¢ Mode pin toggles between automatic PFM/PWM
operation or forced PWM operation 2.2 pH Lm3668 FB

2
e Frequency sync from 1.6 MHz to 2.7 MHz allows Sw2  SYNC/MODE Igz uF
customization for lowest noise in system L

EN

VSEL
SGND PGND

¢ Vi range from 2.5V to 5.5V supports Li-lon batteries
¢ >90% efficiency maximizes battery life

e Low Iq (45 pA) in standby mode decreases current
leakage in design

¢ Excellent transient response allows Vqyr to stay within regulation under all conditions
¢ Available in tiny LLP-12 packaging

Applications:

Ideal for use in handset peripherals, MP3 players, pre-regulation for linear regulators, PDAs, portable hard disk drives,
and WiMax modems

www.national.com/power 99




Step-Up (Boost) and Step-Down (Buck) Regulators

LM5015 — High Voltage Monolithic Two-Switch Forward DC-DC Regulator

Features

e Dual Integrated 75V N-Channel MOSFETs IE{ut

¢ Ultra-wide input voltage range: 4.25V to 75V (4.25V - 75V) =<

. . . -
Integrated high voltage bias regulator $ LM5015 D1

¢ Adjustable output voltage vee BST T ’|\
¢ 1.5% feedback reference accuracy L0

RT
e Current mode control with selectable
compensation

¢ Wide bandwidth error amplifier

Isolated
Ouput

AY

ISOLATED =
ss FEEDBACK

e Integrated current sensing and limiting A4 A4
¢ 50% maximum duty cycle limit

¢ Single resistor oscillator programming

¢ QOscillator synchronization capability

¢ Programmable soft-start

e Enable / Under-voltage Lockout (UVLO) pin

e Thermal shutdown

Applications:

Ideal for use in basestation power distribution systems, 48V telecom/data storage systems, and 24V/48V industrial systems
ethernet-powered devices

Buck Boost Inductive Regulators

Input Max Input Min | Output Output Switch Frequency Range
ProductID | Voltage (V) | Voltage (V) | Min (V) Max (V) Current (A) | (KHz) & Sync PWM Mode Topology Packaging
LM2611 14 2.7 -1.23 Undefined | 0.9,1.2 1400 CUK Inverting S0T23-5
LM3668 5.5 25 28 383 1 1600 to 2700, Sync | Auto PWM/PFM | Buck-Boost LLP-12
LM5001 75 3.1 Undefined | Undefined |1 50 to 1500, Sync Current Mode | Boost S0-8, LLP-8
LM5002 75 3.1 Undefined | Undefined | 0.5 50 to 1500, Sync Current Mode | Boost S0-8, LLP-8
LM5015 75 425 Undefined | Undefined | 1.2 25 to 750, Sync Current Mode | Two-Switch Forward | TSSOP-14

Buck Boost Switching Controllers

Product Input Max Input Min Frequency | On/Off Sync

1D Voltage (V) | Voltage (V) | Output Min Voltage (V) Max (KHz) | Pin Topology Pin Packaging
LM3478 40 2.95 1.26 1000 v Boost, Sepic, Flyback Yes MSOP-8

LM3481 43 2.97 1.275 1000 4 Boost, SEPIC, Flyback Yes MSOP-10
LM3488 40 2.95 1.26 1000 4 Boost, Sepic, Flyback Yes MSOP-8
LM5020« | 100 13 Set by external feedback network | 1000 v QZE:EI}’;:V\GEEM’ B, Yes MSOP-10, LLP-10
LM5021 30 8 Set by external feedback network | 1000 v Flyback, Forward Yes MSOP-8, MDIP-8
LM5022 60 6 1.25 2000 v Boost, Sepic Yes MSOP-10

e PowerWise® product
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Industrial and Telecom Solutions

LM5000 Series — Regulators and Controllers High-Voltage Power IC Family

Isolated Primary Power Conversion | Non-Isolated Point-of-Load Regulation

Step-Down Regulators
with MOSFET

LM(2)5005  42V/75V, 2.5A
LM(2)5007  42V/75V, 0.5A
LM(2)5010A 42V/75V, 1A

Isolated PWM Controllers

|

|

: LM5020 Single-Ended
LM5025/A/B Active Clamp

: LM5026 Active Clamp

|

AC/DC Conversion and Hot Swap
LM5030 Push-Pull

Off-line

AC - LM5032/4 Dual Interleaved LM5574/5/6 75V, 0.5/1.5/3A
[YISM Power Converters tm:gg :Ili :ri:ge I::TID LM25574/5/6 42V, 0.5/1.5/3A
ridge r
EM5021FACMC LMS5041/A Cascade

®q  Boost Regulators with MOSFET

LM5000 75V 1.5A

Hot Swap Controllers Integrated Buck Bias Regulators

|

|

|

|

" LM5001/2 75V 1A/ 0.5A

LM5067 Negative I LM5008 100V, 0.4A .
LM5068 Negative I LMS5009 100V, 0.15A LM5015 75V 2-Switch
LMS5069 Positive |

| MOSFET Gate Drivers L, Buck and Buck-Boost
PoE PD Controllers : LMS5100A/B/C Half Bridge Controllers {no MOSFET)
LM5070/1/2 PD and PWM LM5101A/B/C Half Bridge LM(2)5115/A 42V/75V SSPR
LM5073 PD Interface I LM5102/4 Half Bridge LM(2)5116 42V/100V Synch Buck

| LM5106 Half Bridge

| LMS5107 Half Bridge

| LM5109B Half Bridge

Regulators and Controllers | | LMS110/11/12 Low Side

Product ID Description

Integrated Switching Regulators

LM5000 Wide 3.1V to 40V input, 2A switch PWM boost or flyback

LM5001 Wide 3.1 to 75V input, 1A switch PWM for Boost, Flyback, SEPIC

LM5002 Wide 3.1 to 75V input, 0.5A switch PWM for Boost, Flyback, SEPIC

LM5005/LM25005 9V to 75V/42V input 2.5A buck regulator

LM5007/LM25007 9V to 75V/42V input, 500 mA step-down with fast transient response

LM5008 9V to 100V input, 350 mA step-down with fast transient response

LM5010A/LM25010 6V to 75V/42V input, 1A step-down with fast transient response

LM5015 Wide 4.25 to 75V input, two 1A switches and PWM 1A switch PWM for Two-Switch Forward and Flyback
LM5020 Single-ended 100V current-mode PWM controller

LM5021 AC-DC current mode PWM controller

LM5025/A/B e | Active-clamp voltage-mode 100V PWM controller with feed-forward and 3A gate driver
LM5026 e | Active-clamp current-mode 100V PWM controller with 3A gate driver

LM5030 e | 100V push-pull current-mode PWM controller with synchronization

LM5032 ¢ | High-voltage dual interleaved current mode PWM controller

LM5033 e | 100V push-pull voltage-mode IBC PWM controller with synchronization

LM5034 ¢ | High-voltage dual interleaved current mode controller with active clamp

LM5041/A e | 100V input cascaded PWM controller

LM5115/A e | Secondary side post regulator controller or synchronous buck controller

LM5116 6V to 100V current-mode synchronous buck controller

LM5035A High-performance, half-bridge PWM controller-driver for compact, efficient converters
LM5100A/B/C/1/2/4 Dual FET drivers for 100V synchronous buck and bridge topologies

LM5105/07/09 100V half-bridge power MOSFET drivers

LM5110/11/12 Single and dual high-current MOSFET drivers

Load Share Controller

Hot Swap Controllers

LM5067 Negative high-voltage hot swap inrush current controller with power limiting

LM5068 Negative voltage hot swap controller

LM5069 Positive high-voltage hot swap inrush current controller with power limiting

Power-over-Ethernet Controllers

LM5070/71/72 e | Combo PoE interface and PWM controller

Power-over-Ethernet Powered Device Controller
LM5073 e | Combo PoE interface and PWM controller

* PowerWise® product
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Switching Regulators and Controllers
for Isolated Applications

LM5115 — Secondary Slide Post Regulator/Synchronous Step-Down (Buck) Controller

Features

Self-synchronization to main channel output
Stand alone DC-DC synchronous buck mode

Voltage-mode control with current injection
and input line feed-forward

Operates from AC or DC input up to 75V

Input

13V to 100V

FB

LM5025 Primary

side controller

BIAS SYNC

LM5115 ,,
SSPR

RAMP

(AC)

| Main
Output
3.3V, 30A

Auxiliary
output

2V, 9A

98% Efficient

Switching Regulators and Controllers for Isolated Applications

Product Input Max | InputMin | Frequency | Sync
ID Voltage (V) | Voltage (V) | Max (KHz)
LM25115 42 45 1000
LM5020 | 100 13 1000
LM5021 30 8 1000
LM5025A e | 90 8 1000
LM5025B < | 100 8 1000
LM5025 e | 90 8 1000
LM5026 | 100 8 1000
LM5030 e | 100 8 1000
LM5032 e | 100 13 1000
LM5033 e | 100 15 1000
LM5034 | 100 13 1000
LM5035/A | 105 8 2000
LM5041 | 100 10 1000
LM5115 75 45 1000

25

0.7

15

Null/ 2.5

Current
Limit Type

Cycle-cycle

Cycle-cycle
Cycle-cycle,
Hiccup

Cycle-cycle,
Hiccup

Cycle-cycle,
Hiccup

Cycle-cycle,
Hiccup

Cycle-cycle,
Hiccup

Cycle-cycle,
Hiccup

Cycle-cycle,
Hiccup
Hiccup
Cycle-cycle,
Hiccup
Cycle-cycle,
Hiccup
Cycle-cycle,
Hiccup

Null/ cycle-
cycle

PWM Mode

Voltage/current-
injection

Current

Current

Voltage/Feed-forward

Voltage/Feed-forward

Voltage/Feed-forward

Current

Current

Current

Voltage

Current

Voltage

Current

Voltage/current-injection/
Valley current mode

Topology

Synchronous
secondary-side post-
regulator

Flyback, Inverting, Buck,
Boost, Forward

Flyback, Forward

Forward Active Clamp

Forward Active Clamp

Forward Active Clamp

Forward Active Clamp

Push-Pull, Full-bridge,
Half-bridge

Forward, Flyback

Push-Pull, Half-bridge,
Full-bridge, IBC

Forward Active Clamp

Half-bridge
Voltage-fed or Current-
fed push-pull

Secondary-side post
regulator

Packaging

LLP-16, TSSOP-16

MSO0P-10, LLP-10

MSOP-8, MDIP-8

LLP-16, TSSOP-16

LLP-16, TSSOP-16

LLP-16, TSSOP-16

LLP-16, TSSOP-16

MSOP-10, LLP-10

TSSOP-16

MSOP-10, LLP-10

TSSOP-20

LLP-24,
TSSOP-20EP

LLP-16, TSSOP-16

TSSOP-16

* PowerWise® product
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Isolated Controllers

LM5035 — PowerWise® High-Performance, Half-Bridge Controller-Driver for Compact,
Efficient Converters

Features S
. B > '
e 105V / 2A half-bridge gate drivers p— Im
* Synchronous rectifier control outputs with programmable vin T Vour
delayS V| Feed-forward 3 ﬁn _N=WT'_'>
s 3 S oo G
e Oscillator synchronization (patent pending) T3 owp : ¥
e Programmable line under-voltage lockout iy RAMP Py A
e Line over-voltage protection > | GISLD =
. . T \ 3
 Versatile dual mode over-current protection with hiccup A T % ki
. External oscillator 3¢
delay timer synchronization 117= Dual mode over _gi
. . == current protection
¢ Direct opto-coupler interface —
. . . and Isolation
¢ Available in TSSOP-20 and LLP-24 packaging Wide bandwidth opto interface T E T

rectifier delays

Applications:

Ideal for use in telecommunications and data communications systems, industrial power supplies, distributed power systems,
and consumer electronics

—

Watch our Online Seminar on

“Half-Bridge Power Converter Design Using the LM5035A"
ST ELDN \\w national.com/onlineseminars

=

LM5026 — PowerWise® Simplified Forward Power Converter with Active Clamp Reset

Features

e C t mod trol 36V‘:2‘ 78V ‘3'.0;{;
urrent mode contro e . e 3

« Internal 100V start-up bias regulator J_ °||° | 30A

* 3A compound main gate driver 1 £

¢ High bandwidth opto-coupler interface

Y1
7t

* Programmable Line Under-Voltage Lockout (UVLO) L, v
with adjustable hysteresis =
y
« Available in TSSOP-16 and LLP-16 packaging o W =
. ¥I‘:\:I-2 Error
Applications: :$s Amp and
Ideal for use in telecommunications, automotive, DL sotaton
networking equipment, and industrial applications PGND AGND

)

J—
“ Watch our Online Seminar on
L “% “Introduction to Forward Power Converters Utilizing Active Clamp Reset”

ONLTVE NS
[SEMINARS]

T www.national.com/onlineseminars
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MOSFET Drivers

LM510x — Family of High-Speed FET Drivers

10V to 100V
+10V Voo (Integrated Bootstrap) . =
1
0.22 yF L » 0.22 pF = :
I UVLO i
- HS
LM50xx PWM _i )—‘ Level Shift
Controller
or
Microprocessor " :
’_ r—a

