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Intelligent Sensors, Process Control

Pressure

©

Pressure sensors convert a physical value—weight, tire
pressure, level, force, and flow—into a differential signal
in the mV/V range and are referred to as metal thick-film,
ceramic or piezo-resistive. The majority of designers use
the cost-effective piezo-sensors (25mbar — 25bar).
However, these are very nonlinear, temperature dependent
and have large offset and offset drift. Plus, they require
attention to electronic calibration and compensation.

The diagram (at right) shows the functional block diagram
of a pressure signal conditioning system.

Sensor Signal Conditioning — performs all necessary
functions to calibrate, compensate for temperature
variance, scale, and linearize the sensor signal.

Analog/Digital Processing — there are two ways to
convert and linearize the sensor signal. The analog technique
results in an analog solution and provides an analog
output. This technique is inexpensive and fast, but limited
to a maximum of 11- to 16-bit resolution. Digital is more
precise, up to 24 bits, and provides a digital output at
moderate speed.

Transmitter

Sensor Signal Conditioning

Interface
RS-485/CAN/
Profibus

Linearization
ircuit

Look-Up and
Interpolation Logic

Linearization
ircuit

Look-Up and
Interpolation Logic

EEPROM

Linearization
DAC

Fault Monitor| I

+

0-10V /
4-20mA

Output

Over/Under
Scale Limiter

Non-Linear

Bridge Analog Processing

Transducer
24VDC/2.7V - 5.5V
Supply Voltage

System Reference

DC/DC
Conversion

Pressure system functional block diagram.

Calibration parameters are stored in an external nonvolatile memory to
eliminate manual trimming and achieve long-term stability. An evaluation
module, PGA309EVM (see below) includes software and calibration

sheet for easy evaluation of your sensor + PGA309 combination.

The highly integrated, CMOS PGA309, available in TSSOP-16, is

tailored for bridge pressure sensors and adds to Tl's portfolio of highly
flexible, lowest noise amplifier and instrumentation amplifier solutions

that also include the OPAXx227, OPAXx132, OPA335, OPA735, INA326,

INA327, INA118 and INA122.
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PGA309 bridge pressure nonlinearity correction.

The bridge excitation linearization circuit is optimized for
bridge pressure nonlinearities with a parabolic shape
(see above). The linearization circuit is digitally
programmable, but the pure analog signal conditioning
side is handled by the same process as in Tl's well-
known 4-20mA transmitters, such as XTR105, XTR106 or

[ -
PC

Customer
Sensor

1 PRG
Rs232, "y I

' GND

SDA

XTR108. The heart of the PGA309 is a precision, low-

SCL
EEPROM

drift programmable gain instrumentation amplifier using
an auto-zero technique and includes a programmable
fault monitor and over/underscale limiter. It also offers a
digital temperature compensation circuit. Calibration is
carried out either via a one-wire digital serial interface
or through a two-wire industry-standard connection.

PC Interface Board
PGA309
T t
e&g?;%;ry Sensor Interface Board
-40°C < Temperature < +125°C
Block diagram of the PGA309EVM module.
Pressure
Input

PGA309

:
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Intelligent Sensors, Process Control | s

Complete Voltage-Output, Programmable Bridge
Sensor Signal Conditioner
PGA309

Get samples, datasheets, EVMs and app reports at:

www.ti com/sc/device/PGA3DS,

Real-world sensors have span and offset errors, ever changing over
temperature. In addition, many bridge pressure sensors have a
nonlinear output with applied pressure. The sensor conditioner,
PGA309 is an ideal choice in combination with low-cost piezo resistive
or ceramic thin-film pressure sensors.

Key Features

e Ratiometric or absolute voltage output

e Digitally calibrated via single-wire or two-wire interface
e Eliminates potentiometer and trimming

e Low, time-stable total adjusted error

e 12.7V to +5.5V operation

e Packaging: small TSSOP-16

Applications

* Bridge sensors

© Remote 4-20mA transmitters
e Strain, load, weight scales

e Automotive sensors

Fault
Monltor

Digital Temperature,
Compensation

O Control Register
0 Interface Circuitry ____ ]
Ext Temp ADC

PGA309 functional block diagram.

Pressure e

Zero-Drift, Low Offset, Single-Supply Op Amps
OPA334, OPA335

Get samples, datasheets, EVMs and app reports at:

'www.ti.com/se/device/0PAIIS www.ti.com/sc/device/OPA35,

The OPA334 and OPA335 CMOS op amps use auto-zeroing techniques
to simultaneously provide very low offset voltage and near-zero drift
over time and temperature. These high-precision amps offer high input
impedance and rail-to-rail output swing. New, OPA333 available 10
2006.

Key Features

e Low offset voltage: 5uV (max)

e Zero drift: 0.05pV/°C (max)

e Quiescent current: 285uA

e Packaging: SOT23-5, S0T23-6, SO-8, MSOP-10 (dual)

Applications

e Transducer applications

e Electronic scales

e Temperature measurement

VEX
O

EEPROM
(S0T23-5)
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e Pressure

24-Bit, AX ADC with Excellent AC and DC
Performance
ADS1271

Get samples, datasheets, EVMs and app reports at:

www.ti.com/sc/device/ANS1271:

The ADS1271 is a 24-bit, delta-sigma ADC with up to 105kSPS data
rate. It offers the unique combination of excellent DC accuracy and
outstanding AC performance. The high-order, chopper-stabilized

modulator achieves very low drift with low in-band noise. The onboard

decimation filter suppresses modulator and signal out-of-band noise.
The ADS1271 provides a usable signal bandwidth up to 90% of the
Nyquist rate with only 0.005dB of ripple.

Key Features
e AC performance:
o SNR: 109dB
o Bandwidth: 50kHz
o THD: —105dB
e DC accuracy:
o Offset drift: 1.8uV/°C
o Gain drift: 2ppm/°C
e Only 35mW dissipation in low-power mode

Applications
e |deal for vibration/modal analysis, acoustics,
dynamic strain gages and pressure sensors

VREFP VREFN AVDD DVDD

Control O SYNC/PDWN
Logic o MODE

DRDY/FSYNC
AZ Digital Serial Q SCLK

Modulator Filter Interface DOUT

AINN .‘ DIN

AINP

ADS1271

AGND DGND

ADS1271 block diagram.

Fastest Cycling/Lowest Latency 24-Bit ADC
ADS1258

Get samples, datasheets, EVMs and app reports at:
et s Rt gy

www.ti.com/sc/device/ADS1258:

The ADS1258 is a 16-channel, 24-hit delta-sigma ADC. The flexible
multiplexer with external access allows the inclusion of a common
gain stage prior to the ADC input. On-chip temperature, supply and
reference monitors help to ensure system integrity with very low
conversion latency of any 42us which enables channel cycling at
23.7kSPS.

Key Features
e Data rate: 125kSPS
e Only 42ys latency:
o Channel cycle at 23.7kSPS
o Measure all 16 inputs in <672us
e Performance:
o 12uV RMS noise at 23.7kSPS cycling
o Offset drift: 0.02uV/°C
o Gain drift; 0.04ppm/°C
e Flexible multiplexer structure:
o 16 single-ended or 8 differential inputs
o External access for common gain stage
o Auto-scan for low software overhead
e Single or dual-supply operation:
o Analog: single 5V or +2.5V
o Digital: 2.7V to bV

Applications
e High-speed, multiple-sensor data acquisition
e Fast scanning of pressure, strain gage, temperature,

current/voltage inputs +5YV
1 |
VREFP AVDD ADS1258
8 Differential
I t:
n';l: S .
16 Single-Ended 24-Bit, o)
Inputs AXZ ADC
L]
L]
L]
o—1
o— ]

ADS1258 functional block diagram.
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Device Recommendations

Device Description Key Features Benefits Other Tl Solutions
Power Management Products

5B 1W/5V DC/DC Converter  Miniature 24V DC/DC Converter with 1500V Galvanic Fully Integrated DC/DC Converter in a Miniature TPS54xx SWIFT™ Family,
Isolation, Integrated 5V LDO Package, High Isolation and Regulated Output, Highest Efficiency DC/DC
R . Smallest Height in the Industry Converter w/lntegrated FET
1TPS71501! LDO: 24V/1.2V to 15V Adjustable LDO, Ultra-Low Quiescent Current 3.54A to 50mA  Excellent for Low-Power Applications up to 1.2V LM317, Lowest Cost

LDO with 37V Input

Data Converters

1ADS12561 24-Bit ADC 24-Bit ADC, Input Buffer, PGA, Digital I/0 Highest Resolution (23 Bits Noise-Free) and Lowest ADS1218, Core of MSC121x
R Input Noise—Up to 30kSPS Family with Additional Flash
EAQ_S.]}_&&I 24-Bit, 16-Channel ADC  24-Bit ADC, 125kSPS Data Rate Flexible Multiplexer Structure, On-Chip Temperature
MSC121x! 8051-Based MCU with 24-Bit ADC, Filters, PGA, Digital 1/0, Sensor Excitation, Lowest Noise and Highest Integration in the Market, MSC1200, Low-Cost
ADS1218 AX. Converter  Burn-Out Current Sources, Offset DACs, Four 16-Bit Includes All Necessary External Circuitry — Version without DACs
R Including Flash Memory  DACs, Temperature Sensor All-in-One Solution
IADS1271) 24-Bit, 105kSPS ADC Low Offset Drift: <1.8V/°C, Passhand Ripple <0.005dB, 24-Bit ADC with DC Accuracy Plus AC PCM4202, PCM4204
THD <-105dB Performance at Highest Speed up to 105kSPS
EB_E‘F3]_253[}’ References Small Package, High Initial Accuracy, Low Drift 15ppm/°C Stable Reference for Precise Data Conversion  REF30xx with Max
340 — 50ppm/°C Drift
EB_E‘Fg 12420425 References Small Package, Excellent Low Drift Performance 4ppm/°C, 100pA, 4-Wire Connection, Portable Applications REF31xx
3033140
Amplifiers |
10PA335! Zero-Drift Op Amp CMOS 0.05pV/°C Drift, 5uV Offset, RRIO at 3.3VDC, Best Long-Term Stability for Industrial Use, Single Supply, OPA735, 12V Version with
N Single Supply Best in Class, Automotive Temp Range Improved Noise and Drift
INA326! High-Precision Single Supply 30nV/\Hz Noise, RRIO, CMOS Low Noise, Excellent Long-Term Stability, INA337, Automotive Temp
I Instrumentation Amp Dual Supply Not Required Range, -40°C to +125°C
XTR115! 4-20mA Transmitter Includes All Functions to Generate 4-20mA Output Signal Lowest Cost All-in-One Solution (<$1) Up to 36V Supply ~ XTR110 is Intended for
R Including Sensor Excitation and Bridge Excitation Voltage, no Need for DC/DC Converter 3-Wire Output
1PGA30Y Programmable Includes Sensor Excitation, Linearization and Temperature-  Fully Integrated Sensor Conditioning System On a Chip ~ XTR108, Similar but is Targeted
Pressure Sensor Compensated Conditioning, ADC, DAC, Temp Sensor (S0C), Small Package, Only 16-Bit ASSP on the Market ~ for PT100, Temp Sensors
_____ Conditioner Included, 4-20mA Transceiver
.’_FME]_Z]_: Digital Temp Sensor Integrated Temp Sensor, AZ ADC and SPI Interface High Resolution and Accuracy, Extended Industrial TMP175
to Convert Valve Temp into Digital Code Temperature Range, SOT-23 package (SMB-Bus Interface)

Interface
'SNG5HVD1176) PROFIBUS Transceiver  Interfaces PROFIBUS Fieldbus to System Controller Optimized for PROFIBUS, Up to 160 Users per Bus, SN65HVDA85E,
R ' Up to 40Mbps Low-Cost Version
1SN65HVD251  CAN-Bus Transceiver Interfaces CAN-Fieldbus to System Controller Improved Drop-In Replacement for PCA82C251, SNHVD233

Tolerates +200V Transients (3.3V Version)
:MSE@QF_] 1_2]_: 16-Bit MCU with Flash Lowest Power MCU in the Industry, 6ps Wake-Up Reduces Heat in Sensor System, Reduces Cost of Power  MSP430Cxx without

Source and Increases Lifetime Flash, Even Lower Power
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e Weigh Scales

Electronic weigh scales are found in many industrial applications in
some shape or form and are ubiquitous in today’s food industry.
Manufacturers of electronic weigh scales traditionally choose
proprietary ASICs to tailor the performance of their analog front end
for highest accuracy and stability. The diagram below shows an
approach using standard products offering up to 23 noise-free bits of
resolution.

A major challenge in designing weigh scales is the sampling of
multiple load cells while offering extremely low input referred noise
(RTI). The ADS1256 and ADS1232 offer input referred noise of 30nV
and 17nV, respectively. Another important factor is the analog circuitry’s
long-term stability with regard to offset drift and gain. Here the accuracy
of the amplified input signal, either single-ended or differential, must
be guaranteed over years of operation. Auto-zero amplifiers, such as
the OPA335 and the INA326 instrumentation amplifier, meet these
stringent requirements by achieving offset drifts of 0.05pV/°C
(OPA335) and 0.4pV/°C (INA326).

For an easy-to-use solution, the MSC1210 family offers a complete
data acquisition system on a chip comprised of:

e An optimized 8051 core, (3-times faster than standard version at
same power)

e A 24-bit, AX ADC with 22 ENOBs and 75nV (RTI)
e A PGA with gain steps from 0 to 128
e 2kB boot ROM and up to 32kB Flash memory

Resistors, Keypad
Capacitors 1|23
M LCD 4|56
Crystal * 7 ; 9

Analog
Amp Filter LlIo--  MISP430

emory
Load g
Cell [

Optional

LDO PROFIBUS
Battery Reg. 3.3V
Lead Acd ) ASIC SPC3
4A-H LDO
Reg. 5V

Isolation

SN65HVD1176
PROFIBUS
Transceiver

Basic weigh scale application.

PROFIBUS

Complete, High-Precision Weigh Scale Solution
ADS1232, ADS1234

Get samples, datasheets and app reports at:
Bt Lot vl Ry ey o e gl

wwwti.com/sc/device/ADS1232; www.ti.com/sc/device/ANS 1234

The ADS1232 and ADS1234 are designed as highly integrated delta-
sigma ADCs for low-level, high-precision measurements, especially for
weigh scale applications. The devices are comprised of a low-drift,
low-noise instrumentation amplifier and a high-order, chopper-stabilized
modulator followed by a digital filter in a monolithic device.
Selectable gains of 1, 2, 64 or 128 allow full-scale differential input
ranges of 2.5V to +19.5mV with a +5V reference. They also include a
low-drift onboard oscillator as well as external crystal oscillator for
the precise output data rate to reject both 50Hz and 60Hz simultaneously.
ADS1232 and ADS1234 output data at 105SPS or 80SPS and are the
ideal choice for weigh scale as well as bridge sensor applications.

Key Features
e Complete front-end solution for weigh scales
e \ery low noise PGA:
o Only 17NV input-referred noise with gain of 128
e High performance AT ADC:
o 23.5 effective bits with gain of 1
¢ Onboard low-drift oscillator with optional external clocking
e Excellent 50Hz and 60Hz rejection: 100dB (min)
e Packaging:
o ADS1232: 24-lead TSSOP
o ADS1234: 28-lead TSSOP

Applications

e \Weigh scales

* Bridge sensors
e Strain gauges

e Pressure sensors

AVDD CAP

REFP REFN DVDD
O o

Internal Oscillator

/DOUT

- MSP430

SCLK

External Oscillator

| o
XTAL2 DGND

ADS1234 Only /CLKIN
NOTE: A1 for ADS1234, TEMP for ADS1232

Weigh scale application using ADS1232.
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Weigh Scales e

Device Recommendations

Device Description Key Features Benefits Other Tl Solutions
Power Management Products
1TPS76301! Low-Power 150mA, Regulates 6V to 3.3V and 5V Small Package 1TPS76333
Low-Dropout (LDO)
Linear Regulator

10PA335! Zero-Drift Op Amp 0.05uV/°C Drift, 5V Offset, RRIO at 3.3VDC Single Supply Best Long-Term Stability for Industrial Use, No Need for Dual ~ *0PA73% 12V Version

S Supply, Best in Class, Automotive Temp Range of OPA335

INA326! High-Precision 30nV/v'Hz Noise, RRIO, Single Supply Lowest Noise in Industry and Best Long-Term Stability, :J,NAﬁi‘zﬁ Automotive Temp

R Instrumentation Amp No Need for Dual Supply , Range 40°C 0 +125°C

1PGA30Y Programmable Includes Sensor Excitation, Linearization and Temperature- Fully Integrated Sensor Conditioning System On a Chip XTR108 Similgr_bytl is
Pressure Sensor Compensated Conditioning, ADC, DAC, Temp Sensor (SOC), Small Package, Only 16-Bit ASSP on the Market, Targeted for'PT100!
Conditioner Included 4-20mA Transceiver Temp Sensors

1ADS12561 24-Bit, 30kSPS AX Very Low Noise ADC with Programmable Data Rates Higher Data Rates, Very Low Noise MSC1210!

R ADC w/Multiplexer Up to 30kSPS e

1ADS1232 24-bit, 80SPS, ALADC  Very Low Noise PGA, 24-Bit ADC, Onboard Oscillator ~ Complete Front-End Solution for Weight Scales :ADS_124_415

E,S_N_&_B_];I_\Lp_[ﬂ_p: PROFIBUS RS-485 Optimized for PROFIBUS, 2.1V min., Vop Low Bus Cap.  Improved Signal Fidelity and Enhanced Transmission Reliability bNEBI_—I\[D_O;;:
1ISNB5HVD251! CAN-Bus Transceiver Interfaces CAN-Fieldbus to System Controller Improved Drop-In Replacement for PCA82C251, \SNHVD233!
Tolerates +200V Transients
MSP430F413! 16-Bit, Ultra-Low-Power  8kB Flash, 256 RAM, Comparator, 9 Segment LCD Low-Power, Integrated LCD Driver and Flash MSP430F417!
pcontroller
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Temperature is the most frequently measured physical parameter and
can be measured using a diverse array of sensors. All of them infer
temperature by sensing some change in a physical characteristic.
Three of the most common types are Thermocouples, Resistance
Temperature Detectors (RTDs), and NTC-Thermistors.

Temperature

Thermocouple RTD Thermistor
% g g
g ;] %
>
g g
Temperature Temperature Temperature

Common types of thermocouples, RTDs and NTC-thermistors.

Thermocouples consist of two dissimilar metal wires welded
together to form two junctions. Temperature differences between the
junctions cause a thermoelectric potential (i.e. a voltage) between the
two wires. By holding the reference junction at a known temperature
and measuring this voltage, the temperature of the sensing junction
can be deduced. Thermocouples have very large operating temperature
ranges and the advantage of very small size. However, they have the
disadvantages of small output voltages, noise susceptibility from the
wire loop, and relatively high drift.

Resistance Temperature Detectors (RTDs) are wire winding or
thin-film serpentines that exhibit changes in resistance with changes
in temperature. While metals such as copper, nickel and nickel-iron are
often used, the most linear, repeatable and stable RTDs are constructed
from platinum. Platinum RTDs, due to their linearity and unmatched
long-term stability, are firmly established as the international temperature
reference transfer standard. Thin-film platinum RTDs offer performance
matching for all but reference grade wire-wounds at improved cost,
size and convenience. Early thin-film platinum RTDs suffered from drift,
because their higher surface-to-volume ratio made them more

Comparison of Temperature Sensor Attributes

Criteria | Thermocouple [ RTD | Themmistor |
Cost-0EM Quality Low High Low
Temperature Range Very Wide Wide Short to Medium

~450°Fto +4200°F  —400°Fto +1200°F  —100°Fto +500°F
Interchangeability Good Excellent Poor to Fair
Long-Term Stability Poor to Fair Good Poor
Accuracy Medium High Medium
Repeatability Poor to Fair Excellent Fair to Good
Sensitivity (Output) Low Medium Very High
Response Medium to Fast Medium Medium to Fast
Linearity Fair Good Poor
Self Heating No Very Low to Low High
Point (End) Sensitive Excellent Fair Good
Lead Effect High Medium Low
Size/Packaging Small to Large Medium to Small Small to Medium

sensitive to contamination. Improved film isolation and packaging have
since eliminated these problems making thin-film platinum RTDs the
first choice over wire-wounds and NTC thermistors.

NTC Thermistors are composed of metal oxide ceramics, are low
cost, and the most sensitive temperature sensors. They are also the
most nonlinear and have a negative temperature coefficient.
Thermistors are offered in a wide variety of sizes, base resistance
values, and Resistance vs. Temperature (R-T) curves are available to
facilitate both packaging and output linearization schemes. Often two
thermistors are combined to achieve a more linear output. Common
thermistors have interchangeabilities of 10% to 20%. Tight 1%
interchangeabilities are available but at costs often higher than
platinum RTDs. Common thermistors exhibit good resistance stability
when operated within restricted temperature ranges and moderate
stability (2%/1000 hr at 125°C) when operated at wider ranges.

Low-Cost PT100 Linearization Circuit for 0°C to 400°C

A low-cost RTD measurement circuit with linearization is achieved
with just one dual operational amplifier, OPA2335, and seven resistors.
The first stage linearizes a PT100 sensor over a temperature range
from 0°C to 400°C, yielding a maximum temperature error of +0.08°C.
R, defines the initial excitation current of the RTD. R3 and R, set the
gain of the linearization stage to ensure the input of A; stays within its
common-mode range. Rising temperature increases Vg;. A fraction of
Vg1 is fed back to the input via R, for linearization. Resistors, Ry — Ry,
are calculated so that the maximum excitation current through the RTD
is close to 100pV to avoid measurement errors through self-heating.

!

R1
3.57kQ | 10.928kQ

1/2
OPA2335

14.447kQ

RS
%zs.mg

<

L
0PAZ335 PT100 linearization circuit. B
0.08 = 45
0.06 / 4
5 004 // \ 35
iﬁ' 0.02 / \ = 3
H o 3'_ 25
-0.02
AN / — o]
’ / 1 = Vour2 —{
-0.06 / 05 4 4
_0.08 \/ 0
[ 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

Temperature (<C) Temperature (°C)

A temp vs. temp. Vour vs. temp.
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The second stage performs offset and gain adjustment. Here the linear
slope of Vg is readjusted to provide a Vg, slope of 10mV/°C within an
output range of 0.5V to 4.5V.

Temperature Measurement of a Remote 3-Wire RTD via a
4-20mA Current Loop

This circuit measures the temperature of a remote 3-wire RTD using the
4-20mA current transmitter, XTR112. The device provides two matched
current sources for RTD excitation and line-resistance compensation.
Internal linearization circuitry provides 2"%-order correction to the RTD,
thus achieving a 40:1 improvement in linearity. Iz is the excitation

for the RTD. Ig, is the compensation current flowing through R; and
Runer- By choosing the value of R; to be equal to the RTD resistance at
minimum temperature, the internal instrumentation amplifier (INA) only
measures the temperature dependent difference in RTD resistance.

Rewm is used to provide an additional voltage drop to bias the inputs of
the XTR112 within the common-mode input range. The 0.01pF bypass
capacitor minimizes common-mode noise. Rg sets the gain of the INA.
For 2"-order linearization, a fraction of the INA output voltage is fed
back via the resistors, Ry and Rynp. Internally, the output voltage is
converted into a current and then added to the return current, Iggr, to
yield an output current of lg = 4mA + V) « 40/Rg.

On the current-loop side, transistor, Q4, conducts the majority of the
signal-dependent 4-20mA loop current. This isolates most of the power
dissipation from the internal precision circuitry of the XTR112, maintaining

<

Temperature

excellent accuracy. For detailed information on the calculation of the
resistor values for various temperature ranges, refer to the XTR112
data sheet.

Temperature Measurement with a K-Type Thermocouple Using
Wired Cold-Junction Compensation (CJC)

This thermocouple measurement circuit uses the auto-zero, single-
supply amplifier, OPA335. A precision voltage reference, REF3040,
provides the 4.096V bridge supply. The forward voltage of diode, Dy,
has a negative temperature coefficient of —2mV/°C, and provides the
cold-junction compensation via the resistor network R, to Rs3. The zero-

4.096V
+5V O REF3040
+
0.1pF
RE
%Fﬁ 150kQ2
= 6.04kQ
R5
D1 > 31.6kQ
- = RZ
2.94kQ
< + _+ —\‘/ 0oV,
Rg o
KType | 2000
Thermocouple
40.7uvV/°C

= R4 = R3 — —
f.mmfso.m - -

OPA335 temperature measurement circuit.

VLIN 1
R1

Vin

Rg

XTR112
XTR114

RLIN1(1] RLINZ“’
-<
EQUAL line resistances here >Rz
creates a small common-mode ?
voltage which is rejected by
XTR112 and XTR114. \ 2 1

1
RTD 2N2222

------
Resistance in this line causes a
small common-mode voltage |-
which is rejected by XTR112 and

XTR114. / 3

NOTE: (1) Provides predictable output current
if any one RTD connection is broken:

XTR112 XTR114
OPEN RTD 1 |
o o
TERMINAL
1 ~1.3mA =~ TmA
2 = 27TmA = 27mA
3 = 1.3mA = 1mA

Temperature measurement of a remotely located RTD.
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adjustment for a defined minimum temperature is achieved via Rg,
while R; and Rg set the gain for the output amplifier. The OPA335
provides a high DC open-loop gain of Ag, = 130dB, allowing 16-hit+
accuracy at high gain in low-voltage applications. The auto-zero
operation removes the 1/f noise and provides an initial offset of 5uV
(max) as well as an extremely low offset drift over temperature of
0.05uV/°C (max). Thus the OPA335 ideally suits single-supply, precision
applications where high accuracy, low drift and low noise are imperative.

Temperature

Autonomous Temperature Measurement System for Multiple
Thermocouples Using MSC1200

This temperature measurement system measures the differential
output voltage of four different types of thermocouples, (Tg1—Tca), and
one reference temperature using the mixed-signal controller, MSC1200.
The MSC1200 incorporates a AX ADC with 22-bits of effective resolu-
tion, with a versatile input multiplexer, a selectable input buffer, and a
programmable gain amplifier (PGA) with gain adjustments from 1 to
128. The device includes on-chip Flash and SRAM memory and an
improved 8051-CPU, running 3-times faster than the initial standard
version at the same power consumption. An on-chip current digital-to-
analog converter, (I-DAC), provides excitation current to the RTDs and
thermistors.

Integrated Current Sources Allow for Sensor Burn-Qut Detection

In the case of remotely located thermocouples, input RC low-pass
filters remove differential and common-mode noise, which might have
been picked up by the thermocouple leads running through a noisy
environment. For the various types of thermocouples, different PGA
settings may be required to reduce the analog input impedance. Low
input impedance can cause compensation current to flow through a
thermacouple. These currents disturb electron density (which the
Seebeck effect is based on) thus generating wrong thermo-EMF
readings at the thermocouple output. To provide consistently high input
impedance, the input buffer must be enabled. This however reduces the
input common-mode range to 50mV above analog ground and 1.5V
below the positive analog supply. To ensure that the thermocouple
signals are within that range, each input is biased via a 10kQ2 to
100kQ2 resistor. The bias voltage is provided by the precision voltage
reference circuit, REF3112, which has an initial error of 0.2% and a
temperature drift of 15ppm/°C.

Cold-Junction Compensation

Cold-junction compensation (CJC) is performed by reading the output
voltage across a linearized thermistor circuit via Ajncom-

AGND

11
[
RSN

2

AV, REF REF, DV,, DGND
1000 1kQA AN DD Burnout Detet:v out IN DD
\J \) _( :>_ DD
___J _WJ l1nF :I:Wl'lF l1pF :I:10pF
& } + ol MSC1200
____I_ Wb | 1000 ==1nF ke = 1HF
T M- T
Y
A
L TV T
E—— T T T T
TC2 I __I- _I_ J_ g
1 MAL i =
V}W E Modulator
] A A f. A = Ti /
J- % - V}W % J— E‘ Digital Filter c:;?,i:sers
NI _ljﬁm I 1
A
J’ W v __]1: L N‘l -‘Tf J—
TC4 | __I- _L _L DVpp
l MAL 1
_MA V}W Burnout Detect
AINCOM \ O AGND
¢ gR'—'N AV, = sgls;::' m RST
1 Divider CAP
- T—@"m | _PoR |
RTH { XIN XOUT ; =
Multi-channel temperature measurement system. L"
I LT
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The versatility of the input mux allows assigning the positive and
negative inputs of the buffer to any of the analog input pins. Thus, to
measure the reference temperature differentially, one buffer input is
connected to Ajncom. While the other input is connected to the “low-
end” input of any of the thermocouples (A1, 3, 5 or 7). However, once
an input has been selected, all subsequent differential measurements of
the reference temperature should be made against the same “low-end”
input. If the MSC1200 is close to the isothermal block, and based on
the required accuracy, the on-chip temperature sensor could be used
for CJC.

Constant Temperature Control for Thermoelectric Coolers with
INA330

The INA330 is a precision amplifier designed for thermoelectric cooler
(TEC) control in optical networking and medical analysis applications. It
is optimized for use in 10kQ2 thermistor-based temperature controllers.
The INA330 provides thermistor excitation and generates an output
voltage proportional to the difference in resistances applied to the
inputs. It uses only one precision resistor plus the thermistor, thus
providing an alternative to the traditional bridge circuit. This new
topology eliminates the need for two precision resistors while
maintaining excellent accuracy for temperature control applications.
The INA330 offers very low 1/f noise throughout the life of the prod-
uct. The low offset results in a 0.009°C temperature error from —40°C
to +85°C.

An excitation voltage applied to the inputs, V; and V5, creates the
currents, |y and Iy, flowing through the thermistor (Ryyerm) and the
precision resistor (Rger). An on-chip current-conveyor circuit produces
the output current, I = |l; — I,. The output current, flowing through the
external gain-setting resistor (Rg) is buffered internally and appears at
the Vg pin. Any bias voltage applied to the other side of Rg adds to the
output voltage, so that Vg = lg « Rg + Vapyyst- This output voltage
feeds a PID controller, which provides the input voltage to a TEC driver
in bridge-tied-load configuration. The two operational amplifiers (OPA569)
are CMOS, single-supply power amplifiers capable of driving load
currents of up to 2A at 3V supply.

Enable PID

<

In this application, the temperature to be controlled is set by the DAC.
If the temperature of the TEC rises above the set temperature, TEC
current flows in one direction for cooling. If the temperature falls
below the set-point, the current direction is reversed and the TEC
heats. The dotted line indicates closed-loop thermal feedback from
the TEC to the thermistor, which it is mechanically mounted to, but
electrically isolated from.

Temperature

Constant Temperature Control for Thermoelectric Coolers with
INA326

The INA326 is a high-performance, low-cost, precision instrumentation
amplifier with rail-to-rail input and output. It's a true single-supply
instrumentation amplifier with very low DC errors and input
common-mode ranges that extend beyond the positive and negative
rail. These features make it suitable for general-purpose to high-
accuracy applications.

Excellent long-term stability and very low 1/f noise assure low offset
voltage and drift. The INA326 is a two-stage amplifier with each gain
stage set by Ry and Ry, respectively. Overall gain is described by the
equation: G =2 « Ry/R;.

The INA326 measures the difference between the voltage of the
temperature set-point (R;), and the voltage across the thermistor
(RrHerm)- The differential input voltage is amplified by a factor of 100
(G =2 « 100kQ/2k€2) and fed, via an RC-lowpass filter into the PID
controller. Ry4, C7 is an output filter that minimizes auto-correction
circuitry noise.

The PID controller shown uses separate adjustment stages, allowing
for optimized adjustment of controller parameters to the closed-loop
system. Once these parameters have been determined, the existing
circuitry consisting of five op amps for PID, summing and loop-gain
adjustment can be converted into a single amplifier PID controller.

[ TECDRIVER AMPLIFIER OPTIONS |

OPA569
DRV591
DRV593

2A Linear Amplifier
3A PWM Power Driver
3A PWM Power Driver

DRV594 3A PWM Power Driver

+5Vi2) +5V
0 o

INA330

Thermistor

Rger = 10kQ
2
-<
-

Vper!! = 45V
@)

Converter

Vapyust = 0V to 5V
’ =25V at 25°C Set-Point O

INA330 in TEC application.

Temperature
Adjust

Y ADS7820

Complete multichannel TEC control
Analog Front End includes ADC, DAC and INA

<
>

= 10kQ

s

1 -
Cooling

1

7

1

1
! NOTES: (1) Ratiometrically derived
)| voltages.
+ (2) The INA330 can also use a 3.3V,
+  supply; however, components must be
!/ chosen appropriate to the smaller
output voltage range.

T—AAA

:10kﬂ
>

) B ?* indicates direction of voltage
change for rising temperature at the
thermistor.
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e Temperature

Error Amplifier
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Integrator
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INA326 PID controller.  Vaus |

Digital Temperature Sensors with Two-Wire Interface
TMP75, TMP175

Get samples, datasheets and app reports at:

www.ti.com/sc/device/TMP 5 www.ti com/sc/device TMP175: Temperature

The TMP75 and TMP175 are two-wire, serial-output temperature ] S
sensors. The devices require no external components and are capable SDA  0— Logic
of reading temperatures with a resolution of 0.0625°C. The two-wire
interface is SMBus compatible, which allows the TMP175 to have up

to 27 devices on one bus and the TMP75 eight devices. Both feature
) . AZ .
SMBus alert functions and are ideal for extended temperature A/D Serial
measurements found in industrial environments. M Converter Interface
ALERT o—

Key Features
e 27 addresses (TMP175)

4 Config.
e 8 addresses (TMP75) GND o— and Temp.
e Digital output: two-wire serial interface Register
e Resolution: 9- to 12-hits, user selectable
e Accuracy: TMP175, TMP75
+1.5°C (max) from —25°C to +85°C TMP175 functional block diagram.

+2.0°C (max) from —40°C to +125°C
e [ow quiescent current: 50pA, 0.1pA standby
e Wide supply range: 2.7V to 5.5V
e Packaging: SO-8, MSOP-8

Applications

e Power-supply temperature monitoring
e Computer peripheral thermal protection
e Thermostat controls

e Environmental monitoring and HVAC

e Flectromechanical device temperature

V+

A0

A1

A2
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The application requirements of flow measurement in industrial
settings varies from low cost to very high precision and fast flow
metering found in petrochemical and pharmaceutical plants. This
section contains explanations of the most common techniques and
offers various solutions for overcoming flow measurement obstacles.

The Magnetic-Inductive Flowmeter

The magnetic-inductive flowmeter consists of a non-ferromagnetic
tube wrapped with a magnetic coil. Electrodes in the tube’s inner
isolated surface are in contact with the liquid (must be conductive)
that flows through the tube.

The coils around the pipe generate a magnetic field within the tube.
The magnetic field inducts a voltage in the liquid, which is proportional
to the speed of the liquid in the tube. This voltage is measured via the
electrodes. As the measured voltage is very low, precise low-noise
instrumentation amplifiers, such as the INA103, options are needed at
the amplifier front end. Usually the voltage is digitized with precision
AX ADCs such as the ADS1252.

INA103

=
Power

The magnetic-inductive flowmeter.

I

Flux Density

The principle of the magnetic flowmeter, ~ X"Ais

Flow Metering G

The Coriolis Flowmeter

The coriolis flowmeter consists of a tube, which is forced into
oscillation by a low-frequency power driver. Liquid particles flowing
through the tube are deviated by the mechanical oscillation of the
tube. These deviations are different in their signs, depending on their
distance to the position of the power source. Close to the power
source, the particles of the liquid are accelerated. In the area of the
mechanical sensors the particles are decelerated. In the coriolis flow
meter, the mechanical forces (which are decelerating) are
measured/detected by inductive sensor systems. The very low
resulting voltages are amplified by precision amplifiers and then
digitized. The phase difference between the basic oscillation of the
tube and the resulting inductive sensor signal describes the amount of
mass-flow in the tube.

As the detected voltages are very low, a low-noise precision amplifier in
the sensor front-end is required. For digitizing the measurement signal, a
2-channel precision ADC (AX) is needed as the phase-accuracy between
the two channels has a direct impact on the measurements’ accuracy.

Differences Between the Two Measurement Techniques

The magnetic inductive system can only measure the liquid's speed
through the tube. As the diameter of the tube is known, the volume of
flow can be calculated. The liquid must have minimal electrical
resistance. Non-conductive liquids can't be measured.

The coriolis technique makes it possible to actually measure the amount
of mass flowing through the tube. This technique is more expensive.

INA103

INA103

The coriolis flowmeter.

Magnetic Flow Magnetic
Detector Flow Tube Induced Detector

\ Induced Motion Twisting/

J—
- Tube
— — Twist

Operational principle of a coriolis mass flowmeter.
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e Flow Metering

Low-Cost Method: High-Precision Method:
270R / 560R
*1;:"’ 50 3.6V to 10mA
230V o i TPS77001 ° N .
470nF / Voltage 1

~200V Regulator

TPS7701 functional block diagram.

036008
THE

e Ultra-low-power MSP430 requires <10mA for the complete
metering application

v Xour
ss. 32,768Hz

Peb——— -

:-Sc-an-I/Fl JTAG [—
¢ No power transformers required for power supply management _ 1 SFcHs i Prx |g—p
—<———P-ISIFCH1 | ===F—=——
e Simple capacitor-tapped power supply coupled with an LDO —e——lsicro | :T-mer,m -
b - e {lsroom | 1Tmens [
451 @ 51 ° 51 ° 51 4 51 T g P ! L _AMRReady |
gh gy bgy  fgy gy Oy b |
sz{i@sz{i‘)sz{i@szﬁ(’sz{iesz{io
Sensor S2 I
_'—L—|_:_|—=— MSP430FW427 single-chip flow meter.
N Clockwise
Anti-clockwise >
Quadrature decoding, detect rotation, direction error detection. * Two LC sensors or one GMR sensor are used (S1, S2)

e State machine in scan I/F enable to detect rotation, error and distortion
Quadrature decoding example: Generation of an input signal with
the two LC-type sensars, Sy and Sy, are used. If the previous position
of the damped plate is known, together with the current state, the e Various sensors and physical conditions are handled
rotation as well as the direction of rotation can be detected. For the
digital signals, a “0” means the sensor is above the undamped part

e Small battery meets life-cycle of 2 calibration periods due to scan I/F

e Performance for additional functions e.g. automatic meter reading at

of the plate and “1” means it is above the damped area, the metal low power

part. Additional sensors can be used for redundancy, but two sensors

are sufficient to detect rotation and direction.

