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Product
features
■ Eight 100 mA
DMOS outputs

■ Outputs current
limited, 250 mA,
(typ)

■ ESD protection
of 2.5 KV

■ Low power
operation

■ Cascadable
serial interface

■ Characterized
for operation
between –40° C 
to 125° C 
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For technical support, call (972) 644-5580. 
To order documentation, call 1-800-477-8924, ext. 3237

P O W E R +  C O N T R O L

The TPIC6C595, a recent
addition to the Power+ Logic
family, is an 8-bit shift register
with 100 mA DMOS outputs.
The TPIC6C595 is a low-cost,
monolithic IC designed specifi-
cally for low-current, medium-
voltage loads such as LEDs. 

To prevent the outputs from
over-current damage, the
TPIC6C595 has current-limit
capability that decreases as the
junction temperature increases
for additional device protection.
The outputs also provide
snubber circuitry to protect the
device from inductive flyback.
Each input has transient protec-
tion for increased robustness
making the device suited for
ESD sensitive applications.
Implementing any of the previ-
ously mentioned features in a
bipolar peripheral solution — as
in the 74HC595 and ULN2003 —
would require significant exter-
nal circuitry and passive compo-
nents, resulting in increased cost
and printed board-space.

The TPIC6C595 offers a cost-
effective integrated solution, as
well as high reliability for
switching LEDs or low-current
incandescent bulbs. The device
is available in dual-in-line (N)
and surface-mounted (D)
packaging.

Applications 
Automotive:
■ Instrumentation
■ Heads-up displays
■ Tell-tale lights

Industrial: 
■ Moving signs
■ Instrumentation
■ Electronic games

Power+ Logic family at a glance
The family offers a portfolio of similar devices such as the
TPIC6C595 with various control logic and current options to 
drive solenoids, incandescent bulbs, LEDs, fractional horsepower
motors, relays, and valves in many automotive or industrial 
applications. 

Cost-effective integrated LED driver

■ Check box 01 to request a
datasheet.

Suggested
resale price

Quoted per device
in quantities of
1,000

TPIC6259DW: $1.60

TPIC6273DW: $1.60

TPIC6595DW: $1.60

TPIC6A259NE: $1.89

TPIC6A595DW: $2.03

TPIC6B259DW: $0.78

TPIC6B273DW: $0.78

TPIC6B595DW: $0.78

µP

Power+ Logic device Loads

Co
nt

ro
l L

og
ic

Drain 1

Drain 8

’259: Addressable latch TPIC6259 TPIC6A259 TPIC6B259 —
’273: D-type latch TPIC6273 — TPIC6B273 —
’595: Shift register TPIC6595 TPIC6A595 TPIC6B595 TPIC6C595

rDS(on), typ 1.3 Ω 1 Ω 5 Ω 7 Ω

VDS, max 45 V 50 V 50 V 33 V

EAS 75 mJ 75 mJ 30 mJ 30 mJ

No. outputs 8 8 8 8

ID* 250 mA 350 mA 150 mA 100 mA

IP* 1.5 A 1.1 A** 500 mA*** 250 mA***

ICC, typ 15 µA 500 µA 20 µA 20 µA

ESD protection 3 KV 2.5 KV 2.5 KV 2.5 KV

Packaging 20-pin DIP 20-pin DIP 20-pin DIP 16-pin DIP
20-pin SO 24-pin SO 20-pin SO 16-pin SO

* Each output, all outputs on
** Current-limiting circuitry and short-circuit protection
*** Current-limiting capability
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■ Check box 02 for a datasheet. 

Product
features
■ Serial or parallel
control interface

■ Independent
fault detection/
protection

■ Sleep state
mode

■ Serial interface
feedback

■ Auto re-try
mode

■ Cascadable
serial interface

P O W E R +  C O N T R O L

Suggested
resale price

Quoted per device
in quantities of
1,000

TPIC44H01DA: $1.56

The TPIC44H01, a four-
channel high-side pre-FET
driver, is a new addition to the
Power+ Control family to
compliment the existing line of
low-side pre-FET drivers. The
device is the first pre-driver to
provide serial or parallel input
interface to control four exter-
nal NMOS power FETs. It is
designed for low frequency
switching of resistive or induc-
tive loads including incandes-
cent bulbs and solenoids. 