MOSFET Drivers
Peak Bottom Top Driver Input
Product Input Max | Supply Peak Sink | Source Driver Prop | Prop Delay Control
ID Topology Voltage (V) | Min (V) Current (A) | Current(A) | Delay (nS) (nS) Type Packaging
Synchronous Dual,
LM5100A Buck, Bridge 100 15 14 3 3 25 25 50 independent LLP-8, SO-8
Synchronous Dual,
LM5100B Buck, Bridge 100 1.5 14 2 2 25 25 50 independent LLP-10, SO-8
Synchronous Dual,
LM5100C Buck, Bridge 100 15 14 1 1 25 25 50 independent S0-8
Synchronous Dual,
LM5101C Buck, Bridge 100 15 14 1 1 25 25 50 independent LLP-10, SO-8
Synchronous Dual,
LM5101A Buck, Bridge 100 15 14 3 3 25 25 50 independent LLP-10, SO-8
Synchronous Dual,
LM5101B Buck, Bridge 100 1.5 14 2 2 25 25 50 independent S0-8
Synchronous Dual,
LM5102 Buck, Bridge 100 15 14 2 2 35 35 50 independent MSOP-8
Lmsios | Synchronous | 44 75 14 2 2 35 35 50 Single PWM | LLP-10, SO-8
Buck, Bridge
LM5105 g‘l’jr;f(h“’"ws 100 75 14 2 2 % % 50 | Single PWM | LLP-10
LM5107 | Buck, Bridge | 100 75 14 14 13 25 25 50 e LLP-8, SO-8
independent
LM5109 | Buck, Bridge | 100 75 14 1 1 25 25 50 Dual, LLP-8, SO-8
independent
tmsiio | Forward: N/A 35 1 5 2 25 25 25 | Dual LLP-10, S0-8
push-pull, etc independent
tmstpg | Forward. N/A 35 14 5 3 25 25 25 Dual, S0-8
push-pull, etc independent
Forward, Dual,
LM5112 push-pull, etc N/A 35 14 7 3 25 N/A 25 independent LLP-6
Applications:

Ideal for use in telecommunications, networking equipment, automotive, motor driver systems, and industrial applications
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Load-Share Controllers

LM5080 — Modular Current Sharing Controller

Features Positive Supply Bus

| ; >
i . i + SENSE I— + SENSE
e Single-wire star link current share bus L1 o L {+vo

.. . Power Supply Power Supply
* No precision external resistors necessary — Vo Vo
. -SENSE
e 3V to 15V bias voltage range

-
¢ Average program current share method I_

-SENSE

¢ Adaptable for high or low side current sensing Ao Ve fso Vg
* Available in MSOP-8 packaging CSM | Msos0 CSM | M5080

Sense 5 Sense

Resistor 2> Resistor

CsP CsP GND SHR

Applications: - Sharing Bus o
Ideal for use in consumer electronics, industrial test equipment, Ground Bus
telecom, data communications systems, automotive, distributed ¢ >

power systems, and battery-powered applications
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Low Dropout (LDO) Linear Regulators

LP38xxx Family of High-Performance CMOS LDOs Power Digital ICs

Performance and Flexibilit .
Y LP38xxx High Performance CMOS LDOs
The LP38xxx Family Offers Performance:
e Ultra-low dropout as low as 115 mV Performance and Flexibility oty
e Fast-transient response with high AC and DC LP3850x FlexCap LDO Family
accuracy for powering digital cores ;Lif;‘:h‘:“oﬁm'gf::;'ry':z
* High-Efficiency of 80% for 1.5V to 1.2V conversions Capacitors
Fast-Transient Response
The |.P.38XXX FamiIY Offers FI_eXibi“ty: . LP3851x Fast-Transient Response LDO Family
* Flexible to use with Ceramics, Tantalum, Aluminum High AC and DC Accuracy for Digital Cores
Electrolytic Capacitors
e Supports input voltages from 1.2V, 1.5V, 1.8V, 2.5V, 3.3V, PowerWise®
and 5V rails LP3885x PowerWise® Family
_ . . Ultra-Low Dropout for Highest-Efficiency Outputs as low as 0.6V
* Load currents from 800 mA-3A with the same pin-out and Power Throughput Loal:ls ity
f f f f f >
1.2V 1.8V 25V 33V 5V
Input Voltage Range

LP3850x — FlexCap LDOs Flexibility and Simplicity

The LP3850x FlexCap family of LDOs features unique compensation that allows the use of any type of capacitor with no limits on
minimum or maximum ESR.

¢ QOptimized for conversions from 3.3V or 5V rails

e (Qutputs as low as 0.6V - o
e Load currents of 1.5A or 3A LP38501-ADJ
e Typical dropout voltage, 450 mV at 3A ENABLE ADJUST

e Ultra-low, 25 nA, shutdown current
¢ Stable with Ceramic, Tantalum, or Aluminum Electrolytic capacitors
¢ Available in TO263-5 or LLP-8 packages

Product ID Load Current (A) Vin Min (V) Vin Max (V) Vour (V) Packaging
LP38503 3.0 2.1 5.5 ADJ down to 0.6 450m — T0263-5
LP38502 1.5 27 5.5 ADJ down to 0.6 220m v T0263-, LLP-8
LP38501 3.0 21 5.5 ADJ down to 0.6 450m v T0263-5
LP38500 15 2.1 5.5 ADJ down to 0.6 220m — T0263-5, LLP-8

See more at www.national.com/Ido

To see a more complete list and to learn more about LDOs, visit:
www.national.com/LDO
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LP3851x — Fast-Transient Response LDOs and Ultra Low Dropout

The LP3851x fast-transient response family of LDOs offers the highest performance in meeting AC and DC accuracy requirements for
Digital Cores.

e |deal for conversions from 2.5V, 3.3V or 5V Rails

v o o v
* Fixed 1.8V output O L] l LP38513 _T_com é O Vo
. _|_ Ceraml:c T -::(:E:uc ke
Output currents of 80 0OmA, 1.5A or 3A ven O OFF EFROT
e Typical dropout voltage: 275 mV at 3A
* Proprietary control loop enables extremely GND O QO enp
fast transient response
¢ High accuracy of 2.5% over line, load, and Vemror - O

temperature (-40°C to 125°C)
e Stable with 10uF Ceramic Capacitors
e Error flag feature
¢ Available in 5-pin T0220 or T0263 packages

Product ID Load Current (A) Vi Min (V) m Vour (V) mm Packaging

LP38513 2.25 1.8, ADJ down to 0.8V T0263-5
LP38512 1.5 2.25 5.5 1.8, ADJ down to 0.8V % v T0263-, LLP-8
LP38511 800 mA 2.25 5.5 1.8, ADJ down to 0.8V v 4 T0263-5

See more at www.national.com/Ido

LP3885x — PowerWise® Low Input Voltage and Efficiency LDOs

The LP3885x PowerWise® family of LDOs provides ultra low-dropout for highest efficiency and power throughput.
* Designed for conversions from 1.8V rails and below

* Adjustable output voltage down to 0.8V Vin —O Vour
* Load currents of 800 mA, 1.5A or 3A -ﬁ","mmmic LP38853-ADJ -
. VBias O BIAS
¢ Typical dropout, 115 mV at 800 mA _]_ Coms Cour
* Efficiency of up to 80% for 1.5V to 1.2V conversion vew O i b T oduF
e 2% Accuracy over line, load, and temperature (0°C to 125°C)
 Enable pin option
* Soft-start pin option e O Q e

¢ Available in 7-Pin T0220, 7-Pin T0263, or 8-Pin PSOP packages

Product ID Load Current (V) | Voyr Options (V) Adj. Output | Enable Pin Soft-Start Pin Typlcal Dropout (mV) | Packaging

LP38859 0.8V, 1.2 T0263-5, T0220-5
LP38858 1.5 0.8V, 1.2 = = %4 180 T0263-5, T0220-5
LP38856 3 0.8V, 1.2 — v — 450 T0263-5, T0220-5
LP38855 15 0.8V, 1.2 — 4 = 180 T0263-5, T0220-5
LP38853 3 ADJ0.8to 1.8 v 4 v 450 PSOP-8, T0263-7
LP38852 1.5 ADJ 0.81t0 1.8 v v v 180 PSOP-8, T0263-7
LP38851 0.8 ADJ0.81to 1.8 v 4 4 115 PSOP-8, T0263-7
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Low Dropout (LDO) Linear Regulators

LP38692 — PowerWise® 1A Low Dropout, CMOS Low I, Linear Regulator

Features
¢ 2.5% output accuracy at 25°C Vin
* Designed for use with low ESR ceramic capacitors ©

Vey LP38692
27V to 10V i Ven
.7V to 10V input voltage £

e 450 mV dropout at 1A and 5V out
¢ 1 pA off-state quiescent current

Available in SO0T223-5 and LLP-6 packaging

Applications:
Ideal for use in consumer applications for conversions from 3.3V or 5V rails

Low Dropout CMOS Linear Regulator Family

Maximum
Product ID Dropout (mV) | Load (mA) | Enable Pin | Packaging
LP38690 27 |10 ADJ (1.25-9) or 1.8,2.5,3.3,5 1600 1000 — T0252-3, SOT223-5 or LLP-6
LP38691 2.7 10 ADJ (1.25-9) or 1.8,25,33,5 725 500 — T0252-3 or LLP-6
LP38692 27 |10 ADJ (1.25-9) or 1.8,2.5,3.3,5 1600 1000 v S0T223-5 or LLP-6
LP38693 2.7 10 ADJ (1.25-9)or 1.8,25,3.3,5 725 500 %4 S0T223-5 or LLP-6

Low Input/Low QOutput LDOs for Powering Digital ICs
Product | Input Max | Input Min | Output Dropout Output Adjustable | On/Off | Quiescent PSRR | Voltage

1D Voltage (V) | Voltage (V) | Current (mA) | Voltage (V) | Voltage (V) Output Pin Current (mA) Noise (rms) | Package
15,38, 1.8, 2.5, S0T23-5,

LP3990 « | 6 2 150 0.06 0.8,1.35, 28, — v 0.043 55 125 micro SMD-4,
12,33 LLP-6

LP3991 ¢ | 3.6 1.65 300 0.075 1.5,13,28,1.2 = v 0.05 65 280 micro SMD-4
2.0,15,3.0,18, S0T23-5,

LP5951 55 1.8 150 0.2 13,25 28 33 — v 0.029 60 125 SC70°5
20,16,15,07,

LP5952 ¢ | 45 0.9 350 0.088,0.128 | 1.8,1.3,1.0, 1.2, — 4 0.011 95 100 micro SMD-5
12,14

* PowerWise® product
LP5951 — Tiny LDO Features Low I, and Wide V,y Range

Features
Vin

* Low quiescent current: 29 yA at 0 mA maximizes portability and size 1.8V to 5.5V LP5951 Vour
» Wide Vy range: 1.8V to 5.5V supports next generation Li-lon batteries, also Vin 1.3Vto33V

can be used in post regulation applications Vour
e Wide Vgyr range: 1.3V to 3.3V for use in analog and digital point-of-load Load
e PSRR: -60 dB at 1 kHz (typical) with 150 mA full load without bypass capacitor
¢ Available in SC70 and SOT23 packaging Enable Control,

Active High

Applications:

Ideal for use in powering digital and analog point-of-load systems where size is critical
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Low-Noise LDOs to Power RF and Analog Circuits

LP3878 — Low-Noise LDOs Power Noise-Sensitive Analog Loads

Features Typical Application Circuit
e 1.0V to 5.5V output
¢ Designed for use with low ESR ceramic capacitors
251016 Viy 1.8 Vour
e <10 pA quiescent current in shutdown o
* Low ground pin current at all loads LP3878
e Over-temperature/over-current protection 57:" = 104

e -40°C to +125°C operating junction temperature range
4.7 pF Z
Applications:

Ideal for use in low-noise amplifiers, voltage-controlled oscillators, RF receivers,
medical instrumentation, automated test equipment, and measurement devices

T

LP5900 — PowerWise® Low-Noise 150 mA CMOS LDO

Features

e Industry’s lowest noise (6.5 yVrys) combined with 85 dB of
Power Supply Ripple Rejection guarantees signal integrity

0.47 yF

o Output
e 25 pA Iqg minimizes current drain when system operates in v
low-power mode
¢ Elimination of bypass capacitor reduces BOM to only °
two ceramic 0.47 pF capacitors
¢ Available in a micro SMD-4 and LLP packaging Bypass
Capacitor

Applications:

Ideal for use in powering analog and RF signal path ICs, including low-noise amplifiers, voltage-controlled oscillators,
and RF receivers

Low Noise LDOs for Low-Power, Space-Constrained Applications

Product | Input Max | InputMin | Output Dropout Output Adjustable | On/Off | Quiescent Voltage

) Voltage (V) | Voltage (V) | Current (mA) | Voltage (V) | Voltage (V) i Current (mA) —ise (rms) | Packaging

LP3995 « | 6 25 150 0.06 3,28,19 — v | 0085 60 |25 micro SMD-5

LP3997 * | 6 2 250 0.14 33 — v | 0.055 61 100 MSOP-8
15,2418, .