Device Recommendations

Device Description Key Features Benefits Other Tl Solutions

Reference

REF3140 Voltage Reference Drift = 20ppm/°C 4.097V, 0.2% Very Low Drift, Tiny Package REF02, REF102

Isolation Products

{DCV010515D; Dual Converter Isolation Converter, +5V}y, +15Voyr Low Noise, Small Board Data DCP10515

:DC\LDlQSO,ED_: Dual Converter Isolation Converter, +5Vjy, +5Vqyr Low Noise, Small Board Data DCP10505

TPS5411Q'  SWIFT™ Buck Controller  Adjustable Output (0.9V-3.3V), 1.5A Very Easy to Use, Flexible Output TPS64200

ADS8321,  16-Bit, 100kSPS Power = 2mW, 8-pin, SFDR = 86dB Excellent Performance ADS8320, ADS8325

iA_Dﬁ]_ZﬁJj 24-Bit, 20kSPS Small (8-Pin SSOP) and Easy to Use (Read Only Interface) Only 7.5mW, Single 5V Supply ADS1252

ADS1271} 24-Bit, 105kSPS AC Performance, DC Accuracy Measure Up to 50kHz Bandwidths, PEM4202

_____ . Easy to Synchronize Multiple Converters

IMSC121X  24-Bit ADC, MCU, REF 8051 MCU with Integrated 24-Bit Up to 1kSPS ADC, Cost Effective and Highest Integration All in a MSC1212, MSC1200
DAC, PGA 16-Bit DACs and Precision Reference, Eight Inputs and PGA Single-Chip Solution
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Linear Voltage Differential Transformer G

Hydraulic valves are used to direct the flow of liquid mediums, most Ot
commonly oil, from input ports to output ports. The direction of flow is ) woerne o berme e
determined by the position of a spool, which is driven by a linear force
motor. Valve electronics are split into three core-subsystems: AT Calcs Coto i 0T s o D

System
Controller (NN — - — — —
(FPGA or C)

Power Conversion — provides galvanic isolation between the valve
power and the external fieldbus and auxiliary 24V supplies. It also ignal aolation Fildbus XoVR
provides regulated supply voltages to the individual functional blocks.

f
A

Fieldbus Interface and Control — provides galvanic isolation between

the system controller and the fieldbus signals. The system controller . ;' a” B — i

translates the incoming data from the fieldbus into valve commands ' !

for the DSP, and vice versa, it translates the valve data from the DSP = — n

into fieldbus signals. Y j: |
Valve Electronics 1

Valve Control — performs spool positioning, pressure and temperature

measurement. It also indicates alarm conditions. Basic hydraulic valve diagram.

The valve controller receives a position command from

the fieldbus via the system controller and drives the .
linear force motor until the output signal of the Vo o-||—fM—
position sensor (LVDT = Linear Variable Differential "I
Transformer) equals the input value of the position
command. At the same time, pressure and temperature =3
are monitored. An alarm condition is indicated if one of ) W

these sensors exceeds a pre-determined safety value. T -

Cm . =

vy

INA118
(G=10)

AL

Corrzz

Al
i
B

Vi =3V

AAA
vy

1L
r

1I—AAA

vy

i i DSP-controlled, single-supply, LVDT conditioner circuit.
Device Recommendations

Device Description Key Features Benefits Other Tl Solutions

Power Management Products

'UCCA82L ., PWM Controller Universal PWM Controller for 24V, Isolated Boost Converter Lowest Cost, Small Package UCC3813, TL5001

{DCR10505,  1W/5V DC/DC Converter  Miniature 5V DC/DC Converter with 100V Galvanic Isolation, Fully Integrated DC/DC Converter in Miniature DCP020505

R Integrated 5V LDO Package, High Isolation and Regulated Output (2W, Unregulated)

TPS70751  Dual LDO: 3.3V/1.8V Two Regulated Output Voltages for DSP Split-Supply Systems Industry's Most Integrated Supply Systems, with TPS70851, TPS70251

I with Power-Up Sequencing, 250mA Output Current Power Good Indicator, UVL and Thermal Shutdown

.’_FE3331]5-_18_: Dual SVS: 3.3V/1.8V Dual Supervisory Circuit for DSP and Processor Supplies Requires No External Capacitors, TPS3306-18, TPS3806133
Including POR Generator Temp-Compensated Vger, Small Package

[[)_EA@@,B: Quad, Low-Power Op Amp  Used as Active Low-Pass Filter to Convert PWM into Analog Signal - Low Power, Low Offset, Small Package, Low Cost (0PA4340, 0PA4346
1

TLV2472 Dual, Single-Supply, Drives LVDT Sensor with +25mA No Cross-Over Distortion in BTL Configuration, TLCO74, TLC084

R High O/P Drive Lowest Supply Voltage, Drives Up to +35mA

i],N,A,]_],&:l Single/Dual Supply Inst. Amp Senses LVDT Output with High Linearity High Linearity at Lowest Supply Voltage INA128

:_QE_AQAA; Power Amplifier Drives Linear Force Motor (+10V/1A) Class AB amp with Current Limit and Thermal Shutdown OPA548, 0PA549, OPA569

'PGA30Y Programmable Pressure  Includes Sensor Excitation, Linearization and Temperature- Fully Integrated Sensor Conditioning System on a —

_____ Sensor Conditioner Compensated Conditioning Chip (SOC), Small Package

:IMELZ].: Digital Temp Sensor Integrates Diode Temp Sensor, AX ADC and SP! Interface to High Resolution and Accuracy, Extended Industrial TMP175

———y Convert Valve Temp into Digital Code for the DSP Temp Range, Ultra Small Package (SMBus Interface)

DRVIxx! Low-/High-Side Monitoring  Fixed/Adjustable Switching Frequency, 1.2A Output, Wide Supply Ideal for Driving Electromechanical Devices DRV590, DRV591

Interface

'SNG5HVD1176: PROFIBUS Transceiver Interfaces PROFIBUS Fieldbus to System Controller Optimized for Bus, Up to 160 Users Per Bus, Up to SN65HVDA485E

mmmm e . 40Mbps, Benchmarked by Siemens as Reference Device

'SNB5HYD251! CAN-Bus Transceiver Interfaces CAN Fieldbus to System Controller Improved Drop-In Replacement for PCA82C251, SNHVD233
Tolerates +200V Transients (3.3V Version)
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Current Measurement

©

Current is one of the most common values measured in industrial

precise current measurement using delta-sigma modulators and
precision SAR ADCs that also require galvanic isolation. Another
approach to directly measuring current uses instrumentation amplifiers
which allow direct shunt measurements with common-mode voltages
up to 60V.

High-Side Current Shunt Monitors
INA138, INA168, INA170

www.ti.com/sc/device/] NA] 68 .wwy\t.tl.s:omlsc/dewsell NAIZ0

The INA138 and INA168 are high-side, unipolar, current shunt monitors
with low quiescent current and are available in SOT23-5 packaging.
Input common-mode and power supply voltages are independent and
can range from 2.7V to 36V (IN138) or to 60V (INA168). The devices
convert a differential input voltage to a current output. The current is
converted back to a voltage with an external load resistor that sets any
gain from 1 to over 100.

Key Features
e Wide supply range:
o INA138: 2.7V to 36V
o INA168: 2.7V to 60V
e Unidirectional current: INA138/9, INA168/9
e Bidirectional current: INA170
e Low quiescent current: 25pA
e Independent supply and common-mode voltages
e Wide temp range: —40°C to +125°C
e Packaging: SOT23-5

Applications

e Current shunt measurement in automotive, telephones, computers
e Portable and battery-backup systems

e Power management

e Precision current source

Vin. © fv\ﬁ i
Up to 60V

VIN+ VIN—

Load
-<

<
5kQ é 5kQ J_

ouT
GND
1 "

INA138, INA168 functional block diagram.

V(= IgRgR, /5kQ

Current Shunt Monitor with -16V to +80V
Common-Mode Range
INA193, INA194, INA195, INA196, INA197, INA198

Get samples and datasheets at www ti. com/sc/dewce/PARTnumber

oriNA138)

The INA193 - INA198 family of current shunt monitors with voltage
output can sense drops across shunts at common-mode voltages from
—16V to +80V, independent of the supply voltage. The devices are
available with three output voltage scales: 20V/V, 50V/V and 100V/V.
The 400kHz bandwidth simplifies use in current control loops.

Key Features

e Common-mode voltage range: —16V to +80V

e High accuracy: +3% over temp

e Bandwidth: up to 400kHz

e Quiescent current: 250pA

e Three transfer functions available: 20V/V, 50V/V, 100V/V
e Packaging: SOT23

Applications

e Current shunt measurement in automotive, telephones, computers
e Portable and battery-backup systems

e Power management

e Use in PWM current control loops

 16-hit, 1 channel, £250mV input range: ADS1202

e 16-bit, 1 channel, £250mV input range: ADS1203

e 16-bit, 4 channels, 0 to 5V input range: ADS1204

R, Is
3 —-

AAA
Vin, © \AA

VIN4

and

Positive
Common Mode
Voltage

AAA

INA19x functional block diagram.
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Digital Motor Control

Today's motor control applications challenge electronic circuitry to
achieve the highest efficiency, lowest power consumption and highest
precision control. There are several motor types in which digital and
analog solutions are increasing performance in motor control applications.
Synchranous motors are also described as BLDC (Brushless DC) or
PMSM (Permanent Magnet Synchronous Motors). The only difference
between them is the shape of the induced voltage, resulting from two
different manners of wiring the stator coils. The back-emf is
trapezoidal in the BLDC motor, and sinusoidal in the PMSM motor.
Digital techniques addressed by the C2000™ DSP controller make it
possible to choose the correct control technique for each motor type.
Processing power can extract the best performance from the machine
and reduce system costs. Options include using sensorless techniques
to reduce sensor cost, or even eliminate it; additionally, complex
algorithms can help simplify the mechanical drive train design, also
lowering system cost.

For asynchronous motors, speed regulation is a typical concern. Three
phase inverters with a 6 PWM scheme are widely used for variable-
speed drive applications. Depending on the application, a simple V/Hz
open-loop (scalar) control where no feedback is required can be
applied, or a vector control in which current, voltage and speed
information is needed.

Scalar Control: (V/Hz)

e Simple to implement: only three sine waves feeding the
motor are required

e Position information not required (optional):
o Doesn't deliver good dynamic performance
o Torque delivery not optimized for all speeds

Vector control, also called Field Oriented Control, allows designers to
fulfill all of the “ideal” control requirements. Having information on all
system parameters, such as phase current and bus voltage, allows
delivery of the appropriate power at the right moment thanks to
real-time control made possible by DSP integration and MIPS availability.

Inv Space PWM
Park |Vl Vector Driver
Gen

'WIM6

adgyy

adcys

[ ies |
o)y Speed m Flux

Est m Est

On-Chip Software

On-Chip
Hardware

Vector control functional block diagram.
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TCLKINA/TDIRA

EV Control Registers/Logic ADC Start

GP Timer 1 Compare
GP Timer 1

Output Logic T1IPWM_T1CMP

Output Logic

Compare Unit 1 . PWM Circuits
. PWM Circuits
Compare Unit 3 g pWM Circuits

emma Compare Unit 2 Output Logic

Output Logic

GP Timer 2 Compare
GP Timer 2

Output Logic T2PWM_T2CMP

Data Bus

CAP1/QEP1
CAP2/QEP2
CAP3/QEP3

Capture Units

TMS320F2810 functional block diagram.

Servo Motor Control Application and
Featured Products

The figure below is an example of a typical motor control circuit. The
IU, IV and IW channels measure the motor’s currents. The motor’s
position/speed and load are measured simultaneously by Ax, Bx, etc.
using resolver or analog encoder sensors. Simultaneously sampling at
least two currents or all three currents is important to achieving maximum
accuracy in motor positioning. Good linearity and low offset of the ADC
is mandatory. Channel Ay1 measures the differential DC link voltage.
Fast sampling in the range of 2ps or less per channel guarantees fast
leakage current detection for IGBT control. Ays measures the motor's
temperature. The level input of the window comparators are connected
to an 8-hit DAC for control purpose.

ink Voltage Sensor

DC Li

2.5V
Reference

ADS7869

Servo motor control functional block diagram.
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Current Shunt Modulator
ADS1203

Controller Generation, Fixed Point
TMS320C28x™

Get samples, datasheets and EVMs at: www.ti.com/sc/device/ADS1203:

The ADS1203 is a delta-sigma modulator with 95dB dynamic range,
operating from a single +5V supply. The differential inputs are ideal for
direct connection to transducers or low-level signals. It is available in
an 8-lead TSSOP or 16-pin QFN (3x3) package.

Key Features

e Resolution: 16-bits

e Input range: +250mV
e Linearity: +1LSB (typ)
e |nternal 2.5V reference

Family Members

e 16-bit, 1 channel, £250mV input range: ADS1202

e 16-hit, 1 channel, £250mV input range: ADS1203

e 16-hit, 4 channels, 0 to 5V input range: ADS1204

e 16-bit, 2 channels, 0 to 5V input range: ADS1205

e 16-bit, 1 channel, £100mV input range: ADS1208

¢ INA139: high-side current-shunt monitor (diff. amplifier),
up to 36V common-mode input

¢ INA169: high-side current-shunt monitor (diff. amplifier),
up to 60V common-mode input

- 2nd- Order MDAT
AX Modulator MCLK

RC Oscillator Interface
20MHz Circuit
Mo

M1
Reference

Buffer Voltage
2.5V

ADS1203 functional block diagram.

Get samples, datasheets, tools and app reports at: mww.ti.com/c2000

The C28x™ controllers are the industry’s first 32-bit control-based
DSPs with onboard reprogrammable Flash, factory programmed ROM,
or cost effective RAM-only memory options and performance from 100
to 150 MIPS.

Specifications

e 32-bit, fixed-point C28x DSP core

e Up to 150-MIPS operation

e 1.8/1.9V core and 3.3V peripherals

e Fasy-to-use software and development tools speed time-to-market

Applications

e Digital motor control

e Digital power supply

e Advanced sensing in industrial, automotive, medical
and consumer markets

Code Security

Up to Up to 8
256 KBytes . Bt(: KB ttes
Sectored es [¢] Event
Flash/ROM || RAM || RAM I
Event
e 1oL 1| lusdie
= ”e"f” B |
Watchd.
|Interrupt Managementh—p §
©
2
100-150MIPS C28x™ 32-Bit DSP 2
32x32-Bit SHL_mosse |
Multiplier R-M-W
Atomic
32-Bit
Timers (3) m
Real-Time m
JTAG “

* Available on x2812 controller only. v

TMS320F2812 controller block diagram.
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2+2 Channel Simultaneous Sampling, 16-Bit ADC
ADS8361

Asynchronous, DC and Servo Motors

<

Complete Analog Front End
ADS7869

Get samples, datasheets and EVMs at: www.ti.com/sc/device/ADS8361:

The ADS8361 is a 16-bit, 500kSPS ADC with four fully differential
input channels grouped into two pairs for high-speed, simultaneous
signal acquisition. The device offers a high-speed, dual serial interface
and is available in an SSOP-24 package and specified over the —40°C
to +85°C operating range.

Key Features

e Four fully differential input channels

e 2us throughput per channel

o INL: +£3LSB (typ)

® Power consumption: 150mW

e Internal 2.5V reference

e Supply voltage: 2.7V to 5.5V

e Pin-compatible upgrade to ADS7861
(12- to 16-hit)

Family Member

e 12-bit, 2x2 channel, serial interface: ADS7861

® 12-hit, 2x2 channel, parallel interface: ADS7862
e 12-hit, 3x2 channel, parallel interface: ADS7864
e 16-bit, 2x2 channel, serial interface: ADS8361

e 16-bit, 6x1 channel, parallel interface: ADS8364

REF o >
Internal | Se:fial

REFoyr 2.5V nterface
Reference

ADSB361 functional block diagram.

Get samples, datasheets and EVMs at: www.ti.com/sc/device/ADS7869:

The ADS7869 is the next-generation successor of the well-known
VECANAO1 analog front end and includes three ADCs with a total of
seven S/H capacitors and 12 fully differential input channels. There are
four sign comparators connected to four input channels. The device
offers a very flexible digital interface, featuring three different modes,
starting from serial SPI, adjustable parallel up to the VECANAQ1-
compatible mode. For position sensor analysis, two up-down counters
are added on the silicon. This feature ensures that the analog input of
the encoder is held at the same point of time as the counter value.

Key Features

© Resolution: 12-bits

e Sampling rate: TMSPS
o INL: +1LSB (typ)

e Two up-down counter modules on-chip
® Power consumption: 250mW
e Packaging: TQFP-100

1Up§
1R

ADDR<0.5>

DATA<0.15>

RST

Wp!
W,

AN1p
ANTn
AN2p
ANZn
AN3p
AN3n,

REFOUT

gl

g
E

- }
>
-3
P

ADS7869 functional block diagram.
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1.8V, 7MHz, 90dB CMRR Rail-to-Rail /0 Op Amps
OPA363, OPA364

www.ti.com/sc/device/0PA364

The OPA363 and OPA364 families are high-performance CMOS op amps Ve = 1.8V
optimized for very low voltage, single-supply operation. Designed to operate
on single supplies from 1.8V (+0.9V) to 5.5V (+2.25V), these amps are ideal
for sensor amplification and signal conditioning in battery-powered
systems. They are optimized for driving medium speed A/D converters

(up to 100kHz) and offer excellent CMRR without the crossover associated
with traditional complementary input stages. The input common mode range
includes both the negative and positive supplies and the output voltage
swing is within 10mV of the rails. All versions are specified for operation
from —40°C to +125°C. OPA363 functional block diagram.

ADS8324

Key Features

e Slew rate: 5V/us

e | ow offset: 500pV (max)

e Quiescent current: 750pA/channel (max)

e Available in single, dual and quad

e Packaging: SOT23-5, SO-8, MSOP-8, TSSOP-14, S0O-14

Applications

e Signal conditioning
e Data acquisition

® Process control

e Test equipment

e Active filters

Device Recommendations

Device Description Key Features Benefits Other Tl Solutions
Amplifiers

'0PA335! Zero-Drift Op Amp 0.05pV/°C Drift, 5uV Offset, RRIO at 3.3VDC, Single Supply Best Long-Term Stability for Industrial Use, No Need for  OPA735, 12V Version with
I Dual Supply, Best in Class, Automotive Temp Range Improved Noise and Drift
:ﬂ\l_A}Z_G} High-Precision 30nVAHz Noise, RRIO, Single Supply Lowest Noise in the Industry and Best Long-Term INA337, Automotive Temp
_____ Instrumentation Amp Stability, No Need for Dual Supply Range, -40°C to +125°C
'.II\_/IEL_: Digital Temp Sensor Integrated Diode Temp Sensor, AZ ADC and SP! Interface High Resolution and Accuracy, Extended Industrial TMP175

f——mm, to Convert Valve Temp into Digital Code or the DSP Temperature Range, Ultra Small Package (SMB-Bus Interface)
'0PA22T! Low Noise Amp Vy = 3nV, CMRR > 120dB, Vg = 5 to 36V Very Low Noise, Small Package 0PA350, OPA725
ltettace .

Interfaces PROFIBUS Fieldbus to System Controller Optimized for PROFIBUS, Up to 160 Users Per Bus, SNB5HVDA4BSE,
e . Up to 40Mbps Low-Cost Version
'SNB5HVD251  CAN-Bus Transceiver Interfaces CAN-Fieldbus to System Controller Improved Drop-In Replacement for PCA82C251, SNHVD233
Tolerates +200V Transients (3.3V Version)

Power Management Products
R
'.

EF3140: _  Voltage Reference Drift = 20ppm/°C, 4.097V, 0.2% Very Low Drift, Tiny Package REF02, REF102
"DQVNQ_@QIE_D: Dual Converter Isolation Converter, +5Vy, +5Vgyr Low Noise, Small Board Area DCP010505
TPS54110! SWIFT™ Buck Converter  Adjustable Output (0.9V to 3.3V), 1.5A Very Easy to Use, Flexible Output TPS64200
Data Converters

ié\_.[_)§1_29_g' V/F Converter 0-5V Input, 1-4MHz Output Low Cost Direct DC-Link Current Measurement INA19x, INA138
DAC7I31; 16-Bit, 5us Settling Time ~ Output = 10V, INL = 0.0015% Small Package DAC7741

FilterPro™  Free Design Software Design Low Pass Filters, Quick, Easy Free, www.ti.com/filterpro! —

AR AL
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TMS320C28x™ Controller Generation

12-Bit
A/D Chs/

Flash/
Device® ROM
Flash Devices

TVISI20F2800:PZA/S/IQ° 100 1B 32KB 3 16Ch/160 Y 2 01 1 100-L0FP 8579
TMSYOPZBOLGEMA/SQS 100 8KB  1KB 3KB 9 21 6+2 3 6Ch®O — Y P 2 1 1 32 18 100-BGA  $579
TMS320F2806-PZA/S/0S 100 8KB  20KB  64KB 15 42 1244 4 W6CHAG0 — Y PC 4 2 1 32 18 100-L0FP  $869
TMSTOFZBGGEMA/SIQS 100 SKB  20KB 64KB 15 42 1244 4 16ChA0 — Y EC 4 2 1 3 18 100-BGA  $869
TMS320F2808:PZA/S/I0S 100 8KB  36KB 128KB 15 42 1244 4 6CHI60 — Y RC 4 2 2 32 18 100-L0FP  $1152
TVSIOPZBEGEMA/SE 100 8KB  36KB 128KB 15 42 1244 4 16ChA0 — Y ¢ 4 2 2 3 18 100-BGA $N5
TMS320F2810-PBKA/S/QS 150 8KB  36kB 128KB 7 62 16—  16CW80 — Y McBSP 1 2 1 5 19 128-L0FP  $1381
TMSYOFZRILPBKA/SIQS 150 6KB  36KB 26KB 7 62 16—  16ChB0 — Y McBSP 1 2 1 5% 19 12%L0FP  $1473
TMSRORBIZGHHA/S/QS 150 8KB 36K 2%KB 7 62 16—  16Ch80 Y Y McBSP 1 2 1 5% 19 179BGA  SI5g5
TVSPAFRIZPGFASIQS 150 8KB  36KB 296KB 7 62 16 —  16CH/A0 Y Y MeBSP 1 2 1 5% 19 176-LOFP  $1565

RAM-Only Devices
TMS320R2811:PBKA/Q® 150 8KB  40KB  — 762 16 —  16Ch/8 — Y McBSP 1 2 1 56 19 128-LOFP  $9.11

:IMSSZMZ;GHHA/@ 15 8KB  40KB  — 7 6/2 16 — 16Ch/80 Y Y McBSP 1 2 1 5 19 179-BGA  $10.63
:;rl\_/I§3_ZQR_Z&1z'rPGFA/[1§ 150 8KB  40KB — 7 6/2 16 — 16Ch/80 Y Y McBSP 1 2 1 5 19 176-LQFP  $10.63
{0\ O TS

TMS20G2810:PBKAQ® 150 8KB  36KB 128KB 7 62 16 —  l6Ch80 — Y McBSP 1 2 1 5% 19 128-L0FP  §7.05*
E'_I'M§3_2£LC_ZI}_11:PBKA/0§ 150 8KB  36KB 256KB 7 6/2 16 — 16Ch/80 — Y McBSP 1 2 1 5 19 128-LOFP  $8.22%
TVS20G2812GHHA/® 150 8KB  36KB 256KB 7 62 16 —  l6CR/80 Y Y McBSP 1 2 1 5% 19 179-BGA  $959*
:IM§3_2QC_28_1Z:PGFA/0§ 150 8KB  36KB 256KB 7 6/2 16 = 16Ch/80 Y Y McBSP 1 2 1 5 19 176-LOFP  $959*
* Prices are quoted in U.S. dollars and represent year 2006 suggested resale pricing. All prices are subject to change. Customers are advised to obtain the most current and complete pricing
information from Tl prior to placing orders. Tl may verify final pricing prior to accepting any order. * Minimum volumes for C281x devices are 10 KU with NRE of $11,000.
§ A =—40° to 85°C; S =—40 to 125°C (10% adder over A); Q = —40 to 125°C, Q100 qualified (15% adder over S) All devices are available in PB-Free Green packaging.
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Surveillance IP Video Node Basics

Security

Digital video surveillance systems include embedded image capture
capabilities which allow video images or extracted information to be
compressed, stored or transmitted over communication networks or
digital data links. The TVP51xx video decoder family offers a
high-performance, low-cost analog video interface supporting

Surveillance Cameras, Glass Breakage and Smoke Detectors

the-art, Class-D audio amplifier. TI's video surveillance solutions are
primarily based on the high-performance TMS320DM64x digital media
processors, which have on-chip video ports for easy connection to
video devices. The DM64x devices are capable of handling both video
and audio encode/decode for IP-based video surveillance applications.

PAL/NTSC/SECAM video systems. Fast lock times and superior analog
processing capabilities make them an ideal fit for any kind of
streaming video applications. A typical audio subsystem consists of an
audio codec and an audio amplifier. The TPA3007D1, based on the
patented filter-free modulation scheme, is a high-efficiency, state-of-

Cost-competitive video compression/decompression algorithms are
available from Tl or through our partner network for JPEG, MPEG2,
MPEG4, H.264, and more. Audio compression/decompression
algorithms are also available.

Video Processor Interface Storage
DMX64x Logic Device
D .
T\ Video | o VTN
Decoder
»| TVP5154 e P | _SDRAM |
> L Flash
Video I
>
T\ Video Host
Decoder Computer IP Network
1on RARE Sl B ideo Port I
PoE y
Power Source Ethernet PHY
Voice Equipment Transceiver
CODEC
TLV320AIC13 48 VDC v LEGEND
TLV320AIC21 | L[E:R1d [] Power
TLV320AIC26 —————
TLV320AIC28 - Amplifier
AC Line Y D Data Converter
apter
Earph .
arphone /\/ |Power Factor Corrector | | . Logic
j ) > PoE . Processor
Controtler| | " Driver IEEE 802.3af
Power Solution D Other
12-14 VDC l
\
Power Management
+1.1V-1.8V/3.3V +3.3V/+5V
Processor Core Analog/Digital +5V/1A
Dual DC-DC Power Supply Battery
Output Buck LDO Mux Voltage Backup
LDO Controller Supervisor| | Charger

IP Video Node block diagram.
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High-Performance Digital Signal Processors
TMS320DMI64x

<

High-Performance Digital Signal Processors
TMS320C6414T, TMS320C6415T

Get samples, datasheets and app reports at:

www.ti.com/se/device/TMS320DM642

TI's video surveillance solutions are primarily based on the high-
performance DM64x DSP-based digital media processors. The DMB4x
digital media processors have on-chip video ports for easy connection
to video devices and are capable of handling both video and audio
encode/decode for IP-based video surveillance applications. The single
programmable digital media processor is a cost-effective solution,
because the need for external PCl or EMAC is eliminated.

Key Features

e Performance up to 5760MIPS performance at 720MHz

e Multiple input/output glueless interfaces for common video and
audio formats

e Performance real-time video encoding, decoding, or transcoding

e Three dual-channel video ports support simultaneous video input
and output

e Advanced connectivity with 10/100 Ethernet MAC and 66MHz PCI

e Ready-to-use application software such as MPEG-4, MPEG-2,
MPEG-1, WMV9, H.26L, H.263, H.261, M-JPEG, JPEG2000, JPEG,
H.264 and more.

Applications

e Network camera-based surveillance and IP video nodes

¢ Video-on-demand set-top boxes, personal video recorders and
digital media centers

e Statistical multiplexer and broadcast encoders

e |P-based video conferencing and IP-based videophones

TMS320DM642 Digital Media Processor

Power Down >

L1P Cache 16 KBytes

EMIF64

VCXO Interpolated
Control (VVIC)

<>

PCI-66 or HPI32 C64x™ DSP Core
bod Instruction Fetch Control
ion Decode g
-Bi Data Path 1 Data Path 2 k=
20-Bit Video [ L10-Bit VPO Duabetn) | Duapuhz B3
Port 0 (VPO) | egister File egister File | g
s

McBSPO

2 10-Bit VP
or210-8it VPO B \icASP

D
L1]s1|m1|p1| | |p2|m2] s2| L2

13]]013Uu0) YINIQ PRdueyuy
sa1hg)| 952 Aowsn/ayded Z]

20-Bit Video [\ L10-Bit VP1
Port 1 (VP1)
or 2 10-Bit VP1 or McASP

Timer 0 Eog

20-Bit Video
Port 2 (VP2) | PN
or 2 10-Bit VP2

Timer1 B4
Timer2 RS
| _cpiots B8

lico >

TMS320DM642 digital media processor block diagram.

Get samples, datasheets and app reports at:

www.ti.com/sc/device/TMS320C6415T;

TMS320C64x™ DSPs offer the highest level of performance to meet
the demands of the digital age. At clock rates up to 1GHz, the C64x™
DSPs can process information at a rate of more than 8000MIPS. Tl's
C64x DSPs are backed by an extensive selection of optimized
algorithms and industry-leading development tools.

Key Features

e Highest in-class performance with production-class devices
available up to 1GHz

e TMS320C64x DSPs are 100% code-compatible with
TMS320C6000™ DSPs

e C64x DSPs offer up to 8000MIPS with costs as low as $20.00

e Advanced C Compiler and Assembly optimize efficiency and
performance

e Packaging: 23/27mm BGA options

Applications

e Statistical multiplexers
e Broadcast encoders

e \/ideo conferencing

e Video surveillance

C64x™ DSP

L1P Cache Direct-Mapped

16K Bytes Total

C64x DSP Core

Timer 1 Control
Instruction Fetch Registers

Timer 0

Instruction Dispatch Control
Advanced Instruction Logic
Packet

McBSP2

Advanced
In-Circuit

Instruction Decode

Emulation

OR Interrupt

Test Control
Data Path A Data Path B
IAP ister File | B Register File |

1>
L1|s1|m1| D1 D2|Mm2[s2| L2

McBSPO

salhg 2oL Aowa | 27

GPIO[8:0]

(1suuey)-p9) Jajj013u0) N PSdURYUT

GPIO[15:9]

L1D Cache 2-Way Set-Associative
OR 16K Bytes Total

PLL Power-Down Boot
Interupt PR (x1, x6, x12) Logic Configuration
Selector

TMS320C6415T DSP block diagram.
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Device Recommendations

Device Description

Amplifiers

JW246e_ OpAmp

TPA3Q0DT  Class-D Audio Power
Amp

VP14 NTSC/PAL/SECAM
4 x10-Bit Digital Video
Decoder w/Macrovision
TUPSIS0A 8-Bit Video Decoder

Key Features Benefits

Ideal for Audio Amplification, Low Power Consumption Cost-Effective Solution with Low Noise and Small SOT-23 Package
6.5W into an 8Q Load from 12V Supply, 3 Generation Modulation Replaces Large LC Filter with Small Ferrite Bead Filter, No Heatsink
Technique, Short Circuit Protected Required, Improved Efficiency, Improved SNR

Quad, 30MSPS, 10-Bit ADC, Supports Component YPrPh/RGB, 10 Video Inputs, SCART Support, Includes a 5-line Adaptive Comb Filter
Programmable Video Output Format, Certified Macrovision Copy Protection for Best-in-Class Y/C Separation, 4 10-Bit, 30MSPS ADCs for Superior
Detection, Built-In Video Processing, VBI Data Processor, IXC Interface Noise Performance

Single 8-Bit ADC, Composite and S-Video Support, Built-In Video 2 Viideo Inputs, 4-line Adaptive Comb Filter, Fast Lock Times, Extremely
Processing, IC Interface Low Power, Low Cost

_______ . (PALNTSC, SECAM)
TLV320AIC12  Dual-Channel

Voice Codec

Programmable Sampling Rate Up to: Max 26kSPS w/On-Chip IIR/FIR Filter, Directly Connect to McBSP without Logic, Interface with Multiple Analog
Max 104kSPS w/lIR/FIR Bypassed, Built-In Amps for Microphones/Speakers 1/0s DSP Software, Analog/Digital PGA to Increase Performance

Processor

TMS320DM642 Video Processor

Ability to Perform Video/Audio Encode on Multiple Channels, Direct I/F Cost Effective with Single Programmable DSP, No Need for External PCI or
to NTSC/PAL Decoder Through Video Ports/Audio Through McBSP EMAC, Eliminates the Need for External FPGA

Power Management Products

t[ES_ZﬁBﬁ: Power Sourcing
Equipment Power
Managers (PSEPM)
rU_C(_ll1r899/_ Current Mode
12809/3809; PWM Controller
t[ES_?.ﬁm: Power Interface Switch
:IESJQBEQE Fast-Transient-Response
R ' 1ALDO
TPS70148 Dual-Output LDO
for DSP Systems
TPS5I30  Triple Sync Buck
Controller with LDO

Internal PD Detection Signature Output, Internal PD Classification Output, Individually Manage Power for Up to 8 Ethernet Ports, All Operations of
Programmable Inrush Current Limit, 0.3Q Low-Side FET Input, Internal the TPS2383A are Controlled Through Register Read and Write Operations
Thermal Protection and UVLO Compliant to the PoE IEEE 802.3af Standard  Over a Standard (Slave) 1C Serial Interface

Programmable Soft Start with Active Low Shutdown Anti-Cross Conduction Circuitry, Allows the Output to Sink Current by
Allowing the Synchronous Rectifier to Turn on w/o the Switch Node Collapsing

All Detection, Classification, Inrush Current Limiting and Switch FET Low-Input Voltages (1.8V to 10V), Draws >12pA, Allowing Accurate Sensing

Control Necessary for Compliance with [EEE 802.3af Standard of the External 24.9-kQ Discovery Resistor

Low Drop-Out = 230mV at 1A, 2% Tolerance, Open Drain Power Good, Designed to Have a Fast Transient Response and be Stable with 10yF

Thermal Shutdown Protection Low ESR Cap at Low Cost

1.2V/1.5V/1.8V/2.5V/3.3V Options for Dual-Output Voltages, Selectable Complete Power Management Solution Designed for TMS320™ DSP

Power-Up Sequence for DSP Applications, Power-On Reset with Family, Easy Programmability, Differentiated Features: Accuracy, Fast,

Delay, Power Good, Two Manual Reset, Thermal Shutdown Transient Response, SVS Supervisory, Reset and Enable Pins

3 Independent Step-Down DC/DCs and 1 LDO, 1.1V-28V Input Range, 0On-Chip Sync Rectifier Drives Less Expensive N-Ch MOSFET, Allows
0.9V to 5.5V Output Range, Sync for High Efficiency, Auto PWM/SKIP Smaller Input Cap to Reduce Cost, Resistor-Less Current Protection
Overvoltage/Current Protection, Short-Circuit Protection Reduces External Part Count
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Surveillance Cameras, Glass Breakage and Smoke Detectors @

Smoke Detector

Smoke detection is a critical application, not only because life can

depend on the reliability of the sensor, but also because false alarms

can be quite costly. There are several ways to detect smoke, but optical

detection is the most common. In order to achieve high reliability, a highly Power Supply
integrated solution is desirable. Due to laws that require a detector in
every room (e.g. in hotels) cost is also a decisive factor.

In order to achieve low maintenance costs, batteries
must have several years of life which require a
pulsed application with fast wake-up time, fast
processing time and exceptionally low stand-by
current. This makes the ultra-low-power MSP430

Xour
Sensor

P2.5/Rosc

microcontroller an ideal choice for this application. MSP430F1111A = Alarm
The figure at right, shows the heart of a smoke

detector. A pulsed IR-transmitter and IR-receiver P2.3/CA0 Vyeas

are located in a non-reflective measurement P2.0

chamber which has to be protected against P2.1

outside light, only light from the IR-transmitter, P2.2/Viap

which is reflected by the smoke, can reach the
IR-receiver. Two subsequent measurements are
performed. The first measures the surrounding
light when the IR-transmitter is switched off;
the second measures reflected light when the
IR-transmitter is switched on. This differential
measurement method requires not only a high
dynamic range linearity sensor and circuitry, but
also a high linearity of the system.

P2.4/CA1 Cyeas

Smoke detector block diagram.

Device Recommendations

Microcontroller :_M_S_PASQF_HJ'M 1.8V to 3.6V Lowest-Power pcontroller with Analog Comparator for Dual Slope A/D Conversion
Operational Amplifiers :&JBA_X§4_0" Fast RRIO Transimpedance Amplifier with Trimmed Offset Voltage

:LJBA_XQQG" Low-Offset, Low-Drift, RRO Amplifier with Only 32yA Quiescent Current

:!]PAx§§1 ! Fast, Zero-Drift Transimpedance Amplifier with <1mA Quiescent Current

:Ig/ggx‘: Fast, Lowest-Drift 0.4uV/°C, General-Purpose Amplifier with Shutdown

:Igl_y_ﬁx‘: Medium Speed, 1.8V RRIO Amplifier with Shutdown and Fast Turn On/0ff Time

:_'I'L\/_Zy;:I 1A, 5kHz, RRIO Nanopower Operational Amplifier

:_OEAX_37_9,' 1.8V, 2uA, 100kHz, RRIO Nanopower Operational Amplifier

New devices appear in bold red.
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Glass Breakage Detector

The typical acoustic glass breakage sensor works by using a micro- breaks. The figure below shows an implementation using a low
phone to measure the sound spectrum of pressure differences in the dropout regulator, an amplifier and the MSP430 microcontroller with
glass. The first signal wave represents the vibration caused by an an onboard ADC. A fast rail-to-rail amplifier is needed to boost the
object hitting the glass. This frequency is in the 200kHz range. The transducer signal to the ADC input voltage range. All following stages
second signal, in the 5kHz frequency range, occurs when the glass are integrated into the MSP430 signal controller.
RST/NMI
;47“2

X1-20 IN OuUT
X1-2

TPS77001

c 3.6V

] V¢
1°“FJ_ 10pF/ J_

100nF

GND
Ve 3.6V

10Q

Glass breakage detector block diagram.