LP3999 ¢ | 6 25 150 0.06 25,28 33 — v 0.085 60 30 micro SMD-5

LP5900 ¢ | 5.5 25 150 0.08 15,28, 33 = 4 0.025 75 6.5 micro SMD-4

LP53990 |55 22 200 0.15 0.8t03.6 — v 0.03 55 60 micro SMD-4

¢ PowerWise® product
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Multi-Output LDOs

LP3996 — Dual Linear Regulator with 300 mA and 150 mA Outputs and Power-On-Reset

Features AAA
¢ 2 LDO outputs with independent enable 470k
e 1.5% accuracy at room temperature, 3% over temperature LP3996
» Power-0On-Reset function with adjustable delay Vin Youm Wvours
¢ Thermal shutdown protection EN1 Vour2 il vour:
¢ Stable with ceramic capacitors EN2 POR I ror

1uF | 1pF
Applications: o . + " + u

vV Vv

Ideal for use in cellular handsets, PDAs, and wireless network
adaptors

Sets delay
for POR

Multi-Output LDOs

Product | InputMax | InputMin | Outputl Output2 Output1 Output2 | Dropout | Quiescent | Error | Power on

1D Voltage (V) | Voltage (V) | VoyrMin VourMin loytMax | loytMax | Voltage | Current Flag | Reset Packaging

LP2966 7 2.1 18 1.8 150 150 0.135 0.34 v — LLP-16, PSOP-8, SO-8
LP2967 16 2.1 1.8 25 150 150 0.275 0.34 — micro SMD-8, MSOP-8
LP3986 6 2.5 25 2.8 300 150 0.06 0.075 — — micro SMD-8

LP3996 6 2 0.8 0.8 150 300 210 70 v v LLP-10

LP5996 6 2 0.8 0.8 150 300 210 70 — — LLP-10
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Multi-Output Switching Regulators

LM3370 — PowerWise® Dual Buck Regulator Provides Highest Efficiency for FPGAs and
Multimedia Processors

Features

e Automatic PFM-PWM mode switching provides high
efficiency at all loads

VIN =27V to 5.5V
Vour1 =0.8V to 2V

Up to 600 mA
e 12C DVS interface scales power to match processor clock  ENABLE1 rovv) I
frequency 1 m T
* Lowest Iq (<20 pA) extends battery life SDA POR (Buck1)
e 2 MHz operation enables smaller external components m

and minimizes footprint
¢ Power-on-reset prevents fault condition in processors

SCL

m POR(Buck2) v 19-18Vt033V
Up to 600 mA

IREER

» Spread spectrum reduces noise (ideal for RF systems) ENABLE 2 T
_ I
¢ Available in LLP-16 packaging ;
Applications:
Ideal for use in low-power FPGAs, CPLDs, and application processors
LM26400Y — Dual 2A Wide Input Range Buck Regulator
Features Vi
* Input voltage range of 3V to 20V 5V to 20V . . 4.1
¢ Dual 2A output 10uFl | 10.22"|:
* Qutput voltage down to 0.6V MLeCT I
* Internal compensation Vours 0.1 pF FVIN AVIN 0.1 yF Vourz
« 500 kHz PWM frequency 122 B2 BB ' 25V
* Separate enable and soft-start pins AKX :‘; ;2;
* Frequency foldback protection 100 pF 59k < ENT Eny BN a7 F
e Available in eTSSOP-16 and LLP®-16 mMLCcC mMLCcC
packaging . I I"’“
Applications:

Ideal for use in powering point-of-loads in broadband modems/routers, POS terminals/scanners, security/surveillance systems,
set-top boxes, DTV-LCD displays, computing peripherals, and industrial controls

www.national.com/power m



Multi-Output Switching Regulators

LM3280 — PowerWise® Adjustable Buck DC-DC Converter and 3 LDOs for RF Power Management

Features

e 2 MHz PWM switching frequency Vi o .

 Operates from a single Li-lon cell (2.7V to 5.5V) 2V to 55V

* Adjustable output voltage (0.8V to 3.6V) DC-DC Veon: SVIN PVIN  BYPOUT ;12 pH o 03V

* High-efficiency synchronous buck converter PR B S m
e 300 mA maximum load capability (PWM mode) ovp ¥ azyF PA Ve

¢ 500 mA maximum load capability (bypass mode) S

Vipo1: 2.85V ﬁ [
» PWM, forced and automatic bypass mode s T V| Sandd

T
— 1puF b
. PC ON/OFF EN + Vipoz: 2.85V
* 3 low-dropout and fast transient response LDOs . - o——1 o2,
REF

— 6
. ON/OFF
* Current overload protection y 2 P g 285V
~ PA
~ VRer Band 3
F

ON/OFF ENguck LM3280 LDO1

|

-0

ON/OFF ENpos SGND  PGND

e Thermal overload protection
e Available in micro SMD-16 packaging

HH HH

Applications:
Ideal for use in handset multi-band PA chipset power, handheld radio, and other battery operated RF devices

LM3687 — DC-DC Converter with Integrated Linear Regulator in Tiny Package

Features Typical Application
e Combined load current of 750 mA

¢ Dual output voltage rails (DC-DC converter: 1.8V, linear
regulator: 1.5V)

¢ Automatic PFM/PWM mode switching maximizes battery life
* Design flexibility for independent or combined operation
¢ Fast 2 MHz switching frequency decreases solution size

Vaarr 27..55V

/B oeoc |

1.00H Li-lon
-Ou 1.8V + or
W d —— 3cell
~ NiMH/
NiCd

LM3687 [ 0..750mA

e Low quiescent current prevents excessive current loss in
standby mode

e Startup mode option when input voltage for linear regulator
is not sufficiently high

¢ Available in tiny micro SMD-9 packaging for optimizing
solution size

Vour un

Applications:

Ideal for use in mobile phones, handheld radios, PDAs, Palm-top
PCs, portable instruments, and battery-powered devices
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Multi-Output Switching Regulators

LP3906 — PowerWise® Dual High-Current Buck Regulator and Dual Linear Regulator with
I2C-Compatible Interface

Features
¢ Compatible with advanced applications Vin=27t0 5.5V LP3906 FPGA/Processor
processors and FPGAs o Vour 08V 0 20V
i 1.2V0aR500 mA 10 uF Core Voltage
e Low input, low output voltage LDOs 2 Programmable buck : Fb 5
.. regulators to support
 Additional external enables for each core and other high Vour 1OV 1035V
regulator output and a separate enable for current rails ISR N ZioyF
the built-in sequence - iveasy /0 Voltages
. ] ) out 1.0V to 3.
* |12C-compatible interface for independent 2 Programmable LDOs |8vlggnflm $o.47 o
control of device functions and settings to support internal e | —
. processor functions LDO1 our 7O Auxiliary
e Thermal overload protection and peripherals 33V.@300mA iw WF Voltage
e Current overload protection : r 12C for independent
P ) el  FCinterface | i control of LP3906
e Spread spectrum reduces noise and peripherals

¢ Available in LLP-24 packaging
Applications:

Ideal for use in powering application processors, DSPs and FPGAs: Altera Cyclone Series, and Xilinx Spartan series

LP3907 — PowerWise® Dual High-Current Buck Regulator and Dual Linear Regulator with
I2C-Compatible Interface

Features

Buck DC-DC Converter E:[;m
e 1A/600 mA output current ENLDO02
¢ Programmable Vqyr from: ENSW1
o Buckl:0.8V-2.0V at 1A ENSW2
o Buck2:1.0V-3.5V at 600 mA LDO1
Linear Regulators (LDO)
* Programmable Vqyr of 1.0V-3.5V VINLDOT LP3907
¢ 300 mA output current VINLDOZ

e Low input, low output

LD02

Features
¢ External power-on-reset function for Buck1 and Buck2
e Compatible with advanced applications processors and FPGAs

e |2C-compatible interface for independent control of device
functions and settings

e Available in LLP-24 packaging (4 x 4 x 0.8 mm)

Applications:
Ideal for use in WiFi chipset power, mobile-TV chipset power, WiMax chipset power, handset sub-system power, and FPGA power
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Multi-Output Switching Regulators

LM26480 — Dual High-Current Buck Regulator and Dual Linear Regulator with Externally
Controlled Voltage Outputs

Features = =
¢ 1.5A output current py( s¥ne ViNLo02 BN 1pF
* Voyr from: R4 EnLoot nPOR ¥ I

- Buckl : 0.8V-2.0V @ 15A B ENLDO2 ™

o Buck2:1.0V-3.3V @ 1.5A 4 ENSW1 T $1our

* Up to 96% efficiency N ENSW2 224H
S :

* +3% FB voltage accuracy 3 swi )
* 2 MHz PWM switching frequency g ﬁd VOUTLDOT 1 124 c1 T RT =10 yF
* PWM - PFM automatic mode change under low loads ' D c2

uF
vER GND_SW1 )34

V

e Automatic soft-start

4 VInLDO1

Linear Regulators (LDO) 1 LM26480 vinz
e Vgyur of 1.0V-3.5V > 4 VINLDO2 o
¢ +3% FB voltage accuracy 3 ?

¢ 300 mA output current

4 vouTLDO2 N
* 25mV (typ) dropout 047 #A w2 b 10 pF
T 4 Loz rB rB2 3
R2
Features . . . . 1] GND_SW?2 ’X‘
¢ Compatible with advanced applications processors 4 GND_L
and FPGAs

DREILE avbD 34

¢ 2LDOs for powering internal processor functions and 1/0s

¢ Precision internal reference

e Thermal overload protection

e Current overload protection

* External Power-On-Reset function for Buck1 and Buck2

¢ Undervoltage lock-out detector to monitor input supply voltage
e 24-lead 4 x4 x 0.8 mm LLP package

Applications
Ideal for use in core digital power, applications processors, and peripheral I/0 power
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Multi-Output Switching Regulators

LP3910/13 — PowerWise® Power Management ICs for Portable Media Players

Features

Wide load range buck-boost DC-DC converter (LP3910)
targeting hard disk drive power management to maintain a
constant 3.3V output with a varying battery input voltage

Linear constant-current/constant-voltage charger for single
cell Li-lon batteries

Green and red LED charger status Indicators

4-channel 8-bit dual slope A/D converter

High-efficient DVS buck converters: 2 (LP3910) and 3 (LP3913)
400 kHz I2C-compatible interface

USB and adapter charging

System power supply management including power routing
Voltage and thermal supervisory circuits

Continuous battery voltage monitoring
Interrupt request output with 8 sources

LP3913 is pin-for-pin compatible with the LP3910 hard drive
based PMIC

Available in 6 x 6 x 0.8 mm LLP-48 packaging

Applications

Ideal for use in powering portable gaming devices, portable
media players, hard drive-based MP3 players (LP3910), flash-
based portable media players (LP3913), portable navigation
systems (LP3913)

Display
Back
Lighting

Rsensed.64K

AC Adapter
4.5-6.0V

Cchg_det Cchg_det j:
47 F I 47 yF

<
USBPWR

Cush

47 uF

Vbus

=4.5-57V
-1

D+ vbus-

D- yss
Controller

USB2.0

=
USBSUSP 54

L5
553
X

USBISE

CH
ST

T

Battery
monitor

Audio Analog

LD02
LDO1

iref

SO
LDO2ENB X
VLDO1 i
Cido1 T
10pF=

Touchpad

<]
Pal

il

<
VREFH IREF [BCK1GND
Cvrefh Riret =
O.TWF = 121K

ANALDG -

www.national.com/analogedge

www.national.com/power

ISENSE_[VINT
<] X

Linear
|| Charger

X

BCK2GND

To read the Application Note: “Powering Portable Media Players (PMP) with Innovative Solutions” go to

T | Cvin2
cvint| 10KE

1pF T

Cvin3 [ Cvind

10 uF [ 10 pF

| <
VIN2_|VIN3 |VINg
g

X=X

X VBUCK3L1

Lsw3
22pH

Flash LP3913/
HDD LP3910

SDRAM/DDR

(LP3913)

BUCK2

BUCK1

54 BUCKI1ENB

Logic Control
and registers

vddio

CPU

SoC

reset

irq
gpio

POWERACK

Pal

=)
>
a

il

W4

24
CK3GND1 |BCK3GND2

X

B

X

X
AGND [DGND
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PowerWise® Energy Management Units

LP5552 - Energy Management Unit Extends Battery Life and Enables New Features

PWI 2.0 Adaptive
Slave = IERLLEN
Regulator

PWI2.0 Bus

Processor Core
(Adaptive Supply
Voltage)

PWI2.0
MASTER

ENABLE—> Advanced

Hardware

RESETN—» egﬂgg:e Accelerator Egmfgller
PWROK Regulator
(Adaptive Supply

Voltage)

Programmable
LDO
Programmable
LDO
t{)l:)grammable Dual Core System-on-Chip IC

Embedded Memory

VPPLL/Analog TCM Cache

V Peripheral
GPO1 GPO r[r)(;)grammable
GP02 Control

GPO3 V Memory

Programmable
LDO

LP5552

Applications:
Ideal for use in dual core processors, cellular handsets, handheld radios, PDAs, battery-powered devices, and portable instruments

Product ID Number of Outputs | Output Voltages and Current Vin Range Interface Packaging

1 Buck: 0.6V to 1.2V, 300 mA 3 LDOs:
0.6V to 3.3V, up to 250 mA

2 Bucks: 0.6V to 1.2V, 300 mA 4 LDOs:

0.6V to 3.3V, up to 250 mA
N-well bias: -0.3 to +1V (to supply) LIS Pl 10 s
P-well bias: -1V to +0.3V (to GND)

LP5550 4 3t05.5 PWI 1.0 LLP-16

LP5551 8

2 Bucks: 0.6V to 1.235V, 800 mA .
LP5552 7 5 LDOs: 0.6V to 3.3V, up to 250 mA 271048 PWI 2.0 micro SMD-36

* PowerWise® product

To learn about PowerWise technology, visit:
www.national.com/powerwise
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Multi-Output Switching Controllers

LM5642X — PowerWise® High-Voltage, Dual Synchronous Buck Converter with Oscillator
Synchronization

Features

Two synchronous buck regulators
180° out-of-phase operation UV_Delay
200 kHz fixed nominal frequency: LM5642

375 kHz fixed nominal frequency: LM5642X

Synchronizable switching frequency from
150 kHz to 250 kHz for the LM5642, and 200 kHz
to 500 kHz for the LM5642X

Available in TSSOP-28 packaging

Applications:
Ideal for use in embedded computer, navigation systems, telecom, set-top boxes, and point-of-load architecture

Multi-Output Switching Controllers

VIN
45V -36V l

LM5642 /
LM5642X

1 vOUT1
13V-09V,
ﬂ 1 VUUTZ

T 13V-09V,

=

Product InputMax | InputMin | Output | Output | Feedback Frequency Range | On/Off | Error Topology,
1D Voltage (V) | Voltage (V) | Min (V) | Max (V) | Tolerance % | & Sync (Hz) Pin Flag | Channels | PWM mode Packaging
Voltage with LLP-28,
LM2647 28 5.5 0.6 5 1.5 200 to 500 v v |2 Vi Feedforward | TSSOP-28
LM2657 28 45 0.6 8.4 15 200 to 500 4 v |2 Voltage TSSOP-28
LM5642 e | 36 45 1.3 345 1.5 150 to 250, Sync v — |2 Current TSSOP-28
TSSOP28-EP,
LM5642X e | 36 45 1.3 345 1.5 200 to 500, Sync v — |2 Current TSSOP-28
www.national.com/power 17



Voltage References and Supervisors

LM4132 — PowerWise® Voltage References Featuring the Highest Precision Over Broad
Temperature Range

Applications: B ision Ref
.. . ew High-rrecision hererences
Ideal for use in instrumentation and
process control, test equipment, data W Shunt !
acquisition systems, basestations, servo o Series "
systems, battery chargers, precision >
regulators, and portable battery- e
. £ LM4050
powered equipment g W
8 LM385, LM336
o
&
10
+ LM4140
0.05% 0.1% 0.5% 1.0%
Initial Accuracy (%)

Voltage References

Quiescent
Current

Initial
Accuracy
(+/-) Max

Reference
Voltage (V)

Product Input Max | Input Min
1D Voltage (V) | Voltage (V)
LM4120 » | Series | 14 33
LM4125 « | Series | 6 B8
LM4128 » | Series | 5.5 2.2
LM4132 ¢ | Series | 5.5 22
LM4140 « | Series | 5.5 1.8
LM4030 Shunt | NA NA

3,3.3, 4.096,
2.048,5,1.8,25

4.096, 2.048, 2.5
3,3.3,4.096,
2.048,1.8,25
4.096, 2.048, 2.5
1.25, 4.096,
2.048,1.024, 2.5
2.5,4.096, 5.0

02,05
02,05
0.1,0.2,05,1

0.05,0.1,0.2,
0.4,05

0.1

0.05, 0.10, 0.15

50
50
75,100

10-30

3

10,20,30

Output

Current

(mA) (mA)
5 0.16
5 0.16
20 0.06
20 0.06
8 0.23
30 0.12

Long Term

Stability Voltage

(ppm/1000hr) | Noise (uVpp) | Packaging
100 20 S0T23-5
100 20 S0T23-5
50 170 S0T23-5
50 170 S0T23-5
60 22 S0-8

50 100 S0T23-5

* PowerWise® product

Supervisors
Product
D} Active Reset
LM3722 | Low
LM3723 | High
LM3724 | Low (open drain)
LM3700 | Low
LM3702 | Low
LM3706 | Low
LM3708 | Low
LM3709 | High
LM3710 | Low
LM3711 | High
LM3712 | Low
LM3713 | High

Voltage Rails
Supervised'
2.5,3.3,5.0
2.5,3.3,5.0
2.5,3.3,5.0
2.9,3.1,33
2.35,3.1,33
33

33

3

2.5,33,4.8,50

2.5,33,5.0

3.3
3.3

Reset Timeout
Period (ms)

190

190

190

1.4, 28, 200, 1600
1.4, 28, 200, 1600
1.4, 28, 200, 1600
1.4, 28, 200, 1600
1.4, 28, 200, 1600

1.4, 28, 200, 1600

1.4, 28, 200, 1600

1.4, 28, 200, 1600
1.4, 28, 200, 1600

Manual

Reset
6 v
6 v
6 v
28 —
28 v
28 —
28 v
28 v
28 v
28 v
28 v
28 v

Low Line
Output

A U U U IR N

<

PFI

Comparator

v
v

Watchdog

Temp
Range (°C)
-40to 125
-40 to 125
-40to 125
-40 to 85
-40 to 85
-40 to 85
-40 to 85
-40 to 85

-40 to 85

-40 to 85

-40 to 85
-40 to 85

Packaging
S0T23-5
S0T23-5, D, W
S0T23-5,D, W
micro SMD-9
micro SMD-9
micro SMD-9
micro SMD-9
micro SMD-9
micro SMD-9,
MSOP-10

micro SMD-9,
MSOP-10

micro SMD-9
micro SMD-9

"Most parts can monitor additional voltage rails in the 0.5V to 2.0V or the 2.2V to 5.0V range. For these custom threshold voltages, contact your National sales representative.
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Power Sequencers

LM3880 — Industry’s Easiest and Smallest Solution for Multiple-Rail Power Sequencing

Features
 Easiest method to sequence rails

Memory
e Input voltage range of 2.7V to 5.5V 1.8V @4A

Standard timing options: 10 ms, 30 ms, 60 ms, 120 ms [ L

e 1-2-3 power up and reverse-power down 3-2-1 control
. . . Input supply
e Customization of timing and sequence available through 5V N
factory programming

¢ Available in tiny SO0T23-6 packaging Vee 3 1/0

FLAG 1 33V@1A

P LM3880 °
Appllcatlons.. . ' N . ' o CIAG) EN s
Ideal for use in sequencing power rails of digital logic devices LP38692 1
(ASICs, FPGAs, DSPs, microcontrollers) to avoid latch-up FLAG3 I
conditions, and systems with multiple rails = =
= V' Core
1.2V @2A

LM3881 — Adjustable Power Sequencer -

Features

* Input voltage: 2.7V to 5.5V Input Supply

e 20 pA quiescent current (2.7V-5.5V)

» 3 output flags LM3881
< Master sequence enable pin

e Power up and power down control
« Digital logic invert pin

 Adjustable timing pin
e 8-Pin MSOP Package

Applications:

Ideal for use in sequencing power rails of digital logic
devices (ASICs, FPGAs, DSPs, microcontrollers) to avoid latch-up
conditions, and systems with multiple rails

www.national.com/power 19



LED WEBENCH® Design Tool

New LED WEBENCH® Tool Recommends the Optimal LED for Your Specifications and
Delivers a Complete Power Supply Design in Minutes

1. Choose an LED at national.com/led

Enter your requirements and receive a list of LEDs
from the leading manufacturers

2. Design Your Power Supply

Select a PowerWise® LED driver from the optimized
short list provided

3. Complete Your Design
Optimize between efficiency and size

4. Verify Your Design

Use the electrical simulator to verify circuit stability
and operation

5. Order a Customized Prototype Kit
Guaranteed to ship in just one business day

Watch Analog by Design
; “Driving High-Power LEDs
| Without Getting Burned”

J . ﬂf__‘_' -
oW/ TR
.liai:aianb?m -

Try the LED WEBENCH tool today at:
www.national.com/LED
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LED Drivers

Inductive-Boost Backlight LED Drivers

Input Maximum Switching Dimming
Voltage Output Number | Frequency Control
Product ID Range (V) Voltage (V) of LEDs (MHz) Type Key Features Packaging
Adjustable 1A/1.5A Internal compensation, cycle-by-cycle )
LM2731/33 27t0 14 up to 20/40 (switch) 9 600 kHz PWM current limit S0T23-5
40 per Adjustable up | Analog, Dynamic Headroom Control for balanced LLP-12, eTSSOP-28,
ﬂ Ll o | e string L to 2 MHz PWM current through up to 6 strings of LEDs LLP-24
LM3431 51036 40+ lf‘r‘i’n‘;er 30 ndustable up. | Bnal08 | Balances current through 3 strings of LEDs TSSOP-28, LLP-28
LM3500 e |27t07 16, 21 30 5 1 PWM Low feedback voltage; No external Schottky diode micro SMD-8
LM3501 o |27t07 16, 21 30 5 1 Analog No external Schottky diode micro SMD-8
LM3502 o | 251055 | 16,25,35, 44 | 30 10 i PWM | 2LED banks for dual-display backlighting el
LM3503 e | 25t055 16, 25,35,44 | 30 10 1 Analog 2 LED banks for dual-display backlighting micro SMD-10, LLP-16
Adjustable PWM signal up to 100kHz; g )
LM3508 ¢ | 27t055 17.5 30 4 0.85 PWM No external Schottky diode micro SMD-9
et 30 per 2 Dual-current sinks; 32 exponential dimming steps;
LM3509 ¢ | 27t055 21.2 string 10 1.27 12C 800:1 dimming ratio LLP-10
LM3519 ¢ | 27t055 18 20 2108 PWM Variable switching frequency S0T23-6
LM3520 ® | 27t055 23 30 5 1.1 PWM Power supply for OLED subdisplay LLP-14
Input under-voltage protection; )
LM3557 ¢ | 27t075 26 30 5 1.25 PWM Cycle-by-cycle current limit LLP-8
o o Power Supply for OLED display; }
‘@i LM4510 271055 |18 up to 280 1 et ey ot LLP-10
¢ PowerWise® product
Switched-Capacitor Boost Backlight LED Drivers
Input Switching
Product Voltage Output Max LED Number of | Frequency | Dimming
1D Range (V) | Voltage (V) | Current(mA) | LEDs (MHz) Type Key Features Packaging
LM2750 2910 5.6 (53':(::) 5.2) 120 10 1.7 PWM Pre-regulation minimizes input ripple LLP-10
LM2751 28t055 | 45,5 80to 150 10 8[7);;0 PWM Programmable switching frequencies LLP-10
LM2755 3t055 5 9% 3 125 ¢ Indepeqdently controlled RGB outputs; Programmable micro
trapezoidal waveforms SMD-18
3independent LED banks with 2 variable drivers; micro
2, b
LA DS L0 Y . = e 32 exponential dimming steps; 800:1 dimming ratio SMD-20
Prend No Pre-regulation minimizes input ripple; True input-output and micro
L2757 271055 | 41,455 10010 180 10 1.25 Dimming | output-input disconnect; High impedance output in shutdown SMD-12
LM27951/52 * | 3to 5.5 5 120 4 0.75 PWM Regulated current sources with 0.2% matching LLP-14
3independent LED banks (Group A =4 LEDs, Group B =2 LEDs,
2, -
LM279%4 © | 271055 |5 180 7(3banks) | 0.7 re Group C up to 80mA) ; Dedicated Keypad LED Driver LLP-24
LM27965 * | 271056 5 180 9(3banks) | 1.27 ¢ 3independent LED banks (Group A =5 LEDs, Group B = 3 LEDs, LLP-24
Group C=1LED)
LM27966 < | 2.7t0 5.7 5 180 6 (2 banks) | 1.27 12C 2 independent LED banks (Group A =5 LEDs, Group B =1 LEDs) LLP-24
¢ PowerWise® product
Flash LED Drivers

Max LED
Current

Input

Output
Voltage

Switching

Voltage Number Frequency

Product ID | Range (V) | (V) (mA) of LEDs (MHz) Topology

LM2754 281055 5 800 4 1 Switched Capacitor
& LM2758 271055 5 700 1 1.2 Switched Capacitor

LM3551/52¢ | 2.7t0 5.5 n 1000 4 1.25 Inductive Boost
& LM3553 27t055 |19 1200 2 1.3 Inductive Boost

LG GRS Packaging

TXinput ensures synchronization with RF power amplifier pulse | LLP-24
Indicator, torch, and flash modes; Flash timeout protection micro SMD-12
Flash timeout protection; Shutdown mode via SD pin (LM3551) or LLP-14

EN pin (LM3552)

Indicator, torch, flash modes, and voltage mode; 128 current levels LLP-12

¢ PowerWise® product
For a complete list of LED Drivers, visit www.national.com/LED

www.national.com/power
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LED Drivers

High-Brightness LED Drivers

Maximum |Max LED | Maximum

Input Voltage | Output Number of
Product ID Range (V) Voltage (V) LEDs in Series Topology | Key Features
NeWy LM3407 451030 97 350 7 Adjustable Buck Fast PWM dimming, low external component count, eMSOP-8
upto 1 MHz constant frequency
q Fast PWM dimming, no control loop compensation,
6to42/ Adjustable . . oy MSOP-8,
LM3402/02HV 61075 37/67 500 9/15 up to 1 MHz Buck zld?;?ft;ts ceramic capacitor and capacitor-less PSOP-8
6to42/ Adjustable Fast PWM dimming, no control loop compensation, S0IC-8,
LM3404/03HV 6to 75 31/617 1000 9/15 up to 1 MHz Buck supports ceramic capacitor and capacitor-less outputs | PSOP-8
LM3405/05A « g:g ;g/ 14720 |00 |4 16 Buck  |205mV feedback voltage, PWM dimming TSOT-6
P 525 kHz / Boost, PWM dimming, small footprint, low external com- S0T23-5,
LM3410 * 271055 2 1000 6 1.6 MHz SEPIC ponent count LLP-6
Adjustable |Boost, PWM dimming, current-mode control, precision MSOP-10,
—— Gt Elh el i up to 2 MHz |Flyback |[enable LLP-10
LM3401 451035 35 3000 9 1.5 Buck Adjustable hysteresis, 100% duty cycle, PWM dimming MSOP-8
LM3433 9t0-14 6 6000+ 1 Adjustable Buck D_rlve_s common anode LEDs, analog and fast PWM LLP-24
up to 1 MHz dimming