Device Recommendations

Microcontroller MSP430F1132: 1.8V to 3.6V Vg, industry's lowest-power pcontroller with integrated 10-bit, 200kSPS ADC
Operational Amplifiers lTL\/_?ZB}:‘ Fast 8MHz GBW, 4.3V/us SR, 1.8V, RRIO operational amplifier with shutdown
:.pfwﬁql Fast 7MHz GBW, 6V/ps SR, 1.8V, RRIO amplifier with excellent input linearity and shutdown
;Qma@; 2.3V to 5.5V single supply, RRO within 3mV, 20pA/amp |, 125V (max) offset, 1pA bias current
] : 1MHz BW, 2.1V to 5.5V single supply, RRIO, 45pA (typ) I, 0.5pA bias current
DPA381 18MHz GBW, extremely high precision, excellent long-term stability, low 1/f noise, 5 decades dynamic range, 800pA I,
Voltage Regulator :IP_SJL(IQL: Adjustable, 50mA output current voltage regulator with low dropout and low quiescent current
Data Converter 1ADS7866! Lower power family at 8-, 10-, 12-bit >200kSPS, 1.2V to 3.6V ADC
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Test and Measurement

Electronic E-Meter G

Electromechanical meters have been the standard for metering Calculated Results (Cont.)

electricity since billing began. Today’s electric companies are e Status

demanding more information from meters in the residential sector, ® Waveform samples

where metering has typically been limited to kilowatt hours. New ® Power factor

features such as multi-tariff billing, reactive energy measurement e DC removal

and power quality monitoring are desirable to improve generation, e Mains period

distribution, customer service and billing. In order to accommodate e RMS, peak values (current/voltage)

the advanced requirements not available in electromechanical meters, e Temperature

manufacturers have begun adopting all-electronic solutions. New ® |ine cycle counter

energy measurement integrated circuits from Tl enable accurate, e Automatic voltage drop detection — level select by software

dependable and robust meters with key features demanded by utility e Tamper detection for single-phase, 2-wire metering

companies. Tl offers the first single-chip IC for electronic meters along

with analog products needed to complete a state-of-the-art e-meter Next-Generation Electronic E-Meter

design while saving the manufacturer valuable design time and cost The MSP430FE42x is designed to meet the requirements of next-

of development. generation electronic e-meters including the ability to meet different
international standards such as IEC62053-21/22/23 (Europe) and ANSI

Electronic E-Meter C12.XX (U.S.) High integration provides for an easy-to-use solution

Industry’s First Single-Chip IC for Electronic Energy Meters with the smallest size and lowest cost.

e Single-chip solution for electronic e-meter application

e Single supplier solution

e Analog Front End (AFE) with coprocessor integrated in the
ESP430CE1 module.

e Ultra-low-power MSP430FE42x for extremely long life cycles

e Main CPU can run mainly for communication like ripple control, '
tariff switching or sleep

REF32xx 123.456 kWh — 5V
Precision
i

RS‘-485
. . . modem
* Provides shunts, current transformers (CT) and di/dt sensors like SPas0rEas)
Rogowski coils
Calculated Result 5| svaico
alculated Results “Licoin
. . TMP75 ) A 24
* Active, reactive, apparent power Txa v
e Software programmable metering start current L

G:D Temperature
Compensation
For Xtal

Device Recommendations

Description Key Features Other Tl Solutions
Microcontroller
IMSP430F427!  Ultra-Low-Power, 16-Bit RISC CPU Single-Chip IC for Electronic E-meter Easily Integrated Solution in a Small Package and Lowest Cost MSP430FE423/FE25
SNG5HVD3082E: 5V, Half-Duplex RS-485 Transceiver Ideal for Metering Applications, Cost-Effective Solution with Low-Power and Slew Rate Control  SN65HVD3085E
_______ , Low Power Consumption and Slew Rate Control
iSN65LBCI8A! 5V, Half-Duplex RS-485 Transceiver Ideal for Metering Applications, Integrated Integrated Transient Voltage Protection for Highest Reliability ~ SN65LBC182

Transient Voltage Protection and Slew Rate Control
Data Converter

'ADS8364 6Ch, 16-Bit, 250kHz SAR High-Speed Simultaneous Sampling ADC for Fastest Control Loop to Secure Circuit Breaker Shut Off ADS1204
REF32xx 4ppm/°C, 100pA, SOT23-6, Very Low Drift, High Output Current £10mA, High ~ Small Package, Excellent Performance, Competitive Price REF31xx, REF30xx,
Series Voltage Reference Accuracy 0.01%, Low Quiescent Current 100pA REF29xx, REF02,

'0PA363! Rail-to-Rail, 1.8V, High CMRR, GBW 7MHz  Low Noise , No Crossover Distortion at Low Power Ideal for Driving High-Speed and Precision 16-Bit ADCs (0PA2822, OPA350
TMP75: Digital Temp Sensor with 9to 12-Bit User Selectable, +1.5°C (max) from -25°C Low Power, Small Package, High Resolution, Good Accuracy ~ TMP175, TMP100
Two-Wire Interface to +85°C, Low Quiescent Current 50yA
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e Scientific Instrumentation

Scientific Instrumentation

In today's industrial scientific instrumentation applications, such as
gas/liquid chromatography, mass spectrometry and vibration analysis,
the analog signal requires processing with maximum resolution at the
highest speed while achieving optimum signal-to-noise ratio, lowest
ripple and THD. For automatic test equipment (ATE), an excellent DNL
and INL are also expected.

In gas chromatography applications, an ADC converts the signal and
separates the desired frequency product from the mixture. Combining
high resolution (16- to 18-bit range) with the highest speed (MHz
range) while achieving high SNR is the major challenge.

The ADS160x family of 16-bit, high-speed, delta-sigma ADCs was
developed for applications based on Adaptively Randomized Data
Weighted Averaging (DWA) Algorithm architecture and works up to
10MHz (10MHz in 2x mode) bandwidth while achieving SFDR above
100dB.

In applications such as mirror positioning for precision laser beam
control, a very fast, high-resolution control loop is needed to achieve
maximum accuracy and throughput. The ADC needs to have the lowest
latency at maximum resolution to position the laser. The application
below shows the ADS8381 (18-hit, 500kHz)—one of the fastest SAR
ADCs available—with 112dB SFDR and 18-bits NMC.

392Q

0.001uF 49.9Q

@ |
1100pF
1kQ <7 J_:
-~

~

1(2)
VeuMd  100pFaLL
1
1
392Q 40pF L2
Vin 11 1kQ <>
2 WA Ir -5
0.0014F! 49.90

(1) Recommended V¢, = 2.0V.
(2) Optional ac coupling circuit provides common mode input voltage.
(3) Increase to 390pF when f < 100kHz for improved SNR and THD.

Recommended high-speed ADC driver circuit using OPA2822.

ADS8381

X 18-Bit ADC,
Wide

Dynamic
‘_& Range
Laser
LASER /
e.g. Signature
on a Label 7

Y

up to 15A peak current
(Audio platform specs)

24-/ 32-bit
Analog or
Digital
Boost Stage

OPA549 DAC7731

16-bit feedback DAC
with +10V output

Audio Power Amplifier
to drive the Servo Motor = |10 0. \5V/1¢)
(Impedance like a speaker)

Analog or
Digital
Boost Stage
(Audio)

DACxxxx

DWF1-364838 laser mirror positioning application, test and working principle:
1 mirror for 1 direction.

SPECTRAL RESPONSE

iy = 4.0MHz, -6dBFS
~20 | SNR = 86dBFS
SFDR = 105dB

Amplitude (dB)
|
o]
S

-120 |

~140

-160

0 05 10 15 20 25 30 35 40 45 50
Frequency (MHz)

ADS1610 spectral response.
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High-Speed Signal Analysis

High-speed test and measurement applications are characterized
by the need for high SNR, high sampling rate and other high-speed
characteristics as determined by the system designer. Input signals
may be large bandwidth and thus the input bandwidth of the ADC
becomes critical. At the same time, to support input frequencies
higher than 1/2 the ADC’s sampling rate, undersampling is often
applied, requiring the converter to perform well (SNR/SFDR) at
these high input frequencies. Peripheral functions also have a
dramatic impact on signal-chain performance. The amplifier driving
the ADC has a direct impact on SNR/SFDR, thus it must be chosen
carefully to maintain specified system performance. Additionally,
ADC performance is critically impacted by clock jitter; thus, a low-
jitter clock source can provide an ideal solution.

Input
Conditioning IAMP = ADS5500 GC5016
OPA847 j
OPA695

TMS320C64x™
TMS320C55x™

THS4503
Clock

CDCM7005 CDCV304
CPCP1803 CDCVF2310

ADS5500 in test and measurement applications.

High-Performance ADCs

High-Speed Signal Analysis e

ADCs in Video and Imaging

The ADS5500's 14-hit resolution provides higher SNR to process high-
quality images accurately, and simplifies the analog input circuitry by
reducing the need for programmable gain amplifiers. Also, its high
sample rate allows designers to scan images faster or oversample the
input signal, which simplifies analog filter design and lowers system
cost. The ADS5500's low power dissipation extends battery life in
portable systems and provides cost savings due to the lower power
supply and system thermal management requirements.

TMS320DM64x DSP

CCD/CMOS Analog Digital
Sensor Filter AmXADS550° u Processing
Correlated
Double OPA847, OPA695
Sampling THS4304

ADS5500 in video and imaging applications.

Device | Resolution (Bits) ____ [ Speed(MSPS) | SWR(@Bo | SFMR@) _____|
ADSEA44 250 68 at 230MHz IF 75 at 230MHz IF

JADSH44 13 210 68 at 230MHz IF 79 at 230MHz IF

ADSE500 14 125 69.5 at 100MHz IF 82 at 100MHz IF

ADSE424 14 105 74 at 50MHz IF 93 at 50MHZ IF

DS54, 14 105 71 at 100MHz IF 86 at 100MHz IF

ADSE423 14 80 74 at 50MHz IF 94 at 50MHz IF

ADSE520 12 125 68.7 at 100MHz IF 82 at 100MHz IF

*ADS5521; 12 105 69 at 100MHz IF 86 at 100MHz IF
Additional Products

R I I
High-Speed Amplifier 0PAB%S: . Ultra-Wideband (1.4GHz), Current-Feedback, 2500V/us Slew Rate (G=+2)

High-Speed Amplifier THS9 0& ﬂ§_9_0_11 50 to 350MHz Cascadeable Op Amp Optimized for High IF Frequencies

Digital-to-Analog Converter @ 568 ﬂ)_ C5687, Dual-Channel, 16-Bit, 500MSPS with Selectable 2x to 16x Interpolation Comms DAC

Digital Up/Down Converter r&{j” '_____ Wideband, Quad, Channels Independently Configurable, Low Power

Clock Distribution Circuit QC_WQO_SE[_)QLDO_S._ _____ Low-Phase Noise, Low-Skew Clock Synthesizer and Jitter Cleaner, 3.3V Supply

Digital Signal Processors lnvlsszocsztxw, TMS320C55K™

1
'TMSSZOCB7XTM i

Digital Signal Processor ~ TMS320C
High-Speed Amplifier THS450:

16-Bit, Fixed-Point DSPs, Up to 1GHz Clock Rates and 8-Giga MACs of Performance,
With the Industry’s Best Power-Consumption Benchmarks

32-Bit DSPs With Up to 1G FLOPS of Floating-Point Processing Performance
Ultra-Low Noise, Wideband Amplifier
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Wireless for Industrial
©  RFApplications

Industrial applications have had to wait many years for the availability The EVM kits for the TRF6903 and TRF4903 are used to demonstrate a
of effective wireless solutions to overcome shop floor communications bidirectional RF link between the two boards and for prototyping by
obstacles such as expensive cables and wiring costs. To date, efforts downloading new software code to the MSP430F449 using a JTAG

to simplify industrial interface has met with little success especially connector. The schematic and board layouts can be used as a

with more recent demands for lower power and overall system costs in reference design if desired. A user’s guide is included.

applications such as metering, security systems, fire detectors and

HVAC systems. System Design Software

EasyRF™ tools for TRF6903: Calculates values for PLL filter, LNA, PA

In response to these market demands, Tl has intr multiban . . . )
esponse o these market demands, Tl has introduced a multiband matching, crystal switch caps, IF matching and S/H capacitors.

radio frequency (RF) transceiver, TRF6903, and transmitter, TRF4903.
These devices can wirelessly transmit and/or receive up to 64kbps of EasyRF for TRF4903: Calculates values for PLL filter, PA matching, and
data for the 315, 433, 868, and 915MHz industrial, scientific and crystal switch caps.

medical (ISM) bands. The devices can interface easily to a baseband
processor such as TI's MSP430. A synchronized data clock, provided by
the TRF6903 and TRF4903, is programmable for most common data
rates, eases baseband processing and reduces code complexity. The
devices work exceptionally well with various MSP430 microprocessor
family members and has complete EVM kits and software available.

The TRF6903 and TRF4903 are also single-chip solutions for low-cost \ o X
multiband Frequency Shift Keying (FSK) or On/Off Keying (0OK) devices : ' Alarm Control Unit
used to establish a frequency-programmable, half-duplex, bidirectional - —
RF link. The devices operate down to 2.2V and are designed for low o ;

power consumption with a 0.6pA standby current.

For frequency hopping systems, these devices are the fastest and most
efficient hoppers available. The TRF6903 and TRF4903 require no
calibration when switching to a new frequency which makes them
highly efficient at high data rates.

Features

e Transceiver (TRF6903) and Transmitter (TRF4903) available
e 315, 433, 868 and 915MHz operation

e Apt for frequency hopping protocols

e Clock recovery with training recognition

e Standby current: 0.6pA (typ)

e 2.2V to 3.6V operation

e Qutput power: +8dBm (typ)

¢ FSK/00K modes of operation

e Data rates up to 64kbps

e Industrial temperature range: —40°C to +85°C To download these tools or for further information on ISM RF, please

visitwww.tL.cam/ismrf!

TRF6900 wireless connection for 315, 433, 868, and 915MHz operation.

Tools Available
e Free samples

e Evaluation modules at $149 each:

o MSP-TRF6903-DEMO: Two boards equipped with
TRF6903 and MSP430F449

o MSP-TRF4903-DEMO: Two boards equipped with
TRF4903 and MSP430F449.
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Wireless for Industrial

RF Applications &)

I
10.7MHz Ceramic . Ce.ral_mc l
Discriminator

or Discrete IF Filter AAA

MIX_OUT IF_IN1,2 CER_DIS| LPF_IN LPF_OUT

T

LEARN / HOLD
SLC_CAP

Limiter LPF Amplifier
Mixer

RF N

Quadrature

Demodulator Bit Synchronizer — RX_DATA
nd

a
00K Data Clock —- DCLK
Switch

RSSI_OUT

RX_FLAG
Band-ga
9ap co/l:—te /Div. CTRL —— cLOCK
unter
Serial DATA
Interface —— STROBE
DET_OUT,
T — Brownout /N Prescaler /B- STDBY
32/33

Detector — MODE

Lock
Detect = =r
LOCK_DETECT

PA_OUT-
vCco — TX_DATA
Switch

VCO_TUNE yCP_OUT XTAL | XTAL_SW,|

Loop Filter

TRF6903 functional block diagram.

iH-
-IH>—|—|

Wireless Communication Devices for Industrial Applications

Operatmg Voltage
Output Power
Description Standards Supported (dBm) Package

TRFBQO& RF Transceiver FSK, 00K 2 2 3 6 PQFP-48 $2.85
TﬂF.BQ.Ul-_ RF Transceiver 880 930 FSK, 00K 8 18 36 0.6 PQFP-48 $2.10
;rﬂﬂig_(]g/-\_: RF Transceiver 850 950 FSK, Narrow-Band FM 5 22 36 05 PQFP-48 $3.20
;FﬂF.SQUl: RF Transceiver 902 928 FSK, Narrow-Band FM 5 3 36 0.5 PQFP-48 $3.20
TRF4903 RF Transmitter 315 915 FSK, 00K 8 22 36 06 TSSOP-24 §2.00
Eﬂ&lgﬂg‘ RF Transmitter 850 950 FSK, Narrow-Band FM 1 22 33 0.5 TSSOP-24 $1.90
[FEFALI_OQ' RF Transmitter 420 450 FSK, Narrow-Band FM 7 22 36 05 TSSOP-24 $1.90

'Suggested resale price in U.S. dollars in quantities of 1,000.
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Programmable Logic Control

©

Programmable Logic Controls (PLC) are widely used in industrial
applications primarily in the areas of factory and process automation.
PLC systems consist of different subsystems realized either as
complete integrated systems or as base unit plus plug-in cards/
modules for different options.

Industrial Analog I/0s

PLCs and field extension modules control large numbers of electronic
actuators, such as motors, solenoids and electronic ballasts. Due to the
wide range of actuators and their different performance requirements, the
XTR300 provides signals in the form of drive voltage or current with
large voltage offset compliance. Typical voltage ranges are +5V, 10V,
while current ranges include £20mA, £10mA, as well as 0-20mA and

4-20mA.
Industrial
pc :
/’-
i Relays, Other
Intelligent Sensors Peripheral

1]
& Digital
Inputs

T
S
]
<
2
B
]
o

PLC

Digital
Outputs

=C,

DRV

> VOUTI | ouT

VSENSE+

Error Recog.

Temp, Overld.

XTR300 functional block diagram.

In addition to these common ranges, many proprietary signal
interfaces exist, which all have one problem in common; tailoring the
electronic drive’s design to match the required actuator’s input.

To ease this design task, Tl has developed an industrial analog
current/voltage output driver, the XTR300. This device provides an
operational amplifier working as a signal driver in the forward
direction, and an instrumentation amplifier in the feedback loop.

5V

From / To

Input/Output Cards, Internal Communication/Interface/Isolation, Core Logic

Digital control sets the XTR300 into voltage-output or current-output mode.
Error flags indicate over-temperature, load-error, and comman-mode error.

For most applications the setting of just two resistor values (R; and
Ry), as well as the selection between current or voltage mode, is
sufficient to accommodate a wide range of output signals of up to
+25mA or £17.5V.

For more exotic output ranges, modification of the reference voltage,
Vger, and the gain resistor, Ryg, is possible.

The figure to the right (pg 35) shows a typical application for a single-
channel output of +10V or +20mA, depending on the XTR300's digital
control for either voltage or current mode.

A reference voltage is applied to the control DAC, DAC8531, and to the
XTR300. The microcontroller performs device configuration, error
monitoring and also provides the DAC input code. The analog output of
the DAC8531 feeds the input of the XTR300, which then drives the
load behind the terminal connector.

For a floating load, switch S; provides the option for establishing
ground referred input signals to the instrumentation amplifier. The LC
and RC networks perform RF- and LF-noise rejection.

The multi-channel driver shown below uses a quad DAC, DAC8534, to
control four XTR300 drivers, each providing a different output range.

Ip = £20mA

PLCI/O * -

24,

Control
Interface| —

AMA
otoav V'Y
2ka

Zk!}.%

Quad-channel drive with 4 x XTR300.

lo = 4-20mA

Iy=lo/ 10

*Expected XTR300 release date, 2Q 2006.
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Input/Output Cards, Internal Communication/Interface/Isolation, Core Logic

1

GND
+s8v  [] -18v
Lol I
'—l I——l |—02 x 0.47uF Terminal
Connector
-18V +18V : :
J_ O_N_ 1 1
XTR300 22nF i :
1 @
- 1 \
1 1
5kQ ! ' +10V
PLCI/O ——10nF 1 ! Load or
: : +20mA
1 1
H 1
1 1
1 1
1 1
i !

Single-channel drive with XTR300, Vi = 0 — 4V, Vgyr = £10V or lgyr = +20mA.
Device Recommendations

*Expected XTR300 release date, 2Q 2006.

Device | Description | Benefits | Other TI Solutions

Power Management Products

Key Features

I 1
REESLAD __

Voltage Reference

Drift = 20ppm/°C, 4.097V, 0.2%

Very Low Drift, Tiny Package

REF02, REF102

;DMJ_@D' Dual Converter Isolation Converter, +5V)y, +15Vqyr Low Noise, Small Board Area DCP010515
:,[_)__Q_\[Q]_Q_E}_QISD: Dual Converter Isolation Converter, +5V,y, +5Vyr Low Noise, Small Board Area DCP010505
______ SWIFT™ Buck Converter ~ Adjustable Output (0.9V - 3.3V), 1.5A Very Easy to Use, Flexible Output TPS64200

. Instrumentation Amp Gain = 1to 1000, CMRR > 110dB, 8-Pin Very Low Power INA128
p§g1uz_g:l Isolation Amp Isolation = 2400V, Output = +10V No External Components Required 1S0122
;f_%g_q_t}_: Prog. Gain INA Gain of 1, 10, 100, 1000, Precision Small Package PGA203
;-Q.E.AZ-ZJ-: Low Noise Amp V = 3nV, CMRR > 120dB, Vg = 5-36V Very Low Noise, Small Package 0PA350, OPA725
;_Qﬁ_\/gg]_: PWM Driver +3A Max, High Efficiency, Tiny Package Single 5V Supply, Tiny Package DRV104
;_QF_’HA_QBJ_: Linear Power Amp 2A, RRI0 300mV to Rail, Adj Current Limit Unity Gain Stable, 2.7V to 5.5V supply, Shutdown, Small Package OPAG47
{0PAS69! Linear Power Amp 2.4A, RRO 200mV to Rail, Thermal Protection Single 5V, Tiny Package, Complete Solution 0PA549
XTR300! 1/0 Driver +10V, +20mA, Input/Output Multipurpose 1/0 Driver for All Industrial I/0 Voltage Currents —

Data Converters

'ADSBSZE 16-Bit, 100kSPS ADC Power = 2mW, 8-Pin, SFDR = 86dB, Power = 82mW Single 5V Supply, Power Only 2mW, Single 5V Supply for Bipolar ADS8320
'ADS8509 16-Bit, 250kHz, CMOS 250kHz Sampling Rate, +2.0LSB Max INL, SPI Compatible Serial Output with Daisy-Chain (TAG) Feature, ADS7809
e Bipolar ADC +1LSB Max DNL, 16-Bit No Missing Code Uses Internal and External Reference ADS8508/7808
'AD 8406, 16-Bit, 1.25MSPS Pseudo-Bipolar, Differential Input, —Vggr to Vger High-Speed Parallel Interface, Single 5V Analog Supply, ADS8412,
e 90dB SNR, -95dB THD at 100kHz Input Low Power, Zero Latency ADS8402
'ADS1251: 24-Bit, 20kSPS ADC Power = 155mW, 8-Pin, SFDR = 100dB, Excellent Performance, Only 7.5mW, Single 5V Supply ADS1252
'ADS1258} 16-Channel, 24-Bit ADC ~ 125kSPS, Auto-scan Rate: 23.7kSPS, 24-Bit NMC 16 SE or 8 Diff, 2.8uVgys at 1.8kSPS, Fixed or Auto Channel Scan —
'IDAC7731: 16-Bit, 5ps Settling Time ~ Output = £10V, INL = 0.0015% Small Package DACT741
'IDAC7631: 16-Bit, 10ps Settling time  Power < 2mW, Output = £2.5V Single 5V, Small Package DACT641
'IDA(28534: Quad, 16-Bit DAC Low Power, 16-Bit Swing DAC Excellent Price/Performance Ratio, Double Buffered Input Architecture  DAC8532
'IDA[18554: 16-Bit, Quad Channel Power Supply +2.7V to +5.5V Power-On Reset to Zero-Scale, Schmitt-Triggered Inputs —

'DACS811;

16-Bit, Multiplying +0.5LSB DNL, +1LSB INL, Serial Input 4-Quadrant Multiplying Reference, 10V Vgg:, 3-Wire Interface —

1PCI2050B! PCI-PCl Bridge 66MHz, 32-Bit — PCI2250
ISNG5HVD24: __ RS-48 Failsafe, Extended Common Mode, RX EQ Only RX with EQ in Industry SNB5HVD23
;S‘_NQ_FLIXII‘L.LI_[)_Z_Q_QA: M-LVDS Transceiver 100Mbps, 8-Pin Package First M-LVDS Complete Transceiver SNB5MLVD202A
1SN65HVD485E; Half-Duplex Transceiver 5V Supply, MSOP-8, 10Mbps Thermal Shutdown Protection, Low Supply Current —

EI._K_22_01_: Gigabit Ethernet TRX 10-Bit Interface, 1-1.6Gbps Serial Power < 200mW TLK1501, TLK1201

WA

MPC50x
FilterPro™

Active Filter
Analog Mux

Free Design Software

Low-, High- or Band-Pass Filter
Analog Input = 15V
Design Low Pass Filters, Quick, Easy

Fully Integrated Active Filter

RC Filter

Preview devices are listed in bold blue.
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http://www.ti.com/sc/device/REF3140
http://www.ti.com/sc/device/DCV010515D
http://www.ti.com/sc/device/DCV010505D
http://www.ti.com/sc/device/TPS54110
http://www.ti.com/sc/device/INA118
http://www.ti.com/sc/device/ISO124
http://www.ti.com/sc/device/PGA204
http://www.ti.com/sc/device/OPA227
http://www.ti.com/sc/device/DRV591
http://www.ti.com/sc/device/OPA567
http://www.ti.com/sc/device/OPA569
http://www.ti.com/sc/device/XTR300
http://www.ti.com/sc/device/ADS8325
http://www.ti.com/sc/device/ADS8509
http://www.ti.com/sc/device/ADS8406
http://www.ti.com/sc/device/ADS1251
http://www.ti.com/sc/device/ADS1258
http://www.ti.com/sc/device/DAC7731
http://www.ti.com/sc/device/DAC7631
http://www.ti.com/sc/device/DAC8534
http://www.ti.com/sc/device/DAC8554
http://www.ti.com/sc/device/DAC8811
http://www.ti.com/sc/device/PCI2050B
http://www.ti.com/sc/device/SN65HVD24
http://www.ti.com/sc/device/SN65MLVD200A
http://www.ti.com/sc/device/SN65HVD485E
http://www.ti.com/sc/device/TLK2201
http://www.ti.com/sc/device/UAF42
http://www.ti.com/sc/device/MPC506
http://www.ti.com/filterpro

Field Bus Systems

©  Factory Communications

Industrial Automation is the computerization of manufacturing and process
steps, which workers can't carry out as fast, as precise or as often as a
machine. Traditionally Industrial Automation has been separated into two
major categories: Factory Automation and Process Automation.

3 Axis Robots

% % Heating
L2220 U Bach
setting {EEM LTS
Weights Conveyor Belts Scales
||
! Process Control Facility Recycled
1 Waste
. 1 .
Factory Automation. 1 Process Automation.

Factory Automation senses and drives physical quantities such as pressure,
temperature, flow, force vibration, mass and density. Applications typically
require 10-12 bits of resolution and communicate at rates between 50 and
400kbps. However, there are several technologies that communicate at much
faster signaling rates, such as PROFIBUS DP running at 12Mbps.

Process Automation performs compositional measurements such as
conductivity, pH and chemical analysis in addition to physical quantities as in
Factory Automation. Applications typically require 16-bits of resolution and
communication rates between 10 and 50kbps.

Nodes in Industrial Automation environments are grouped into three
distinct families: controllers, sensors and actuator. As the name
suggests, controllers are used to manage variables such as
temperature based on pre-determined values and information provided
by sensors. If the difference between a predetermined and sensed
value exceeds a certain limit, the controller tries to manipulate the
variable through an actuator such as a cooler. The number of nodes
and the distance separating these nodes can vary greatly, which creates
the need for specialized communications called industrial networks.

In the 1940s, process instrumentation used 3 to 15psi pressure signals
for monitoring control devices. By the 1960s, the first standardized
communication method was introduced—the 4-20mA technique of
pure analog current-loop signaling. By the nature of the technology,
every node requires its own set of cabling between the controller and
itself, which creates a maze of cables, yet it is still used extensively in
industrial networks. In the 1970s, industrial applications began using
programmable logic controllers (PLCs) and digital computers. By the
mid 1980s, industry’s quest for a standardized all-digital field-bus
became a reality. However, major industrial companies and countries,
mainly Germany, France and the U.S., did not let go of their de facto
standards, so multiple competing standards came into use such as
PROFIBUS, InterBus, DeviceNet and others. These field-buses are

simply all-digital, serial, two-way communication systems that serve
as a Local Area Networks (LAN) for factory/plant instrumentation
monitoring and device control.

Controller

Bus Interface

Isolation

Transceiver .
Field Bus

Transceiver Jll Transceiver ll Transceiver |l Transceiver

Bus
Interface

Bus Bus Bus

Interface Interface

Interface

Motor

Configuration
Starter

Controller

Process automation system.

Requirements in Industrial Environments

Many hazards threaten the various electrical devices and it is difficult to
encase or protect interface cabling. Both device and network must be
able to maintain operation even under the most undesirable
conditions. Common hazards include:

e Power surges (e.g. of nearby motors)

e Ground potential differences (e.g. due to equalizing currents)

e Electrostatic Discharge (ESD)

e Excessive number of nodes (e.g. in flow control many sensors and
actuator)

e | ong cable lengths in large factories

In order to maintain operation under such circumstances, devices need
the following properties:

¢ Immunity to power surges (transient suppression)

¢ Wide common-mode range

e High ESD protection

e Low unit load, allowing for many nodes

e High output drive, high sensitivity, receiver equalization,
pre-emphasis

Intarfagy Seloction Guity

Download Interface
Selection Guide at:
interface.fi.com
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Field Bus Systems |

5V, RS-485 Transceivers with Integrated
Transient Suppression
SN65LBC184, SN65LBC182

<

Factory Communications

Extended Common Mode Transceivers with
Optional Receiver Equalization
SN65HVD2x

Get samples, datasheets and app reports at:

www.ti.com/sc/device/SNG5LBC184:

www.ti.com/sc/device/SN65LBC182

The SNB5LBC184 differential data line transceiver is available in the
trade-standard footprint of the SN75176 with built-in protection
against high-energy noise transients. This feature provides a substantial
increase in reliability for better immunity to noise surges coupled to
the data cable over most existing devices. Use of these circuits provides
a reliable low-cost, direct-coupled (with no isolation transformer) data
line interface without requiring any external components. The
SN65LBC184 can withstand over-voltage transients of 400W peak (typ-
ical). The conventional combination wave called out in IEC 61000-4-5
simulates the over-voltage transient and models a unidirectional surge
caused by inductive switching and secondary lightning transients.

Key Features (LBC184)
e |ntegrated transient voltage suppression
e Standard RS-485 common-mode voltage range: —7V to 12V
e JEDEC and IEC ESD protection:
o +30kV |EC 61000-4-2, contact discharge
o #15kV |[EC 61000-4-2, air-gap discharge
o #15kV EIA/JEDEC, human body model
e Up to 128 nodes on a bus (1/4 unit-load)

3
DE
o4
REZ
1 ‘TP—SA
R 7 1BUS
—p—B

Functional logic diagram (positive logic).

Vv

'/
1
1

1/2Vp -t -o--
H 1
i i
1.2 sde—0 1 t

Le—505—»!

Surge waveform combination wave.

Get samples, datasheets and app reports at:

Www.ti.com/se/device/SNGEHVN20:

The SNB5HVD2x device series offers a very wide input voltage operating
range. The RS-485 standard requires functionality at DC-levels at the
receiver input between —7V and +12V (+7V plus swing of up to 5V).
These devices nearly triple this requirement and are fully functional
between —20V and +25V, while surviving +27V and transients up to 60V.

Key Features

e Common-mode voltage range (—20V to +25V) more than doubles
TIA/EIA-485 requirement

e Best-in-class ESD protection in the industry: 16kV HBM

e Up to 256 nodes on a bus (HVD21, 22 and 24) (1/8 unit-load)

e Optional receiver equalization (HVD23 and HVD24)

1.2V.

Common-Mode _\ /___\/__..00my ReECEiVEr
Vol 1 Sensitivity

9
=4\ == = £\ = = §-200m Level
‘ Common-Mode m 0V, zoomy evels

Voltage -5V
' 27V Common-Mode ~ A I sz‘:";?;;ﬁ:y
+7V ground Voltage - = =Y —200mv
noise shift 6V v \--F ™ Levels

RS-485 standard operation.

RS-485 Standard

v

25
Common-Mode +200mvV  Receiver
Voltage A . Sensitivit
/ 24Vg v -7 200mv  Sensitivity

HVD2x with

extended VICR Py Levels
} Common-Mode °
17\ _/\ Voltage °
2.7V —18V i
>+20V ground Common-Mode +200mV s':z‘:i’t'i‘:l ?:y
i i Vol A
noise shift 21?\?{20\, A - A 200mv T evels

HVD2x's wide common-mode voltage range.

e A N N oo Y
SNE5HVD2x
L/

| | ‘

| | |
Lo |

| |

| |

Pocco P

| I [ | | I | | | |
-20V -15V -10V -5V -0V 5V 10V 15V 20V 25V

SN65HVD2x extended common-mode voltage range.

Device Recommendations

Cable Length and _
Numbor of Nodes

19 Up to 50m at 25Mbps Up to 64
: Up to 150m at 5Mbps (with Slew Rate Limit) Up to 256
: Up to 1200m at 500kbps (with Slew Rate Limit) Up to 256
: Up to 160m at 25Mbps (with Receiver Equalization) Up to 64
i HVD24 Up to 500m at 3Mbps (with Receiver Equalization) Up to 256
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% | Field Bus Systems

e Factory Communications

PROFIBUS Transceiver
SN65HVD1176

3.3V and 5V CAN Transceivers
SN65HVD23x, SN65HVD251

Get samples, datasheets and app reports at:

iwww.ti.com/sc/device/SNG5HY D 176!

PROFIBUS is the most frequently used process-automation bus in
Europe, and is growing in use in other regions. Despite this fact, the
selection of suitable transceivers is very limited. In fact, for many
years, TI's SN65ALS1176 has been the only device approved by the
PROFIBUS User Organization. The reason for this is that a high output
drive is required (minimum 2.1V differential) and at the same time, the
bus-capacitance must not exceed 10pF. These requirements actually
oppose each other and the combination is hard to achieve. The
SNB5HVD1176 fulfills all PROFIBUS requirements, plus offers very
good noise rejection to common-mode noise and has significantly
improved timing parameters.

Key Features

e Standard RS-485 common-mode voltage range: =7V to 12V
e High ESD protection of 10kV HBM

e Up to 160 nodes on a bus (1/5 unit-load)

e High output drive: differential output exceeds 2.1V

HVD1176 functional block diagram.

Get samples, datasheets, EVMs and app reports at:
www.ti.com/sc/device/PARTnumber

(Replace PARTnumber with'SNB5HYD230:'SN65HY D231 SNE5HVD232)

'SN65HVD2331 SNG5HYD234 'SN65HYD 235 or SNE5HVD251)

The SN65HVD251 (5V) and SN65HVD23x (3.3V) families of CAN
transceivers are intended for use in harsh environment applications.
They feature cross-wire, loss-of-ground, over-voltage and over-
temperature protection, wide common-mode range and can withstand
common-mode transients of +£200V. The SN65HVD230/1/2 operate over
a—2V to 7V CMR on the bus, and can withstand common-mode
transients of +25V. SN65HVD233/4/5 and SN65HVD251 operate over
a—7V to 12V CMR and will withstand transients of +100V and +50V,
respectively.

Key Features (SN65HVD251)

e Drop-in improved replacements for the PCA82C250 and PCA82C251
e Bus-fault protection of +36V

e Bus-pin ESD protection exceeds 14kV HBM

e High input impedance allows up to 120 SN65HVD251 nodes

¢ Meets or exceeds the requirements of 1ISO 11898

Applications
¢ CAN data buses:

o DeviceNet data buses

o Smart distributed systems (SDS)
e SAE J1939 standard data bus interface
e NMEA 2000 standard data bus interface
¢ |SO 11783 standard data bus interface

Vee +VREF
D jr
Rs
R 7 CANH
p——— CANL

Functional diagram (positive logic).

ISO 11898 Specification

Implementation

SN65HVD251
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Field Bus Systems

High-Performance 1394-1995 Link Layer for
Industrial and Bridge Applications
TSB42AC3

Get samples, datasheets, EVMs and app reports at:

www.ti.com/sc/device/TSB42AC3:

The TSB42AC3 is a 1394-1995 general-purpose link layer ideal for a
wide range of applications. The TSB42AC3 provides a high-performance
interface with the capability of transferring data between the 32-bit
host controller and the 1394 PHY-link interface. The 1394 PHY-link
interface provides the connection to the 1394 device. The LLC provides
the control for transmitting and receiving 1394 packet data between
the FIFO and PHY-link interface at rates of 50 (backplane only), 100,
200 and 400Mbit/s.

Key Features

e Generic 32-hit, 50MHz host bus interface

e Programmable 10K byte total for asynchronous, isochronous and
general FIFO

e Separate ACK FIFO register decreases SCK-tracking burden on the host

e Additional programmable status output to pins

e Completely software compatible with the TSB12LV01B

e |EEE 1149.1 JTAG interface to support board level scan testing

Applications
e Motor/motion/process control
e |ndustrial imaging

FIFO LINK CORE

Transmitter

Host

H-
Processor Serial

Bus

Cycle
Monitor

DOV =D +3— ~0OT
POV =R=ODAS— —0O0=—0<ITT

Receiver

Configuration Registers (CFR)

TSB42AC3 functional block diagram.

Factory Communications

USB-to-Serial Bridge
TUSB3410

Get samples, datasheets, EVMs and app reports at:

www.ti.com/sc/device/TUSB3410:

The TUSB3410 provides an easy way to move your UART device to a
fast, flexible USB interface by bridging between a USB port and an
enhanced UART serial port. The TUSB3410 contains all the necessary
logic to communicate with the host computer using the USB bus. The
TUSB3410 can be used to build an interface between a legacy serial
peripheral device and a PC with USB ports, such as a legacy-free PC.
An evaluation module can jump-start your USB development, or you
can use it as a complete USB-to-RS-232 converter.