* PowerWise® product

Lighting Management Units

Drive Current for Temp
Product Vin Current Flash Current Range
1D Description Range for All Mode Matching (°C) Packaging
LP3943 e | LED controller for RGB/white/blue LEDs 231055 |25 mA/LED |— — é{éto LLP-24
LP3944 e | LED controller for RGB/white/blue LEDs 23t05.5 |25 mA/LED | — — fé%to LLP-24
LP3950 e | Color-LED driver with audio sync 3t072 [300mA | — 3% 21 | Laminate TCSP-32
S |6 el el s bt st & e 3t055 |240mA | — 5% -30t0 85 |Micro SMD-36 or
micro SMDxt-36
= Lighting management unit for 4+2 white LEDs, 2 sets RGB LEDs 0.2% (White micro SMD-36 or
LP39542 o : . ! . 3to 5.5 400 mA 400 mA LED), -30to 85 .
with audio sync and pattern control, and a flash LED driver 5% (RGB) micro SMDxt-36
Lighting management unit for controlling 4+2 white LEDs for main . 0 : . B
LP3958 o and sub display and 3 sets of white LEDs for keypad 3to5.5 |70 mA total 3% (Key) 30to 85 [micro SMD-25
Lighting management unit with high-voltage boost converter 150 mA o B . B
LP5526 < with up to 150 mA serial flash LED driver 3.1055 total 150 mA 2% (RGB) 30to85 | micro SMD-25
; —— .
@LP55271 . |LED dnv'er. for camera ﬂas.h and 4 LED.s WIth 12C programmability, 31055 1A total 400 mA 1% 301085 | micro SMD-30
connectivity test, and audio synchronization
LM4970 LED controller with LED lighting effects synchronized to audio 271055 [42mA — — -40to 85 |LLP-14
LP5520 RGB backlight driver with white balance compensation 291055 |180 mA = 0.2% -30to 85 |micro SMD-25
LP5521 o Fully programmable 3-channel color LED driver with advanced 271055 |75 mA o 1% 301085 | micro SMD-20
power save features
LP5522 e | Autonomous single LED controller with one wire interface 271t055 [20mA — — -30to 85 |micro SMD-6
LP5524 Parallel LED Driver with PWM brightness control 27t05.5 100 mA — 1% -40to 85 |micro SMD-9

micro SMD-36 or
micro SMDxt-36S

LP55281 o Egg‘igfnitgatirt"ég with boost converter and 310555 [400mA | — 5% -30 10 85

e PowerWise® product

For a complete list of LED Drivers, visit www.national.com/LED
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Inductive-Boost Backlight LED Drivers

LM2731 - 0.6/1.6 MHz Boost Converter with 22V Internal FET Switch

Features

e 22V DMOS FET switch B1
Y'Y Y\
e 1.6 MHz (“X"), 0.6 MHz (“Y") switching frequency LI-ION L1/15 uH D1
33-42v MBR0520

* Low RDS(ON) DMOS FET
 Switch current up to 1.8A
« Wide input voltage range (2.7V-14V)

Vi SW
LM2731"Y"

SHDN FB
GND

>

» Low shutdown current (<1 pA) W‘I:ite ﬁED;‘
R2 C2 -
120 4.7 uF

» Uses tiny capacitors and inductors

» Cycle-by-cycle current limiting

« Internally compensated
5-Lead SOT-23 package

White LED Flash Application

Applications

White LED current source, PDAs and palm-top computers, digital
cameras, portable phones and games, local boost regulator

LM4510 — Synchronous Step-Up DC-DC Converter for White LEDs and/or OLED Displays

Features

 18V@80 mA from 3.2V input L=47yH

Vin 2.7V - 5.5V

5V@280 mA from 3.2V input
No external Schottky diode required

» 85% peak efficiency
o Soft start
¢ True shutdown isolation

Cin

4.7 pF 7]

 Stable with small ceramic or tantalum output capacitors

¢ QOutput short-circuit protection

» Feedback fault protection

¢ |nput under-voltage lock out

e Thermal shutdown

¢ 0.002 pA shutdown current

e Wide input voltage range: 2.7V to 5.5V
¢ 1.0 MHz fixed frequency operation

 Low-profile 10-pin LLP package (3 x 3 x 0.8mm)

Applications

VIN

EN

SW vout

Vourup to 18V

FB

LM4510

SS

PGND

compP

AGND

| Cour
- 10 pF

LOAD

Cer

Iz.z n

]’15pF

Organic LED panel power supply, charging holster, white LED backlight,
USB power supply, class D audio amplifier, camera flash LED driver

www.national.com/power

vév

LM4510 Typical Application Circuit
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Inductive-Boost Backlight LED Drivers

LM3509 — PowerWise® High-Efficiency Boost for White LEDs and/or OLED Displays

Features

Integrated OLED display power supply and LED driver

e Drives up to 10 LEDs at 30 mA

e Drives up to 5 LEDs at 20 mA and delivers up to 21V at 40 mA

» Over 90% Efficient
e 32 exponential dimming steps

» 0.15% accurate current matching between strings

e Internal soft-start limits inrush current
 True shutdown isolation for LED’s

e Wide 2.7V to 5.5V input voltage range
e 21V over-voltage protection

¢ 1.27MHz fixed frequency operation

e General purpose I/0

* Active low hardware reset

e Low-profile 10-pin LLP Package (3 mm x 3 mm x 0.8 mm)

Applications

Vin= o

LM3509 Typical Application Circuit

10 pH

2.7V to 5.5V

30 mA Per String

LM3509
SCL

SDA

¥¥ ¥¥ ¥ ¥ ¥

MAIN

SUB/FB

RESET/GPIO  SET
GND E

Dual White LED Bias Supply

Dual display LCD backlighting for portable applications, large format LCD backlighting, OLED panel power supply
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Inductive-Boost Backlight LED Drivers

LM3430 and LM3432 — PowerWise® Boost Controller and 6-Channel Current Regulator for
LED Backlighting

LM3430/LM3432 Typical Application Circuit

0TMb

FAULTh

ouT

10UT2

VIN

10UT3
" L3432
MODE

10UT4

CDHC
VDHC 10UTS

vce

GND I0UTE

11

GnX

L

LM3430 Features:

Internal 40V startup regulator

1A peak MOSFET gate driver

V\y Range 6V to 40V

Duty cycle limitin excess of 90%
Programmable UVLO with hysteresis
Cycle-by-cycle current limit

External synchronizable (AC-coupled)
Single resistor oscillator frequency set
Slope compensation

Adjustable soft-start

LLP-12 (3mm x 3mm)
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VDHC NC

VIN out
ar LMI3430

uvLo

LM3432 Features:

» Dynamic Headroom Control (DHC) output to maximize efficiency
when used with an LM3430

 Current sinking adjustable up to 40mA in each string
« Fast current switching slew rate, tr = 60 ns typical

e Wide dimming ratio, up to 4000:1 with fDIM = 500 Hz
e High LED driving voltage up to 80V

» +2.0% current matching between strings

¢ Accepts both Digital and Analog dimming control

» LED open/short fault indication

e Qver-Temperature Indication

« Internal thermal shutdown with hysteresis

 Low profile, thermally enhanced LLP-24 (5 x 4 x 0.8 mm) and
eTSSOP-28 (9.7x6.4x1.1 mm) packages




Inductive-Boost Backlight LED Drivers

LM3431 - 3-Channel Constant-Current LED Driver with Integrated Boost Controller

Features

¢ 3-channel programmable LED current  Selectable fault shutdown or automatic restart
« High accuracy linear current regulation ¢ Programmable fault delay

¢ Analog and digital PWM dimming control e Programmable cycle-by-cycle current limit
e Up to 25 kHz dimming frequency  QOutput over voltage protection

¢ >100:1 contrast ratio ¢ No audible noise

 Integrated boost controller ¢ Enable pin

e 5V-36V input voltage range o LED Over-Temperature shutdown input

¢ Adjustable switching frequency up to 1 MHz e Thermal Shutdown

o LED short and open protection e TSSOP-28 exposed pad package
Applications

Automotive infotainment displays, small-to-medium format displays

LM3431 Typical Application Circuit

V|N: 5"(;0 36" _ N, o n o a o .

W
W
la
¢
W

VIN
EN *

-
MODE/F
PWM DIM =

Dim input o LEDOFF ¥

REF LM3431 =
REFIN
«— COMP I—H—o

FF
vce . Ch.2/Ch3

AT Ch.2 T

144
L
W

[ (P
))

14
i<
W

SS/SH

DLY Ch3
SGND
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Switched-Capacitor Boost Backlight LED Drivers

LM2756 — Multiple-Display LED Driver with I2C-Compatible Brightness Control

Features
« Drives up to 8 LEDs with up to 30 mA of diode current each LM2756 Typical Application Circuit
32 exponential dimming steps with 800:1 dimming ratio for Group A :

group A (up to 6 LEDs)

« 8linear dimming states for groups B (up to 3 LEDs) and D1C
(1LED)

 Programmable auto-dimming function RIARUZERTS I

Vin

 3independently controlled LED groups via I12C-compatible o1
interface ' LM2756 =1pF

C1-
* Upto 90% efficiency
» Total solution size <21 mm i HWEN SDIO  SCL lser

 0.4% accurate current matching

-
I’C Control ;
Signals .» o

« Internal soft-start limits inrush current

e True shutdown isolation for LEDs
« Wide input voltage range (2.7V to 5.5V)
« Active high hardware enable
 Low-profile 20 bump micro SMD package
(1.615x 2.015 x 0.6 mm)
Applications
Dual display LCD backlighting for portable applications, large format LCD backlighting, display backlighting with indicator light

LM2757 — Switched-Capacitor Boost Regulator with High Impedance Output in Shutdown

Features
« Dual gain converter (2x, 3/2x) with up to 93% efficiency LM2757 Typical Application Circuit

* Inductor-less solution uses only 4 small ceramic capacitors

Vour =4.1V (100mA), 4.5V (110mA)

« Total solution area < 12mm Yw=30V-55V — 500 (150mA) °
« True input-output and output-input disconnect Cn J_M 10uF J_cm"

« Up to 180 mA output current capability (5V) I €7 I

 Selectable 4.1V, 4.5V or 5.0V output = ¢-  LM2757 =

« Pre-regulation minimizes input current ripple ot

* 1.24 MHz switching frequency for a low-noise, low-ripple output voltage 0.47“"}’

* Integrated over current and thermal shutdown protection

* Tiny 12-bump micro SMD package (1.2 x 1.6 x 0.4 mm)

*Bump D1 is (NC) No Connect

Applications
USB/USB-0TG power, super capacitor charger, keypad LED driver, audio amplifier power supply
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Flash LED Drivers

LM3553 — High-Current Inductive DC-DC Converter for Flash LED Applications

Features LM3553 Typical Application Circuit
e Accurate and programmable LED current up to 1.2A in 224H
128 steps delivers optimal input current control AL »1

¢ 90% peak efficiency

1.2A Flash
Carr L _ng s

10 uFI Current

¢ Drives 2 LEDs in series with up to 1.2A from 5V input

¢ Drives 2 LEDs in series with 600 mA from 2.7V input — —Cm
. . . 4.7 pF Fen
¢ Adjustable over-voltage protection allows for a wide range
. i . LM3553
of applications requiring one or more high current LEDs
X
¢ Adjustable switch current limit allows for the use of small wWE
inductors with lower saturation currents Iser
Reer GND SCL SDA Vio

¢ Voltage mode offers a 5V rail for backlight LEDs and/or
audio amplifiers

1

e TX pin forces Torch mode allowing for synchronization
between RF power amplifier and Flash/Torch modes

¢ Total solution size <29 mm2 optimizes PCB area occupation
e Low profile 12-pin LLP package: 3 mm x 3 mm x 0.8 mm

Applications
Mobile phones, smart phones, PDAs, portable scanners, medical strobe lights, handheld devices
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High-Brightness LED Drivers

LM3401 — PowerWise® Hysteretic PFET Controller for High-Power LED Drivers

Features

 Hysteretic control for speed and simplicity LM3401 Typical Application Circuit
* |nput operating range of 4.5V-35V

¢ 1.5 MHz maximum switching frequency

V|N =45V to 35V
e Low 200 mV reference voltage

e Programmable current limit |

» High speed CMOS compatible enable/dimming o I
* Adjustable hysteresis N LM3401 M
e Input UVLO
» No output capacitor required R2
» MSOP-8 package

Applications
LED driver, battery charger
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High-Brightness LED Drivers

LM3402/LM3402HV — PowerWise® 0.5A Constant-Current Buck Regulator for Driving High-Power LEDs

Features
¢ Integrated 0.5A N-channel MOSFET
e Vv Range from 6V to 42V (LM3402)

LM3402/02HV Typical Application Circuit

Vin

» Vv Range from 6V to 75V (LM3402HV) o _T. VIN BOOT
c =

« 500 mA output current over temperature i I < RON

LM3402/02HV

¢ Cycle-by-cycle current limit

¢ No control loop compensation required
» Separate PWM dimming and low power shutdown

e Supports all-ceramic output capacitors and capacitor-less outputs
¢ Thermal shutdown protection
+ MSOP-8, PSOP-8 packages

Applications
LED driver, constant-current source, automotive lighting, general illumination, industrial lighting

LM3404/LM3404HV — PowerWise® 1.0A Constant-Current Buck Regulator for Driving
High-Power LEDs

Features

* Integrated 1.0A MOSFET LM3404/08HV Typical Application Circuit
e Vv Range 6V to 42V (LM3404)

* Vv Range 6V to 75V (LM3404HV)

Vi
¢ 1.2A output current-over-temperature 0—1—4 VIN BOOT
. Cin =
¢ Cycle-by-cycle current limit I RON h¢ .