Key Features

e Built-in, two-channel DMA controller for USB/UART bulk 1/0

e Enhanced UART features including programmable software/
hardware flow control and automatic RS-485 bus transceiver
control, with and without echo

Clock
Oscillator

8052 Core

N

8
. 2 x 16-Bit
Timers
8 4
P3
(4,3,1,0)
8 2c

I — ]2
.‘ Controller >1°C Bus

. Us Butfer 7D

Manager

IR
Encoder Sout/
'»IR780UT

— Siy/
IR_SIn

The TUSB3410 can support a total of three input and three output
(interrupt, bulk) endpoints.
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USB-Based Controller with MCU GPIO
TUSB3210

Factory Communications

Quad UART with 64-Byte FIFO
TL16C754B

Get samples, datasheets, EVMs and app reports at:

www.ti.com/sc/device/TUSB3210:

The TUSB3210 is a USB-based controller with a general-purpose,
industry-standard 8052 MCU and a 32 GPIO. It contains 8K x 8 RAM
space for application development. The TUSB3210 is programmable,
making it flexible enough to use for a variety of general USB I/0
applications.

Key Features

e Supports 12Mbps USB data rate (full speed)

e Supports USB suspend/resume and remote wake-up operation
e |ntegrated 8052 microcontroller

12 MHz

Clock
Oscillator

Reset,
Interrupt RSTI
and WDT

L 8052 .
Dividers Core

N

“ 2x16-Bit
Timers

UK 8 > P0.[7:0]
ZUE 8 > P1I7:0]
Port 2 GEIDILATEV)]
ZUEK 8 > P3.7:0]

8Kx8
RAM [1]

512x8
SRAM

&)

CPU- I/F
Suspend/
Resume

12c

Controller 12C Bus

UBM

{E)
€ UsBBuffer ®
X

Manager

TUSB3210 functional block diagram.

Get samples, datasheets and app reports at:

. ti.com/se/device/T116C154B!

Texas Instruments” wide portfolio of space-saving, performance-
enhancing UARTs are pin-for-pin compatible with many leading UART
manufacturers’ devices.

Key Features

e 3.3V and 5V operating voltages available

® 64-byte programmable trigger-level FIFO buffering
e Up to 3.2Mbps data transfer rate

Applications
e |ndustrial automation controls
e Base stations

e Cell phones
e PCs
__ Modem Control Signals
Bus Control S_ugnals
Interface __ Status Signals
-4¢—| Control and [

Status Block|___Divisor

Control Signals

_ Status Signals Baud Rate

Generator

UART_CLK

1 RX
H| Receiver Receiver Vote
FIFO 64-Byte Block Logic Logic

Transmitter
FIFO 64-Byte

Transmitter

Block Logic >TX

Channel A

Channel B

Channel C

Channel D

TL16C754B functional block diagram.

USB Port Transient Suppressors
SN65220, SN65240

Get samples, datasheets and app reports at:

www.ti.com/sc/device/SN65220; www.ti.com/sc/device/SN65240:

The SNB5220 is a single transient voltage suppressor and the
SN65240 is a dual transient voltage suppressor designed to provide
electrical transient protection to full-speed USB ports.

Key Features
e Designed to protect USB host, hub or peripheral ports
e Packaging: Tiny WCSP Chip-Scale

USB 1.1 Host|
or Hub-Port
Transceiver

UsB 1.1
Downstream
Transceiver

27Q

D+

ﬁ SN65220

or 1/2 SNx240

_MA c D-

27Q

<

SN65220 functional block diagram.
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Field Bus Systems

Dual Channel 16-Byte FIFOs UART
TL16C2550

Factory Communications

Dual Channel 64-Byte FIFOs UART
TL16C752B

Get samples, datasheets and app reports at:

www.ti com/sc/device/TI-16C2550,

The TL16C2550 is a dual universal asynchronous receiver and transmitter
(UART). It incorporates the functionality of two TL16C550D UARTs,
each UART having its own register set and FIFOs. The two UARTs
share only the data bus interface and clock source, otherwise they
operate independently. Another name for the UART function is
Asynchronous Communications Element (ACE), and these terms will be
used interchangeably.

Key Features

e Up to 1.5Mbps (5V), 1.25Mbps (3.3V) and 1Mbps (2.5V) operation
e Programmable auto-RTS and auto-CTS

e Programmable baud rate generator

e Packaging: 5mm x 5mm 32-pin QFN (RHB) and 48-pin QFP

Applications

e Point-of-sale terminals
e (Gaming terminals

e Portable applications
e Router control

e Cellular data

UART Channel A

TXA

CTSA

OPA, DTRA
DSRA, RIA, CDA

16 Byte Tx FIFO

UART Regs

Data 64 Byte Rx FIFO
Bus
Interface
UART Channel B
16 Byte Tx FIFO

OPB, DTRB

UART Regs

64 Byte Rx FIFO

TL16C2550 functional block diagram.

Get samples, datasheets and app reports at:

www.ti.com/se/device TLI6C152B!

The TL16C7528B is a dual universal asynchronous receiver/transmitter
(UART) with 64-byte FIFOs, automatic hardware/software flow control,
and data rates up to 3Mbps. The TL16C752B offers enhanced

features. It has a transmission control register (TCR) that stores receiver
FIFO threshold levels to start/stop transmission during hardware and
software flow control. With the FIFO RDY register, the software gets
the status of TXRDY/RXRDY for all four ports in one access. On-chip
status registers provide the user with error indications, operational
status, and modem interface control. System interrupts may be tailored
to meet user requirements. An internal loopback capability allows
onboard diagnostics. The TL16C752B is available in a 48-pin PT (LQFP)
package.

Key Features

o Tl patented programmable auto-RTS and auto-CTS

® Xon/Xorr Software flow control

e UUp to 3Mbps baud rate at 3.3V

e Programmable and selectable transmit and receive FIFO trigger
levels

Applications

e Telecommunication routers
e Handheld terminals

© Mobile computing

e Factory automation

UART Channel A
TXA

CTSA
OPA, DTRA
DSRA, RIA, CDA

64 Byte Tx FIFO

UART Regs

64 Byte Rx FIFO

UART Channel B

64 Byte Tx FIFO

‘OPE, DTRB
DSRB, RIB, CDB

UART Regs

64 Byte Rx FIFO

TL16C752B functional block diagram.
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©  Factory Communications

Device Recommendations

[ Device | Chamnells) { FIFOs | Voltage(V) | Characterized Temp (C) | Packagels) | Descripion | Price' |

TL16C2550, 2 16-Byte 2.5/3.3/5 0to 70,40 to 85 32-QFN, 44-PLCC,  Dual UART with Programmable Auto-RTS and Auto-CTS Call
48-TQFP

:‘IUQC_ZE&ZI 2 16-Byte 25/3.3/5 0to 70,40 to 85 32-QFN, 44-PLCC  Dual UART with Programmable Auto-RTS and Auto-CTS Call

t[ug[;llﬁ[i 1 None 5 0to 70 40-DIP, 44-PLCC Single UART $1.50

t[l.1§[;4§1; 1 None 5 0t070 68-PLCC Single UART with Parallel Port $2.50

Mﬁg_ 2 None 5 0to70 68-PLCC Dual UART with Parallel Port $2.55

TL16C5500 1 16-Byte 335 0to 70,40 to 85 40-DIP, 44-PLCC  Single UART with Hardware Auto Flow Control $1.75

______ , 48-LQFP, 48-TQFP

TL16C550D! 1 16-Byte 2.5/3.3/5 0to 70,40 to 85 32-QFN, Single UART with Hardware Auto Flow Control $1.75

_____ \ 48-LQFP, 48-TQFP

TL16C552 , 2 16-Byte 5 0to70 68-PLCC Dual UART with Parallel Port, Recommend TL16C552A $3.90

L16C552A! 2 16-Byte 5 0to 70,40 to 85 68-PLCC, 80-TQFP  Dual UART with Parallel Port $3.85

UL1§Q554E 4 16-Byte 5 0to 70,40 to 85 68-PLCC, 80-LQFP  Quad UART, Recommend TL16C554A $6.05

UL1§Q554AE 4 16-Byte 5 0to 70,40 to 85 68-PLCC, 80-LQFP  Quad UART with Hardware Auto Flow Control $6.00

t[Uﬁ[;]ﬁ[i 1 16-, 64-Byte 5 0to 70,40 to 85 44-PLCC, 64-LQFP  Single UART with Hardware Auto Flow Control $3.70

______ \ Lower Power Modes

TL16C7528! 2 64-Byte 33 0to 70,40 to 85 48-LQFP, 48-TQFP  Dual UART with Hardware Auto Flow Control $3.10

e Lower Power Modes

TLI6C7520: 2 64-Byte 2.5/3.3/5 0to 70,40 to 85 32-QFN, 48-TQFP  Dual UART with Hardware Auto Flow Control Call

______ \ Lower Power Modes, RS-485 and IrDA interface

TL16C754B! 4 64-Byte 3.3/5 0to 70,40 to 85 68-PLCC, 80-LQFP  Dual UART with Hardware Auto Flow Control $8.35

e Lower Power Modes

TL16C7546; 4 64-Byte 2.5/3.3/5 0to 70,40 to 85 80-LQFP Dual UART with Hardware Auto Flow Control Call

_________ . Lower Power Modes

MWQEBL\L' 1 16-, 64-Byte 335 0to 70 100-BGA, 100-LQFP  Single UART with PCMCIA Interface $5.90/86.10

TTL16PIR552! 2 16-Byte 5 0to 70 80-QFP Dual UART with Selectable IR & 1284 Modes $6.10

'Suggested resale price in U.S. dollars in quantities of 1,000.

Preview devices appear in bold blue.
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There are many applications where it is desirable, even essential, that
a sensor not have a direct (galvanic) electrical connection with the
system to which it is supplying data in order to avoid either dangerous
voltages or currents from one half of the system from damaging the
other half. Such a system is said to be "isolated", and the area which
passes a signal without galvanic connections is known as an "isolation
barrier".

Isolation barrier protection works in both directions, and may be
needed in either half of the system, sometimes both. Common
applications requiring isolation protection are those where sensors
may accidentally encounter high voltages, and the system it is driving
must be protected. Or a sensor may need to be isolated from
accidental high voltages arising downstream in order to protect its
environment: examples include prevention of explosive gas ignition
caused by sparks at sensor locations or protecting patients from
electric shock by ECG, EEG and EMG test and monitoring equipment.
The ECG application may require isolation barriers in both directions:
the patient must be protected from the very high voltages (>7.5kV)
applied by the defibrillator, and the technician handling the device
must be protected from unexpected feedback.

+15V

10V
Isothermal Block=-R1 R | +15V—15V+15V - 15V
4

-<
with 1N4148 <=27kQ <=

VOUT

>R5
=500
r
>

=<*+1000
Zero Adjust

Thermocouple

Isolated temperature measurement with dual supplies.

Isolation 13

Digital Coupler and Isolation Amplifiers e

Applications for Isolation Amplifiers

e Sensor is at a high potential relative to other circuitry (or may
become so under fault conditions)

e Sensor may not carry dangerous voltages, irrespective of faults
in other circuitry (e.g. patient monitoring and intrinsically safe
equipment for use with explosive gases)

e To break ground loops

Isolation Amplifier Design

Obstacles in isolation amplifier design include offset, drift, gain
accuracy, and nonlinearity or distortion. The high-performance isolation
amplifier applies either linear optocouplers (LOCs), or modulators with
digital capacitive isolation, either of which is implemented differentially
to increase linearity over a large signal range. Isolation amps use
dual-feedback circuit topology to significantly reduce distortion.

While feedback across the barrier corrects for these errors, it only does
s0 as long as the circuit on each side of the barrier is an exact match.
This is difficult to achieve as the circuits are not on the same piece of
silicon. In integrated circuit isolation amplifiers, the output and
feedback demodulator are made from “adjacent” die from the same
silicon wafer, allowing for better matching than discrete designs.

R
6.04kQ)
Isothermal Block = =
with 1N4148 <> =
R,
J2.94k0)] 0.1pF
= R,
> [saska '1 +15V 415V 15V
AA -
\AAJ
- ol
>
2008 Zero Vour
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6.04kd‘>‘>60.49 =
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Pressure measurement with digital calibration via isolated 4-20mA current loap. -Vg,
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Galvanic Isolation Solutions

Digital Coupler and Isolation Amplifiers

System designers must contend with poor power quality, ground faults,
and lightning strikes interfering with or disrupting system performance.
Additionally, the distance between the nodes on a network can be
substantial and often AC outlets from different ground domains power
the nodes. The potential difference between these ground domains
may include a dc bias, 50 or 60Hz AC harmonics, and various transient
noise components.

If these grounds are connected together by a cable logic ground or
shielding, a ground loop can exist and current will flow into the cable.
Ground-loop currents can have severe effects on a network, including
the degradation of data, excessive EMI, component damage, and when
the potential difference is large enough, a human electrical hazard.

New techniques that use magnetic coupling for isolation may still
share the deficiencies of the older solutions such as the absence of a
fail-safe output, an inability to operate with DC-only signals and a
restricted operating temperature range. Additionally, new concerns
associated with the inductors’ susceptibility to external magnetic fields
and curtailed operating life under high voltage conditions may arise.

Tl isolation solutions are designed to eliminate problems associated
with existing isolation technologies. Problems such as high power
consumption, no fail-safe output, low signaling rates and high
pulse-width distortion are common. When using optocouplers, the low
efficiency with which the electro-optical conversion occurs is especially
problematic as the amount of current required to turn on the
phatotransistor increases with the age of the part. This is due to the
LED’s reduction of light emission over time, which is accelerated by
high operating temperatures.

The 1S0721 and 1ISO722 provide isolation solutions solving all of these
problems. Other isolation products currently in development at Tl
include multi-channel isolators, isolated CAN and RS-485 transceivers,
isolated op amps, isolated data converters and an isolated gate
controller interface.

3.3V High-Speed Digital Isolators
1ISO721

The 1SO721 digital isolator is a logic input and output buffer separated
by a silicon oxide (Si0,) insulation barrier that provides galvanic
isolation of up to 4000V. Used in conjunction with isolated power
supplies, the device prevents noise currents on a data bus or other
circuits from entering the local ground and interfering with or
damaging sensitive circuitry.

A binary input signal is conditioned, translated to a balanced signal,
then differentiated by the capacitive isolation barrier. Across the
isolation barrier, a differential comparator receives the logic transition
information, then sets or resets a flip-flop and the output circuit
accordingly. A periodic update pulse is sent across the barrier to
ensure the proper dc level of the output. If this dc-refresh pulse is not
received for more than 4ps, the input is assumed to be unpowered or
not functional, and the fail-safe circuit drives the output to a logic
high state.

Key Features

e 4000V isolation

e Fail-safe output

e Signaling rate up to 100Mbps

e UL 1577, IEC 60747-5-2 (VDE 0884, Rev. 2), IEC 61010-1
and CSA Approved

® 725kV/us transient immunity

Isolation
DC Channel Barrier

PN
Hp Filter
HIH < 1
0S¢ | IAn|: | oF PWD
PVTIM NN | Ve > B
_:_ll H < i Carrier
i Detect|
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-
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L Data U] (722.0nly)
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180721 functional block diagram.
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Application-Specific
Multi-Output
Solutions
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Power Management Solutions

Battery Chargers

I

;pg,g,qg_z_: NiMH/NiCd Charger for Current-Limited Power Supplies

1g2057  1-to 2-Cell Linear Li-lon Charge Controller in MSOP

12410 i 1-to 3-Cell Li-lon Fully Integrated Switch-Mode Charger in QFN

ng_w_og: 1-Cell Li-lon Fully Integrated Charger for Current-Limited Power Supplies
ngz&m: 1-Cell Li-lon Fully Integrated Charger in QFN

ng_ZAQZQ: 1-Cell Li-lon Fully Integrated Charger for AC/DC Adapter and USB in QFN
:bq_2403[1: 1-Cell Li-lon Charger for AC/DC Adapter and USB with Dynamic Power Path

Management in QFN
Single-Chip Li-lon Charger with Adjustable DC/DC Converter in QFN
Battery Fuel Gauges

ng_ZﬁZ}Ql 1- to 2-Cell Li-lon Battery Monitor with HDQ Interface

ng_ZlQ(]Q: 1- to 2-Cell Li-lon Battery Fuel Gauge with HDQ in QFN and WCSP
ng_ZlZ_()g: 1-to 2-Cell Li-lon Battery Fuel Gauge with 1C in QFN and WCSP
:bq_2ﬂz_8ll: 2- to 4-Cell Li-lon SMBus Battery Fuel Gauge with Impedance Track™
R Technology

'hq2084  2-to 4-Cell Li-lon SMBus Battery Fuel Gauge

Battery Authentication and Protection

bq26150  CRC-Based Battery Authentication IC
DC/DC Buck (Step-Down) Solutions for Core and 1/0
:_I_E__S_QZ__ZQ_q 300mA, TMHz Step-Down Converter with 12uA Quiescent Current in SOT-23
1TPS62220  400mA, 1.25MHz Step-Down Converter with 15uA Quiescent Current in
ThinS0T-23

500mA, 3MHz High-Accuracy Step-Down Converter with 1uH inductor in
WCSP and QFN

800mA, 10V Vy Step-Down Converter with 12uA Quiescent Current in QFN-10
1.2A, 1.25MHz Step-Down Converter with 18pA Quiescent Current in QFN-10
3A Step-Down Controller in SOT-23

Adjustable, 17V}y and 1.5Aqy7 Step-Down DC/DC Converter in 4x4 QFN
Adjustable, Up to —15Vgyr, Inverting DC/DC Converter in 3x3 QFN

TTPS62300!
R
G
G
TRSEYI(

TTPS63700:

Battery Management Application-Specific LCD Color
Multi-Output D :
Solutions Display
Linear Regulators m Memory
Battery Charge
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Power Management Solutions (Continued)
L

inear Regulators (LDO)

Device Description

{TPS79718'  10mA, 1.24A Micro-Power LDO in SC-70

;T_E§]l§3§_: 50mA, 3.2uA Micro-Power LDO in SC-70

;T_E§]§@],: 100mA, Low-Cost LDO in SOT-23

;T_E§_721_]§_: 150mA, Low-Noise, Low-V}y LDO in SOT-23

Uﬁﬁg@ﬁ 200mA, Low-Noise, High PSRR LDO in SOT-23 and WCSP
;T_E§_7§9_0],: 200mA, Ultra-Low Noise, High PSRR LDO in WCSP

;T_E§_711_5]_: 250mA, Dual Output, Ultra-Low Noise, High PSRR LDO in WCSP
;T_E§_7§6_0],: 400mA, Cap-Free, Reverse-Leakage Protection LDO in SOT-23 and QFN
LT_E§]§§0],: 500mA, Low-Noise, High PSRR LDO in S0T-223

'TPST6011 1A, Low-Noise, High PSR LDO in SOT-223

LED Backlight and Camera Flash Solutions

1TPS610411  250mA Switch Boost Converter, up to 28V in SOT-23

1TPS610421  500mA Switch, Current-Regulated Boost Converter in QFN

\TPS61060:  375mA Switch, Current-Regulated, Synchronous Boost Converter in
______ QFN and WCSP

;ﬁj(j_ﬂgﬁi: Low-Cost Charge Pump for Up to 3 Parallel White LED in ThinS0T-23
U.E§5DZ§Q-E 5-Channel, Current-Regulated White LED Charge Pump in QFN
iIE_S.G_Q_ZQ],;_l 3-Channel, Current Regulated White LED Charge Pump in QFN
1TPS6B592A!  Xenon FLASH Charger for Digital Still Cameras with Integrated IGBT Driver
:IES_GlQZQ: 1.5A Switch Boost Converter in QFN for White LED FLASH

DC/DC Boost (Step-Up) Solutions

1TPS610411  250mA Switch Boost Converter, Up to 28V in SOT-23
;,T_E§5j,(l4§_: 400mA Switch Boost Converter, Up to 28V in SOT-23
:IES_GlUJQ: 600mA Switch Boost Converter in ThinSOT-23 for
______ 1- and 2-Cell Alkaline Applications

;,T_E§5j,(l]g_: 1A Switch Boost Converter

;,T_E§51QZQ_: 15A Switch Boost Converter in QFN

'TPS610301  4A Switch Boost Converter in QFN

Display Power Solutions
1TPS610451  375mA Switch Boost Converter, Up to 28V in QFN

;T_E§5§1_]Q_: 3-Channel Small Form-Factor LTPS Display Power Supply in QFN
;T_E§5§1]Q_: 4-Channel Small Form-Factor TFT Display Power Supply in QFN
;T_E§5§1_3g: 2-Channel, Positive/Negative Power Supply for OLED Displays in QFN
:IES_651DQ: 4-Channel Large Form-Factor TFT Display Power Supply

Supply Voltage Supervisors

1 181 250nA, Supply Voltage Supervisor in SOT-23

'J£§3§(l8§[l]l: 2.4uA, Programmable Delay Supply Voltage Supervisor in SOT-23
\IP$3801-01: 9pA, Ultra-Small Supply Voltage Supervisor in SC-70

:_T£§311_0£1]I: 1.2uA, Dual Supply Voltage Supervisor in SOT-23

1TPS3806133 3pA, Dual Supply Voltage Supervisor in SOT-23

Complete Power Management Units

\TPS65010:  1-Cell Li-lon Charger, 1.2A and 400mA Step-Down Converter,

2LD0 with I2C in QFN

E|
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System Power Solutions for Industrial Applications
Device Description
DC/DC Controllers
'TPS40[)57: Wide Input (8V-40V) Up to TMHz Frequency Synchronous Buck Controller, Source/Sink with Prebias
TPS40061! Wide Input (10V-55V) Up to 1MHz Frequency Synchronous Buck Controller, Source/Sink

Midrange Input (4.5V-18V) Synchronous Buck Controller with Advanced Sequencing and Output Margining

8-Pin S0, 4.5-52V Cost Optimized Buck

Multi-Topology (Buck, Boost, Sepic) High Frequency DC/DC Controller
1UC3572! Negative Output Flyback Pulse Width Modulator

TPS541 10: 3V to 6V Input, 1.5A Output Synchronous-Buck PWM Switcher

'TP854310: 3V to 6V Input, 3A Output Synchronous-Buck PWM Switcher with Integrated FETs

TPS54350! 4.5V t0 20V Input, 3A Output Synchronous-Buck PWM Switcher with Integrated FET

______ 3V to 6V Input, 6A Output Synchronous-Buck PWM Switcher with Integrated FETs
UCC38C4% BiCMOS Low-Power Current Mode PWM Controller

1
(s a2

UCC3809) Economy Primary Side Controller

1UCC3813; Low Power Economy BiCMOS Current Mode PWM
MQZJS’_Z;: Dual 4A Peak, High-Speed Low-Side Power MOSFET Drivers

ucCcaz4s _: Dual 4A, High-Speed Low-Side MOSFET Drivers with Enable

1| P_S__Zt_l_@l: +9V to +80V Positive High-Voltage Power-Limiting Hot Swap Controller
ﬁP_S__Z@i Full Featured —48V Hot Swap Power Manager

:IES_239_1: Simple -48V Hot Swap Controller
Power-over-Ethernet (PoE)
TPS2375 |EEE 802.3af PoE Powered Device Controllers
pIRTEI

IEEE 802.3af PD Controller with Integrated DC/DC

TPS23750:
TPS23841 Quad Ethernet Power Sourcing Equipment Power Manager

mEE
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How to Power Your Industrial Application
Tl offers extensive online information on powering industrial designs.
(1) Controllers for Typical Industrial Power Supplies

The TPS40054/55/57 and TPS40060/61 are families of synchronous
buck controllers with input voltage ranges of 8V to 40V and 10V to 55V,
respectively. Learn more about these products at:

www.t.com/sc/device/tps40054
(2) Controllers for Economic Power Supply Design

The TPS40200 offer an industrial input voltage range from 4.5V to 52V.
Their flexible PWM control architecture allows cost-optimized power
supplies for a variety of industrial control solutions. More details at:

www. 1 com/sc/device/tpsa0200
(3) Select an Appropriate Device Using TI's PQS Tool

V|S|t_ppy\Leﬂ|_Qom click on the “Power Quick Search” tool and enter
the desired input and output voltage(s). This tool provides recommendations
from our many product portfolios, including DC/DC controllers, DC/DC
converters, low-dropout linear regulators, PPWM controllers and
complete module solutions.

ans Power Masagement - DC/DC, AC/DC. LOO, Pod. Drgatal Puwer Products fram T1 - Neticape
i Qﬂ W N W T ————r e S] S8 9
L SL o e 5 amcape O Search
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ST Output 1

e [

- Output 2
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(4) Reference Design Resources

Our reference design home page features solutions including schematics

and detailed bills of materials. Go TO.pr\LeIII_CDm, select “Design
Resources” and then “Reference Designs”.

<

(5) Not Sure Which Architecture Will Fit?
The Power Supply Topology poster, available at:

ihitp://focus ticar/it/ml/sluw00] a/sluw0Q1a pdt provides typical
power supply devices for each topology. The Power Management
Applications Solutions brochure, available at:

thitp://facus ticam/lit/ml/slub0QZ/slub007 pdf lists relevant
application notes.

Welcome to Power Management's Heference Design webgite, Using the links below
you will find a wide variety of reference designs developed by T The solutions vary

greatly in their target applications and uses. The casy-to-use charts in the following
pages hav: muluple designs categorized by Vi, Vo I, and Py,
schematic

. Bach reference
design and bill of materials, nndmnnyp nnrlm i
infarma n

Single Output Designs with
Vg Less than or Equal to 5V

Multiple Output Designs with
Vg Less than or Equal ta 5 V

Single Output Designs with
Vi, Greater than 5 V

Multiple Output Designs with
Vi, Greater than 5 V

(6) Power Management Selection Guide

This guide provides an overview of Tl's
extensive power supply product portfolio.
You can download the guide at:

hmjlpoyu&rllsonu&dectwngulde

(7) Powering Xilinx and Altera FPGAs

Tl offers a variety of ready-to-use solutions to
power core and /0 voltages for Altera® and
Xilinx® FPGAs. Web pages for Altera

Power Management Heference Guides,
along with downloadable schematics and
bills of material for each design.

Texas Instruments 1Q 2006

Industrial Solutions Guide



http://www.ti.com/sc/device/tps40054
http://www.ti.com/sc/device/tps40200
http://power.ti.com
http://power.ti.com
http://focus.ti.com/lit/ml/sluw001a/sluw001a.pdf
http://focus.ti.com/lit/ml/slub007/slub007.pdf
http://power.ti.com/selectionguide
http://www.ti.com/alterafpga
http://www.ti.com/xilinxfpga

Selection Tables

© Amplifiers

Difference Amplifiers Selection Guide

Offset
Drift
(uv/°C) Output Voltage
Device | Description ! (max) Swing (V) (min) Package(s)
General Purpose
UNA13;  High-Speed, Single Supply El? 1 0.2 50 15(typ) 86 15 (V4)-0.11t0(V-) +0.048 181055 14 MSOP-8 $1.60
:].NA]%‘ Micropower, High-Precision 2 1,2 1 250 5 76 0.3 (V+)-1to (V-) + 0.5 +27t0+36  0.185 DIP, SO $1.05
:].NA]ﬁ High-Precision, Fast 2 1,2 1 450 5 80 15 (V4)-1.5t0 (V=) +1 +2.2510 +18 12 SOIC-8-14  $1.05
:].NA]@; High-Precision, G =10 or 0.01 2 1,2 10,01 250 3 86 0.15 (V4)=1to (V=) +05 +2.25t0 18 12 SOIC-8-14  $1.05
:]NA]@; Resistor Programmable Gain 2 1,2 1-1000 1000 103 76 0.5 (V+)=1to (V-) + 0.5 +1.35t0 +18 0.7 S0IC-8 $1.50
:].NA]&Z" Micropower, High-Precision 2 1 1 750 5 86 0.7 (V+)-0.2to (V=) +0.2 +2.7t0 +20 0.65 MSOP-8 $1.20
:].NA]&A; High-Speed, Precision, G = 1 2 1 1 750 20 80 31 (V+)-2to (V-) +2 +410 £18 29 S0IC-8 $1.05
| High-Speed, G=20r 0.5 2 1 2,05 500 20 86 4 (V+)-2t0 (V-) +2 +410 +18 29 S0IC-8 $1.05
INAI34  Low Distortion: 0.0005% 2 1,2 1 100 2 74 31 (V4) - 2t0 (V) +2 +4t0 418 — SOIC-8-14  $1.05
INAT37!  Low Distortion, G =05 or 2 1,2 205 1000 2 7 4 (V+)-2to (V-) +2 410 18 29 SOIC-8-14  $1.05
High Common-Mode Voltage
+200V CM Range 2 1 1 1000 20 86 0.2 (V+)-5t0 (V-) +5 50 £18 — S0IC-8 $2.10
+100V CM Range, Prog. Gain 2 1 01-100 5000  100° 70 055  (V4)-Tto(V-)+0.15 +1.35t0 +18 0.7 S0IC-8 $1.70
+200V CM Range, MQ Input 2 1 1 5000 100° 70 0.1 (V4)-1to (V=) +025  +135t0+18 03 S0IC-8 $2.10
High-Side Current Shunt Monitors
36V (max) El? 1 200pAN 1000 13 100 0.8 0to (V+)-08 +2.710 36 0.045 S0T23-5 $0.99
High-Speed, 40V (max) El? 1 1-100 1000 1 100 44 0to(V+)-09 +27t0 40 0.125 S0T23-5 $0.99
60V (max) El? 1 200pAN 1000 13 100 0.8 0to (V+)-08 +2.710 60 0.045 S0T23-5 $1.25
High-Speed, 60V (max) El? 1 1-100 1000 1 100 44 0to(V+)-09 +2.710 60 0.125 S0T23-5 $1.25
-16V to 36V CM Range El? 1 100V 2000 1 100 04 04 (V+) -0.1 +2710135 09 S0T23-5 $0.80
High-Side, Bi-Directional 2 1 1-100 1000 1 100 04 0to(V+)-09 +2.710 60 0.125 MSOP-8 $1.25
'Suggested resale price in U.S. dollars in quantities of 1,000.% =—40°C to +85°C. El = —40°C to +125°C. Denotes single supply. New products are listed in bold red.

Logarithmic Amplifiers Selection Guide
Conformity | Conformity Offset

Input Input Error Error Voltage
Current | Current | (Initial 5 (Initial 5 (Input
Scale Range | Range | Decades) | Decades) | Amplifiers) !
Factor (nA) (mA) (%) (%/°C) (mV) Reference Auxiliary
(V/decade) | (min) | (max) (max) (typ/temp) (max) Type Package(s)
;I,_D,ﬁln],_: C3 1 0.1 35 02 0.0001 15 45 118 15 External — S0-8 $6.95
;I,_D,ﬁlﬂ;; C 1 1 1 03 0.0002 1.5 45 18 2 External 2 S0-14 $1.25
11061 : C3 0.5 0.1 35 0.2 0.0001 15 45 118 15 External — S0-8 $6.95
106112 C3 0.5 0.1 35 0.2 0.00001 15 45 118 1.75 2.5V Internal 1 S0-14 $7.90
iJ._D@ZJ,],gi C3 05 0.1 35 02 0.00001 15 45 118 1.75 2.5V Internal 1 S0-16 $11.35
106114 C3 0.375 0.1 35 0.2 0.001 4 1225 45 15 2.5V Internal 2 QFN-16 $8.90
'Suggested resale price in U.S. dollars in quantities of 1,000.%C = 0°C to 70°C; C3 = -5°C to 75°C. *Dual LOG112. Preview devices appear in bold blue.
Isolation Amplifiers Selection Guide

Isolation Isolation Isolation Input Small-
Voltage Cont | Voltage Pulse/ Mode Gain Offset Voltage | Signal

Peak (DC) Test Peak Rejection DC | Nonlinearity | Drift (xpV/°C) | Bandwidth
Description (V) (V) (dB) (typ) (%) (max) (max) (kHz) (typ) Package(s)

150120, 1500-Vrms lsolation, Buffer 2121 2500 0.01 150 60 DIP-24 $68.20
150121, 3500-Vrms Isolation, Buffer 12 4950 5600 — 0.01 — 60 CERDIP-16 $66.35
150122, 1500-Vrms Isolation, Buffer 12 221 2400 160 0.02 200 50 DIP-16, SOIC-28 $9.40
150124, 1500-Vrms Isolation, Buffer 22 2400 0.01 50 DIP-16, SOIC-28 $7.20
Digital Couplers

1S0150;  Dual, Bi-Directional Digital Coupler | 1500 2400 — — — — DIP-12, S0-12 $1.47

'Suggested resale price in U.S. dollars in quantities of 1,000. Wi = -55°C to +125°C; 12 = —25°C to +85°C; | = —40°C to +85°C.
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Selection Tables

Amplifiers

Single-Supply Instrumentation Amplifiers Selection Guide

Noise
Offset E
Linearity | Current Drift 1kHz

(wrec) (nVAHz)
Device |Description (max) (typ) Package(s)
Single-Supply, Low Power lg < 525pA per Instrumentation Amp
iINA321L RRO, SHON, Low Offset, Gain Error W1 5o 10000 0.01 0.01 1000 & 90 50 100 27t055 006 MSOP-8  $1.10

NAZ32: Dual INA321 W w1000 001 001 1000 P 90 50 100  27to55 006  TSSOP-14  S$1.75
INA322 RO, SHDN, Low Cost Wi 5t10000 001 001 10000 7 60 50 100  27to55 006  MSOP8  $05
NAZ32 Dual INA32 Wi 5t10000 001 001 10000 7 60 50 100  27to55 006  TSSOP-14  $150
NATZ2, wpower, RO, CM to Ground | 5wl 0012 2% 20 3 0 5 60 22103 0085  SOIC8  $210
INA332. RO, Wide BW, SHDN W 5t1000 001 001 1000 7 60 50 100 27055 01  MSOP8  $085
NAZ332: Dual INA332 W 5t1000 001 001 f000 7 60 50 100 27055 01  MSOP8  $1.35
INA26! ppower, < 1V Vs, Low Cost | 5wl 002 % 20 3 8 9 % 27103 02  SOMSOP8  §105
iINAZ126! Dual INA126 | 5wl 0012 % 20 3 8 9 % 27103 02  SO/MSOP-16  §1.70
INATIB] Precision, Low Drift, LowPower | 1to10000 0002 5 55 07 1070 0 27t03% 0385  SOIC8  S415
INA331L RO, Wide BW, SHDN Wi 5t000 001 001 500 B @ 200 46 271055 05 MSOP8  §110
NAZ33]: Dual INA331 Wi 5w000 001 001 1000 5 8 200 4  27t055 05  TSSOP-14  $1.80
UNA125! Internal Ref, Sleep Mode* | 4010000 001 B 50 2 10 45 3B 2703 055  SOC16 8205

Single-Supply, Low Input Bias Current Ig < 100pA
:INA1§5; Low Offset, RRO, SR =6.5V/ps Wi 10,50 0.015 0.01 1000 5 86 110 40 27t05.5 21 MSOP-8  $1.10

INA156! Low Offset, RRO, Low Cost, Wi 10,50 0.015 0.01 8000 5 86 110 40 271055 21 S0IC-8, $0.95
———_, SR=65V/us MSOP-8

IINA321: RRO, SHDN, Low Offset, Gain Error ~ WI 5o 10000 0.01 0.01 1000 iF 90 50 100 271055 0.06 MSOP-8 $1.10
:_II\I_A_ZQZJ_: Dual INA321 WI 5to 10000 0.01 0.01 1000 iF 90 50 100 271055 0.06 TSSOP-14  $1.75
iINA322: RO, SHDN, Low Cost Wl 5to 10000 001 0.01 10000 1 60 50 100 271055 0.06 MSOP-8 $0.95
:_II\I_A_ZQZg: Dual INA322 Wl 5to 10000 0.01 0.01 10000 1 60 50 100 271055 0.06 TSSOP-14  $1.50
IINA331: RRO, Wide BW, SHDN Wi 5t0 1000 0.01 0.01 500 5 90 2000 46 271055 0.5 MSOP-8 $1.10
:_II\I_A_ZQSJ_: Dual INA331 Wi 5t0 1000 0.01 0.01 1000 5 80 2000 46 271055 0.5 TSSOP-14  $1.80
IINA332: RRO, Wide BW, SHDN Wi 5t0 1000 0.01 0.01 10000 iF 60 500 100 271055 0.1 MSOP-8 $0.88
:_II\I_A_23_32: Dual INA332 Wi 5t0 1000 0.01 0.01 10000 iF 60 500 100 271055 0.1 TSSOP-14  §$1.35
INA1 18, Precision, Low Drift, Low Power* | 1t0 10000  0.002 5 55 0.7 107 70 10 271036 0385 S0IC-8 $4.15
INA326! RRIO, Auto Zero, | 0.1to 0.01 2 100 04 100 1 3 271055 34 MSOP-8 $1.80
R CM > Supply, Low Drift 10000

INA327: RRIO, Auto Zero, SHDN, | 0.1to 0.01 2 100 04 100 1 3 271055 34 MSOP-10  $1.95
N CM > Supply, Low Drift 10000

INA337! RRIO, Auto Zero, Low Drift, El 0.1t0 0.01 2 100 04 106 1 3 271055 34 MSOP-8 $1.80
———_, CM> Supply 10000

1INA338! RRIO, Auto Zero, Low Drift, El 0.1t0 0.01 2 100 04 106 1 33 271055 34 MSOP-10 $1.95
____, CM> Supply, SHDN 10000

:_II\I_A_12_2; upower, RRO, CM to Ground | 5t0 10000  0.012 2 250 3 90 5 60 22t036  0.085 S0IC-8 $2.10
:_II\I_A_12_5; Internal Ref, Sleep Mode* | 410 10000 0.01 2 250 2 100 45 38 271036 0525 S0IC-16 $2.05
:I_N_A_lZ‘B:_ ppower, < 1V Vgur, Low Cost | 5t0 10000  0.012 25 250 3 83 9 35 271036 0.2 SO/MSOP-8 ~ $1.05
:_II\I_A_21_2§: Dual INA126 | 5t0 10000  0.012 2 250 3 83 9 35 271036 02  SO/MSOP-16  $1.70

Temp Error® 1/F Noise
INA330! Optimized for Precision 10K | — — 023 — 0.009°C — 1 0.0001  27t0o55 3.6 MSOP-10  $1.55
Thermistor Applications Cpp