» No control loop compensation required LM3404/04HV

» Separate PWM dimming and low power shutdown

e Supports all-ceramic output capacitors and capacitor-less outputs

C
* Thermal shutdown protection L ’
¢ S0-8 package, PSOP-8 package

Applications
LED driver, constant-current source, automotive lighting, general illumination, industrial lighting
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High-Brightness LED Drivers

LM3405/05A — PowerWise® LED Driver 1A Constant-Current Buck Regulator

Features

V\y operating range of 3V to 15V

1.6 MHz switching frequency

300 mQ NMQOS switch

40 nA shutdown current at V,y =5V

EN/DIM input for enabling and PWM dimming of LEDs
Internally compensated current-mode control
Cycle-by-cycle current limit

Input voltage UVLO

Over-current protection

Thermal shutdown

Thin SOT23-6 package

Applications

LM3405/05A Typical Application Circuit

LED driver, constant-current source, industrial lighting, LED flashlights

Vin

Vour
SW . 0

LM3405/05A

EN/DIM

LM3410 — PowerWise 525 kHz/1.6 MHz Constant-Current Boost and SEPIC LED Driver

Features

Input voltage range of 2.7V to 5.5V
Output voltage range of 3V to 24V
2.8A typical switch current

High switching frequency

525 KHz (LM3410-Y)

1.6 MHz (LM3410-X) Vin= o

170 mQ NMOS switch

190 mV internal voltage reference

Internal soft-start

Current-mode, PWM operation

Thermal shutdown

Space-saving SOT23-5 and LLP-6 Package

Applications

LED backlight current source, Li-lon backlight OLED & HB LED driver, handheld devices, LED flash driver
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LM3410 Typical Application Circuit
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High-Brightness LED Drivers

LM3433 — Common-Anode-Capable, High-Brightness LED Driver with High Frequency Dimming

Features

« Operating input voltage range of -9V to -14V w.r.t. LED anode LM3433 Typical Application Circuit
¢ Control inputs are referenced to the LED anode Chassis
e Qutput current greater than 6A et 2%
« Greater than 30 kHz PWM frequency capable el e LJ—'

EN DIMO [«
« Negative output voltage capability allows LED anode to be tied ADJ DIMR H. ¥ =
directly to chassis for maximum heat sink efficacy

DIM HO
¢ No output capacitor required

+3.3V HS
» Upto 1 MHz switching frequency - LM3433 BsT !
e Low IQ, 1 mA typical
e Soft-start

¢ Adaptive programmable ON time allows for constant ripple
current

e LLP-24 package

9 -12V

Applications
LCD backlighting, projection systems, solid state lighting, automotive lighting

LM5022 — 60V Low-Side Controller for Boost and SEPIC

Features

* Internal 60V startup regulator LM5022 Typical Application Circuit
e 1A peak MOSFET gate driver

« V) range 6V to 60V v"": 10Vio 14V . o o Rons

020
Regz 3 LED1

 Duty cycle limit of 90%

> R,
« Programmable UVLO with hysteresis 615k vin out o0
i oo MY WP ITE R B
* Cycle-by-cycle current limit Ry LM5022 e 1A
. 56.2kn uvLo ULE—1 Lo <hes [ i)
» External synchronizable (AC-coupled)

SS vce

B :
F8 24k
R 3 LED10

 Single resistor oscillator frequency set
¢ Slope compensation

¢ Adjustable soft-start

e MSOP-10 package

Applications

Boost converter, SEPIC converter
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Lighting Management Units

LP39542 — PowerWise® Advanced Lighting Management Unit

Features
 Audio synchronization for color/RGB LEDs LP39542 Typical Application Circuit
e Command-based PWM controlled RGB
LED drivers _ Mo o
» Programmable ON/OFF blinking sequences J+_ 1 Cin J-Cvnn 1 Cout Imax = 400 mA
for RGB LED = I 10 uF | 100 nF 10 yF Vour=4105.3V
« High current driver for flash LED with built-in ) _ >
timing and safety feature WLED2 :; Main Backlight
- i 0 to 25 mA/LED
* 4+2 or 6 low voltage constant current white WLE ie
LED drivers with programmable 8-hit adjustment LP39542 \yiep4 fe
(0.25 mA/LED) WLED5 ? Sub Backlight
« High-efficiency boost DC-DC converter L WLED6 e 0 to 25 mA/LED
e |2C-compatible interface R1 >
o o w RGB1
« Possibility for external PWM dimming control 61 e Up to 40 mA/LED
« Possibility for clock synchronization for 8l is
RGB timing R2 <
. . . . FLASH_EN w RGB2
» Ambient light and temperature sensing possibility G2 i¢ Up to 40 mA/LED
» Small package — micro SMD-36 B2 i¢
(3.0x3.0x0.6 mm) Light Sensor
LK]_or le4] FLAsH
. 1| Upto400mA
Applications . Audio Input o 0
L2

Cellular phones, PDAs, MP3 players
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Lighting Management Units

LP55281 — PowerWise® Quad RGB Driver LP55281 Typical Application Circuit
Lboost Imax = 300...400 mA

Features _ .~ ” Vour=4..53V
* Audio synchronization for a single fun light LED —k %,ﬁ'{}}l&‘{;’; _— : ! TouF
e 4 PWM controlled RGB LED drivers Botory '}‘l‘;‘;{“ ] ‘\‘:,EE% - m:1
e High efficiency boost DC-DC converter Vier E
e SPI/I2C-compatible interface - IRGB w57
* 2addresses in [2C-compatible interface 4 :
e LED connectivity test through the serial interface _' §'éﬁ?scl ¢
* Small 36-bump micro SMD (3 mm x 3 mm x 0.6 mm) or McU — SR Sroazi] m:f

36-bump micro SMDxt package (3 mm x 3 mm x 0.65 mm) Cuooio e P
Applications
Cellular phones, PDAs, MP3 players :

D

Audio Inputs

LP3952 — PowerWise® 6-Channel Color LED Driver with Audio Synchronization

Feat . L _—
eatures _ LP3952 Typical Application Circuit
* Constant current and PWM controlled color LED drivers

N »]
»L

e Maximum current 40 mA / output in constant current mode,
supports also switch mode control with 50 mA maximum current /
output

_T_ Cout Imax = 400 mA
I 10 uF Vour =4...5.3V

¢ Complete audio synchronization for color/RGB LEDs with
amplitude, frequency, and speed optimization

» Command-based lighting pattern generator for RGB LEDs ' LP3952

ADDR_SEL

2
>

RGB1
Up to 40 mA/LED

¥ V¥ ¥

3

¢ Programmable ON/OFF blinking sequences for RGB1 outputs

=
<
N

X

¢ High-efficiency boost DC-DC converter with programmable Vgyr
and fSW

e |2C-compatible interface

RGB2
Up to 40 mA/LED

X

Cvbbio
100 nF

¢ Possibility for external PWM dimming control

¢ Small package — 36-bump micro SMDxt
(3.0 mm x 3.0 mm x 0.65 mm)

Applications
Cellular phones, PDAs, MP3 players
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Lighting Management Units

LP5520 — RGB Backlight LED Driver

Features

e Temperature compensated LED intensity and color
* Individual calibration coefficients for each color

e Color accuracy AX and AY < 0.003

* 12-bit ADC for measurement of 2 sensors

e Adjustable current outputs for RGB LED Vioo
. . 3 2 .
*0.2% typical LED output current matching — Catbrtion EZREE)
* PWM control inputs for each color ; ]
NRST

* SPI and I2C-compatible interface SS/SDA
* Stand-alone mode with 1 wire control

» Sequential mode for one color at a time

* Magnetic high efficiency boost converter

e micro SMD-25 package (2.77 x 2.59 x 0.6 mm) =
BRC

Applications

LP5520 Typical Application Circuit

5-20V

S0

o
4
W
2]

LFSEL Color and |

i Vonio Brightness
a

PWMR PWM Logic

PWMG

Color LCD display backlighting, LED lighting applications, non-linear temperature compensation, ambient light compensation

LP5521 — PowerWise® Programmable 3-Channel LED Driver

Features

Applications

Fun/indicator lights, LCD sub-display backlighting, keypad RGB backlighting and phone cosmetics, vibra, speakers,
waveform generator
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LP5521 Typical Application Circuit

Crv1

Adaptive charge pump with 1x and 1.5x gain provides up to
95% LED drive efficiency

Charge pump with soft-start and overcurrent/short

circuit protection VD([:)FL“P CFLYIN CFLY2P CFLY2N

Low input ripple and EMI

Very small solution size, no inductor or resistors required SCL RGB LED 0..25.5 mA/LED
i 7
200 nA typical shutdown current g:“ LP5521 »
Automatic power save mode mcu CLK 32k > ]
[2C-compatible interface ' INT »t -
. TRIG
Independently programmable constant current outputs with ADDR_SELO

8-bit current setting and 8-bit PWM control ADDR_SEL1

GNDs

Typical LED output saturation voltage 50 mV and current
matching 1%




Step-Down (Buck) Regulators for
RF Power Amplifiers

LM3207 — PowerWise® Adjustable DC-DC Converter with Integrated LDO for Powering
RF Power Amplifiers

Features

¢ Dynamic output voltage control (0.8V to 3.6V) regulates power and maximizes talk time in RF-based systems
¢ Analog Vcon pin allows voltage control without need for external feedback resistors

¢ 650 mA maximum load capacity

¢ Integrated buck regulator plus LDO provide tiny integrated solution for RF PAs

e Fast 3 ps Vger LDO on/off time

e 3GPP standard compliant

* >90% efficiency maximizes battery life and improves reliability of RF sub-system

¢ Built-in thermal and current protection protects from damage related to overheating and overload

¢ Available in micro SMD-9 packaging and integrated solution optimizes solution size

Applications:
Ideal for use in cellular phones, handheld radios, RF PC cards, battery-powered RF devices

vin D

10 pF

-+
~

— 33pH
TX_ON/OFF EN sw —"’7—-—
R B —— 47pF Vee
r DAC VCON RFin
C v VRer
RF_ON/OFF ENLpo LDO ﬁ-—

—— 100nF
A4 NV \/

Step-Down (Buck) Regulators for RF Power Amplifiers

Input Max | Input Min Output Switching Turn on
ProductID | Voltage Voltage Current (mA) | Frequency (KHz) Time (pS) | Bypass Modes Package
LM3200 » 55 2.7 0.8 3.6 500 2000 — | N/A Forced and Automatic | micro SMD-10
LM3202 5.5 2.1 1.3 3.16 650 2000 — | N/A None micro SMD-8
LM3203 » 5.5 2.7 0.8 36 500 2000 v |50 Forced micro SMD-10
LM3204 » 55 2.7 0.8 36 500 2000 v |50 Forced and Automatic | micro SMD-10
LM3205 5.5 21 0.8 36 650 2000 v |50 None LLP-10, micro SMD-8
LM3208 » 5.5 2.7 0.8 36 650 2000 v |40 None micro SMD-8

e PowerWise® product
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Linear Regulators for DDR Termination

LP2998 — Double Data Rate (DDR) Termination Regulator

Features

¢ Linear topology

e Load current up to 0.5A (DDR-I1) / 1.5A (DDR-I)
e Source and sink current

Recommended DDR-Il Termination
LP2998

e Thermal shutdown 5D D O Vper =09V
* Suspend to Ram (STR) functionality AVj=25V O AV I 0.01pF
* Active low shutdown

) Vppo =1.8V O——4 Vopa VSENSE
e -40to +125C operation
1 PV iy O VT =0.9V
Applications: P~ 920 uF
Ideal for use in DDR-1 and DDR-II termination voltage, I I

SSTL-2 and SSTL-3 termination, and HSTL termination

Linear Regulators for DDR Termination

Product | Input Max | Input (PV,y) Output External Quiescent | Error | On/Off | Suspend to

ID Voltage (V) | Min Voltage (V) | Current (mA) | Standards Components | Current Flag Pin RAM shutdown | Packaging

LP2995 |5 2.2 1500 DDR 3 0.25 — — — LLP-16, PSOP-3,
S0-8

LP29% |55 18 1500 DDR, DDR-II |3 0.32 — ;&16' PSOP-S,

LP2997 55 1.8 500 DDR-1I 3 0.32 — v v PSOP-8, SO-8

LP2998 55 1.8 1500 DDR, DDR-1I | 3 0.32 = v v PSOP-8, SO-8
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Power-over-Ethernet Controllers

LM5072 — PowerWise® Integrated PoE Powered Device

Features +POE

¢ Fully compliant IEEE 802.3af PD interface
¢ Versatile auxiliary power options

LM5072

+AUX 802.3a

¢ 9V minimum auxiliary power operating range
¢ 100V maximum input voltage rating

¢ Programmable DC current limit up to 800 mA

Applications: POE N | =
Ideal for use in IEEE 802.3af compliant PoE powered devices, ° HOSFE

non-compliant application specific devices, higher power T
ethernet-powered devices

Power-Over-Ethernet Power Devices with Integrated DC-DC Regulator

Integrated Current Draw
Product | Input Max Input Min HotSwap FET | DC-DC Output Reference with AUX
ID Voltage (V) | Voltage (V) | Rds(ON)Typ (Q) | controller | Power (W) | Auxiliary Support Accuracy (+/-) | Winding (typ) | Package
LLP-16,
LM5070 | 75 1.8 1 4 13 48V Front only 2 0.7 TSSOP-16
LM5071 « | 60 1.8 1 v 13 48V Front only 2 0.7 TSSOP-16
LM5072 « | 100 9 0.7 v 25 Fully configurable front/rear | 2 0.7 TSSOP-16EP