1Suggested resale price in U.S. dollars in quantities of 1,000. 2WI = -55°C to +125°C; | =—40°C to +85°C; El =—40°C to +125°C. *Typical. *Internal +40-V input protection. °~40°C to +85°C.
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Dual-Supply Instrumentation Amplifiers Selection Guide

Offset
Drift

(pv/ec)
Device | Description (max) Package(s)

INA122! upower, RRO, CM to Ground

iINA] 2_6:z upower, < 1V Vgr, Low Cost

| 5t0o10000 0.012 25 250 3 90 5 60 +1.3t0o+18 0085 DIP-8,SOIC-8  $2.10
| 5t0o10000 0.012 25 250 3 83 9 3% +135t0«18 02 DIP/SO/MSOP-8 $1.05
:lN_A_1 18, Precision, Low Drift | 1t0o10000  0.002 5 55 0.7 107 70 10 +135t0+18* (385 S0IC-8 $4.15
:lN_A_I 2} Low Bias, Precision | 1t0o10000  0.005 0.05 500 5 100 50 0 £225t0+18" 0525 S0-8 $2.50
:I_N_A_12_5; Internal Ref, Sleep Mode* | 4t010000 001 25 250 2 100 45 38 +1.35t0 18 0.525 S0IC-16 $2.05
INA1283 Precision, Low Noise, Low Drift! | 1to10000  0.002 5 60 0.7 120 200 8 +225t0+18 08 S0IC-8 $3.05
| 1to10000  0.002 5 60 0.7 120 200 8 +225t0+18 08 S0IC-8 $3.05

1INA129!  Precision, Low Noise, Low Drift

____, AD620 Second Source*

INA1413 Precision, Low Noise, Low Drift, | 10,100 0.002 5 50 0.7 110 200 8  #225to+18 08 S0IC-8 $3.06
Pin Compatible with AD6212*

Dual-Supply, Low Input Bias Current Ig < 100pA

INATL0!  Fast Settle, Low Noise, Wide BW C 110100, 001 0.05 280 25 106 470 10 6t0£18 45 CDIP-16 $1.00

I 200, 500

iINA] 21} Precision | 1to10000 0005  0.05 500 5 100 50 20 £22%5to+18" 05% S0-8 $2.50

INAT 11y Fast Settle, Low Noise, Wide BW | 1to10000 0005  0.02 520 6 106 450 10 6to£18 45 S0-16 $4.20

INAT16!  Ultra Low Ig 3 A (typ), with Buffered I 1t010000 001 00001 5000 40 80 70 28 tAbtos18 14 S0-16 $4.20

Guard Drive Pins*
Dual-Supply, Precision Vgg < 300pA, Low Vg Drift

Precision, Low Drift* | 1to10000  0.002 50 0.25 110 10 11 +2.2510 £18 3 S0-16 $4.20
Precision, Low Drift, with Gain Sense Pins* 11010000  0.002 50 0.25 120 10 1 +2.25t0 +18 3 S0-16 $4.20
Low Noise, Low Drift* 100 0.002 50 0.25 110 10 12 +2.2510 £18 3 PDIP-8 $3.80

50 0.7 110 200 8§ +225t0+18" 08 S0IC-8 $3.55
55 0.7 107 70 10 +135t0+18* 0385 S0IC-8 $4.15
60 0.7 120 200 8 +225t0+18 08 S0IC-8 $3.06
60 0.7 120 200 8 +2.25t0+18 08 S0IC-8 $3.05

10,100 0.002
1t0 10000  0.002
1t0 10000  0.002
1t0 10000  0.002

Precision, Low Noise, Pin Com. w/AD6212
Precision, Low Drift

Precision, Low Noise, Low Drift*
Precision, Low Noise, Low Drift,

AD620 Second Source*

INA122'  ppower, RRO, CM to Ground

INAI25! Internal Ref, Sleep Mode*

INAIZ®  ppower, < 1V Vg, Low Cost

INA10T!  Low Noise, Wide BW, Gain Sense Pins

Cl ol o1 o1 NN N

51010000 0012 %5 B0 3 0 5 60 +13to+18 0065  SOIC-8  $210
41010000 001 5 B0 2 100 45 3B  +13%to£l8 055  SOIC-16  $205
51010000 0012 2% 30 3 88 9 3 +13%t8 02  SOMSOP8  $1.05
1010000 0007 30 259 23 100 25000 13  s5t0+18 85 T0-100,CDIP-14, 790
PDIP-14, $0-16

INAI10! Fast Settle, Low Noise, Low Bias, Wide BW € 110000, 001 005 280 25 106 40 10  s6tol8 45  CDIP-16  $7.00

1 — =1 —

200, 500
Dual-Supply, Lowest Noise
INAT03!  Precision, Fast Settle, Low Drift, Audio, C 1,100 00006° 12000 255 129 100 800 1 910 +25 13 S0-16 $5.00
ey Mic Pre Amp, THD+N = 0.0009%
INA163!  Precision, Fast Settle, Low Drift, | 1t010000 0.0006° 12000 300 12 100 800 1 t45t0+18 12 S0IC-14 $2.50
——__, Audio, Mic Pre Amp, THD+N = 0.002%
INAT66! Precision, Fast Settle, Low Drift, | 2000 0.005 12000 300 259 100 450 13 :45t0+18 12 SO-14Narrow  $5.95
———_, Audio, Mic Pre Amp, THD+N =0.09%
INA217!  Precision, Low Drift, Audio, Mic Pre Amp, | 1t010000  0.0006° 12000 300 12 -100 800 13 t45t0+18 12 S0-16 $2.50

THD+N = 0.09%, SSM2017 Replacement
'Suggested resale price in U.S. dollars in quantities of 1,000. %I = —40°C to +85°C; C = 0°C to 70°C. °Parts also available in dual version. *Internal +40-V input protection. *Typical.
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Operational Amplifiers Selection Guide

Drift Ig SR lo/ Amp
ackage (wre) | (pA) (V/ps) Vour (mA)

Device | Description
Bipolar Input—Low Offset, Low Drlft

;ng;g_: Very Low Noise, G>5 S0IC  §,D,Q 0075 0.1 10nA 3 3 10 (V-)+2 (V&)-2 (V-)+2 (V+)-2 +25t0+18 38 $1.10
;g_m;z_: Very Low Noise Bipolar ~ SOIC ~ S,D,Q  0.075 0.1 10nA 3 8 23 (V)42 (V¢)-2  (V-)+2  (V+)-2 +#25t0+18 38 $1.65
;ngzz_: Lowest Offset/Drift OFN  §D,Q 002 0.1 nA 8 1 08 (V-)42 (V#)-2 (V-)+05 (V+)-12 +2to+18 0825  $0.85
10PA234  Single Supply, MSOP  §,D,Q 0. 05 25nA % 035 02 (V9)-01 (V&)-1 (V=401 (V+)-1 27t036 03  $130

_____ General Purpose
Mtlf Good Speed/Power S0T23  S,D,Q 1.5 03 5nA 51 022 012 (V9 (V+) (V=) +0.03 (V+)-0.07 27t06.0 0035  $0.60
'0PA241  Low Power, Single Supply SOIC ~ §,D,Q 025 04 20nA 45 0035 001 (V-)-02 (V&)-1 (V-)+0.1 (V+)-01 27t036 003  $1.15
FET-Input—Low Noise, Wide Bandwidth

;ng;]_: DiFET, Lowest THD+N SoIC S 05 25 10 56 16
'0PA134 0.00008% THD+N, Audio ~ SOIC  §,D,Q 2 2 100

(2]

5 (V=) +4 (V)4 (V-)+35 (V+)-35 +45t018 75  §12.25
0 (V-)425 (V+)-25 (V-)+0.5 (V+)-05 +25t018 5 $0.95

[}

8
Eﬁﬁzi 0.00008% THD+N, Precision  SOIC ~ §,D,Q 05 2 50 8 8 20 (V-)+25 (V+)-25 (V-)+05 (V+)-05 £25to+18 48 8145
{OPAI3T:  Lost Cost FET, SOT23 soic  §,D.Q 3 25 100 45 1 35 (V)43 (V#) (V) +05 (V4)-12 +25to£18 027  $0.60
I0PA130' Low Power, FET soic §,0,Q 1 2 2 16 1 2 (V42 (V=2 (V-)412 (V4)-15 £25to+18 065  $140
CMOS—Low Input Bias Current (Ig), Rail-to-Rail In and Out
{0PA335:  High-Speed, RRO s0T23 S0, T 9 I 50 58 200 300 (V-)-02 (V#)-1 (V-}-01 (V#)-15 25t055 1 $1.90
'0PA36% Outstanding ADC Driver  SOT23 S, D, Q 05 4 10 5 50 2 (V-)-02 (V+)+02 (V-)+0.01 (V+)-0.01 22t055 5 —
S Low THD+N
'0PA350' Excellent ADC MSOP §,D,Q 05 4 10 8 38 2 (V-)-0.1 (V4)+0.1 (V-)+0.05 (V+)-005 25tod5 75  §1.30
1=~ — . Driver Amp, Low Offset
:_Qgﬂggk: Low-Noise, High-Speed ~ S0T23 S 3 4 200 15 2 30 (V) (V425 (V401 (V401  4to12 62 $0.90

'QPA727: e-trim™, Low OffsetDrift ~ QFN S 0.15 0.3 100 6 2 30 (V=) (V4)-25 (V) +0.1 (V4)-01  4to12 43 $1.45
TLCO8N  Low Cost, Shutdown MSOP  S,D,Q 19 12 50 85 10 16 (V=) (V4)-15 (V-)+025 (V+)-09 45t016 25 $0.50

'g_lg_/zlﬁll: 1.8V, 8MHz, Shutdown ~ SO0T23  §,D,Q 3 8 15 18 8 43 (V-)-02 (V4402 (V-)+0.07 (V+)-0.02 18t036 082  $0.65
;QEAZA§_: 12V, RRIO, SOT23 S0T23  S,D,Q 1.5 8 10 30 1 10 (V=)-01 (V4)+0.1 (V=) +0.075 (V+)-0075 35t012 15 $0.95
'0PA364' 1.8V, High CMRR, S0T23  S,D,Q 05 2 10 17 1 5 (V=)0 (V4)40.1 (V-)+0.02 (V+)-0.02 18to55 075  $0.60
R Low Offset

'0PA340"  Low Offset, S0T23  S,D,Q 05 25 10 25 Gl 6 (V-)-03 (V+)+0.3 (V-)+0.005 (V+)-0005 25to55 095  $0.80
_____ Excellent Swing

'!ILC_Zy;: Dual or Quad, RRIO TSSOP  D,Q 0.95 2 60 9 218 36 (V=) (V4)-15 (V-)+0.15 (V+)-001 44t016 15 $0.65
'I_[IFQLI_,_Z@J SS, Low Noise S0IC S,D 02 05 10 8 18 25 (V=) (V4)-23 (V-)+0.05 (V+)-03 46to16 15 $1.75
10PA348: _ Lowest Power IMHz Amp SC-70  §,D,Q 5 2 10 35 1 05 (V-)-02 (V+)+02 (V-)+0.018 (V4)-0018 25t055 0065  $0.45
_0PA7§§F4 RRIO, SOT23/G>5 S0T23  §,0,Q 075 4 10 45 1 06 (V-)-03 (V4)+123 (V-)+0.045 (V+)-0.05 4to12 02 $1.30
';I.Q/.-Z.l@ll: 1.8V ppower S0T23  S,D,Q 3ih) 9 15 95 05 02 (V-)-02 (V4402 (V-)+0.01 (V+)-0.01 18t036 0028  $0.65
'0PA347"  High Speed/Power, WCSP, §,D,Q 6 2 10 60 035 017 (V=) -0.2 (V+)+0.2 (V-)+0.005 (V+)-0005 23to55 0.034  $0.48
_____ Dual in WCSP SC-70

'._TI._C_22_52: Dual or Quad, RRO, TSSOP  D,Q 1.5 05 60 19 02 012 (V=) (V4)-1 (V=)+0.15 (V4)-0.1 44t016 007  $0.65
S Low Power

;nggg_: ppower, Low Offset S0T23  §,0,Q 0125 15 10 40 0.1 003 (V-)-02 (V+)-1 (V-)+0.1 (V4)-0.1 23to55 0032  $0.40
:_Q_E_Imgl ppower, Low Noise SC-710 S,D,Q 1.5 2 25 80 009 0015 (V-)-02 (V+)+0.2 (V-}+0.01 (V+)-0.01 18to55 0.005
'0PA349 Excellent Speed, SC-710 S,D,Q 10 15 10 300 007 002 (V-)-02 (V+)402 (V-)+03 (V+)-03 18to55 0002  $0.75
_____ Power, 1.8V

'._TI._V_24_01_: Ultra-Low Power S0T23  S,D,Q 1.2 8 300 500 0.005 0002 (V-) 0.1 (V+)+02 (V-) +0.15 (V+)-0.05 25t016 0.95pA  $0.80
Auto-Zero Autocalibration—Highest Precision, Lowest Drift

:_ng_lzl High Speed Trans. Amp ~ MSOP SD 0.025 0.1 50 5.8 90 80 (V=) (V+)-18 (V=)  (V+)-04 27t055 95 $1.95
'0PA381'  Low Power Precision TIA  QFN S 0.025 0.1 50 10 18 12 (V=) (V4)-18 (V=)  (V+)-04 27t0o55 1 $1.45
'I_[IFQA_E@E: SS, Auto Cal S0IC S,D 0.08 1 500 12 47 25 (V=) (V#)-23 (V-)+0.1 (V+)-0.1 40t060 15 $1.35
;QE_A,_QQ_E;_'_ 5V Auto-Zero S0T23 S,D 0.005 0.02 200 14pVp-p 2 16 (V=) -0.1 (V+)-1.5 (V=) +0.015 (V+)-0015 27t055 03 $1.00
'[]PA734?§:12VAuto-Zero S0T23 SD 0.005 0.05 200 150 1.6 15 (V=)-0.1 (V4)-15 (V-)+0.02 (V+)-002 27t012 075  $1.25
'0PA333 ppower Auto-Zero SC-70 S,D 0.01 0.05 50 TuVp-p 035 005 (V-)-0.1 (V4)+0.1 (V-)+0.01 (V+)-001 18to55  0.02 —
'Suggested resale price in U.S. dollars in quantities of 1,000. New products are listed in bold red. Preview products are listed in bold blue.

28 = single; D = dual: T = triple; Q = quad.
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Comparators Selection Guide

Output

loPerCh. | Current | Low-to-
High (ps) i Output type Package(s)

Ultra High-Speed, Rail-Rail 1,2 0.0045 21 5i5 6.5 Push-Pull S0T23, S0IC $1.50

High-Speed, 10mV (typ) Hysteresis 1 12 16 0.006 475 5.25 10 Push-Pull PDIP, SOIC $2.16
High-Speed, Low Offset 1 125 — 0.0078 5 10 3 Open-Drain/Collector SO0IC, TSSOP $0.95
Ultra Fast, Low Power, Precision 1 147 — 0.0099 5 10 3 Open-Drain/Collector SOIC, TSSOP $0.95
Single, High-Speed 1 20 16 0025 475 5.25 5 Push-Pull PDIP, SOIC, SOP $0.83
Low Power Iy <0.5mA
{LV370x  Nanopower, Push-Pull, RRIO  1,2,4 ~ 0.0008 — 36 25 16 5 Push-Pull MSOP, PDIP, SOIC, SOT23, TSSOP ~ $0.60
:_er34_9£ Low Voltage, Speed/Power 1,2 0.0012 — <0.1 1.8 55 15 Push-Pull $0T23, S0IC, TSSOP $0.42
Combination Comparators and Op Amps
fLV230x  Sub-ppower, RRIO 2 0.0017 = 55 25 16 5 Open Drain/Collector ~ MSOP, PDIP, SOIC, TSSOP $0.90
TLV270x Sub-ppower, RRIO 2,4 0.0019 — 36 25 16 b Push-Pull MSOP, PDIP, SOIC, TSSOP $0.90

Comparator with On-Chip Voltage Reference

TLV3011  ppower Open-Drain 1 0.003 5 6 1.8 55 15 Open Drain/Collector SC70, S0T23 $0.75
_____ with Built-in 1.242V Ref
:_er3qu: ppower Push-Pull 1 0.005 05 6 18 55 12 Push-Pull SC70, S0T23 $0.75

with Built-in 1.242V Ref

'Suggested resale price in U.S. dollars in quantities of 1,000.

High-Speed Amplifiers Selection Guide

THD
G=+2 | Product 2pp
G =1.1MHz
(dB) (typ) Package(s)

;Iﬂgmoj;s],: 1 Y 5515 1 150 90 ) 52 78 -9 = = | & 2 S0IC, MSOP PowerPAD™  $350
Tusata0lsr 1 Y 545+15 1 150 81 100 650 53 -84 - = 16 1 SOIC, MSOP PowerPAD, $4.70
e Leadless MSOP PowerPAD
THSA2lY 1 Y 5,15 1 310 175 300 2800 6.3 -100 - - 6 I SOIC, MSOP PowerPAD, $4.00
e Leadless MSOP PowerPAD
HHSAEQMO&: 1 Y 5,15 1 260 10 210 1800 2 -100 - = 8 7 SOIC, MSOP PowerPAD, $1.75

Leadless MSOP PowerPAD
CMOS Amplifiers
10PA3RE 1 —  25t055 1 250 90 100 150 30 — 002 009 65 8 S0T23, SOIC PowerPAD $0.75
\0PA2354 2 — | 251055 1 250 90 100 150 30 — 002 009 65 8 SOIC PowerPAD, MSOP $1.20
;QRM;ﬁ;I: 4 —  25t055 1 250 90 100 150 30 — 002 009 65 8 SOIC, TSSOP $1.80
10PA3RE:. 1 Y  25t055 1 450 100 200 300 30 — 002 005 58 9 S0T23, S0IC $0.90
\0PA2355, 2 Y  25t055 1 450 100 200 300 30 — 002 005 58 9 MSOP $1.50
: i 3 Y  25t055 1 450 100 200 300 30 — 002 005 58 9 S0IC $1.90
10PA3SE:. 1 —  25t055 1 450 100 200 300 30 — 002 005 58 9 S0T23, S0IC $0.90
;Qmmp: 2 — | 25ito}b!h 1 450 100 200 300 30 — 002 005 58 9 S0IC, MSOP $1.50
10PA3SL:. 1 Y  25t055 1 250 90 100 150 30 — 002 009 65 8 S0T23, SOIC PowerPAD $0.75
;ngag: 2 Y  25t055 1 250 90 100 150 30 — 002 009 65 8 MSQP $1.20
'0PA358! 1 Y 27t033 1 75 — 80 55 — — 03 07 5.8 6 SC-70 $0.45
FET-Input
: | 1 — 5 1 500 200 230 290 — -80 002 005 1 18 S0T23, S0IC $3.35
10PAGAL: 1 — £ I 350 300 1600 700 10 -80 - - 48 18 S0T23, S0IC $3.80
THS41311 1 N 515415 1 150 90 90 52 78 -97 - = 2 S0IC, MSOP PowerPAD $3.50

'Suggested resale price in U.S. dollars in quantities of 1,000.
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High-Speed Amplifiers Selection Guide (Continued)

Settling THD
Supply Time 2Vpp
Voltage 01% |G=11MHz

(v) i (ns) (typ) | (dB) (typ) Package(s)

;QE,_AM; 1,24 N bh 1 800 240 280 240 18 -84 001 003 075 1 SOPSO0IC $0.90
;QE,_A@A;; 1 — + 1 400 56 200 400 15 — 0.003 0008 27 12 S0T23, S0 $1.55
;QE,_AﬁAg; 1 — 5 3 500 65 800 1000 15 — 0.001 0012 2 12 S0T23, S0 $1.60
;QE,_A@A@; 1,2 — 5 7 500 — 1750 625 15 — 002 002 12 05 S0T23, S0IC $1.70
{0PAB4T: 1 — 5 12 600 — 3900 950 2 — - = 0.85 05 S0T23, S0IC $2.00
;QEAgﬁ],Sl - 2 N 5,45 1 230 110 125 10 40 -94 — — 1 1 S0IC $1.55
;f_ﬁg@g]m: 1,2 — 1, +15 2 100 100 200 100 60 -12 0015 0025 16 2 S0IC, MSOP PowerPAD™  $2.00
;_ugg_um];: 1,2 N 1, +15 1 290 50 100 310 31 -80 0.006 0.1 6 6 S0IC, MSOP PowerPAD $2.30
;{_u§_4;1§]151: 1,2 N 15, +15 1 70 38 — 240 60 -82 001 001 10 10 S0IC, MSOP PowerPAD $1.10
mmmm 1,2 N 1, +15 1 175 — 100 20 43 -64 001 005 7 45 S0IC, MSOP PowerPAD $1.80
THS42711 1 Y 5, 5,15 1 1400 390 400 1000 2 -110 0.007 0.004 3 10 S0IC, MSOP PowerPAD $2.85
Voltage-Limiting Amplifiers

;QEAQQ&; 1 N 5, 5 1 450 215 250 1100 — -9 0012 0008 56 b SoIC $2.00
0PABY! 1 N bh 4 260 — 1000 1400 — — 0012 0008 41 5 SoIC $2.05
Current Feedback

;QE,_AQQ]_: 1,23 Y 5,5 1 280 255 — 2100 8 -9 007 002 17 25 S0T23, S0IC $1.55
;QE,_AQ%; 1 Y bh 1 1700 1400 — 4300 — -86 0.04  0.007 3 3 S0T23, S0IC $1.35
;ng_: 1,234 Y 5, 5 1 210 160 — 820 — -1 004 002 37 0.35 S0T23, S0IC $1.35
;QE,_AQﬁg; 1,2 Y bh 1 200 150 — 540 — -84 006 003 44 35 S0T23, S0IC $1.20
{0PAGI4: - 1 N 5 1 1500 690 — 1700 13 — 003 0015 41 3 S0T23, S0IC $1.25
;I_ﬂSQﬂg]}ﬂﬁ_: 1,2 Y +5, +15 1 235 210 — 5000 42 -12 0013 0.02 2 3 S0IC, SOIC PowerPAD $3.60
ﬂ_l:l§§,1,],0],125 1,2 Y 15, +15 1 100 90 — 1300 21 -8 001 003 6 8 S0IC, MSOP PowerPAD $1.85
EI:ISBlZODZ: 1,2 N 15, +15 1 130 — — 1500 1 -53 0.007 0018 2 8 S0IC, MSOP PowerPAD $2.25

'Suggested resale price in U.S. dollars in quantities of 1,000.

High-Speed Buffer Amplifiers Selection Guide

Ac. Min Settling THD
Stable BW Time Iy (FC= Diff | Diff I
Vs+45 Gain at ACL 0.01% (mA) 1MHz) Gain | Phase (uA)
(V) (VV) | (MHz) (ns) (typ) | (typ) | (dB)(typ) | (%) (°) max Package(s)

N h Yes 1600 9000 — 58 0.06 002 +30 7  SOIC,MSOP, PowerPAD™  $1.60
_____ | Yes Yes Yes 1 180 2000 200 250 — 04 0.1 100 20 DIP, SOIC, T0220-5,  $3.05
o DDPak5
0PABRY  C Yes  Yes = — 1 60 250 50 100 - — BB P $5.45
1Suggested resale price in U.S. dollars in quantities of 1,000. %I = —40°C to +85°C; C = 0°C to 70°C. For a complete product listing Visit:_ar_ngli_ﬁgr._ti._cgm:

PWM Power Drivers Selection Guide

Output Saturation

Current Voltage lo Vs Vs Duty Cycle Duty Cycle

(A) (min) (V) (max) (mA) (max) | (V)(min) | (V) (max) (%) (min) (%) (max) Package(s)
;Qﬁy_m]_: | 19 1 5 9 60 10 90 T0-220, DDPAK $3.85
;Qﬁmg_: Wi 2 22 9 8 60 10 90 T0-220, DDPAK $3.85
;Qﬁy_mi_i; | 3 06 038 8 R 10 90 $0-8, S0-8 PowerPAD™ $1.60
DRV104! | 12 0.65 1 8 2 10 90 14-lead PowerPAD $1.60

1Suggested resale price in U.S. dollars in quantities of 1,000. %I = —40°C to +85°C; WI = —55°C to +125°C.
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Power Operational Amplifiers Selection Guide

Spec? Bandwidth | Slew Rate Vg Drift Ig
Device Temp Range (MHz) (V/ps) (pv/°C) (max) | (nA)(max) Package(s)
B 12 2 15 47 5-3 10

0.015 10to 40 0.05 T0-99, DIP-8, S0-8 $4.75

rqmgg_ El 005  20to80 18 12 55 3 5 0.1 70220-7, DDPak-7 $2.55
'0PAYS El 005  20to80 15 3 55 3 5 01 70220-7, DDPak-7 $2.55
'OPAB4]! 12 10 +10to+40  Full Power 55kHz 10 2 1 30 0.05 10-3,ZIP $11.10
(0PAGA4' | 2 201070 14 8 12 5 10 0.1 70220-5, DDPak-5 $6.88
{0BA2E4N | 2 01070 14 8 12 5 10 0.1 ZIP11 $12.00
'OPAS4T! | 05 810 60 1 6 10 5 2% 500 70220-7, DDPak-7 $4.35
'0PASAE! | 3 810 60 1 10 17 10 30 500 70220-7, DDPak-7 $6.00
'0PABA | 8 810 60 09 9 % 5 2 500 ZIP11 $12.00
'OPASA! El 02 810 60 3 15 7 3 7 0.1 DIP-8,S0-8,DDPak-7  $240
'0PAS52 El 02 810 60 12 2% 7 3 7 0.1 DIP-8,S0-8,DDPak-7  $1.75
'OPASG! El 12 71016 17 50 50 2 50 0.1 HTSSOP-20 $2.65
DPAGES, | 2 27055 1.2 12 6 2 1.3 (typ) 10pA $0-20 PowerPAD™ $3.10
JW4e El 03 25t06 27 16 1 35 3 0.05 PDIP, MSOP, SOIC $0.75

'Suggested resale price in U.S. dollars in quantities of 1,000. %12 = -25°C to +85°C; | = —40°C to +85°C; El = —40°C to +125°C.

Digital Temperature Sensors Selection Guide

-25t085°C | Quiescent Max Operating
Accuracy Current Resolution Programmable Temp
(°C max)2 (nA) max (Bits) Temp Alert (°C) Package
TVRTOw 271055 2-Wire +2 45 9t0 12 — 150 S0T23 $0.75
TVRTOT 271055 2-Wire +2 45 9t0 12 v/ 150 S0T23 $0.80
TVRTR 271055 2-Wire 15 50 12 v/ 121 S0-8 $0.85
IVRT5 271055 2-Wire 15 50 12 v/ 121 S0-8 $0.70
IVRT2T 271055 SPI 15 50 12 — 150 S0T23 $0.90
IVRT22 271055 SPI 15 50 9t0 12 v/ 150 S0T23 $0.99
TVRTZ 271055 SPI 15 50 12 — 150 S0T23 $0.90
TVRT2 271055 SPI 15 50 12 — 150 S0-8 $0.70
TVRTR 271055 SPI +2.0 50 10 — 125 S0T23-6 $0.80
TVRTAL 27055 SensorPath 12 170 10 — 127 S0T23 $0.65
JURI0 181018 Analog and ) 100 — Resistor Prog. with 150 SC-70 $0.70
Comparator Outputs 5°C/10°C Hysteresis
TURIT 181018 Comparator Output +) 50 — Resistor Prog. with 150 SC-70 $0.70
5:C/10°C Hysteresis
'Suggested resale price in U.S. dollars in quantities of 1,000. ?All digital temp sensors have a +0.5°C typical accuracy. Preview products are listed in bold blue.
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4-20mA Transmitters and Receivers Selection Guide

Additional
Loop Power
Sensor Voltage Full-Scale Available
Description Excitation \} Input Range (VatmA) Package(s)
2-Wire General Purpose

|, with Current Excitation Two TmA 11.6t0 40 5mV to 1V 4-20mA DIP-14, SOIC-16
iy to lgyr Converter, External Resistor Scales Vyy to Iy VRep =25V 1510 36 40pA to 200pA 4-20mA S0IC-8
iy to lgyr Converter, External Resistor Scales Vyy to Iy Veer=4.096V  7.5t036 40pA to 200pA 4-20mA S0IC-8
iy to lgyr Converter, External Resistor Scales Vyy to Iy Vier = 5.0V 1510 36 40pA to 200pA 4-20mA MSOP-8, DFN 8
3-Wire General Purpose
XIR110;  Selectable Input/Output Ranges Vier =10V 135040 0Vto5Y, 4-20mA, 0-20mA,
0Vto 10V 0-25mA

DIP-16, SOIC-16 $1.10

4-20mA Current Loop Receiver
'RCV420"  4-20mA Input, OV to 5V Output
2-Wire RTD Conditioner with Linearization

XIRIQ5 100 RTD Conditioner Two 800yA 1510 36 5mV to 1V 51at1 DIP-14, SOIC-14
:}_(IRJ12" High-Resistance RTD Conditioner Two 250pA 1510 36 5mV to 1V 4-20mA 51at1 SOIC-14 $4.00
:XIRJ 14  High-Resistance RTD Conditioner Two 100pA 7.5t0 36 5mVto 1V 5.1at1 S0IC-14
2-Wire Bridge Sensor Conditioner with Linearization

XTRI0B  Bridge Conditioner 5V and 2.5V 751036
2-Wire RTD Conditioner with Digital Calibration for Linearization, Span and Offset
XTRI08  100Q to 1kQ RTD Conditioner, 6-Channel Input Two 500pA 15t0 24 5mV to 320mV 4-20mA 5.1at2.1 SSOP-24 $3.35
Mux, Extra Op Amp Can Convert to Voltage Sensor

Excitation, Calibration Stored in External EEPROM

4-20mA 0Vto 5V

$3.55

5mV/ to 1V 51atl DIP-14, SOIC-14

Bridge Conditioner with Digital Calibration for Linearization, Span and Offset Over Temperature

PGA30Y  Complete Digitally Calibrated Bridge Sensor Vexc = Vs, N/A TmV/V to 0.1Vto = TSSOP-16 $3.40
Conditioner, Voltage Output, Calibration Stored in 2.5V, 4,096V 245mV/V 4.9V

____, External EEPROM, One-Wire/Two-Wire Interface at Vg=+5V

:XIHBQD} Output Driver for Industrial and Process Control Loops — £17.5V 17V +17.5V, :20mA — 5x5QFN —
User Selects V or |

'Suggested resale price in U.S. dollars in quantities of 1,000. New products are listed in bold red. Preview products are listed in bold blue.

Voltage References Selection Guide

Long-Term Noise
Initial Drift Stability 0.1 to 10Hz Temperature Output
Accuracy | (ppm/°C) | (ppm/1000hr) | (pVp-p) Range Current
D (%) max (°C) (mA)
REF32xx  Precision, power 1.25,2.048, 2.5 0.2 1 55 171053 0.12 -40t0 +125 +10 S0T23-6 $1.70
_____ 3.0,3.3,4.09
:BEF_Slxx: Precision, ppower 1.25,2.048, 2.5 0.2 15 24 15t0 30 0.1 -40t0 +125 +10 S0T23-3 $1.10
..... 3.0,3.3,4.09
:BEF_3(J)QgI upower, Bandgap 1.25, 2.048, 2.5, 0.2 50 24 20to 45 0.05 -40to0 +125 25 S0723-3 $0.60
R 3.0,3.3,4.09
'REF02B!  Low Drift, Low Noise, 5 0.13 10 50 4 14 -2510 +85 +21,-05 PDIP-8, SOIC-8 $2.65
R Buried Zener
'REF102A;  Low Drift, Low Noise, 10 0.1 10 20 5 14 -25t0 +85 +10,-5 PDIP-8, SOIC-8 $1.75
R Buried Zener
'REF102B:  Low Drift, Low Noise, 10 0.05 5 20 5 14 -25t0 +85 +10,-5 PDIP-8, SOIC-8 $4.40
_____ Buried Zener
:BEF_]_L]Z:_ Nanopower 1.25V Shunt 1.25 0.2 30 60 25 0.0012 —40t0 +125 1A to 5mA S0T-23 $0.85
BEFI02C Ultra-Low Drift, Low 10 0.025 25 20 5 14 -25t0 +85 +10,-5 PDIP-8, SOIC-8 $5.10
Noise, Buried Zener
Current References
'REF200  Dual Current Reference  Two 100pA +1pA 25 (typ) — TpAp-p — -2510 +85 50pA to PDIP-8, SOIC-8 $2.60
with Current Mirror 400pA3

'Suggested resale price in U.S. dollars in quantities of 1,000.
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% | Selection Tables

©

ADS 1258,
ADS12TY)
ADS1252

ADS1255
ADS1256
IADS1251;
ADS1253
ADSI2E
ADS1210111!
ADSIZL8
ADS1217,
IADS1218;
ADS1222
ADS1224
1ADS1232
ADS1234
ADS1244
ADS1245
IADS1240;
ADS1241;
ADS1242
:AD S124,

ADS121213
DS 1250
ADS1I00
ADSLIL0
ADS1112
TLCI3s,
ADS1009
ADS1010
ADS1012

1 ’I 1

DDC!
DDC114

Data Converters

AY. ADCs Selection Guide
Sample Number of
Rate Input M
(kSPS) Channels
% 125 16 SE/8 Diff Serial, SPI
% 105 1Diff Serial, SPI
24 H 1 SE/1 Diff Serial
2% 30 2 SE/1 Diff Serial, SPI
% 30 8 SE/4 Diff Serial, SPI
2% 20 1 SE/1 Diff Serial
% 20 4 SE/4 Diff Serial
2% 20 4 SE/4 Diff Serial
% 16 1/4 SE/1/4 Diff  Serial, SPI
% 078 8 SE/4 Diff Serial, SPI
2% 0.78 8 SE/4 Diff Serial, SPI
% 0.78 8 SE/4 Diff Serial, SPI
% 0.24 2 SE/2 Diff Serial
% 0.24 4 SE/4 Diff Serial
2% 08 2 SE/2 Diff Serial
% 08 4 SE/4 Diff Serial
% 0.015 1 SE/1 Diff Serial
% 0.015 1 SE/1 Diff Serial
2% 0.015 4 SE/2 Diff Serial, SPI
% 0.015 8 SE/4 Diff Serial, SPI
% 0.015 4 SE/2 Diff Serial, SPI
% 0.015 8 SE/4 Diff Serial, SPI
2 6.25 1/4 SEN/ADiff  Serial, SPI
20 25 1 SE/1 Diff Serial, SPI
16 0.128 1 SE/1 Diff Serial, I
16 0.24 1 SE/1 Diff Serial, IC
16 0.24 3 SE/2 Diff Serial, I
14 3 1 SE/1 Diff MUX BCD
12 0.128 1 SE/1 Diff Serial, I
12 0.25 1 SE/1 Diff Serial, 12C
12 0.24 3 SE/1 Diff Serial, I°C
20 10 1 Serial
20 3 2 Serial
20 3 4 Serial
20 3 8 Serial

DDC1g

'Suggested resale price in U.S. dollars in quantities of 1,000.

Wide Bandwidth Delta-Sigma (AX) ADCs Selection Guide

Sample
Rate
(kSPS)
105
1.25MSPS
1.25MSPS
10MSPS
5MSPS
5MSPS
2.5MSPS
1.25MSPS

Bandwidth
(kHz)
51
615
615
4900
2450
2450
1230
615

Number of
Input
Channels
1 Diff
1 Diff
1 Diff
1 Diff
1 Diff
1 Diff
1 Diff
1 Diff

'Suggested resale price in U.S. dollars in quantities of 1,000.

Input Voltage
(V)
b
+25
b
PGA (1-64), +5V
PGA (1-64), 5V
b
b
+h
PGA (1-16), £5

PGA (1-128), +2.5
PGA (1-128), +5
PGA (1-128), +2.5
b
5
PGA (1-128), +2.5
PGA (1-128), +2.5
b
+25
PGA (1-128), +2.5
PGA (1-128), +2.5
PGA (1-128), +2.5
PGA (1-128), +2.5
PGA (1-16), £5

PGA (1-8), +4
PGA (1-8), Vi
PGA (1-8), +2.048
PGA (1-8), +2.048
Vrer
PGA(1-8), Vpp
PGA(1-8), +2.048
PGA(1-8), +2.048

Delta-Sigma (AX) ADCs for Measuring Low-Level Currents (Photodiodes)

500pC
50-1000pC
12-350pC
12-350pC

Interface
Serial
P18
P18 w/FIFO
P16
P16
P16 w/FIFO
Serial
Serial

Ext
Ext
Ext
Ext
Ext
Ext
Ext
Ext
Int/Ext

Int/Ext
Int/Ext
Int/Ext
Ext
Ext
Ext
Ext
Ext
Ext
Ext
Ext
Ext
Ext
Int/Ext

Ext
Ext
Int
Int
Ext
Ext
Int
Int

Ext
Ext
Ext
Ext

Input Voltage

(V)
+25
+3.75
+3.75
+3
+3.75
+3.75
+3
+3

0.0015

0.003
0.0125
0.01
0.01
0.005
0.0125
0.01
0.01

0.025
0.025
0.025
0.025

109

24

24
24
24
24
24
24
24
24
24
24
24
24
24
2

20
2
2
2

-105
-103
-103
-9
-101
-101
-103
-105

15
4
215

0.6
0.8
0.8
05
0.5

w w

0.3
0.5
0.6
0.5
0.6
0.6
14

75
0.3
0.7
0.7
5
0.3
0.7
0.7

170
80
55
110

35-100
520
520
1000
570
570
550
350

Package(s)
(QFN-48
TSSOP-16
S0IC-8
SSOP-20
SSOP-28
S0IC-8
SSOP-16
SSOP-20
PDIP-18/24, SOIC-18/24,
SSOP-28
TQFP-48
TQFP-48
TQFP-48
TSSOP-14
TSSOP-20
TSSOP-24
TSSOP-28
MSOP-10
MSOP-10
SSOP-24
SSOP-28
TSSOP-16
TSSOP-20
PDIP-18/24, SOIC-18/24,
SSOP-28
S0IC-16
S0T23-6
S0T23-6
MSQP-10, SON-10
PDIP-28, SOIC-28
S0T23-6
S0T23-6
MSQP-10, SON-10

SO0IC-24
S0IC-28, TQFP-32
QFN-48
QFN-48

Package
TSSOP-16
TQFP-64
TQFP-64
TQFP-64
TQFP-64
TQFP-64
TQFP-48
TQFP-48

$8.95
$5.90
$5.60
$8.25
$8.95
$5.60
$6.70
$6.70
$10.25/
$10.90
$5.00
$5.00
$5.50
$2.95
$3.25
$3.90
$4.50
$2.95
$3.10
$3.80
$4.20
$3.60
$3.95
$7.70/
$9.00
$6.95
$1.80
$1.95
$2.65
$1.95
$0.99
$1.10
$1.45

$23.00
$12.10
$18.00
$32.00

New products are listed in bold red. Preview products are listed in bold blue.