* PowerWise® product

Power-Over-Ethernet Powered Devices Front-End Controller
Input Max Input Min Integrated DC-DC | Output

Product ID | Voltage (V) Voltage (V) Hot Swap FET Rds (ON) Typ (?) | controller Power (W) | Auxiliary Support Packaging

Fully configurable

front/rear TSSOP-14EP

LM5073 » 100 9 0.7 — 25

e PowerWise® product
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Hot-Swap Controllers

LM5067 — Negative Hot Swap Controller with Current AND Power Limiting

Features
 Wide operating range: -9V to -80V GND
e In-rush current limit for safe board insertion into live power sources

¢ Programmable maximum power dissipation in the external pass device
¢ Adjustable current limit

¢ Gate driver and current control loop for external N-channel MOSFET ; LM5067

* Adjustable under-voltage lockout (UVLO) and hysteresis ouT
¢ Adjustable over-voltage lockout (OVLO) and hysteresis L PWR _ VEE _SENSE GATE
¢ Programmable fault timer avoids nuisance trips %

* Available in latched fault and automatic restart versions oy MM T1T

vce

LOAD

Applications:

Ideal for use in server backplane systems, base station power distribution systems, solid state circuit breakers, 48V telecom/data
storage systems, and 24V/48V industrial systems

LM5069 — Positive Hot Swap Controller with Current AND Power Limiting

Features
e Wide operating range: +9V to +80V

Vsys >

* In-rush current limit for safe board insertion into live power sources

¢ Programmable maximum power dissipation in the external
pass device

e Adjustable current limit

e Internal high side charge pump and gate driver for external
N-channel MOSFET

¢ Adjustable under-voltage lockout (UVLO) and hysteresis
* Adjustable over-voltage lockout (OVLO) and hysteresis
¢ Available in latched fault and automatic restart versions

SENSE GATE

LM5069

Applications:

Ideal for use in server backplane systems, hasestation power distribution systems, solid state circuit breakers, 48V telecom/data
storage systems, and 24V/48V industrial systems

Hot-Swap Controller

Product Input Max Input Min Active Power Fault Latch/ | PWRGD | In-Rush Comparator Overvoltage
1D Description | Voltage (V) | Voltage (V) | CurrentLimit | Limiting | Retry Output | Current Limit | CurrentLimit | Protection Packaging
Negative i
LM5067 | hotswap | -9 80 v v | Latohofff | Active ), cp o v v MSOP-10
auto retry high
controller
Negative L
LM5068 | hot swap -10 -90 v — e i hlgh/ Active v v MSOP-8
auto retry active
controller
low
Positive .
LM5069 | hotswap | 100 9 v v | Latchoflf o Active ) e v v MSOP-10
auto retry high
controller
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Motor and Motion Controllers

LMD18200 - 3A, 55V H-Bridge

Features Volts
e Delivers up to 3A continuous output "
¢ Operates at supply voltages up to 55V m j%
e Low RDS(ON) typically 0.3Q per switch =

e TTL and CMOS compatible inputs hG.
* No “shoot-through” current O 238 AempVol :
e Thermal warning flag output at 145°C

e Thermal shutdown (outputs off) at 170°C
e Internal clamp diodes i 330 yFd
¢ Shorted load protection —

e Internal charge pump with external bootstrap capability Zn

DC Motor

Applications:
Ideal for use in DC and stepper motor drives, position and T —
2k0
™ i

Tore=1.1RC

velocity servo mechanisms, factory automation robots,
numerically controlled machinery, and computer printers
and plotters

Half-Bridge Drivers for Motor Control

Packaging
LMD18200 | 55 12 3 170°C Thermal warning flag at 145 C low-loss internal current sense T0220-11
circuitry, shorted load protection
LMD18201 | 55 12 3 170°C Thermal warning flag at 145°C T0220-11
LMD18245 | 55 12 3 155°C Low-loss internal current sense circuitry, 4-bit digital motor T0220-15

current control
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Motor and Motion Controllers

LM628 — Precision Motion Controller

Features
¢ 32-bit position, velocity, and acceleration registers M\‘nmnus s
¢ Programmable digital PID filter with 16-bit coefficients ’
e Programmable derivative sampling interval

e 8- or 12-bit DAC output data (LM628)

¢ 8-hit sign-magnitude PWM output data (LM629)
¢ Internal trapezoidal velocity profile generator

¢ Velocity, target position, and filter parameters may be
changed during motion

¢ Available in 28-pin dual in-line packaging or 24-pin "W
surface mount packaging (LM629 only) capability

D w b5 DACOS00 vy,

ADDRESS ADDRESS
DECODER

—“—wo=x
N
@
=

wecw

100 pF |
1)
> ;
$ s MUR1605 |

Applications: ENCODER

Ideal for use in DC and stepper motor drives, position
and velocity servomechanisms, factory automation =
robots, numerically controlled machinery, and computer printers and plotters

Digital Controllers for Motion Control

Product ID | Max Frequency | Features Output Data Packaging
LM628 6 MHz or 8 MHz Digital PID filter, 32-bit velocity, position, acceleration registers 8-hit or 12-bit DAC MDIP-28
LM629 6 MHz or 8 MHz | Digital PID filter, 32-bit velocity, position, acceleration registers 8-bit sign-magnitude PWM to drive H-Bridge | DIP-28 or SOIC-24
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ADC084S021
ADC084S051
ADC084S101
ADC088S022
ADC088S052

ADC088S102...

ADC101S021
ADC101S051
ADC101S101
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10,14

10

10,13
10

10, 14, 22

ADC102S021 ... 17
ADC102S057 ... 17
ADC102S107 ..o 17
ADC104S021 ... 17
ADC104S057 ...
ADC104S101.....
ADC108S022.......ccooerevrerirerennes
ADC108S052.......ccoorrerrirerennes
ADC108S102......covceerrererirrerinnas
ADC121C027 ...
ADC121C027.....
ADC121S021 ...
ADC1218057 ...
ADC121S107 .o
ADC1218625......ovcevreereriereiinnes
ADC1218655......orcevreererireiinnes
ADC1218705.....coosceereeerireiines
ADC122S021.....
ADC1228051 ...
ADC1228107 ..o
ADC122S706.......cceereererirerennes 15
ADCI22SXXX c.ovvvrnverreerrererin 16
ADC1248021 ..o 17
ADC124S057 ... 17
ADC124S107 ..o 17
ADC128S022........ccoeveeerirrrennes 17
ADC128S052.......cccooreererirrerinnes 17
ADC128S102......ovceereererierinnes 16,17
ADC141S626.......ccvvreererirerinnes 516,17
ADC08060.
ADC08100.
ADC08200.
ADC08500.
ADC10040
ADC10065
ADC10080.
ADC12010
ADC12020
ADC12040
ADC12081
ADC14155
ADC081000...
ADCO081500.........coocuereerereererannes 8
ADCO083000.........ccocoerrerereererennes 8

c
CLCO30......ocrrevererrirercrriieneenns 29

D

DACO81STO0T ...oourevevcrriiricns
DAC082S085....
DACO084S085........coovevurrieenrs

DACO088S085.........oooeurriieerns 18
DACT0TST0T ..o 18
DAC102S085........ooooeerriiercnnns 18,19
DAC104S085........ooooerrivercnens 18
DAC108S085.........oooeerriiernnns 18
DAC121C081.. .18
DAC121C085.......crvveecrriiercnns 18
DACI21S107 ..o 18,19
DAC1228085.......ooooirerriierienens 18
DAC1248085........ocooirerriierrnenens 18
DAC128S085.. .18,19
DP83640T ... 78
DP83848.........coovveeriviiininnn: 52,78
DPB83848C........coorrrvecrriiirienns 78
DP83848HSA..........ocvverriiericns 78
DP83848I........oovverirriininnes 78
DP83848.......vveerrvrriiininnn: 78
DP83848K....... .18
DP83848MSAQ..........cooverriivrrens 78
DP83848TSA......covvvrerriierienns 78
DP83848VYB.....cccoouvvrireriannes 78
DP83848YB ........ccoovveririeriannn: 78
DP83849 ..o 52,79
DPB83849C........coorrevicrriiiriens 79
DP8384YL......oovvecririinnnns 79
DP83849ID ... 79
DP83BAYIF ..., 79
DS08MB200TSA.......ccovvever 73
DS10BR150TSD.......ccooomvvevuns 72
DS10BR254SQ... .13
DS10CP152TMA.......ccccovvirrcns 73
DS10CP154SQ........ccooerrvierrcns 73
DS15BA10TSD.......ocivcrriivrens 72
DS15BR400TSQ/TVS.............. 72
DS15BR401TSQ/TVS.............. 72
DS15EA101SQ...ccvvrriiics
DS15MB200TSQ... .
DS16EV5E110......rivcrriiiicns
DS16EV5110SQ.......ocrrvvvs
DS25BR100........ccovverrcrriiericnns
DS25BR100TSD

DS25BR110....

DS25BR110TSD
DS25BR120TSD.......cccooovvevens
DS25BR150TSD.......cooorvvevucns
DS25BR204.........cooocivcrriiics n
DS25BR204SQ.........ccoooovveerens 73
DS25BR400TSQ........ccocovvevucs 72
DS25BR1020......

DS25CP102SQ
DS25CP104........oovvicrriiens
DS25CP104SQ




DS25MB100TSA.....cocrvvvvvrne 73 DS9IRTO3TVS.....cvvcrrirris 75 LM2594........oorrreerinrinnns 91

DS25MB200TSQ .o 73 DSIIRTOATSQ 75 LM2598HV. ... 91
DS32EVI00. DSIRTOATVS .. 75 L2595 91
DS32EV100SD ... ) DS99R105S0.... 75 LM2596.. .91
DS32EVA00. .o DSIIRTOBVS .o 75 LM2597 o 91
DS32EVA00SQ DSIIRT0BSQ. 75 LM2597HV o 91
DS38EP100. 7 DSIIRIOBVS . 75 LM2598 ..o 91
DS38EP100DS oo 7 DSI2001TMA .. 69 L2599, 91
DSA0MB200SQ....... 73 L2611 o
DS42BRAOOTS . 7 L LM2B12.
DS42MB100TSQ.... ) LM26 66 LM2612BL.
DS42MB200TSQ. ... LMZBLY 66 LM2614
DSBOEVAOT 7 LM27 66 L2618 .
DSBAEVI00.. 7 LMZTA 67 LM2619.
DSBAEVI00SD .. 7 LM45 66 L2622,
DSBAEVAQD.... 71 LM36 66 LM2651..
DSBAEVA00SQ. ... 7 LMBEC 65 L2670 91
DSBOEPT00..c 7 LMB3D . 65 LM2671 o 91
DS80SPI00SD .. LM70 67 L2672 91
DSYOCI24QVS LM71 67 L2673 s 91
DSY0C241QVS LMTTA o 67 L2674 91
DSY0CP22M-8/MT LM73 67 L2675 91
DSSOCR217MTD.... ) LM74 67 LM2676.. .91
DSYOCR21BAMTD........... LM75 67 L2677 oo 91
DSYOCR28TMTD...... LM76 67 L2678 .o 91
DSYOCR288AMTD............... LM77 67 L2679 91
DSYOCRAIVUD . LM80 65 L2694 86
DSYOCRABAVID . LMBTB . 65 L2695 ... 86
DSYOCRABEVS .. LM86 65 L2696 ... 86
DSYOCRABEVS ..o LM87 65 LM2698 ..o %8
DSYOLVOOATVS . LM89 65 LM2700 50,98
DSYOLVIT0ATMT LM92 67 LM2727 oo %
DSYOLVEO4TSQ .. LM33 LM2731 o 50, 98, 122, 124
DSYOURI2A LM34 LM2732.o 50
DSS0UR124QVS ) LM39 LM2733.. 98,122
DSIOURZAT o LM2738 50,52, 86
DSYOUR2HQVS ... LMZB3X v LM2734Z 8
DSYICITETMA LMBT0X L2735 .o %8
DSYICISOTMA LMBB7X L2736 e 52,86
DSYIDI76TMA LMST0X LM2737 o %
DSY1D180TMA .. LMBZ8 .. L2738 . 52
DSeCKIETMTE.. : LMB29.. o . i
DSY2LVOI0ATM . LM1770.... L2743 9%
DSY2LVIETVHG LMTTTT o L2784 9%
DSI2LVISTW LMZ585 .. L2745 ..o 9%
DS92LVO4OTLOA ... L2586 L2746 .o 9%
DS2LVOIOATVEH. LMZ587 LM2747.. .9
DSE2LVI021ATMSA LMZ588 ... L2748 .o 9%
DS92LV1023ETMSA LMZ5I0HV. 9 L2750, 93,122
DSG2LVI212AMSA. ... LMZSITHY o 9 L2751 o 93,122
DSO2LVI224TMSA ... LMZI2HV. 9 L2753 ..o %
DSYIR103TSQ LMZBIBHY 9 L2754 122
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LM2755
LM2756
LM2757
LM2758
LM2760
LM2770
LM2771
LM2772
LM2781
LM2787..
LM2797
LM2798
LM2830
LM2831
LM2832
LM2852
LM2853
LM2854..
LM3100
LM3102
LM3103
LM3224
LM3280
LM3310
LM3311
LM3354
LM3370
LM3401
LM3402
LM3402HV
LM3404
LM3404HV
LM3A05........oooerrireririiens
LM3405A
LM3407
LM3410.......inerciens 123,132

LM3430 99, 122, 126
LM3431 122,121

LM3432 122,126

LM3433.. ..123,133

LM3475
LM3477
LM3478
LM3481
LM3485
LM3488
LM3489
LM3495..
LM3500
LM3501
LM3502
LM3503
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LM3508
LM3509
LM3519
LM3520
LM3551
LM3552
LM3553
LM3557
LM3570
LM3658..
LM3668
LM3670
LM3671
LM3673
LM3674
LM3676
LM3677
LM3679..
LM3687
LM3700
LM3702
LM3706
LM3708
LM3709
LM3710
LM3711
LM3712
LM3713
LM3722..
LM3723
LM3724
LM3743
LM3880
LM3881
LM4120
LM4125
LM4128
LM4132
LM4140
LM4510..
LM4562
LM4570
LM4666
LM4668
LM4671
LM4673
LM4674

LM4674A ...