$5.90
$31.60
$39.60
$32.05
$33.75
$23.00
$14.00

New products are listed in bold red. Preview products are listed in bold blue.
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Selection Tables | v

SAR ADCs Selection Guide

Sample
Res. Rate
(Bits) (kSPS)

Number
of Input
Channels

Device Interface

ADSERG 18 600 1 SE, 1PDiff  Serial, SPI
ADSERZ 18 600 1 Diff Serial, SPI
ADS83RN 18 580 1 SE, 1PDiff ~ P8/P16/P18
ADS83R3 18 500 1 SE, 1PDiff ~ P8/P16/P18
ADS8ALR 16 2000 1SE, 1PDiff P8/P16
ADS8A1Z 16 2000 1 Diff P8/P16
ADS8AT 16 1250 1 SE, 1 PDiff P8/P16
ADS84Z 16 1250 1 Diff P8/P16
ADSE45 16 1250 1 SE, 1 PDiff P8/P16
ADS8406 16 1250 1 Diff P8/P16
ADS83LN 16 750 1 SE, 1 PDiff P8/P16
ADSEI 16 600 1 SE, 1PDiff  Serial, SPI
BDSEIZ 16 600 1 Diff Serial, SPI
ADS8327 16 500 1 PDiff P8/P16
ADS8323 16 500 1 Diff P8/P16
D386 16 500 2 x 2 Diff Serial, SPI
ADSENG 16 250 1SE Serial, SPI
AN 16 250 1SE P16
D383 16 250 SE P8/P16
ADSTELN 16 250 1SE P16
ADSTE 16 250 1SE P16
ADS8364 16 250 1 x 6 Diff P16
J0C354T 16 200 1SE Serial, SPI
J[C3545 16 200 1 PDiff Serial, SPI
ADST85 16 100 1SE P8/P16
ADST8 16 100 1SE Serial, SPI
A0S 16 100 1 PDiff Serial, SPI
ADS83N 16 100 1 Diff Serial, SPI
A0S 16 100 1 PDiff Serial, SPI
DS 16 100 4 SE/2 Diff Serial, SPI
ADS83A3 16 100 4 SE/2 Diff Serial, SPI
ADS83A 16 100 8 SE/4 Diff Serial, SPI
ADS83An 16 100 8 SE/4 Diff Serial, SPI
ADSTSN 16 40 1SE Serial, SPI/P8
ADSTES 16 40 1SE Serial, SPI
ADST825 16 40 4 SE Serial, SPI/P8
ADSTEN 14 3000 1SE P8/P14
ADST80 14 1250 1SE Serial, SPI
JIC394T 14 200 1SE Serial, SPI
JC394% 14 200 4 SE/2 Diff Serial, SPI
J0C3945 14 200 1 Diff Serial, SPI
LIRET] 14 200 8 SE/4 Diff Serial, SPI
JIC3e7% 14 200 4 SE Serial, SPI
HLRETL] 14 200 8 SE Serial, SPI
A0S 14 50 1 Diff Serial, SPI
ADST8LN 14 40 8 SE/4 Diff Serial, SPI
ADSTHRN 12 4000 1SE P8/P12
ADSTH0S 12 1000 12 Diff Serial, SPI/P12
ADSTHR6 12 1000  1SE, 1PDiff  Serial, SPI

ADSTSI0 12 800 1SE P12
ADSTSIS 12 500 1 PDiff Serial, SPI

'Suggested resale price in U.S. dollars in quantities of 1,000.

Input Voltage
(V)
VRer
+Vper (4.2V) at Vper/2
VRer
VRer
VRer
+Vper (4.2V) at Vper/2
VRer
+Vper (4.2V) at Vper/2
VRer
+Vper (4.2V) at Vper/2
VRer
VRer
+Vper (4.2V) at Vper/2
by
+2.5V at25
+2.5V at +2.5
+4,5,10; £3.3,5,10
+10
+25
+25
+25
+2.5V at +2.5
VRer
VRer
+10
+4,10, £33, 5,10
VRer
Vper at +Vper
VRer
VRer
Vper at Vper
VRer
Vper at Vper
4,5, £10
+4,10, £33, 5,10
+10
25
25

Vier
4

Vier

Vper at +Vper
PGA(1,2,4,8,10, 16, 20)
25
+25at +25
Vpp (2.35V to 5.25V)
+10
b

Vier
Int/Ext

Int/Ext
Ext
Ext
Int
Int
Int
Int

Int/Ext

Int/Ext
Ext

Int/Ext

Int/Ext

Int/Ext

Int/Ext

Int/Ext

Int/Ext

Int/Ext
Ext

Int/Ext

Int/Ext

Int/Ext
Ext
Ext

Int/Ext

Int/Ext
Ext
Ext
Ext
Ext
Ext
Ext
Ext

Int/Ext

Int/Ext

Int/Ext
Int
Int
Ext

Int/Ext
Ext

Int/Ext
Ext
Ext
Ext
Int
Int

Int/Ext

Ext (Vpp)

Int/Ext

Int

Data Converters

<

Power
(mW)

Linearity SINAD

(%) NMC (dB) Price’

Package(s)

0.0015 18 91 115 6X 6 QFN-28 $16.50
0.0012 18 96 115 6X 6 QFN-28 $16.95
0.0015 16 3 115 TQFP-48 $16.65
0.0026 18 85 110 TQFP-48 $15.75
0.0038 16 87 155 TQFP-48 $22.00
0.0038 16 90 155 TQFP-48 $23.05
0.0053 16 85 155 TQFP-48 $12.55
0.0053 16 88 155 TQFP-48 $13.15
0.003 16 85 155 TQFP-48 $14.10
0.003 16 90 155 TQFP-48 $14.70
0.0023 16 87 130 TQFP-48 $12.00
0.0015 16 90 110 6X 6 QFN-28 $12.50
0.0012 16 9% 110 6X 6 QFN-28 $13.00
0.009 15 83 85 TQFP-32 $7.10
0.009 15 83 85 TQFP-32 $7.10
0.00375 14 83 150 SSOP-24 $10.35
0.003 16 86 70 S0IC-20, SSOP-28 $12.95
0.0045 16 86 70 S0IC-28, SSOP-28 $12.95
0.006 16 85 200 TQFP-48 $11.30
0.006 15 87 200 S0IC-28 $36.15
0.006 15 84 200 S0IC-28 $21.30
0.0045 14 825 413 TQFP-64 $18.10
0.0038 16 84.5 175 S0IC-8, VSSOP-8 $6.85
0.0038 16 84.5 175 S0IC-8, VSSOP-8 $6.85
0.0045 16 86 815 PDIP-28, SOIC-28 $21.80
0.0045 16 88 815 S0IC-20 $21.80
0.012 15 84 1.95 VSSOP-8 $5.15
0.012 15 84 55 VSSOP-8 $5.15
0.006 16 91 2.25 VSSOP-8, QFN-8 $5.90
0.006 15 86 3.6 SSOP-16 $740
0.006 15 86 36 SSOP-16 $7.45
0.006 15 86 3.6 SSOP-20 $8.00
0.006 15 85 36 SSOP-20 $8.00
0.0022 16 88 28 PDIP-28, SOIC-28 $21.40
0.003 16 89 35 PDIP-16, SOIC-16 $21.30
0.003 16 83 50 PDIP-28, SOIC-28 $29.55
0.009 14 8 90 TQFP-48 $10.50
0.009 14 8 90 TQFP-48 $10.50
0.006 14 815 175 S0IC-8, VSSOP-8 $5.00
0.006 14 81 2 S0IC-20, TSSOP-20 $6.00
0.006 14 815 175 S0IC-8, VSSOP-8 $5.00
0.006 14 81 2 S0IC-24, TSSOP-24 $6.40
0.006 14 79 29 SO0IC-24, TSSOP-24 $6.85
0.006 14 79 29 SO0IC-24, TSSOP-24 $8.65
0.012 14 8 25 VSSOP-8 $4.15
0.03 13 = 6 SSOP-28 $5.00
0.024 12 nb 110 TQFP-48 $7.35
0.048 1 = 175 TQFP-100 $14.60
0.036 12 70 175 S0T23-6, SC-70 $2.25
0.018 12 n 225 S0IC-28 $21.80
0.024 12 70 n PDIP-8, VSSOP-8 $2.50

New products are listed in bold red. Preview products are listed in bold blue.
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s | Selection Tables

e Data Converters
SAR ADCs Selection Guide (Continued)

Sample | Number
Rate of Input Input Voltage Linearity
| Device | (Bits) | (kSPS) | Chamnels | | Ve | | NMC | (dB) [ (mW) | Price' |
Int 70

| Interface | () _____|
ADST834 12 500 1 PDiff Serial, SPI 25 0.024 12 i VSSOP-8 $2.45
ADST835 12 500 1 Diff Serial, SPI +25 Int 0.024 12 72 175 VSSOP-8 $2.75
ADSTBRZ 12 500 8 SE P12 H Int/Ext 0.024 12 72 13 TQFP-32 $3.40
ADSTBRT 12 500 2x 2 Diff Serial, SPI +25at+25 Int/Ext 0.024 12 70 25 SSOP-24 $4.05
ADSTBRZ 12 500 2x 2 Diff P12 +25at+25 Int/Ext 0.024 12 n 25 TQFP-32 $5.70
ADSTBR4 12 500 3x 2 Diff P12 +25at+25 Int/Ext 0.024 12 Al 525 TQFP-48 $6.65
dLC2551 12 400 1SE Serial, SPI Vier Ext 0.024 12 72 15 S0IC-8, VSSOP-8 $3.95
JTC255 12 400 2SE Serial, SPI Vier Ext 004 12 7 15 $01C-8, VSSOP-8 $395
dC255% 12 400 4SE Serial, SPI 4 Int/Ext 0.024 12 il 95 S0IC-16, TSSOP-16 $5.30
TTCo55h 12 400 1PDiff Serial, SPI Vier Ext 004 12 7 15 $01C-8, VSSOP-8 $395
2558 12 400 8 SE Serial, SPI 4 Int/Ext 0.024 12 il 95 S0IC-20, TSSOP-20 $5.30
ADSTBU0: 12 333 1SE P8/P12 5,10 Int 0.012 12 72 135 CDIP SB-24, PDIP-24  $30.50
ADSEHTS 12 250 1SE Serial, SPI +4,10,33,5,10 Int/Ext 0.01 12 73 170 SS0P-28, SOIC-20 $8.90
ADSESN4 12 250 1SE P8/P16 +10 Int/Ext 0.01 12 72 170 SSOP-28, SOIC-28 $8.90
ADSTBE6: 12 200 1 SE/1 PDiff  Serial, SPI Vpp (1.2V t0 3.6V) Ext 0.024 12 70 0.25 S0T23-6 $2.15
ADST8T6 12 200 1 PDiff Serial, SPI Vier Ext 0.024 12 72 19 PDIP-8, SOIC-8, $1.95
VSSOP-8
ADSTBTA 12 200 1Diff Serial, SPI +Vper at +Vper Ext 0.024 12 Il 23 S0IC-8, VSSOP-8 $1.95
ADST8AN 12 200 4 SE/2 Diff Serial, SPI Vier, £Vper at Vaer Ext 0.024 12 12 0.84 SSOP-16 $2.50
ADST8A2 12 200 4SE P12 Vier Ext 0.024 12 72 0.84 SSOP-28 $3.10
ADST8A4 12 200 8 SE/4 Diff Serial, SPI Vier, £Vper at Vaer Ext 0.024 12 12 0.84 SSOP-20 $2.90
dC257% 12 200 4SE Serial, SPI +10 Ext 0.024 12 19 29 S0IC-20, TSSOP-20 $5.30
JC257R 12 200 8 SE Serial, SPI +10 Ext 0.024 12 19 29 S0IC-24, TSSOP-24 $5.80
dJO25T 12 200 1SE Serial, SPI Vier Ext 0.024 12 72 28 S0IC-8, VSSOP-8 $3.85
TOD542 12 200 2SE Serial, SPI Vier Ext 004 12 7 28 $01C-8, VSSOP-8 $3.85
dOV254% 12 200 4SE Serial, SPI +2,4 Int/Ext 0.024 12 170 33 S0IC-16, TSSOP-16 $4.20
JOV254% 12 200 1PDiff - Serial, SPI +5.5 (Vpge = Vipp) Ext 004 12 7 28 S0IC-8, VSSOP-8 $3.85
dO254R 12 200 8 SE Serial, SPI +2,4 Int/Ext 0.024 12 170 33 S0IC-20, TSSOP-20 $4.85
d0O2552 12 200 11 SE Serial, SPI Vier Ext 0.024 12 = 243 S0IC-20, TSSOP-20 $3.40
d V2556 12 200 11 SE Serial, SPI Vier Int/Ext 0.024 12 = 243 S0IC-20, TSSOP-20 $3.55
D3T85 12 125 1PDiff Serial, SPI Vier Ext 0018 12 7 06 QFN-8 $150
ANC 73 12 200 8SEIODAS  Serial, SPI H Int/Ext 0.024 12 74 100 QFN-40 $9.75
ANCT820 12 100 8 DAS Serial, SPI H Int 0.024 12 72 (typ) 40 TQFP-48 $3.75
ADSTB04 12 100 1SE P8/P16 +10 Int/Ext 0.01 12 72 81.5 PDIP-28, SOIC-28 $14.05
ADSTBI8 12 100 1SE Serial, SPI +4,10,+33,5,10 Int/Ext 0.01 12 73 81.5 S0IC-20 $10.85
ADSTB2% 12 75 1 PDiff Serial, SPI Vier Ext 0.018 12 Il 06 PDIP-8, SOIC-8, $1.55
VSSOP-8,
TICo543 12 66 11SE Serial, SPI Vier Ext 004 12 = 5 CDIP-20, PDIP-20, $4.45
PLCC-20, SOIC-20,
SSOP-20
dJO2543 12 66 11 SE Serial, SPI Vier Ext 0.024 12 — 33 PDIP-20, SOIC-20, $4.45
SSO0P-20
ADSTRIR 12 50 1SE Serial, IC Vier Ext 004 12 7 0.75 VSSOP-8 $285
BDSTE 12 5 8SEADf  Serial, IC Vs Int/Ext 004 12 n 0675 TSSOP-16 $3.35
ADSTSI0 12 50 8 SE Serial, SPI PGA(1,2,4,8,10, 16, 20) Int 0.06 12 72 46 SSOP-28 $4.15
ADSTBIG: 12 40 1SE Serial, SPI/P8 +4,5,£10 Int/Ext 0.01 12 73 28 PDIP-28, SOIC-28 $12.75
ADSTBIZA 12 40 1SE Serial, SPI +4,10,33,5,10 Int/Ext 0.012 12 74 35 PDIP-16, SOIC-16 $11.80
ADSTB24 12 40 4SE Serial, SPI/P8 +10 Int/Ext 0.012 12 73 50 PDIP-28, SOIC-28 $13.10
ADSTRS 12 37 1 PDiff Serial, SPI Vier Ext 004 12 7 1 PDIP-8, SOIC-8 $2.80
dJDAS 10 1250 8 SE Serial, SPI 2V, Vee Int/Ext 0.1 10 60 9 S0IC-20, TSSOP-20 $3.80
IO 10 1250 1SE Serial, SPI Vier Ext 01 10 60 12 SOIC-24,TSSOP-24 370
’Suggested resale price in U.S. dollars in quantities of 1,000. New products are listed in bold red.
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Selection Tables | s

Data Converters e
SAR ADCs Selection Guide (Continued)

Sample | Number
Rate of Input Input Voltage Linearity
60

| Device | (Bits) | (kSPS) [ Channels | nterface | (V) |
TS 10 1250 1SE Serial, SPI Vg Ext 01 10 8.1 S0IC-8 $330
TSR 10 1250 8 SE Serial, SPI Vg Ext 01 10 60 1 TSSOP-32 $385
WUSTERE 10 1000 1SE1PDiff  Serial, SPI Vop (235V10528V)  Ext(Vpy) 0073 10 61 175 $0T23-6, SC-70 $165
B 10 W00  4SEADIf  Serial, SPI 455 (Vage = Vo) et 0012 10 60 10 SOIC-16,TSSOP-16  $290
TR 10 00  8SEADf  Serial, SPI 455 (Vage = Vo) et 0012 10 60 10 SOIC-20,TSSOP-20  $345
WOSTERR 10 20 1SE1PDiff  Serial, SPI Vop (1.2V to 36V) Ext 005 10 61 0.5 $0T23-6 $155
WOSTERE 10 200 1PDiff  Serial, SPI - Ext 00048 10 62 06 QFN-8 $1.25
BAVAL11 10 200 4SE Serial, SPI 12,4 Int/Ext 005 10 60 33 SOIC-16,TSSOP-16  $265
TOVISR 10 200 8 SE Serial, SPI 12,4 Int/Ext 005 10 60 33 SOIC-20,TSSOP-20  $3.15
TICI550 10 164 1S P10 Vier Ext 005 10 — 10 PLCC28,S0IC-24  $3.90
TIC550 10 164 1SE P10 Vg Ext 01 10 — 10 PLCC28,S0IC-24  $335
TS 10 8 4SE Serial, SPI Vg Ext 01 10 — 105 SOIC-16,TSSOP-16  §1.95
IO 10 8 8 SE Serial, SPI - Ext 01 10 — 105  CDIP-20,LCCC-20,  $230
$S0P-20
TS 10 38 11SE Serial, SPI Vigr Ext 005 10 — 4 CDIP-20,LCCC-20,  $250
PDIP-20, PLCC-20,
S01C-20
TS 10 38 11SE Serial, SPI Vg Ext 01 10 — 4 PLCC-20,S0IC-20,  $1.90
$SOP-20
TIC50 10 38 1S Serial, SPI Vg Ext 01 10 — 4 PDIP-, SOIC-8 $1.71
TOVIST 10 38 11SE Serial, SPI Vg Ext 01 10 — 260 CDIP-0,LCCC-20,  $215

PDIP-20, PLCC-20,
S0IC-20, SSOP-20

AvLL] 10 38 1SE Serial, SPI VRer Ext 0.1 10 — 1.32 PDIP-8, SOIC-8 $1.85

54T 10 32 11 SE Serial, SPI Vier Ext 0.1 10 — 6 PDIP-20, PLCC-20, $3.20
S0IC-20

HIAVLYAN 8 1250 1SE P8 VRer Ext 05 8 49 12 S0IC-24, TSSOP-24 $2.35

ADST8RE 8 1000  1SE, 1PDiff  Serial, SPI Vpp (2.35V to 5.25V) Ext (Vpp) 0.2 8 49 175 S0T23-6, SC-70 $1.25

TLCORIAA 8 392 1SE P8 VRer Ext 02 8 — 315 PLCC-20, SOIC-20, $1.90
SSOP-20

BDST782% 8 250 1 PDiff Serial, SPI Vier Ext 0.2 8 48 06 QFN-8 $1.00

D3T85 8 200 1 SE, 1PDiff  Serial, SPI Vpp (1.2V to 3.6V) Ext 0.1 8 50 0.25 S0T23-6 $1.35

1L 8 76 19 SE Serial, SPI VRer Ext 02 8 — 6 PDIP-28, PLCC-28 $3.10

ADSTS0 8 75 8 SE/4 Diff Serial, I VRer Int/Ext 0.19 8 50 0.675 TSSOP-16 $1.40

TODEGT 8 19 1SE Serial, SPI +356 (Ver = Vo) Ext 02 8 = 066 PDIP-8, SOIC-8 $140

18 8 455 1SE Serial, SPI VRer Ext 02 8 — 9 PDIP-8, SOIC-8 $1.20

JLVDE: 8 44.7 2 SE/1 Diff ~ Serial, SPI Vier Ext 02 8 — 5 PDIP-8, SOIC-8 $1.40

JOVDEE 8 4 4 SE/2 Diff Serial, SPI VRer Ext 0.2 8 = 0.66 PDIP-14, SOIC-14, $1.45
TSSOP-14

T1CH% 8 40 11 SE Serial, SPI Vier Ext 02 8 — 6 PDIP-20, PLCC-20, $1.50
S0IC-20

1S 8 40 1SE Serial, SPI VRer Ext 02 8 — 9 PDIP-8, SOIC-8 $0.95

JLVDESR 8 319 8 SE/A Diff ~ Serial, SPI Vier Ext 02 8 — 0.66 PDIP-20, SOIC-20, $1.45
TSSOP-20

TTCDES: 8 31 1 Diff Serial, SPI Ve Ext 02 8 = 3 PDIP-8, SOIC-8 $140

T1C52 8 25 11 SE Serial, SPI Vier Ext 02 8 — 6 PDIP-20, PLCC-20, $1.50
S0IC-20

DR 8 2 2SENDiff  Serial, SPI i Ext 02 8 = 125 PDIP-8, SOIC-8 $140

JLCDE3 8 2 4 SE/2 Diff Serial, SPI Vier Ext 0.2 8 = 3 PDIP-14, SOIC-14 $1.45

JLCDB3R 8 20 8 SE/A Diff ~ Serial, SPI VRer Ext 02 8 — 3 PDIP-20, SOIC-20, $1.45
TSSOP-20

'Suggested resale price in U.S. dollars in quantities of 1,000. New products are listed in bold red.
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o | Selection Tables

e Data Converters
8051-Based Intelligent AX. ADC Selection Guide

Sample Number of Program | Program
Rate Input Input Voltage Memory | Memory | SRAM Power DAC Output
(kSPS) Channels (V) (kB) Type (kB) (mW/V) (Bits)
1 8 Diff/8 SE PGA (1-128), + 25 Int 8051 8 Flash 0.1 3/2.1-5.25 8-Bit IDAC $6.45

VST 24 1 6 Diff/6 SE PGA (1-128), + 2.5 Int 8051 8 Flash 0.1 3/2.1-5.25 8-Bit IDAC $5.95
WSC1210Y] 24 1 8 Diff/8 SE PGA (1-128), + 2.5 Int 8051 32 Flash 12 4/2.7-5.25 16-Bit PWM $12.00
WMSC211Y2 24 1 8 Diff/8 SE PGA (1-128), + 2.5 Int 8051 4 Flash 1.2 4/2.1-5.25 4x16-BitI/VDAC ~ $17.50
WSC1211YR 24 1 8 Diff/8 SE PGA (1-128), + 2.5 Int 8051 32 Flash 12 4/2.7-5.25 4x16-Bit I/VDAC ~ $20.95
MSCTAY2 24 1 8 Diff/8 SE PGA (1-128), + 2.5 Int 8051 4 Flash 1.2 42.1-5.25 2x 16-Bit I/VDAC ~ $12.65
MSTTA3YR 24 1 8 Diff/8 SE PGA (1-128), + 25 Int 8051 32 Flash 12 4/2.7-5.25 2x16-BitI/V\DAC ~ $15.95
VST T2V 16 2 6 Diff/6 SE PGA (1-128), + 2.5 Int 8051 8 Flash 02 3/2.1-5.25 8-Bit IDAC $4.95
'Suggested resale price in U.S. dollars in quantities of 1,000. New products are listed in bold red. Preview products are listed in bold blue.
AY. DACs Selection Guide

Settling Time | Number of Output Linearity Monotonic
S s e P e = I A P
p_A_Q_m 2 Serial, SPI Ext 0.0015 SSOP-16 $6.65
DAC1221: 16 2 1 Serial, SPI 2.5 Ext 0.0015 15 1.2 SSOP-16 §5.25

'Suggested resale price in U.S. dollars in quantities of 1,000.

String and R-2R DACs Selection Guide

Settling | Number of
Res. Time Output Linearity | Monotonic
Architecture | (Bits) (ps) DACs (%) (Bits) Package(s)

DACTERA R-2R 16 12 4 Serial, SPI +25 0.0015 16 18 LQFP-64 $21.80
DATTERA R-2R 16 12 4 P16 +25 Int 0.0015 16 18 LQFP-64 $20.75
DACTE3A R-2R 16 10 4 Serial, SPI +VRer, tVRer Ext 0.0015 15 15 SSOP-48 $19.95
DACTEAN R-2R 16 10 1 P16 +VRer, tVRer Ext 0.0015 15 18 TQFP-32 $6.30
DACTE2 R-2R 16 10 2 P16 +VRer, tVRer Ext 0.0015 15 25 LQFP-32 $10.55
DACTHA3 R-2R 16 10 2 P16 +VRer, tVRer Ext 0.0015 15 25 LQFP-32 $10.55
DACTEA R-2R 16 10 4 P16 +VREFI iVREF Ext 0.0015 15 15 SSOP-48 $19.95
DACTIA R-2R 16 10 4 Serial, SPI +VRer, tVRer Ext 0.0015 16 50 SSOP-48 $31.45
DACII2 R-2R 16 10 1 P16 +10 Int 0.003 15 525 S0IC-28 $14.50
DA% R-2R 16 10 1 Serial, SPI 10 Int 0.0015 16 525 SOIC-16 $14.50
DACIIE R-2R 16 10 1 P16 +10 Int 0.003 16 525 S0IC-28 $15.85
DACTIE R-2R 16 10 1 Serial, SPI +10 Int 0.003 16 525 SOIC-16 $15.85
DACTR3N R-2R 16 10 1 Serial, SPI +VRer, tVRer Ext 0.0015 15 18 SSOP-20 $5.85
DACTE3 R-2R 16 10 2 Serial, SPI +VRer, tVRer Ext 0.0015 15 25 LQFP-32 $10.45
DACTIAA R-2R 16 10 4 P16 +VRer, tVRer Ext 0.0015 16 50 SSOP-48 $31.45
DATE0N String 16 10 1 Serial, SPI Vrer /MDAC Ext 0.0987 16 0.72 VSSOP-8 $3.00
DATERN String 16 10 1 Serial, SPI +Vrer Ext 0.0987 16 072  VSSOP-8,QFN3x3 $3.00
DATER3Z String 16 10 2 Serial, SPI +Vrer Ext 0.0987 16 1.35 VSSOP-8 $5.35
DATEHA String 16 8 4 Parallel +Vrer Ext 0.025 16 475 QFN5x5 $9.75
DATER3A String 16 10 4 Serial, SPI +Vrer Ext 0.0987 16 21 TSSOP-16 $9.75
DATEN String 16 10 1 P16 +Vrer Ext 0.096 16 0.72 TQFP-32 $3.00
DATELA String 16 10 4 Serial, SPI +Vier ext 0.0122 16 1 MSQP-8, SON-8 $3.45
DATELN String 16 10 1 Serial, I2C +Vrer Ext 0.0987 16 042 MSOP-8 $2.95
DACEIA String 16 10 4 Serial, I +Vrer Ext 0.0987 16 21 TSSOP-16 $10.25
DACTI3N R-2R 16 5 1 Serial, SPI +10, £10 Int/Ext 0.0015 16 100 SSOP-24 $8.20
DACTIA R-2R 16 5 1 P16 +10, £10 Int/Ext 0.0015 16 100 LQFP-48 $8.70
DACTIAS R-2R 16 5 1 P16 +10, 10 Int/Ext 0.0015 16 100 LQFP-48 $8.30
'Suggested resale price in U.S. dollars in quantities of 1,000. New products are listed in bold red.
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Selection Tables | ¢

Data Converters &)
String and R-2R DACs Selection Guide (Continued)

Settling | Number of
Time Output Linearity
[ Device | (Bits) _ | nterface | (V) [ Vg | (Bits) | | Price' |
DAGET 16 16

| ()| DAGs
R-2R 05 1 Serial, SPI +Vper/MDAC Ext 0.0015 0.025 MSOP-8, SON-8 $8.50
DAGREE R-2R 16 1.0 4 Serial, SPI +Vper/MDAC Ext 0.0015 16 0.0275 SS0P-28 $19.27
DEGED R-2R 16 10 1 Serial, SPI Vg Ext 0.0015 16 0015 S0IC-8 $7.9
D ACREIT R-2R 16 1.0 1 Serial, SPI +VRer Ext 0.0015 16 0.015 SOIC-14 $1.95
DACRS3 R-2R 14 1.0 4 Serial, SPI +Vper/MDAC Ext 0.0061 14 0.0275 SS0P-28 $14.40
DACRSLH R-2R 14 05 1 Serial, SPI +Vper/MDAC Ext 0.0061 14 0.025 MSOP-8, SON-8 $5.50
DACAZ String 12 10 1 Serial, SPI Vee Ext 0.38 12 0.7 VSSOP-8, S0T23-6 $1.45
DACA13 String 12 10 1 Serial, SPI +VRer Ext 0.38 12 05 VSSOP-8, SSOP-8 $1.45
DA String 12 10 1 Serial, I Vgr Ext 0.0% 12 07 SOP-6, S0T23-6 $1.55
DACAT3 String 12 10 4 Serial, 1 +VRer Ext 0.09 12 3 TSSOP-16 $6.15
OACS  String 12 10 4 Serial, 12C Vg Ext 0,09 12 3 MSOP-10 $6.15
DACIELT R-2R 12 1 Serial, SPI 4.096 Int 0.012 12 25 PDIP-8, SOIC-8 $2.55
DACEZ R-2R 12 2 Serial, SPI 4.096 Int 0.012 12 3.75 S0IC-8 $2.70
DACIE3 R-2R 12 10 1 P12 +Vrer, VRer Ext 0.012 12 18 SSOP-24 $2.50
DACIENS R-2R 12 10 4 Serial, SPI +Vrer, tVRer Ext 0.012 12 2 PDIP-16, SOIC-16, $6.70
SSOP-20
DACIES R-2R 12 10 4 Serial, SPI +Vrer, VRer Ext 0.012 12 20 PDIP-16, SOIC-16, $6.70
SSOP-20
DACEG R-2R 12 10 4 Serial, SPI +Vrer, tVRer Ext 0.012 12 3 S0IC-16, SSOP-20 $5.40
DACIET R-2R 12 10 4 Serial, SPI +Vrer, VRer Ext 0.012 12 3 S0IC-16, SSOP-20 $5.40
DACIE2N R-2R 12 1 1 P12 4,096 Int 0.012 12 25 SS0P-20 $2.75
DACIE2H R-2R 12 10 4 P12 +Vrer, VRer Ext 0.012 12 20 PDIP-28, SOIC-28 $10.25
DACIES R-2R 12 10 4 P12 +Vrer, tVRer Ext 0.012 12 2 PDIP-28, SOIC-28 $10.25
DACITG R-2R 12 10 4 Serial, SPI +Vrer, VRer Ext 0.012 12 45 S0IC-16 $11.45
DA R-2R 12 10 4 Serial, SPI +Vrer, tVRer Ext 0.012 12 45 S0IC-16 $11.45
DACTIZH R-2R 12 10 4 P12 +Vrer, VRer Ext 0.012 12 45 PLCC-28, SOIC-28 $11.85
DACIT R-2R 12 10 4 P12 +Vrer, tVRer Ext 0.012 12 45 PLCC-28, SOIC-28 $11.85
PACISaF String 12 5 1 Serial, SPI +VRer Ext 0.012 12 0.21 SON-12 $1.40
DACSR2 String 12 5 2 Serial, SPI +VRer Ext 0.024 12 0.675 QFN-16 $2.35
PACIR3 String 12 5 2 Serial, SPI +VRer Ext 0.024 12 0.675 QFN-16 $2.35
DACISR0 String 12 5 4 Serial, SPI +VRer Ext 0.0244 12 35 MSOP-10 $5.60
DACIB String 12 5 8 Serial, SPI +VRer Ext 0.012 12 45 QFN-32 $10.40
DACBIT R-2R 12 4 1 P12 +10, 5,10 Int 0.006 12 625 CDIP SB-28, PDIP-28,  $11.00
S0IC-28
DAGTI R-2R 12 4 1 P12 +10, £5, 10 Int/Ext 0.006 12 210 PDIP-28, SOIC-28 $12.60
TLY5kT String 12 3 4 Serial, SPI Vg Ext 01 12 36 SOIC-16,TSSOP-16  $7.45
HIAVEG[:Y String 12 3 1 Serial, SPI +VRer Ext 0.1 12 09 VSSOP-8, PDIP-8, $2.60
S0IC-8
TLVAEIEA String 12 25 2 Serial, SPI +VRer Ext 0.08 12 18 CDIP-8, PDIP-8, $4.75
S0IC-8, LCCC-20
DACTSS R-2R 12 2 1 P12 +Vper/MDAC Ext 0.012 12 30 S0IC-20 $5.25
DACTET R-2R 12 1 1 P12 +Vper/MDAC Ext 0.012 12 30 PDIP-18, SOP-18 $6.70
DACBI43 R-2R 12 1 1 Serial, SPI +Vper/MDAC Ext 0.012 12 25 S0IC-8 $5.25
TLUARTT String 12 1 8 Serial, SPI +VRer Ext 04 12 18 S0IC-20, TSSOP-20 $8.50
TLY56T3 String 12 1 1 P8 +VRer Ext 0.1 12 12 S0IC-20, TSSOP-20 $2.60
TLV56TY String 12 1 1 P12 +VRer Ext 0.08 12 43 S0IC-20, TSSOP-20 $2.60
TLYA63T String 12 1 8 Serial, SPI +VRer Int/Ext 04 12 18 S0IC-20, TSSOP-20 $3.85
TLV5633 String 12 1 1 P8 +2,4 Int/Ext 0.08 12 21 S0IC-20, TSSOP-20 $4.70
TLYV5638 String 12 1 1 Serial, SPI +2,4 Int/Ext 0.1 12 45 S0IC-8, VSSOP-8 $3.65
HIATARE String 12 1 2 Serial, SPI +2,4 Int/Ext 0.1 12 45 S0IC-8, CDIP-8, $3.25
LCCC-20
'Suggested resale price in U.S. dollars in quantities of 1,000. New products are listed in bold red.
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62 Selection Tables

e Data Converters
String and R-2R DACs Selection Guide (Continued)

Settling | Number of
Res. Time Output Linearity | Monotonic
Architecture | (Bits) (us) DACs i Package(s)
dOVAESY 12

String 1 1 P12 +2,4 Int/Ext 0.1 12 2.1 S0IC-20, TSSOP-20 $3.45
DACTS00 R-2R 12 08 2 Serial, SPI TmA Ext 0.012 12 1 PDIP-16, SOIC-16 $13.55
DACTS0A R-2R 12 08 2 P12 TmA Ext 0.012 12 1 PDIP-24, SOIC-24 $17.95
DACTS0 R-2R 12 08 2 P12 TmA Ext 0.012 12 1 PDIP-24, SOIC-24 $14.00
DATTS1A R-2R 12 0.2 1 Serial, SPI +Vper/MDAC Ext 0.0120 12 0.0275 MSOP-10, SON-8 $3.15
DALTB2M R-2R 12 0.2 1 P12 +Vper/MDAC Ext 0.0120 12 0.0275  QFN-20, TSSOP-20 $3.15
JLCHETR String 10 125 1 Serial, SPI +VRer Ext 0.1 10 0.75 PDIP-8, SOIC-8, $1.90

VSSOP-8
DATEHLA String 10 9 1 Serial, I Voo Ext 0.195 10 05 SOP-6 $1.40
DATEI3 String 10 9 4 Serial, I +VRer Ext 0.195 10 15 TSSOP-16 $3.05
DATAIA String 10 9 4 Serial, I +VRer Ext 0.195 10 15 VSSOP-10 $3.05
dOVhE02 String 10 3 4 Serial, SPI +VRer Ext 0.05 10 3 S0IC-16, TSSOP-16 $3.70
JDVAHEDR String 10 3 1 Serial, SPI +VRer Ext 0.15 10 09 S0IC-8, VSSOP-8 $1.30
TLVRRTZA String 10 25 2 Serial, SPI +VRer Ext 0.1 10 1.8 S0IC-8 $2.25
dLVAHEDR String 10 1 8 Serial, SPI +VRer Ext 04 10 18 S0IC-20, TSSOP-20 $4.90
dOVhE3T String 10 1 8 Serial, SPI +VRer Int/Ext 04 10 18 S0IC-20, TSSOP-20 $5.60
d0VhE3T String 10 08 2 Serial, SPI +2,4 Int/Ext 0.1 10 42 S0IC-8 $3.20
dLCHE20 String 8 10 4 Serial, SPI +VRer Ext 04 8 8 PDIP-14, SOIC-14 $1.50
JLCH628 String 8 10 8 Serial, SPI +VRer Ext 04 8 15 PDIP-16, SOIC-16 $2.45
dOVhE2D R-2R 8 10 4 Serial, SPI +VRer Ext 02 8 6 PDIP-14, SOIC-14 $1.00
d0VhE2T R-2R 8 10 4 Serial, SPI +VRer Ext 04 8 36 S0IC-14 $1.65
dOVhE2R String 8 10 8 Serial, SPI +VRer Ext 04 8 12 PDIP-16, SOIC-16 $2.20
DATAHLA String 8 8 1 Serial, 1 Voo Int 0.195 8 05 SOP-6 $0.90
DATAHIS String 8 8 4 Serial, IC +VRer Ext 0.195 8 15 TSSOP-16 $2.55
DACAHIA String 8 8 4 Serial, 1C +Vier Ext 0.195 8 15 VSSOP-10 $2.55
dICI70% R-2R 8 5 4 P8 +VRer Ext 04 8 75 S0IC-24 $2.35
dCI20% R-2R 8 5 4 P8 +Vper Ext 04 8 90 PDIP-20, SOIC-20 $2.15
d0VhE22 String 8 3 1 Serial, SPI +VRer Ext 02 8 21 S0IC-8, VSSOP-8 $0.99
d0VhE2R String 8 3 2 Serial, SPI +VRer Ext 02 8 24 S0IC-8 $1.70
d0VhE27 String 8 25 4 Serial, SPI +Vper Ext 0.2 8 3 S0IC-16, TSSOP-16 $2.05
dJOVHE2L String 8 1 1 Serial, SPI +2,4 Int/Ext 0.2 8 09 S0IC-8, VSSOP-8 $1.60
d0VhE2Y String 8 1 8 Serial, SPI Ext Ext 04 8 18 S0IC-20, TSSOP-20 $3.15
dJOVBES2 String 8 1 8 Serial, SPI +2,4 Int/Ext 0.4 8 18 S0IC-20, TSSOP-20 $3.35
JOVHE2R String 8 0.8 2 Serial, SPI +2,4 Int/Ext 0.4 8 42 SoIC-8 $1.90
JLCIR7% R-2R 8 0.1 1 P8 TmA Ext 02 8 3 PDIP-16, PLCC-20, $1.45
S0IC-16, TSSOP-16
JLCTRR R-2R 8 0.1 2 P8 TmA Ext 02 8 15 PDIP-20, PLCC-20, $1.55
S0IC-20, TSSOP-20

JLC767% R-2R 8 0.1 2 P8 2mA Ext 02 8 2 S0IC-20, PDIP-20 $1.45
'Suggested resale price in U.S. dollars in quantities of 1,000. Preview products are listed in bold blue.
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Selection Tables | &

Data Converters/Digital Signal Controllers G
High-Speed DACs Selection Guide

Update Rate | Settling Time | Numberof | Power Typ
(Blts) (MSPS) (ns) DACs (mW) max (+LSB) max (+LSB) Package(s)

DACHA. _ 301050 1 175 28-SOP, 28-TSSOP $1.35
THSSATIAY 14 301050 125 35 1 175 35 7 28-SOP, 28-TSSOP $1.35
IDACBE 16 18/33 500 12 2 750 to 1400 3 6 100-HTQFP $2250
DACHR. _ 12 301050 165 0 1 1) 175 25 28-SOP, 28-TSSOP .9
;usgam- 1 301050 125 % 1 175 20 4 28-SOP, 28-TSSOP $6.60
AGHL. _ 10 301050 165 0 1 1) 05 1 28-SOP, 28-TSSOP $4.20
i ; 10 301050 125 % 1 175 05 1 28-SOP, 28-TSSOP $450
DAC2904 1 331050 125 20 2 310 — — 18-TQFP $12.00
DAC2902 12 331050 125 20 2 310 25 3 18-TQFP $10.70
'DAC2900) 10 331050 125 20 2 310 1 1 18-TQFP $6.00
'DACSE52 10 30036 200 2 1 290 05 1 18-TQFP $7.60
'DACSE62 12 30036 200 2 2 330 2 2 18-TQFP $10.70
DACSETZ _ 1 30036 200 2 2 330 3 4 18-TQFP $13.25
IDACHET5A! 1 33 400 12 1 660 2 4 48-HTQFP $25.00
DACSE8 1 18/33 500 12 2 400 9 1 100-HTQFP $19.75
DAC2932 12 271033 10 2 2 2 05 2 18-TQFP $8.35
DACSG4 12 1833 400 2 1 120 2 35 48-HTQFP $15.00

'Suggested resale price in U.S. dollars in quantities of 1,000.

TMS320C28x™ Controller Generation

Flash/

Device® ROM
Flash Devices

TUS30F2801 PZA/S/Q8 100 8KB 12kB  32KB 9 2 6+2 3 16Ch/160 — Y 1 2 1 1 32 1.8 100-LQFP  §5.79
MMGGMNS/U§ 100 8KB 12kB  32KB 9 2 6+2 3 16Ch/160 — Y 12 2 1 1 32 1.8 100-BGA  $5.79
TS 302808 PZA/S/Q8 100 8KB  20KB  64KB 15 42 12+4 4 16Ch/160 — Y c 4 2 T 1.8 100-LQFP  $8.69
TUSIZUP2E06:GGMA/S/Q® 100  8KB  20KB  64KB 15 42 12+4 4 16Ch/160 — Y c 4 2 | & 1.8 100-BGA  $8.69
TS 302808 PZA/S/Q8 100 8KB 36KB 128KB 15 42 12+4 4 16Ch/160 — Y I 4 2 2 1.8 100-LQFP  $11.52
TUSIUP2808:GGMA/S/Q® 100 8KB  36KB  128KB 15 42  12+4 4 16Ch/160 — Y I 4 2 2 1.8 100-BGA  $11.52
EMSWMPBKA/S/U§ 150 8KB  36KB  128KB 1 6/2 16 = 16Ch/80 — Y  McBSP 1 2 1 56 1.9 128-LQFP  $13.81
TUS3IZUF28ITPBKA/S/QS 150  8KB 36KB  256KB 7 6/2 16 — 16Ch/80  — Y McBSP 1 2 T 5 1.9 128-LQFP  $14.73
TUSI0R82GHHA/S/Q® 150 8KB  36KB  256KB 7 6/2 16 — 16Ch/80 Y Y MceBSP 1 2 1T 5 1.9 179-BGA  $15.65
TUSI0FP28I2:PGFA/S/Q5 150  8KB  36KB  256KB 7 6/2 16 — 16Ch/80 Y Y MceBSP 1 2 1T 5 1.9 176-LQFP ~ $15.65
RAM-Only Devices
TUS320R28M-PBKA/Q3 150 8KB  40KB — 1 6/2 16 — 16Ch/80  — Y  McBSP 1 2 1T 5 1.9 128-LQFP  $9.11
TS T20RZ812-GHHA/Q3 150 8KB  40KB — 1 6/2 16 — 16Ch/80 Y Y McBSP 1 2 1T 5 1.9 179-BGA  $10.63
TUS3/R28M?-PGFA/QS 150 8KB  40KB = 1 6/2 16 = 16Ch/80 Y Y  McBSP 1 2 1 56 1.9 176-LQFP  $10.63
ROM Devices
mmmTD-PBKA/ﬂ§ 150 8KB  36KB  128KB 1 6/2 16 = 16Ch/80 — Y McBSP 1 2 1 56 1.9 128-LQFP  $7.05*
TIS3/0C2RM-PBKA/QS 150 8KB  36KB 256KB 7 6/2 16 — 16Ch/80 — Y McBSP 1 2 1 56 1.9 128-LOFP  $8.22*
TISIZ0C2812-GHHA/Q® 150 8KB  36KB 256KB 7 6/2 16 — 16Ch/80 Y Y McBSP 1 2 1 56 1.9 179-BGA  $9.59*
TVS30C2RM2-PGFA/QS 150 8KB  36KB 256KB 7 6/2 16 — 16Ch/80 Y Y McBSP 1 2 1 56 1.9 176-LOFP  $9.59*
* Prices are quoted in U.S. dollars and represent year 2006 suggested resale pricing. All prices are subject to change. Customers are advised to obtain the most current and complete pricing
information from Tl prior to placing orders. Tl may verify final pricing prior to accepting any order. * Minimum volumes for C281x devices are 10 KU with NRE of $11,000.
§ A =—40° to 85°C; S = —40 to 125°C (10% adder over A); Q = —40 to 125°C, Q100 qualified (15% adder over S) All devices are available in PB-Free Green packaging.
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e | Selection Tables

e Microcontrollers

MSP430 Ultra-Low-Power Microcontrollers Selection Guide

Temp DAC
Sensor | Ch/Res | Ch/Res Package(s)

WISPASOETIOIA 1 128 L 18 =| = = | =| = = = v — Slope — 20-S0IC, 20-TSSOP $0.99

20-TVSOP, 24-QFN
WSPAICT 0N 1 128 E13=| = = | =| = = = v — Slope — 20-SOP, 20-TSSOP, 24-QFN $0.60
VISPA30ETITIA 2 128 L 1gl=] = = | =| = = = v — Slope — 20-S0IC, 20-TSSOP $1.35

20-TVSOP, 24-QFN
WSPBICINT 2 128 “ 3 — — - - = — — v — Slope — 20-SOP, 20-TSSOP, 24-QFN $1.10
VISPASMFETIZIA 4 256 L 1gl=| = = | =| = = = v — Slope — 20-S0IC, 20-TSSOP $1.70

20-TVSOP, 24-QFN
WSPAICI RN 4 256 E13l=| = = | =| = = = v — Slope — 20-SOP, 20-TSSOP, 24-QFN $1.35
VSPANR T2 4 256 L 1g=| = - - - v — = 4 5/10 = 20-S0IC, 20-TSSOP, 32-QFN $2.00
MVSPANR T32 8 256 E13=| = - - = v — = 4 5/10 = 20-S0IC, 20-TSSOP, 32-QFN $2.25
VSPANRZ22 4 256 wldl=| = 1 - — v — 4 8/10 = 28-S0IC, 28-TSSOP, 32-QFN $2.40
MSPANRZ32 8 256 n g |=]| = 1 - — v — = 4 8/10 = 28-S0IC, 28-TSSOP, 32-QFN $2.50
MSPA30FI2A 4 256 wldl=| = 1 = | = = = v — Slope — 28-S0IC, 28-TSSOP, 32-QFN $2.15
MSPA3FIZ3 8 256 g |=]| = 1 = | = = v — Slope — 28-S0IC, 28-TSSOP, 32-QFN $2.30
MSPAICTIRN 8 256 8 3 3 — 1 - — — — v — Slope — 64-TQFP, 64-QFN $2.00
WSPAICIEN 16 512 8 3 3 — 1 - — — — v — Slope — 64-TQFP, 64-QFN $2.30
MSPA30FT33 8 256 8 3 3 — 1 - — — v 4 8/12 = 64-LQFP, 64-TQFP, 64-QFN $3.00
MSPA3FT3S 16 512 8 3 3 — 1 - — — — v 4 8/12 = 64-LQFP, 64-TQFP, 64-QFN $3.60
MSPA30FTAR 32 1024 &8 3 7 — 2 - — — v v 4 8/12 = 64-LQFP, 64-TQFP, 64-QFN $5.05
MSPA30FTA8 48 2048 8 3 1 — 2 - — — v 4 4 8/12 = 64-LQFP, 64-TQFP, 64-QFN $5.75
MSPA30FTAG 60 2043 8 3 1 — 2 - — — v v 4 8/12 = 64-LQFP, 64-TQFP, 64-QFN $6.05
MSPEQRALDT 32 1024 &8 3 7 — 2 - — — v v — Slope — 64-LQFP, 64-QFN $4.60
MSPANAEY 48 2048 8 3 1 2 v v — Slope — 64-LQFP, 64-QFN $5.30
MSPANAAL 60 2048 8 3 17 — 2 - — — v v — Slope — 64-LQFP, 64-QFN $5.60
MSPA30FIRS 16 512 8 3 3 v 1 v / v — v 4 8/12 2012 64-LQFP $4.95
MSPA30FTSG 24 1024 &8 3 3 1 v o/ v — v 4 8/12 2012 64-LQFP $5.55
MSPA30FISR 32 1024 &8 3 3 v 1 v / v — v 4 8/12 2012 64-LQFP $5.85
MSPA30FIRR 32 1024 &8 3 7 2 v o/ v 4 v 4 8/12 2012 64-LQFP $6.75
MSPA30FIRS 48 2048 8 3 1 v 2 v / v 4 v 4 8/12 2012 64-LQFP $1.45
MSPA30FIES 60 2048 8 3 17 v 2 v / v 4 v 4 8/12 2012 64-LQFP $1.95
MSPEFIED 32 5120 8 3 1 v 2 v / v 4 v 4 8/12 2012 64-LQFP $8.25
MSPEIRIET 48 10240 48 3 71 2 v / v 4 v 4 8/12 2012 64-LQFP $8.65
MSPERFIE2 55 5120 8 3 1 v 2 v / v 4 4 4 8/12 2012 64-LQFP $8.95

MSPIR200Y 1 128 ml|2)|=| = = v = i = Slope = 14-TSSOP, 14-PDIP, 16-QFN $0.55
MSPER20T 2 128 i l2|=| = = | = | = v = i = Slope = 14-TSSOP, 14-PDIP, 16-QFN $0.70
MSPIR2002 1 128 mil2|=| = v =| = v = = 4 110 = 14-TSSOP, 14-PDIP, 16-QFN $0.99
MSPIR2012 2 128 i l2|l=| = v = | = v = = 4 110 = 14-TSSOP, 14-PDIP, 16-QFN $1.15
MSPIR2003 1 128 l2|l=| = v =| = v = = 4 116 = 14-TSSOP, 14-PDIP, 16-QFN $1.49
MSPISR2013 2 128 i l|2l=| = v = | = v = = 4 116 = 14-TSSOP, 14-PDIP, 16-QFN $1.65
MSPEIR2T0T: 1 128 B |8=| = = | =| = v = i = Slope = 20-TSSOP, 20-S0IC, 24-QFN $0.90
MSPEIR2TIT: 2 128 B 13l=] = o Nl v = i = Slope = 20-TSSOP, 20-SOIC, 24-QFN $0.99
MSPEIR2T21 4 256 B |8|=| = = | =| = v = i = Slope = 20-TSSOP, 20-S0IC, 24-QFN $1.35
MSPER2T3T 8 256 G |8l=] = = | = | = v = i = Slope = 20-TSSOP, 20-SOIC, 24-QFN $1.70
MSPIR2Z3% 8 512 2 3 3 — v =| = v = = = 110 2/Amp 38-TSOP, 40-QFN $2.75
OMSPDIRZE 16 512 @olal 8| = v = | = v = = = 110 2/Amp 38-TSOP, 40-QFN $3.15
MSPIIRZE 32 04 3 3 3 — v = | = v = = = 110 2/Amp 38-TSOP, 40-QFN $3.55
'Suggested resale price in U.S. dollars in quantities of 1,000. 2Comparator jiA+. Preview devices appear in bold blue.
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Microcontrollers/Interface e

MSP430 Ultra-Low-Power Microcontrollers Selection Guide (Continued)

Package(s)

VMSPROENZCAZ 4 256 84 3 — — 96 - v / — oo — Slope — 64-LQFP, 64-QFN $2.60/1.90
MSPAREN3CAZ 8 256 8 3 — — 96 - v / — oo — Slope — 64-LQFP, 64-QFN $2.95/2.10
WISPA3TFE15 16 512 8 35 — — 96 - v — o — Slope — 64-LQFP, 64-QFN $3.40
WISPA3TFE1R 2 04 8 35 — — 96 - v — oo — Slope 64-LQFP, 64-QFN $3.90
MSPAFA3 8 256 8 35 — — 96 - v — v/ Slope  Flow-meter 64-LQFP $3.75
MSPA30FAS 16 512 8 35 — — 96 - v — oo — Slope  Flow-meter 64-LQFP $4.05
MSPANFAE 32 104 48 35 — — 96 - v — o — Slope  Flow-meter 64-LQFP $4.45
MSPAFR5E 16 256 2 3 - = 56 - = v - / 1/16 112 64-LQFP $3.10
WSPANFALTE 24 256 2 3 - — 56 - = v — — / 1/16 112 64-LQFP $3.45
MSPAFRME 32 256 2 3 - = 56 - = v — - / 1/16 112 48-SSOP, 48-QFN $3.80
WISPA3IFE23 8 256 “ 3 — 1 128 - v v/ v 3/16 — 48-SSOP, 48-QFN $4.50
WISPA3TFE25 16 512 “ 3 — 1 128 - v v/ - / 3/16 — 48-SSOP, 48-QFN $4.95
WISPA3TFE2T 32 1024 14 3 — 1 128 - v v/ — / 3/16 — 64-LQFP $5.40
MSPAUFERZY 8 256 “ 3 — 1 128 - v v/ v 3/16 E-meter 64-LQFP $4.85
MSPAUFELZY 16 512 4 3 — 1 128 - v / v = v 3/16 E-meter 64-LQFP $5.45
MSPUFEZZ: 32 04 14 3 — 1 128 - v v/ - / 3/16 E-meter 64-LQFP $5.95
WISPA3TF£35 16 512 8 3 3 1 128/160  / — / 8/12 — 80-LQFP, 100-LQFP $4.45
WISPA3TFE36 24 104 &8 3 3 1 128160 — v — o/ 8/12 — 80-LQFP, 100-LQFP $4.70
WISPA3IFE3T 32 1024 48 3 3 1 128160 — v / — / 8/12 — 80-LQFP, 100-LQFP $4.90
MSPUFGA3E 32 104 &8 3 3 1 128 7/ / — oo/ 1212 212 80-LQFP $6.50
MSPOFGA3D 48 2048 48 3 3 1 128 7/ / — oo/ 12/12 212 80-LQFP $7.35
MSPUFGA3Y 60 2048 48 3 3 1 128 7/ / — oo/ 1212 212 80-LQFP $7.95
WISPA3TFEAT 32 1024 48 3 7 2 128 - v v/ oo/ 8/12 — 100-LQFP $5.75
WISPA3TFE48 48 2048 48 3 7 2 128 - v v/ oo/ 8/12 — 100-LQFP $6.50
WISPA3TFEAY% 60 2048 48 3 7 2 128 - v v/ oo/ 8/12 — 100-LQFP $7.05
USERIGHIE 92 4% 80 3 7 12 160 7/ / v/ oo/ 1212 212 100-LQFP 945
USERIGHIE 92 812 80 3 7 22 160 7/ / v/ oo/ 12/12 212 100-LQFP 9.35
SPHEGHIE 116 8192 80 3 7T 22 160 7/ / v/ oo/ 1212 212 100-LQFP 10.35
SPHEGHIT 120 40% 8 3 7 22 160 7/ / v/ oo/ 12/12 212 100-LQFP $9.95
'Suggested resale price in U.S. dollars in quantities of 1,000. 2Includes UART, IrDA, SPI and FC. Preview products appear in bold blue.
CAN Selection Guide
Bus Fault
Transient Pulse Protection Temp Range
Device Description Protection (V) (V) Footprint (°C) Package(s)

5 SNESAVIRAT  Standby, improved drop-in for PCA82C250/1  —200 to 200 65 14 +36 PCA82C250  —40to125  8-PDIP,8-SOIC  $0.90

5 SUGBHVIIME  Improved drop-in replacement for TUA1040  —200 to 200 70 6 -27t0 40 TJA1040 —40t0 125 8-S0IC —

5 SUGBEVIIMD  Improved drop-in replacement for TUA1050 ~ —200 to 200 70 6 -27t0 40 TJA1050 —40t0 125 8-S0IC —

5 SNGSLBCO3R  500Kbps -150to 100 2 2 -51t020 SN75LBCO31  —40to 125 8-S0IC $1.50

33 SNESHVD230;  Standby mode -25t0 25 17 16 —410 16 PCA82C250 —40t0 85 8-S0IC $1.35

33 SNESHVIZIL  Sleep mode -25t025 17 16 ~410 16 PCA82C250 —40t0 85 8-S0IC $1.35

33 SNESEVIZ3Z  Cost effective -25t0 25 17 16 -4to16  SNG5HVD232  —40t0 85 8-S0IC $1.30

33 SNGSHVOZ30E  Automotive temp, standby mode -25t0 25 17 15 -Tt0 16 PCA82C250  —40t0 125 8-S0IC $1.55

33 SNGOHVOZ3T:  Automotive temp, sleep mode -25t0 25 17 15 -Tt0 16 PCA82C250  —40t0 125 8-S0IC $1.55

33 SNGOHVODZ3Z0:  Automotive temp, cost effective -25t0 25 17 15 -Tto16  SN65HVD232  —40t0 125 8-S0IC $1.50

33 SNEGAVIRZIZ  Standby mode, diagnostic loop-back -100to 100 6 16 +36 — -40t0 125 8-S0IC $1.50

33 SNEbHVD234  Standby mode, sleep mode -100to 100 6 16 +36 — —40t0 125 8-S0IC $1.45

33 SNER AV Standby mode, autobaud loop-back -100to 100 6 16 +36 — -40t0 125 8-S0IC $1.50
'Suggested resale price in U.S. dollars in quantities of 1,000. All devices have a signaling rate of 1Mbps except LBC031. Preview products appear in bold blue.
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e Interface
RS-485 Selection Guide
21 2 N T PR = e
No. of Rate Receiver
Dr/Rx (Mbps) Fail-Safe Package(s)
DE, RE §NQ§H\LD_Z 3.3V Supply - Low-Speed Slew-Rate Control 1 Short, Open, Idle 256 8-PDIP, 8-SOIC $1.75
3.3 DE, RE ,§N_6§J;[\LD_1 3.3V Supply - Low-Speed Slew-Rate Control 10 15 Short, Open, Idle 256 8-PDIP, 8-SOIC $1.80
DE, RE §NQ§H\LD_Q 3.3V Supply - High-Speed Signaling 25 15  Short, Open, ldle 64 8-PDIP, 8-SOIC $1.85
3to5 DE, RE §N6§J;[\LQD§| Wide Supply Range: 3 to 5.5V 10 15 Short, Open, Idle 256 8-PDIP, 8-SOIC $1.90
DE, RE I,SNﬁ{)J;I\LD.SQ&ZE- Low Power Mode, Optimized for Low-Speed 02 15  Short, Open, Idle 256 8-PDIP, 8-SOIC, 8-MSOP ~ $0.90
DE, RE §Nﬁ5J;ISLD_3118§E- Low Power Mode, Optimized for Mid-Speed 1 15 Short, Open, Idle 256 8-PDIP, 8-SOIC, 8-MSOP  $0.90
DE, RE -_§Nﬁ5];|¥|139&8ﬁ- Low Power Mode, Optimized for High-Speed 10 15 Short, Open, Idle 256 8-PDIP, 8-SOIC, 8-MSOP  $1.00
DE, RE ,SME)_H_\[D_}QE_, Half Duplex Transceiver 10 15 Open 64 8-PDIP, 8-SOIC, 8-MSOP  $0.70
DE, RE .SNﬁf)l:lyIle. PROFIBUS Transceiver, EN 50170 40 10 Short, Open, Idle 160 8-S0IC $1.55
DE, RE ,§N_6§H\LD,21 -20V to 25V Common Mode Operation 05 16 Short, Open, ldle 256 8-PDIP, 8-SOIC $1.65
g DE, RE ,§N_ﬁ§ﬂ\LD,21 -20V to 25V Common Mode, 5Mbps 5 16 Short, Open, Idle 256 8-PDIP, 8-SOIC $1.65
§ DE, RE ,§N_6§H\LD,2.Q -20V to 25V Common Mode, 25Mbps 25 16 Short, Open, ldle 64 8PDIP, 8-S0IC $1.65
= 5 DE, RE .SN.QEH.\LD.ZQ Receiver Equalization, 160 Meters at 25 Mbps 25 16 Short, Open, Idle 64 8-PDIP, 8-SOIC $1.80
DE, RE ,§N_6§J;[\LDA Receiver Equalization, 500 Meters at 3 Mbps 3 16 Short, Open, Idle 256 8-PDIP, 8-SOIC $1.80
DE, RE §NQ§H\LD,91 Strong Driver Outputs — Low Signal Rate 1 16 Short, Open, Idle 256 8-PDIP, 8-SOIC $1.50
DE, RE ,§N_6§H\LD,QQ Strong Driver Outputs — Mid Signal Rate 10 16 Short, Open, Idle 256 8-PDIP, 8-SOIC $1.55
DE, RE _SNﬁﬂ:lyQDj- Strong Driver Outputs — Fast Signal Rate 40 16 Short, Open, Idle 64 8-PDIP, 8-SOIC $1.60
DE, RE r§N6§LB_C17§.,_ Low Power 10 2 Open 2 8-PDIP, 8-SOIC $0.90
DE, RE '.ﬁN_ﬁ,S_LBQ_]_ZﬁA: Low Power, Fast Signaling, ESD Protection 30 12 Open 32 8-PDIP, 8-SOIC $1.20
= DE, RE :§NQ5],B,CJ 84  Transient Protection, EC Air, Contact, Surge ~ 0.25 30 Open 128 8-PDIP, 8-SOIC $1.30
DE, RE L$NQ5],B,C.]&2" IEC ESD Protection, Air and Contact Tests 0.25 15 Open 128 8-PDIP, 8-SOIC $1.05
DE, RE :_S_N_G.EA_LS,J]_B Fast Signaling, Skew: 15ns 35 2 Open 2 8-S0IC $1.26
DE, RE _§_N§5_]_ _Bﬁl_ Cost Effective 10 2 None 32 8-PDIP, 8-SOIC, 8-SOP  $0.44
No ,§N_6§H\LD§Q 3.3V Supply, no Enables, 25Mbps 25 15  Short, Open, Idle 64 8-S0IC Preview
No §NQ§H\LD§1 3.3V Supply, no Enables, 5Mbps 5 15  Short, Open, Idle 256 8-S0IC Preview
33 No ,§N_6§J;[\LD§1 3.3V Supply, no Enables, 1Mbps 1 15  Short, Open, Idle 256 8-SO0IC Preview
DE, RE §NQ§H\LD§1 3.3V Supply, with Enables, 25Mbps %5 15  Short, Open, Idle 64 14-S0IC $1.70
DE, RE _§N6§H\LD§1 3.3V Supply, with Enables, 5Mbps 5 15 Short, Open, Idle 256 14-S0IC $1.70
DE, RE ,§N_ﬁ§ﬂ\LD§i 3.3V Supply, with Enables, 1Mbps 1 15  Short, Open, Idle 256 14-S0IC $1.70
No ,§N_6§H\LD§Q Strong Bus Outputs, no Enables, 25Mbps 25 15  Short, Open, Idle 64 8-S0IC Preview
é_ No §NQ§H\LD§1 Strong Bus Outputs, no Enables, 5Mbps 5 15  Short, Open, Idle 256 8-S0IC Preview
é No _swﬁyw. Strong Bus Outputs, no Enables, 1Mbps 1 15 Short, Open, Idle 256 8-S0IC Preview
= No -§N(i§].§_(;]]_9,l Low Power, without Enable 10 2 Open 32 8-PDIP, 8-SOIC $0.85
No I'SNSSLBEHQ/!! High Signaling Rate, High ESD w/o Enables 30 10 Open 2 8-PDIP, 8-SOIC $1.10
DE, RE §NQ§H\LD§1 Strong Bus Outputs, with Enables, 25Mbps %5 15  Short, Open, Idle 64 14-S0IC $1.60
DE, RE ,§N_6§J;[\LD§1 Strong Bus Outputs, with Enables, 5Mbps 5 15  Short, Open, Idle 256 14-S0IC $1.60
DE, RE _SNﬁﬂ:lyQ_Sj- Strong Bus Outputs, with Enables, 1Mbps 1 15  Short, Open, Idle 256 14-S0IC $1.60
5 DE, RE ,§N6§L3.C1394. Low Power, with Enables 10 2 Open 2 14-PDIP, 14-SOIC, 16-QFN ~ $1.05
DE, RE '.SN_G,B_LBQ_]_&QA: High Signaling Rate, High ESD with Enables 30 10 Open 32 14-PDIP, 14-S0IC $1.35
DE, RE 1SNB5ALS] 80,  High Signaling Rate, with Enables %5 2 Open 2 14-S0IC $1.1
© 2 Separate DIR :§NQ5],B.CJ'LO] FAST-20 SCSI, Skew: 3ns 30 12 Open 32 20-SOIC, 16-SSOP $4.10
= DE, Triple RE :§NQ5],B,CJU; FAST-20 SCSI, Skew: 3ns 30 12 Open 2 20-SOIC, 20-SSOP $4.10
Complementary rEN@L&CﬂZ,‘_ Low Power 10 2 = 32 16-PDIP, 20-S0IC $1.80
§ Complementary ;S_Nﬁﬁ_j_ﬁ_g]]_y_\j High Signaling Rate, High ESD 30 13 — 32 16-PDIP, 16-SOIC, 20-SOIC ~ $2.40
= f Pairwise ;,S_Nﬁf)_J.B_QJ]_A_fA; Low Power 10 2 — 32 16-PDIP, 20-S0IC $1.90
3 Pairwise :QN_ﬁQLBQ_]_Z,Ai High Signaling Rate, High ESD 30 13 — 32 16-PDIP, 16-SOIC, 20-SOIC ~ $2.50
Complementary rEN@LB‘ClBL Low Power 10 2 Open 32 16-PDIP, 16-S0IC $1.15
g Complementary '.ﬁN_ﬁQLB,Q_]_ZQA: High Signaling Rate, High ESD, Low Power 50 6  Short,Open,Idle 32 16-PDIP, 16-S0IC $1.50
- 2 Pairwise EN@LB‘CJ.Z{).,_ Low Power 10 2 Open 32 16-PDIP, 16-S0IC $1.10
~ % Pairwise .SNﬁf)j,&[‘J],ﬁA. High Signaling Rate, High ESD, Low Power 50 6  Short, Open,ldle 32 16-PDIP, 16-S0IC $1.40
S Pairwise SNE5LT5 Standard 10 2 None 32 16-PDIP, 16-SOIC, 16-SOP ~ $2.70

'Suggested resale price in U.S. dollars in quantities of 1,000.
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Interface e
RS-232 Selection Guide
- | | Divers| Recevers [ Swwly [ b | [ [ |
e [ per f Voltagels) | M) |} f
[Device | Descripton | Pkg | P | (V) [ (max) | Footprint | Packagels | Price' |
TLT4R406 Triple RS-232 Drivers/Receivers 3 3 +12,5 2 MC14506 PDIP, SOIC $0.94
G232 Multiple RS-232 Drivers and Receivers 8 +12,5 2 (D75232 PDIP, SOIC, SSOP, TSSOP $0.2
MAXI2A3 3V to 5.5V Multichannel RS-232 Line 3 33,5 1 MAX3243 S0IC, SSOP, TSSOP $0.99
Driver/Receiver with +15kV ESD (HBM) Protection
MAXZ02 5V Dual RS-232 Line Driver/Receiver with +15kV 2 2 5 15 MAX202 S0IC, TSSOP $0.58
ESD Protection
MAXZ02 5V Multichannel RS-232 Line Driver/Receiver with 5 3 5 20 MAX207 S0IC, SSOP $1.08
+15kV ESD Protection
MAXZTD 5V Multichannel RS-232 Line Driver/Receiver with 4 5 5 2 MAX211 S0IC, SSoP $1.08
+15kV ESD Protection
MAX22 5V Dual RS-232 Line Driver/Receiver with 2 2 5 10 MAX222 S0IC $1.26
+15kV ESD Protection
SNETRE3 3V to 5.5V Multichannel RS-232 Line Driver/Receiver 3 5 330rb 1 MAX3234 SOIC, SSOP, TSSOP $3.46
1SNT5185 Multiple RS-232 Drivers and Receivers 3 5 +12,5 30 SN75185 PDIP, SOIC $0.43
SNCTBE Low-Power Multiple Drivers and Receivers 3 5 +12,5 0.75 SN75C185 PDIP, SOIC $0.90
SNBLR3E 3V to 5.5V Multichannel RS-232 Line Driver/Receiver 3 5 33105 1 MAX3243 S0IC, SSOP, TSSOP $2.02
SNILBCTRA  Multichannel EIA-232 Driver/Receiver with Charge Pump 3 5 5 30 SN75LBC187 SSOP $3.60
'SNLPTRY  Low-Power Multiple RS-232 Drivers and Receivers 3 5 5, +12 1 SN75LP185 PDIP, SOIC, SSOP $1.53
'SALPERS Low-Power Multiple Drivers and Receivers 3 5 5,212 1 SN75LP185 PDIP, SOIC, SSOP, TSSOP $1.62
SNBLVALZIR 3V to 5.5V Multichannel RS-232 Line Driver/Receiver 3 5 3orh 1 MAX3243 SOIC, SSOP, TSSOP $2.61
[T Quad Low-Power Line Driver 4 0 +h 1 LT1030 PDIP, SOIC $0.81
MC1388 Quad Line Driver 4 0 9 25 MC1488 PDIP $0.20
SYBHIE Quad Line Driver 4 0 +9 MC1488 CDIP, CFP, LCCC $1.97
SNT188 Quad Line Driver 4 0 +9 25 MC1488 PDIP, SOIC, SOP $0.18
SNTCTR Quad Low-Power Line Driver 4 0 +12 0.16 MC1488 PDIP, SOIC, SOP, SSOP $0.31
SN TR Quad Low-Power Line Driver 4 0 +12 032 — PDIP, SOIC $2.25
SNTHIE Quad Differential Line Receiver 4 4 50r12 35 SN75154 PDIP, SOIC, SOP $0.41
SNBLTR Quad Low-Power Drivers/Receivers 4 4 +12,5 — — PDIP, SOIC, SOP $0.76
'SN75LBCZA%  Low-Power LinBiCMOS™ Multiple Drivers and Receivers 4 5 5 8 MAX241 soic $1.73
GO33 Multiple RS-232 Drivers and Receivers 5 3 +12,5 32 (GD75323 S0IC $0.22
MAXD238 3V to 5.5V Multichannel RS-232 Line Driver/Receiver 5 3 33,5 2 MAX3238 SSOP, TSSOP $1.13
SNECR3E 3V to 5.5V Multichannel RS-232 Line Driver/Receiver 5 3 330rh 2 MAX3238 S0IC, SSOP, TSSOP $3.24
SNBHG Multiple RS-232 Driver and Receiver 5 3 +12,5 2 SN75196 PDIP, SOIC $0.41
SN75C3238 3V to 5.5V Multichannel RS-232 Line Driver/Receiver 5 3 33orh 2 MAX3238 S0IC, SSOP, TSSOP $2.81
SNTLPI%E Low-Power Multiple RS-232 Drivers and Receivers 5 3 5,212 1 SN75LP185 PDIP, SOIC, SSOP, TSSOP $1.53
SN65CBZ83  3Vto 5.5V Dual RS-232 Port 6 10 33,5 0.02 — SSOP, TSSOP $4.32
1SNT52232 Dual RS-232 Port 6 10 5 50 — SSOP, TSSOP $0.81
SNT5CBZ3  3Vto 5.5V Dual RS-232 Port 6 10 33,5 0.02 — SSOP, TSSOP $3.42
uCyIzn Octal Line Driver with TTL Mode Selection 8 0 +9t0 £15 4 — PLCC $6.33
U7z QOctal Line Driver with Long Line Drive 8 0 +9t0 £15 25 — PDIP, PLCC $3.25
'Suggested resale price in U.S. dollars in quantities of 1,000. New products appear in bold red.
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e Interface
1394b Media Summary
Device | Reach swo m--m_-m-m
UTP-5 100m — _ _
POF/HPCF 100m x X X X X —
50um GOF 100m — — X X X X
STP (beta) 45m — — X X X X
STP (DS) 45m X X X — _ _

Higher speeds and greater distances provide increased versatility for industrial and automated systems requiring high bandwidth real-time data.

1394 Link-Layer Controllers Selection Guide

Supply Voltage | Speed Max Pin/
(V) (Mbps) Package | Description

100 100-LQFP  High-Performance 5V Link Layer with 32-Bit Host I/F, 2kb FIFOs $11.75
;[_S.B__Z_l,y_[l _,B_, 33 400 2 100-TQFP  High-Performance 1394 3.3V Link Layer for Telecom, Embedded & Industrial App., 32-Bit I/F, 2kb FIFO $8.90
E&BJZLWP: B 400 4 176-LQFP  PCILynx™ - PCl to 1394 3.3V Link Layer with 32-Bit PCI I/F, 4kb FIFQs $9.60
t[&BJZl,yZB" 33 400 9 100-TQFP  OHCI-Lynx™ PCI-Based IEEE 1394 Host Controller $3.95
;[.Sﬁ-ll.l.m 33 400 4 100-LQFP  General-Purpose Link Layer Controller (GP2Lynx) $5.15
;[_S,B_&ZAAA_; 33 400 8 128-TQFP 1394 Link Layer Controller with DTCP Content Protection for Consumer Electronics Applications $9.20
m&mﬁ_ﬁ 33 400 8 128-TQFP 1394 Link Layer Controller for Consumer Electronics Applications — No Content Protection $10.95
TTSB42AC3! 33 400 10 100-TQFP  High-Performance Link Layer with 32-Bit I/F. May Be Cycle Master; Has 10kb FIFO and JTAG Support. $6.50
e PHY-Link Timing Compliant with 1394a-2000 for Industrial and Bridge Applications.
TSB82AA 33 800 11 144-LQFP  High-Performance 1394b 3.3V OHCI 1.1+ Compliant Link Layer Controller $1.80

'Suggested resale price in U.S. dollars in quantities of 1,000.

1394 Integrated Devices Selection Guide

Supply Voltage | Speed Max
(V) (Mbps) Package(s) Description

TSB43AA22- 400 128-TQFP 1394a Serial Layer Controller +400Mbps, 2-Port Physical Layer $1.20

'TSB43AA82AI 33 400 4.7 144-LQFP 2-Port High Performance Integrated Physical and Link Layer Chip for PC Peripherals $8.30
'TSB43ABZ1AI 33 400 9 128-TQFP 0HCI 1.1, 1394a Link Layer Controller Integrated with 1394a, 400Mbps, 1-Port Physical Layer (PHY) $4.35
'TSB43ABZZAI 33 400 9 128-TQFP OHCI 1.1, 1394a Link Layer Controller Integrated with 1394a, 400Mbps, 2-Port Physical Layer (PHY) $4.55

33 400 9 144-LQFP, 128-TQFP  OHCI 1.1, 1394a Link Layer Controller Integrated with a 1394a, 400Mbps, 3-Port Physical Layer (PHY)  $4.90
*rl SB43CA4: . 33 400 16 176-LQFP iceLynx Micro 2-port IEEE 1394a-2000 CES $10.60
'ITSB43CA43A' 33 400 165 176-LQFP iceLynx Micro-5C with Streaming Audio and Content Protection $12.60
'T§B_4§C_BA§A_I 33 400 16.5 176-LQFP iceLynx Micro with Streaming Audio $11.40

'Suggested resale price in U.S. dollars in quantities of 1,000.