LM4675
LM4680
LM4681
LM4682

LM4702
LM4702B
LM4702C
LM4802B
LM4804
LMA4805........coovereeririerireninnns
LM4809
LM4811
LM4819
LM4844
LM4845
LM4846
LM4851
LMA4852.......oorierircrierienns
LM4855
LM4856
LM4857
LM4866
LM4888
LM4905
LM4906
LM4908
LM4910
LM4911
LM4912
LM4916
LM4920
LM4921
LM4923
LM4924
LM4925
LM4927
LMA4928.........oovrerriienenns 52, 60
LM4929
LM4930
LM4931
LM4934
LM4935
LM4937
LM4938
LM4941
LM4946
LM4947
LM4949
LM4950
LM4951
LM4953
LM4954
LM4960
LM4961
LM4962
LM4970

....48, 49

....52,55




LM4980
LM4981
LMA4982........coorrrcienns 52, 55
LM4985
LM4990
LM4991
LM4992
LM4995
LM5000
LM5001
LM5002
LM5005
LM5007
LM5008
LM5009
LM5010

, 102
, 101, 102
, 101, 102
, 102
, 102
, 102

LM5010A , 102

LM5015 , 101, 102
LM5020 ,101, 102, 103
LM5021 ,101, 102, 103
LM5022 ...99,101, 123,133
LMB025.......cooeveerierrierierienes 102, 103

LM5025A ...102, 103
LM5025B ...102, 103
LMB026.........oovererrirciiicninnns 102, 103, 104

LM5030 ...102, 103
LM5032 ...102, 103
LM5033 ...102, 103
LM5034 102, 103
LM5035 ...103

LM5035A .
LM5035A ...102, 104
LMBO04T ..o 102, 103
LM5041A

LM5067 ...102, 140
LMB0BS.........oovereerrirriiirniinnns 102, 140

LM5069 ...102, 140
LM5070 ...102, 139
LM5071 , 139
LM5072 , 139
LM5073 .

LM5080 ...102, 106
LM5100A .

LM5100B........oooverrircciiniannns 102, 105

LM5100C
LM5101A
LM5101B
LM5101C ..
LM5102
LM5104
LM5105 .
[ L L
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LM5109
LM5110
LM5111
LM5112
LM5115
LMBT15A e 101
LM5115. s 95
LMBT15A e 95
LM5116
LM5574.
LM5575
LM5576
LM6154
LM6211
LM6588
LM8261
LM8262
LM8272.
LM25005
LM25007
LM25010
LM25115
LM25115/A....orene 95
LM25116.....oecriiciieninnns 95
LM25574.......ooriirienireniinnas 91
LM25575......coiiericiieniennns 91
LM25576........coovvecrirrcriireniennas
LM26001........coovveeerireririreniennns
LM26400Y.
LM26480........ccooooierircriireniannns
LM27241 ...
LM27313.crennns
LM27346........coovveierrriireniannas
LM27348........coooerrireninnas
LM27951.....ieririieninnas
LM27952.......oovriierirsriireniannns
LM27964.........ooooerrrirreniannns
LM27965........cooovierireriireniannas
LM27966..........oooerervrrrirreniannns
LM34910...
LM34910C
LM34914......oirriennnas

LM34917 ...
LMA48310......corieririsriiieniennns
LMA48410......coicrerrrienienas 52, 56, 63
LMABATT ..o 56
LMA48510.......oorieerirrririeniennns 50, 52, 57
LM48511...
LMA48555........ocriinienas 58
LM48820........coovveerirrrirreniannas 55
LMA48B21......oooererieciieninnas 55
LM48860..........covveerereriririannas 55

LM49100
LM49250
LM49270
LM49370
LM49450
LM51001
LM51002
LM51004
LM94021
LM94022..
LM940220
LM95071
LM95213
LM95214
LM95231
LM95233
LM95234
LM95235
LM952350
LM95241
LM95245
LM96000..........cooomrerecriverirnnns
LM96194
LM97593
LM98519
LM98714
LMC6001
LMC6061
LMC6062
LMC6064
LMC8101
LMD18200 141
LMD18201 ... 141
LMD 18245 141
LME49600
LME49710
LME49713
LME49720
LME49721
LME49723....
LME49740
LME49810
LME49811
LME49860
LME49870
LMH0001
LMH0002
LMH0002S0Q....
LMH0030
LMHO0040
LMH0041
LMHO044.........ooorriieriis
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LMHO0046
LMHO0056
LMHO0070
LMHO0071
LMHO0074
LMH0302
LMHO0340
LMHO0341
LMHO0344
LMHO0346...
LMHO0356
LMH1251
LMH1980
LMH1981
LMH2100
LMH4132
LMH6321
LMHG502...
LMH6503
LMHG6505
LMHG6515
LMHB515 (X2).....ocrrvvercrriiereens 12
LMH6550
LMH6551
LMHG6552
LMHG555
LMH6559
LMHG6560
LMH6570...
LMHG6572
LMHG574
LMH6580
LMH6581
LMH6582
LMH6583
LMH6601
LMH6609
LMH6611
LMH6618
LMHG6619...
LMH6622
LMHG6624 23,24, 25, 34
LMH6626 23,24, 25, 34
LMHB628............oorrvecririens 23,25,34

LMH6640
LMH6642
LMH6643
LMHG644 ...
LMH6645
LMH6646
LMH6647
LMHG654

23,24,25
23,24,25
23, 25,34
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LMHBB55.........ovvvcrririenns 25
LMHBB57 ... 25
LMHBB58...........ooerririnnns 23,25
LMHBB72.......ooovvercrirnns 25
LMHB682........covvvereeririnns 25
LMHB683..........oooereeririenns 23, 25,32
LMHB702.......cooveiererirnenns 23, 25,32, 34
LMHB703.......cooreiererirrenenns 23,25,32,39
LMHB704........ooroercrrnns 32
LMH6715... .25
LMHGB720.......coovviericrirrnnens 25
LMHB722........cooverrcrriiis 25
LMHB723.......ooorvrerirrenns 25
LMHB724..........coonicrris 25
LMHB725.......oovrvicrcrirnenns 25
LMHB732......covriercrirnenns 25
LMHB733......oorerinns 25,32
LMH6734... 32
LMHB738.......oooreererirrenenns 25,32
LMHB739......cooriercrirnns 32
LMH7220........ocooneiirrcrirriis 27
LMH7322.......vvricrinriens 27
LMH7324.......ooocinies 27
LMKO200........coovveerirrcririenienns 12,22
LMK0200+VCXO0......ocervverreens 14
LMK02000...........oovereerririnenns 80
LMK02002 ... 80
LMKO3000.........cooerereririrneenns 29,80
LMK03000C... ...80
LMKO3007 ..o 80
LMKO3001C......cooereerririrnnnns 80
LMKO3002. ... 80
LMKO3002C.........ccoovveerireeneenns 80
LMP201T ..o 16, 33
LMP2012.......ovvviercerirrnenns 33
LMP2014MT ... 33
LMP2231

LMP2231

LMP2231

LMP2232 ...

LMP2234

LMP7300
LMP7701
LMP7702
LMP7704
LMP7707

LMP7708

LMP7709 ... 33

LMP771T oo 33,34,36,39
LMP7712 ... 33, 34,39
LMPT7715 .o 33, 34, 36
LMPT7716 ... 33, 34, 36

LMP7717 .33, 34,35
LMP7718 ...33,35
LMP7731 16, 33, 34
LMP7732 .33, 34
LMP8100 .35
LMP8270 36
LMP8271 ....36
LMP8272 ....36

LMP8275 ....36

LMP8276 .. 36

LMP8277 ....36

LMV112 .28

LMV116 ....40

LMV116 37

LMV118 .37

LMV118 ...39, 40

LMV221

LMV225.....

LMV226

LMV228

LMV232

LMV30T .. 37,40

LMV341 ....37,39,40
LMV422 ...37,40

LMV551 38

LMV552 ....38

LMV554 ....38

LMV641 ....37,38,40
LMVE51 ... 40

LMV651 ...37,38

LMV652 ....37,38,40
LMV654 ....37,38,40
LMV711 39

LMV712 ....37,39,40
LMV715 ...39, 40

LMV715 37

LMV716 ....34, 36, 37, 42
LMV721 ....31, 40,42
LMV722 ....31, 40,42
LMV751 .... 33, 34, 36, 37, 40, 42
LMV761 w21

LMV762 w21

LMV7T71 ....33, 34, 36, 40, 42
LMV7T71 37

LMV772 ....33, 34, 36, 37, 40, 42
LMV774 ....33, 34,37, 40, 42, 52
LMV791 ....34, 36, 39, 42
LMV791 ... 37

LMV792 ....34, 36, 37, 39, 42
LMV793 ... 34,42

LMV793 .37

LMVT794 ... 34,31, 42



LMV796

LMV796 37
LMV797

LMV821 ...37,40
LMV822 ...37,40
LMVB824 ... 37,40
LMV841 .33, 41

LMV841/42
LMV842
LMV844 ...
LMV851
LMV851
LMV852 ...37,40
LMVB5A ... 37,40
LMV931 ....31,40
LMV932

LMV932/34

LMV934....

LMV951 ...31,39,40,41
LMV981 ....31,39,40,52
LMV982 .39
LMV1012 ..o 62
LMV1012-7 ...62
LMV1012-15 ....62
LMV1012-20........orvercirnienns 62
LMV1012-25 ....62

LMV1015-15 ...62

LMV1015-25 ...62
LMV1024 .. 62
LMV1026 ...62
LMV1031 ...62
LMV1031-20 ...62
LMV1032-6........oooerveeciriniannns 62
LMV1032-15 ...62
LMV1032-25 ...62
LMV1088.........coovverrercirieciennns 62
LMV2011 ...40

LMV7239 w21

LMV7271 w21
LMV7272 .. 27
LMV7275 w21
LMV7291 w21
LMV10132 ...62
LIMX2531 ..o 12,50
LP2966 1

LP2967 1

LP2995 .
LP2996 .. 138
LP2997

LP2998 .

LP3878 ..22,110
LP3905........ovrrrirciienns 52
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....34, 36,42, 43

34,36, 37,42, 43

LP3906
LP3907
LP3910
LP3913
LP3943
LP3944.........oorireninnas 123
LP3950
LP3952
LP3955
LP3958........oeririenienns 123
LP3971
LP3986
LP3990
LP3991
LP3995
LP3996
LP3997
LP3999......roirinns 52,110
LP5520
LP5521
LP5522
LP5524 ... 123
LP5526
LP5550
LP5551
LP5552
LP5900
LP5951
LP5952.....ooivieriririnienas 109
LP5990
LP5996
LP38500....
LP38501T ...
LP38502........comrieerirrciiieniennns
LP38503.......corieririciiieniinnas
[t 1
LP38512.....cieririiieninnas
LP38513 ..o
LP38690.........coovvveeririririeniennas
LP38691....
LP38692........coovveeriririieniennas
LP38693........ooorveeririciieninnns
LP38851 ...
LP38852........oovrieeririciieniannas
LP38853........orveririiiniinnas
LP38855 ...
LP38856.........oovveeerireiriniienas
LP38858....
LP38859........oovrieriririieniinnns
LP39542........ovriiririireninnas 123,134
LP55271 ..o 123
LP55281 ... 123,135

LPV511
LPV531
LPV7215...ccirirriscrisciii 27

S

SCAN15MB200TSQ........ccoceuuee 73
SCANSOCPO2SP/VY.........cccceee. 73
SCAN12100TYA
SCAN25100
SCAN25100TYA
SCANS90004TVS..
SCAN921025HSM
SCAN921025SLC
SCAN921226HSM
SCAN921226SLC..........covevuennee
SCAN921260UJB
SCAN926260TUF
SCAN928028TUF..........ccoouvuennee
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Worldwide Design Centers and
Manufacturing Facilities

o®
°
® Design Centers
© Manufacturing Facilities .
Design Centers Manufacturing Facilities
USA: EUROPE: ASIA: Wafer (Die) Fabrication:
Arlington, Texas Delft, Netherlands Bangalore, India Arlington, Texas
Calabasas, California Furstenfeldbruck, Germany Hangzhou, China South Portland, Maine
Chandler, Arizona Unterhaching, Germany (joint with Zhejiang University) Greenock, Scotland
Federal Way, Washington Greenock, Scotland Hong Kong, China
Fort Collins, Colorado Kemi, Finland Taipei, Taiwan Chip Test and Assembly:
Grass Valley, California Milan, Italy Tokyo, Japan Melaka, Malaysia
Indianapolis, Indiana Ouluy, Finland Suzhou, China
Longmont, Colorado Tallinn, Estonia
Norcross, Georgia
Phoenix, Arizona
Rochester, New York
Salem, New Hampshire
San Diego, California
Santa Clara, California
South Portland, Maine
Tucson, Arizona
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