1394 Physical-Layer Controllers Selection Guide

Supply Voltage | Speed Max
(V) (Mbps) Package(s) Description

1TSB14 1A| 100 48-TQFP |EEE 1394-1995, 3.3V, 1-Port, 50/100Mbps, Backplane PHY $5.90

I,'_I'h§_ll3q1_;§§_[]1Al 5 100 1 64-LQFP |EEE 1394-1995, 5V, 1-Port, 50/100Mbps Backplane Physical Layer Controller $5.45
'|T§B17BA1'I 33 100 1 24-TSSOP 1394b-2002 Compliant Catb Cable Transceiver for up to 100 Meters $2.50
',]}_%1_/;\_51_; 33 400 1 48-HTQFP, 64-HTQFP IEEE 1394a One-Port Cable Transceiver/Arbiter $1.50
\TSB41ABZ 33 400 2 64-HTQFP IEEE 1394a Two-Port Cable Transceiver/Arbiter $1.85
:T§B41AB§A: 33 400 3 80-HTQFP IEEE 1394a Three-Port Cable Transceiver/Arbiter $3.00
IT§B41BA_3A. 33 400 3 80-HTQFP 1394b-2002 3-Port Physical Layer Device $6.50
-T§B41LVQ4A' 33 400 4 80-HTQFP IEEE 1394a Four-Port Cable Transceiver/Arbiter $6.50
-T§B41LV§1 ; 33 400 6 100-HTQFP |EEE 1394a Six-Port Cable Transceiver/Arhiter $6.40
'TSB81BA3 18,33 800 8 80-HTQFP |EEE P1394b 800 Three-Port Cable Transceiver/Arbiter $7.80

TSuggested resale price in U.S. dollars in quantities of 1,000.
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Selection Tables | s

Interface G
UARTs Selection Guide
FIFOs Baud Rate

ITL1§_Q.4§9' 1 0.256 40-PDIP, 44-PLCC Single UART without FIFO $1.50
_I_LLQ_QAQ]' 1 0 0.256 5 68-PLCC Single UART with Parallel Port and without FIFO $2.50
ITL1§5;4§2' 2 0 0.256 5 68-PLCC Dual UART with Parallel Port and without FIFO $2.55
JL16C5500, 1 16 1 533  48-LOFP, 40-PDIP, 44-PLCC, 48-TQFP  Single UART with 16-Byte FIFOs and Auto Flow Control $1.75
'TL1§_Q.5_QQD' 1 16 1 533,25 48-LQFP, 48-TQFP, 32-QFN Single UART with 16-Byte FIFOs and Auto Flow Control $1.75
lkﬁ_ﬁé&_m 2 16 1 5 68-PLCC Dual UART with 16-Byte FIFOs and Parallel Port $3.90 /$3.85
ITL1 §_Q§§4{55_4A. 4 16 1 5 80-LQFP, 68-PLCC Quad UART with 16-Byte FIFOs $6.05/$6.00
I L16G750: | 1 16 or 64 1 533 64-LAFP, 44-PLCC Single UART with 64-Byte FIFOs, Auto Flow Control, Low-Power Modes $3.10
Ju 5(;7523 2 64 3 33 48-LQFP Dual UART with 64-Byte FIFO $3.10
:IIEQCJQ@_ i 64 5V-3,3.3V-2 5,33 80-LQFP, 68-PLCC Quad UART with 64-Byte FIFO $8.35
ITL1 §_PC§_Q__B;‘BLV' 1 64 1 533 100-BGA, 100-LQFP Single UART with 64-Byte FIFOs, PCMCIA Interface $5.90/$3.10
'_'[_|,.1_§E_‘|_B‘552 2 16 1 5 80-QFP Dual UART with 16-Byte FIFOs, Selectable IR and 1284 Modes $6.10
TIR1000: _ 0 None 0.115 27t05.5 8-0P, 8-TSSOP Standalone IrDA Encoder and Decoder $1.15
tl'US_B34_1Q: 0 None 0.922 33 32-LQFP RS232/IrDA Serial-to-USB Converter $2.50

'Suggested resale price in U.S. dollars in quantities of 1,000.

USB Hub Controllers Selection Guide

Voltage
Speed (V) Package Description

;ug,ngs_ﬁ- Full (1.1) 2 32-LaFP 2/3-Port Hub for USB with Optional Serial EEPROM Interface $1.15
;[_ugﬁZﬂ_@ﬁB_ Full (1.1) 4 No 3.3 32-LAFP 4-Port Hub for USB with Optional Serial EEPROM Interface Supporting Windows® 95/D0S Mode $1.20
:II.LS,B.ZQZ],A, Full (1.1) 7 No 33 48-LQFP 7-Port USB Hub with Optional Serial EEPROM Interface $1.95
III.LS,BZBQI Full (1.1) 2 Yes 33 64-LQFP 2-Port Hub with Integrated General-Purpose Function Controller $3.25
TUSB505: Full (1.1) 5 Yes 33 100-LQFP 5-Port Hub with Integrated Bridge to Two Serial Ports $5.10

'Suggested resale price in U.S. dollars in quantities of 1,000.

USB Peripherals Selection Guide

Voltage Remote
Speed (V) Wakeup Package Description
1

-:I' SB3210: Full 64-LQFP USB Full-Speed General-Purpose Device Controller $2.50
Us i Full 3.3 Yes 32-LQFP RS232/IrDA Serial-to-USB Converter $2.25
______ Full, high 33 Yes 80-TQFP USB 2.0 High-Speed ATA/ATAPI Bridge Solution $2.80

'Suggested resale price in U.S. dollars in quantities of 1,000.

PCI Bridges Selection Guide

Intel Expansion
Compatible | Speed | Interface MicroStar BGA™ | Voltage(s)
Part Number | (MHz) | (Bits) Packaging
3

Package(s) Description

*HPC3130; No 33 128-LAFP, 120-QFP Hot Plug Controller $10.95
:.HBQSJ WA 66 No 33 128-LQFP, 144-LQFP, 120-QFP  Hot Plug Controller $10.95
:E(_:I_UAO_: Friendly Yes 33,5 144-BGA, 144-LQFP PCl-to-DSP Bridge Controller, Compliant to $10.55
_____ Compact PCI Hot Swap Specification 1.0

:LE__‘! _‘Q_QQ_:_ . 66 32 Friendly Yes 33,5 257-BGA Asynchronous 32-Bit, 6MHz PCI-to-PCl Bridge $9.50
IPCI2050B:  21150bc 66 2 Friendly Yes 33,5  257-BGA, 208-LQFP, 208-QFP  PCl-to-PCl Bridge $9.50
PCI2250: 21152ab 3 32 Friendly No 33,5 176-LQFP, 160-QFP 32-Bit, 33MHz PCl-to-PCl Bridge, Compact PCI $6.10

Hot-Swap Friendly, 4-Master
'Suggested resale price in U.S. dollars in quantities of 1,000.
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n |  Selection Tables

e Interface/Power and Control

PCI CardBus Controllers Selection Guide

Voltage Integrated Integrated
(V) Cold Wake 1394 Package(s) Description

:H:uﬁ.ln' 144-BGA, 144-LOFP  Single Slot PC CardBus Controller $3.60

ﬂ‘.uﬁznl 3.3 Yes No No 209-BGA, 208-LQFP  PC Card Controller $4.35
ﬂ;u&zn' 18,33,5 Yes No No 209-BGA, 208-LQFP  PC Card, Flash Media, and Smart Card Controller $1.35
ﬂ‘.IA&JQ,' 49 Yes Yes No 209-BGA, 208-LQFP  PC Card and Integrated 1394a-2000 OHCI Two-Port-PHY/Link-Layer Controller $8.00
ﬂ;IAﬁZQ,' 8 Yes Yes No 257-BGA Two Slot PC Card and Integrated 1394a-2000 OHCI Two-Port-PHY/Link-Layer Controller ~ $9.15
ﬂ‘.LWQ: 49 Yes No No 288-BGA Integrated 2-Slot PC Card and Dedicated Flash Media Controller $9.50
ﬂ;lﬁ&Zﬂ: 8 Yes No No 288-BGA Integrated 2-Slot PC Card with Smart Card and Dedicated Flash Media Controller $10.50
ﬂ‘.l,wn' 49 Yes Yes No 209-BGA, 208-LQFP  PC Card, Flash Media, Integrated 1394a-2000 OHCI 2-Port PHY/Link-Layer Controller ~ $11.00
|P[}I142(1' 33 Yes Yes No 288-BGA Integrated 2-Slot PC Card, Dedicated Flash Media Socket & 1394a-2000 $12.00
_____ OHCI 2-Port-PHY/Link-Layer Controller

ﬂ‘.ll&,]n' 49 Yes Yes No 209-BGA, 208-LQFP  Integrated PC Card, Smart Card and 1394 Controller $11.00
|P[}I16](l' 8 Yes Yes No 209-BGA, 208-LQFP  Integrated PC Card, Smart Card, Flash Media ,1394a-2000 OHCI 2-Port-PHY/ $12.00
_____ Link-Layer Controller

:PEIZGZQ: 33 Yes Yes No 288-BGA Integrated 2-Slot PC Card with Smart C, Flash Media, 1394a-2000 OHCI $13.00

2-Port-PHY/Link-Layer Controller

'Suggested resale price in U.S. dollars in quantities of 1,000.

Power+ Logic™: 8-Bit Devices with Integrated Control Logic and FETs (T; = —40°C to +125°C)

lg typ Tpsfon) tYP
Description uA) (Q) Package(s)

RICESY  Addressable Latch 025 075 3 20/SOP (DW), DIP (N)
:[EIW7_3| D-Type Latch 45 15 025 075 1.3 75 525 3 20/S0P (DW), DIP (N)
RICES,  Shift Register 5 15 025 075 13 75 650 3 20/SOP (DW), DIP (N)
\TPICSOE Shift Register 15 15 025 075 13 75 650 3 20/S0P (DW), DIP (N)
TPICGAZS  Addressable Latch 50 500 035 11 1 75 125 25 20/DIP (NE), 24/SOP (DW)
TPICGABYS  Shift Register 50 500 035 11 1 75 125 25 20/DIP (NE), 24/SOP (DW)
TPICGASS,  Shift Register 50 500 035 11 1 75 125 25 20/DIP (NE), 24/SOP (DW)
TPICGB2SS  Addressable Latch 50 2 0.15 05 5 ) 150 25 20/S0P (DW), DIP (N)
TPICGB2IE  D-Type Latch 50 2 0.15 05 5 ) 150 25 20/SOP (DW), DIP (N)
TPICEBEGS  Shift Register 50 2 0.15 05 5 3 150 25 20/S0P (DW), DIP (N)
TICEBAGY  Shift Register 50 2 0.15 05 5 ) 150 25 20/SOP (DW), DIP (N)
TPICECSOS;  Shift Register 3 70 01 025 7 ) 8 25 16/SOP (D), DIP (N)
TPICACE%?  Shift Register 3 2 01 025 7 ) 8 25 16/SOP (D), DIP (N)

IShort-circuit and current-limit protection. 2Current-limit capability.

PWM Power Supply Control (Single Output) Selection Guide

Internal
Max - Supply g Voltage Drive

Practical Operating | Voltage | Feed- | (Sink/Source)
Device Frequency | Current | Current (V) Forward (A) Package(s)
Peak Current Mode Controllers

UCC3CA) 1010250  IMHz  50)A  23mA 66020 7066 5 2 100 Yes  Ves 10 S0IC-8, PDIP-8, MSOP-8  $0.95
UCC3BCAL 1010250  IMHz  S0)A  23mA 66020 7066 5 2 50 Yes  Ves " SOIC-8, PDIP-8, MSOP-8  $0.95
UCC3BCA2 1010250  IMHz  S0)A  23mA 90X 1459 5 2 100 Yes Vs 1" S0IC-8, PDIP-8, MSOP-8 ~ $0.95
UCC3BCA3 1010250  IMHz  S0)A  23mA 76020 8476 5 2 100 Yes Vs 1" SOIC-8, PDIP-8, MSOP-8  $0.95
UCC3CAH 1010250  IMHz  S0)A  23mA 9 1459 5 2 50 Yes Vs 1" S0IC-8, PDIP-8, MSOP-8~ $0.95
UCC38C45  10t0250 MMz S0pA  23mA 761020 8476 5 2 50 Yes  Yes " SOIC-8, PDIP-8, MSOP-8 ~ $0.95

1Suggested resale price in U.S. dollars in quantities of 1,000.
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Selection Tables |

Power Management G

Switching DC/DC Controllers Selection Guide

L

Multiple | Frequency Source | Source/| Prebias Load

Outputs (kHz) Efficient
:_m&oggq 225t05.5 4 0.7 1.5 1 15 No 300 v - vV - = v v s 4 $0.99
1TPS40021" 2.25t05.5 4 07 1 2 25 No Programup v — v / — v = v  — v $1.15
e . to TMHz
TPS40057  8to40 »H 07 1 1 2 No Programup v — - — — v = | = v $1.35
R . to TMHz
'TPS40061  10to 55 0 07 1 1 10 No Programup v — - = v — = | = = $1.40
e . to TMHz
ITPS40071 4.25t0 28 23 07 1 1 2 No Programup v — v / — v = - = $1.35

to TMHz

TPS51020 425t028 24 085 1 2 2 2 450 v v v/ = — = — v $3.15
DC/DC Controllers with Light Load Efficiency Comments
TPS511168  3t028 34 15 1 08 10 142 Up to 500 v 7/ v v Sync Switcher w/3A Tracking LDO v v $1.20
Other Topology DC/DC Controllers Comments
EESW.Q)Q 1.8t06.5 65 12 — — 3 No — v/ — v — Simple, Hysteretic High-Efficiency Controller in SOT-23  $0.55
UCHIZ 475030 0 -4 2 05 5 No 300 v/ — / — SimpleInverting PWM Controller $1.05

"Suggested resale price in U.S. dollars in quantities of 1,000. Current levels of this magnitude can be supported.

30CP = over-current protection, OVP= over-voltage protection, UVLO = under-voltage lockout, PG = power good.

“The controller of choice for most applications will be the source/sink version, which has two-quadrant

operation and will source or sink output current. PGD = Predictive Gate Drive™ technology included; DDR = supports DDR memory.

DC/DC Converter (Integrated FETs) Selection Guide

Device Output Current (A) Vour (V) Package(s)

25106.0 SO0T 23-5

Adj.15,1.8,33, 16, 25,26

201055 06 Adj, 09,10,1.2,15,18, 25,33, 19 MSOP-10 $1.60

271010 08 Adj, 15,18,33 MSOP-10 $1.85

25060 12 Adj.15,16,18,33 MSOP-10, QFN-10 $2.20

AL 311017 15 Adj, 33,5 QFN-16 $2.50

0 1!213_%1_5& 3010 6.0 3 Adj, 09,12,15,18, 25,33 HTSSOP-20 $2.95

1081426314{5l6: 301060 § Adj, 09,12,15,18, 25,33 HTSSOP-28 $390

TPSBI0 401060 8 Adj.to 0.9 HTSSOP-28 $4.20
1

TPS54910: 301040 9 Adj.to 0.9 HTSSOP-28 $4.40

e

TPS79%%¢ 121033 Adjtp 65 S0T23-5

271090 Adj. from -1.25t0 - 9.3 S0IC-8
TTLA9TA! 451012 05 Adj. from -1.2t0 -25 TSSOP-14 $0.86

'Suggested resale price in U.S. dollars in quantities of 1,000.
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Low Dropout Regulators (LDOs) Selection Guide
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Features’

FLE.SM)Q;;’ .10 105 1.2 1.8,30,33 — 18 55 4 v PG 047uF C MSP430; Lowest Iq $0.34
FLM}Q#A: 50 415 32 25,30,33,5 12-15 25 24 4 v v 047yF C Vjy Upto 24V $0.34
m& 50 50 80 15,1.6,1.8 12-25 1855 3 v /EN,BP 0.1y C  Low Noise, Vjy Downto 1.8V  $0.41
;ﬁﬁﬁ_lm.'\_l 100 60 400 25,28,285,30,33,5 25-55 26 10 15 v v EN,BP  NoCap Low Noise $0.95
FLE,S.ZS,Z}Q;; 100 38 185 25,28,30 12-55 27 55 2 v EN TyF C RF Low Noise, High PSRR $0.40
TBST31xx 150 30 400 15,1.8,25,30, 12-55 17 55 1 v/ EN,BP  NoCap Reverse Leakage Protection ~ $0.45
R | 33, 5.0, EEProm*
FLE,S.ZZ.])Q;; 150 75 90 15,18,27,28,33,5 15-55 27 10 2 v [EN, SVS  10uF C  Low Noise $0.60
TPBS732xx! 250 40 400 15,18,25,3.0 12-55 1755 1 v/ v/ EN,BP  NoCap Reverse Leakage Protection ~ $0.65
R | 33, 5.0, EEProm*
m& 250 145 172 18,2528 30,33 12-55 27 55 2 v v EN,BP  22uF C RFLow Noise, High PSRR $0.65
;&E@mg:_l 250 150 400 25,28,285,30,33,5 25-55 18 10 2 v v/ EN,BP  NoCap Capacitor Free, DMOS $1.05
TBST36x¢ 400 75 300 15,1.8,25,30 12-55 17 55 1 v/ v/ v/ EN,BP  NoCap Reverse Leakage Protection ~ $0.85
e . 3.3, EEProm*
FLE§19§§XE 500 105 265 1.6,1.8,25,30,33 12-55 27 55 3 v EN,BP  22uF C  RFLow Noise, High PSRR $1.05
;ﬁﬁﬁm.'\_l 500 115 500 25,21,30,33,5 25-55 2115 2 a4 v/ EN,PG  NoCap Capacitor Free, DMOS $2.50
mﬂlzgﬂl 750 260 85 1.5,1.8,25,3.3 15-55 27 10 2 v v /EN,SVS  10uF T  Fast Transient Response $1.05
FLE.S-ZZ@@S; 1000 170 75 15,1.6,18,25 12-55 18 6 2 a4 v/ EN,SVS NoCap VyDownto1.8V,LowNoise  $1.10
FLE§.ZB§2Q§I 1500 390 310 1.8,25,28,30,33 12-55 27 55 3 v v/ EN,BP TyF C RF Low Noise, High PSRR $1.35
UCCx83-x 3000 400 400 Bi8ab 12-85 18 9 25 v v EN 2uF T Reverse Leakage Protection ~ $2.57
WCxgE-x 500 350  8mA 15,21,25 12-6 17751 v/ v/ 100uF T Fast LDO with Reverse Leak ~ $3.00
Negative Voltage, Single-Output Devices

| 200 280 130 -25 -12t0-9 -10-27 2 v EN,BP  22uFC  Low Noise, High PSRR $1.05
UCC384-x 500 150 200 -12.0,-5.0 -125t0-1 -15-35 3 v /EN 47uFT  Duty Cycled Short $1.86

'Suggested resale price in U.S. dollars in quantities of 1,000. ?PG = Power Good; EN = Active High Enable; /EN = Active Low Enable; SVS Supply Voltage Supervisor; BP = Bypass Pin for noise
reduction capacitor. °C = Ceramic; T = Tantalum; No Cap = Capacitor Free LDO. “*TI's TPS73xxx series of LDOs are EEProm programmable at the factory, allowing production of custom fixed
voltages (as well as custom current limits), minimum quantities apply. Please contact Tl.

Dual-Output LDOs Selection Guide

Output Options
lp at
= el T IEE
(nA) (%) Package Noise Description

TPS707x¢ 250 150 83 — 9% 33/25 33/1 8, 2 Y /77 10yF T Dual-Output LDO with ~ $1.20
_____ 3.3/1.5,3.3/1.2 Sequencing
[l'ES]O_SM 250 150 83 = 9% 33253318 v 2 v 12 5 v v 7/ v/ 27 55 10pFT Dual-Output LDOwith ~ $1.20
_____ 3.3/15,3.3/1.2 Independent Enable
[[ESJQD.OC 50 250 170 — 95 33253318 2 v 12 5 v v v v v 21 55 10FT Dual-OutputLDOwith ~ $1.50
S . 3.3/1.5,3.3/1.2 Sequencing
TPS702x¢ 500 250 170 — 9% 33253318 v 2 v 12 5 v v 7/ v/ 27 55 10pFT Dual-Output LDOwith ~ $1.50
_______ 3.3/1.5,33/1.2 Independent Enable
TRSTEID3s 1000 1000 230 — 170 33/25 v/ 2 v 12 5 v v/ 27 10 10pyF T Dual-Output FASTLDO ~ $2.00
eeeem 3318 with Integrated SVS
;[_EE_MQ.I],Q; 1500 300 1000 2500 1000 3318 2 18 33 47 53 100uF T Outputs Track within 2V~ $1.60
FLE._EMQ,U_I]: 1500 300 1000 2800 1000 3315 2 | & 47 53 100pF T Outputs Track within 2V $1.60
TTPS703xx 2000 1000 160 — 185 33/25,3318, v 2 v 12 5 v v v v v 21 55 2wFT Dual-OutputLDO with  $2.35
S . 3.3/1.5,3.3/1.2 Sequencing
TPS704xx 2000 1000 160 — 185 33253318 2 v 12 5 v v v v/ 21 55 2uFT Dual-Output LDO with ~ $2.35
3.3/15,3.3/1.2 Independent Enable

'Suggested resale price in U.S. dollars in quantities of 1,000. T = Tanalum.
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Selection Tables |

Power Management ()

Plug-In Power Solutions Selection Guide

—-mm_lm--_-

Device Voltage (V) Description Outputs Adjustable
Non-Isolated Single Positive Output
PTAGAM TV 33 3.3V Input 15A POL with Auto-Track™ Sequencing 15A No 08t025 Yes $11.60
PTAO3MOVY 33 3.3V Input 22A POL with Auto-Track Sequencing 2A No 0.8t025 Yes $18.15
PTACA@GIV® 33 3.3V Input 30A POL with Auto-Track Sequencing 30A No 08t025 Yes $25.00
PTAMBGIY 33 3.3V Input 6A POL with Auto-Track Sequencing 6A No 08t025 Yes $6.90
PTAOMBIVE 33 3.3V Input 10A POL with Auto-Track Sequencing 10A No 07t025 Yes $9.80
PTAOAM0OVY 3.3/5 3V to 5.5V Input 3A POL with Auto-Track Sequencing 3A No 09t036 Yes $4.50
PTA0AMIE 335 3V to 5.5V Input 60A POL with Auto-Track Sequencing 60A No 08t036 Yes $35.00
PTAOGTIOVT 5 5V Input 15A POL with Auto-Track Sequencing 15A No 0.8t0 3.6 Yes $11.60
PTAOROAVE 5 5V Input 22A POL with Auto-Track Sequencing 2A No 08t036 Yes $18.15
PTAOGI30VE 5 5V Input 30A POL with Auto-Track Sequencing 30A No 081036 Yes $25.00
PTARGIE 5 5V Input 6A POL with Auto-Track Sequencing 6A No 081036 Yes $6.90
P THORBOVE 5 5V Input 10A POL with Auto-Track Sequencing 10A No 081036 Yes $9.80
'PTHOATZADV! 5 5V Input, 30A T2 2nd Gen PTH POL with TurboTrans™ 30A No 07036 Yes $18.00
PTAOBOBIVY: 512 5V to 18V Input, 2.25A POL 2.25A No 09t05.5 Yes $4.28
'PTHOETZAW! 12 5.5t0 14V Input, 30A T2 2nd Gen PTH POL with TurboTrans 30A No 0.7t0 36 Yes $18.00
'PTHUETZZ0WW! 5/12 4510 14V Input, 16A T2 2nd Gen PTH POL with TurboTrans 16A No 0.7t055 Yes $12.60
'PTHOETZ3NVY! 5/12 4510 14V Input, 6A T2 2nd Gen PTH POL with TurboTrans 6A No 0.7t055 Yes $1.90
'PTHOETZ400! 512 4.5t0 14V Input, 10A T2 2nd Gen PTH POL with TurboTrans 10A No 0.7t055 Yes $10.80
PTRT20T0GAN: 12 12V Input 12A POL with Auto-Track Sequencing 12A No 0.8t01.8/1.2t0 5.5 Yes $11.60
PTAT20200A0N, 12 12V Input 18A POL with Auto-Track Sequencing 18A No 08t01.8/1.2t05.5 Yes $18.15
PTRT20300AN: 12 12V Input 26A POL with Auto-Track Sequencing 26A No 0.8t01.8/1.2t0 5.5 Yes $25.00
PTAT040V% 12 12V Input 50A POL with Auto-Track Sequencing 50A No 08055 Yes $35.00
PIRT205008N 12 12V Input 6A POL with Auto-Track Sequencing 6A No 0810 1.8/1.2t0 5.5 Yes $6.90
PTAT20600AN: 12 12V Input 10A POL with Auto-Track Sequencing 10A No 08t01.8/1.2t0 55 Yes $9.80
PINDAMGIC 3.3/5 3V/5V Input, 12W Output Step-Up (Boost) ISR 12W No 5t0 15 Yes $8.00
'PINZSU00VIFH: Vo+2t036 Wide-Input, Wide-Output 1.5A Positive Step-Down ISR 1.5A No 25101211210 22 Yes $8.00
PINTBOBAWR: Vo +2t0 36 Wide-Input, Wide-Output 3A Positive Step-Down ISR 3A No 251012/12t0 22 Yes $11.00
PTG SU20VVALR VU +2t0 36 Wide-Input, Wide-Output 6A Positive Step-Down ISR 251t012/1210 22 $15.00
3.3/5 3.3V/5V Input 12W Adjustable Plus-to-Minus Voltage Converter 12W No -1.2t0-6.5 Yes $26.25
HNDMUA 335 3V'to 5V Input, 6W Positive to Negative (Buck-Boost) ISR 6w No -33t0-15 Yes $8.00
'PTIN78000A! Tt029 Wide-Input, Wide-Output 1.5A Positive to Negative (Buck-Boost) ISR 1.5A No -3to-15 Yes $8.00
'PTN78060A! 9t0 29 Wide-Input, Wide-Output 15W Positive to Negative (Buck-Boost) ISR 15W N0 -3to-15 Yes $11.00
'PTN78070A! 9t0 29 Wide-Input, Wide-Output 25\ Positive to Negative (Buck-Boost) ISR 2W -3to-15 Yes $15.00
5to £12/15Vgyy 9W Dual Output Adjustable ISR No +810 +20 Yes $10.80
PT 12 10A 12V Input Adjustable Dual Output ISR 10A No 1.3t036 Yes $21.40
DCRT B 5, 24 1W Unregulated Isolated DC/DC Converter with Sychronization Yes 512,15 No $5.35
DTP02 512,24 2W Unregulated Isolated DC/DC Converter with Sychronization ZW Yes 33,5,7,9,12,15 No $6.95
DCROY 512,24 1W Regulated Isolated DC/DC Converter with Sychronization 1w Yes 33,5 No $5.95
DCRM2 12,24 2W Regulated Isolated DC/DC Converter with Sychronization 2W Yes 5 No $7.30
DL 5,24 1W Unregulated Isolated DC/DC Converter with 1500V Isolation W Yes 512,15 No $8.50
PIATAG 24 20W, 24V Input Isolated DC/DC Converter 20W Yes 1.7t0 165 Yes $32.45
PTI2A0 24 10W, 24V Input Isolated DC/DC Converter 10W Yes 151012 Yes $26.90
PIB78220V% 180 60 20A, 18V to 60V Input Isolated POL Converter with Track I/0 65W Yes 181036 Yes $62.00
LPIBZIESEUB/B?D 18 to 60 30W, 18V to 60V Input Isolated POL Converter with Track I/0 30W Yes 33,5,12 Yes $25.00
10W, 48V Input Isolated DC/DC Converter - Industry Std Footprint 10w Yes 33,5,12 $20.00
DCROIZ0B 5,15, 24 1W Unregulated Dual Isolated DC/DC Converter with Sychronization 1w Yes 5,212, £15 No $5.90
DCP2. T 5,15, 24 2W Unregulated Dual Isolated DC/DC Converter with Sychronization 2W Yes +h, +12, 215 No $6.95
DCWI D 5,15, 24 1W Unregulated Dual Isolated DC/DC Converter with 1500V Isolation 1w Yes 5,212, £15 No $9.05
'Suggested resale price in U.S. dollars in quantities of 1,000. New products are listed in bold red.
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Standard Linear and Logic Selection Guide
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Application Reports
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Title Lit Number

To access any of the following application reports, type the

URL www-s.ti.com/sc/techlit/litnumber and replace /it number LVDS Outputs on the ADS527x shaallg:
with the number in the Lit Number column. Measuring Temperature with the ADS1216, ADS1217, or ADS1218 (Rev. A) shaall3al
Interfacing the ADS1202 Modltr w/ a Pulse Transformer in Galvanically Iso.  Shaa036:

Title Lit Number Combining ADS1202 w/ FPGA Digital Filter for Current Meas. in Motor Cntrl App 'ShaaQ94i
Instrumentation Amplifiers ADS1240/41 App-Note: Accessing the Onboard Temp Diode in the ADS1240/41 ~shaa(B3
Programmable-Gain Instrumentation Amplifiers Pressure Transducer to ADC Application 'sloaf5g!

AC Coupling Instrumentation and Difference Amplifiers ~ iShoaQ03 Complete Temp Data Acquisition System From a Single +5V Supply gb_éa:@oz
Boost Instrument Amp CMR with Common-Mode Driven Supplies ~ 'shoaQid Voltage Ref. Scaling Techniques Increase Converter and Resolution Accuracy ShaaQ08!
Increasing INA117 Differential InputRange ~~ lshoaQ0f Thermistor Temperature Transducer to ADC Application isipa052!

Input Filtering the INA117 +200V Difference Amplifier 'shoa(6
Level Shifting Signals with Differential Amplifiers 1shoaQ3g SPI-Based Data Acquisition/Monitor Using the TLC2551 Serial ADC (Rev. A)  slaaj8a

Isolation Analog Amplifiers

Simple Output Filter Eliminates Amp Output Ripple, Keeps Full Bandwidth  ishoaQ12 Measuring Temperature with the ADS1216, ADS1217, or ADS1218 (Rev. A) 'ﬁlléﬂlli&él
Single-Supply Operation of Isolation Amplifiers 'shoa004 Using the MSC121x as a High-Precision Intelligent Temperature Sensor shaa10Q!
Isolation Amps Hike Accuracy and Reliability Shoa(bé

Operational Amplifiers Comparing Bus Solutions (Rev. A) 'slla0fzal
High-Voltage Signal Conditioning for Low Voltage ADCs 1shoaQ9z: Signaling Rate versus Transfer Rate 151[a098:
High-Voltage Signal Conditioning for Differential ADCs 15hoa096 Introduction to the Controller Area Netwark (CAN) 'sloalQL
Make a-10V to +10V Adjustable Precision Voltage Source 5hoal52 A System Evaluation of CAN Transceivers 'slla108:
+200V Difference Amplifier with Common-Mode Voltage Monitor ishoally M-LVDS Signaling Rate Versus Distance slla127;
Boost Amplifier Output Swing with Simple Modification :s_bga_ﬂgfi RS-485 for E-Meter Applications (Rev. A) 5Slial 2a
Extending the Common-Mode Range of Difference Amplifiers 'shoa0g Use Receiver Equalization to Extend RS-485 Data Communications i5lla 1691
Simple Circuit Delivers 38Vp-p at 5A from 28V Unipolar Supply !s_h.ga_ﬂgl' RS-485 at 230-khps over Uncontrolled Interconnect sllal67;
Pressure Transducer to ADC Application :§|ga_ﬂgﬁf_ The RS-485 Unit Load and Maximum Number of Bus Connections islla 166!
Amplifiers & Bits: Introduction to Selecting Amps for Data Converters (Rev. B) sloa3abi RS-485 for Digital Motor Control Applications islia1d3:
Precision Absolute Value Circuits :gb__oggﬁg Control and Monitoring-Power and Logic

Signal Conditioning Piezoelectric Sensors (Rev. A) 52"1393_33: Linear Products Brush Motor Control sl
Boost Instrument Amp CMR with Common-Mode Driven Supplies ‘shoa(ié TPIC6C59 Power+Logic™ Shift Register Application islia08:
Comparison of Noise Perf. of FET Transimpedence Amp/Switched Integrator ishoaQ34 TPIC6595 Power+Logic™ 8-Bit Shift Reg. with Low-Side Power 'sl-p-aﬁ[ll-La'
DC Motor Speed Controller: Control a DC Mator w/o Tachometer Feedback  'shoaQ43: DMOS Switches (Rev. A)

Diode-Based Temperature Measurement Eh:.oéﬂjé

Level Shifting Signals with Differential Amplifiers 'shoa (38 Implementing a Bi-directional Frequency Hopping swialdls
Operational Amplifier Macromodels: A Comparison :S_hgﬂ_(JgZ: Application with TRF6903 and MSP430

Single-Supply, Low-Power Measurements of Bridge Networks shoal18 Implementing a Bi-directional Wireless UART Application w/TRF6903 & MSP430iswra03%:
Thermistor Temperature Transducer to ADC Application :s_ln:agﬁgl Designing with the TRF6900 Single-Chip RF Transceiver (Rev. D) swraQ3ad:
Signal Conditioning Wheatstone Resistive Bridge Sensors Designing Switching Voltage Regulators with the TL494 (Rev. C) sivallic
3V Accelerometer Featuring TLV2772 Application Brief

Low-Power Signal Conditioning for a Pressure Sensor Improved Voltage Reference Filter has Several Advantages shya(]Q
Low Power Qperation of REF102 10.0V Precision Voltage Reference ‘shyalR
Implementing a 4mA to 20mA Current Loop on Tl DSPs 223045 Diode-Based Temperature Measurement Shoal]9
20mA to 0-20mA Converter & Current Summing Current-to-Current Converters 'shoa053
0-20mAReceiverusingRCV&2 ~— lhyal04 Closed Loop Temperature Regulation Using the UC3638 H-Bridge Motor (Rev. A) sluaZ02a
Four-Wire RTD Current-Loop Transmitter shfad07 DN-50 Simple Tech. for Isolating and Correcting Common App. Problems ESEJEJE@
IC Building Blocks Form Complete Isolated 4-20mA Current-Loop 'Shoa01 U-102 UC1637/2637/3637 Switched Mode Controller for DC Motor Drive slualdn
Input Overload Protection for the RCV420 4-20mA Current-Loop Receiver I5hvaD3 U-112 A High Precision PWM Transconductance Amplifier for Microstepping  'slua0z3:
Single Supply 4-20mA Current Loop Receiver 1Shoa(23 U-115 New Integ. Circuit Produces Robust, Noise Immune Sys. for Brushless  !slual06!
Use Low-Impedance Bridges on 4-20mA Current Loop 'shoa(?25 U-120 A Simple. Approach to DC Motor Modeling for Dynamic Stability Analysis ‘slwa026
Build a 3-Phase Sine Wave Generator with the UAF42 shfad13 U-130 Dedicated |Cs Simplify Brushless DC Servo Amplifier Design ‘slualy
Design a 60Hz Notch Filter with the UAF42 shfa0i? UC3717 and L-C Filter Reduce EMI and Chopping Losses in Step Motor Islyal4t!
Photodiode Monitoring with Op Amps shoa(35
Interfacing the MSP430 and TMP100 I%C Temperature Sensor slaalsi!

Solenoid/Valve Power Drivers, TEC & Pump Laser Bias
PWM Power Driver Modulation Schemes sload3%
Thermo-Electric Cooler Control using a TMS320F2812 DSP and spraz3
DRV592 Power Amplifier

AMC7820REF: A Reference Design for DWDM Pump Lasers

Data Converters for Industrial Power Measurements

Using Ceramic Resonators with the ADS1255/6 :§_b__agu_]4_l
Standard Procedure Direct Meas. Sub-picosecond RMS Jitter High-Speed ADC :s_hgla_[]g&
High-Voltage Signal Conditioning for Differential ADCs Shoa0%6
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Safe Harbor Statement

This publication may contain forward-looking statements that
involve a number of risks and uncertainties. These “forward-
looking statements” are intended to qualify for the safe harbor from
liability established by the Private Securities Litigation Reform Act
of 1995. These forward-looking statements generally can be
identified by phrases such as Tl or its management “believes,”
“expects,” “anticipates,” “foresees,” “forecasts,” “estimates” or
other words or phrases of similar import. Similarly, such state-
ments herein that describe the company’s products, business
strategy, outlook, objectives, plans, intentions or goals also are
forward-looking statements. All such forward-looking state-
ments are subject to certain risks and uncertainties that could
cause actual results to differ materially from those in forward-
looking statements. Please refer to Tl's most recent Form 10-K for
more information on the risks and uncertainties that could materi-
ally affect future results of operations. We disclaim any intention
or obligation to update any forward-looking statements as a result
of developments occurring after the date of this publication.

Important Notice: The products and services of Texas
Instruments Incorporated and its subsidiaries described herein
are sold subject to TI's standard terms and conditions of sale.
Customers are advised to obtain the most current and complete
information about Tl products and services before placing orders.
Tl assumes no liability for applications assistance, customer’s
applications or product designs, software performance, or
infringement of patents. The publication of information regarding
any other company'’s products or services does not constitute Tl's
approval, warranty or endorsement thereof.

Technology for Innovators, the black/red banner, C2000, C28x, C64x,
EasyRF, FilterPro, Fusion Digital Power, Impedence Track,
LinBICMOS, MicroStar BGA, OHCI-Lynx, PCILynx, Power+Logic,
PowerPAD, SWIFT, TMS320, TMS320C28x, TMS320C55x,
TMS320C6000, TMS320C64x and TMS320C67x are trademarks of
Texas Instruments. All other trademarks are the property of their
respective owners.

© 2006 Texas Instruments Incorporated

@ Printed in U.S.A. by Colonial Press International,
Miami, Florida, on recycled paper

Texas Instruments Incorporated
14950 FAA BLVD
Fort Worth, Texas 76155-9951

Address service requested

PRSRT STD
U.S. POSTAGE

PAID

DALLAS, TEXAS
PERMIT NO. 2758

SLAB039C


http://support.ti.com
http://support.ti.com/sc/knowledgebase
http://support.ti.com/sc/pic/americas.htm
http://support.ti.com/sc/pic/euro.htm
http://support.ti.com/sc/pic/japan.htm
http://www.tij.co.jp/pic
http://support.ti.com/sc/pic/asia.htm

IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (Tl) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which Tl products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ticom  Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless
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