The TPIC44H01 is also the
first high-side pre-FET driver

short-to-ground (2.35 V) detec-
tion/protection with fault status
reporting via the serial inter-
face.  For increased protection
and reliability, the device has
dynamic over-current threshold
ideal for incandescent bulb
applications with long inrush
current.  Over-voltage lockout
(30 V) circuitry provides
additional protection for the
device and the external FETs.  

In addition, the TPIC44H01
has a low-current sleep state
(45 µA) that is suitable for low
power applications.  Multiple
TPIC44H01s may be cascaded
via the serial interface to
reduce I/O lines from the host
controller. The device is avail-
able in surface-mounted
(TSSOP) packaging.

Typical applications 
Automotive: 
■ Headlamps
■ Turn signals
■ Daytime lights
■ Interior lights
■ Transmission
■ Engine controls
■ Anti-lock brakes
■ Active suspension
■ Fuel injectors
■ Door locks
Industrial: 
■ Process control systems
■ Robotics
■ Electronic data processing
PCs:
■ Battery switching/management
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First intelligent
pre-FET driver
with dynamic
fault threshold

with diagnostics, that is compliant
to federally mandated OBD II,
allowing for decreased costs and
reduced downtimes in automotive
applications. Each channel has
independent open-load detection
(2.4 V) and over-current and



For technical support, call (972) 644-5580. 
To order documentation, call 1-800-477-8924, ext. 3237
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A U D I O  P O W E R  A M P L I F I E R S

Product
features
■ Extremely
efficient Class-D
operation

■ Shutdown
control

■ 2-WRMS
stereo output

■ Low THD+N...
0.5 percent 
(20 Hz to 20 kHz)

■ Characterized
–40° C to 85° C

■ Plug-n-Play 
EVM available now 

Industry’s first stereo Class-D  
TPA005D02, first fully

integrated stereo Class-D audio
amplifier, sets new standards in
efficiency.  When compared to
linear or Class-AB amplifiers,
the TPA005D02 consumes one
third of their average supply
current.  Integrated shutdown
control extends battery life
further by minimizing supply
current to 400 µA.  This
extremely efficient mode of
operation makes the device
ideal for portable applications
including:
■ Notebook computers
■ PDAs
■ Hand-held PCs
■ USB Speakers
■ Battery operated equipment

The TPA005D02 delivers a
full 2 WRMS to each speaker
with a 5-W peak capability to
reduce clipping and keep
THD+N below 0.5 percent
across the entire audible
frequency band.

Class-D amplifiers process
analog signals using pulse-width
modulation (PWM) techniques,
the key behind Class-D ampli-
fiers’ increased efficiency.  The
PWM signals are applied to
power DMOS H-bridges provid-
ing high output current capabil-
ity.  High-frequency square
waves of constant amplitude,
but varying width, are output
from the IC.  These pulses of
varying widths contain the
audio information.  The output
signal must be low-pass filtered
to isolate the audio information

Suggested
resale price

Quoted per device
in quantities of
1,000

TPA005D02DCA:
$3.48

TPA005D02 EVM:
$100.00 

Plug-n-Play EVM

The TPA005D02 delivers a full 2-WRMS

to each speaker with a 5-W peak capabil-

ity to reduce clipping and keep THD+N

below 0.5 percent across the entire

audible frequency band.
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audio amplifier sounds great

from the high-frequency signal.
Proper filtering assures the
quality of the sound produced
by the system.  The block
diagram illustrates this process.

Because of their compact
size, low heat dissipation and
power consumption, future
generations of Class-D APAs
will play an important role in
digital sound systems.  A typical
application uses a personal
computer (PC) as the center-
piece of a home entertainment
system.  Class-D APAs are criti-

cal to the development of
digital speakers capable of
Dolby® Digital or Dolby
Surround® playback.

To help designers implement
Class-D audio power amplifiers,
TI has developed an evaluation
module (SLOP223) fully
compatible with its APA Plug-n-
Play Platform, the only one of
its kind in the industry. Also
available is the Audio Power
Analysis Program.  The
software tool helps designers
make quick and accurate calcu-
lations on power requirements
and thermal data using real
.wav files.

To help maximize sound
quality, a comprehensive appli-
cation note on low-pass filtering
will be available later in the
fourth quarter of 1998. Full
documentation for the
TPA005D02 EVM includes a
user’s guide with reference
designs and schematics. Gerber
files are available on request.
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How the
TPA005D02
works

■ Check box 03 for a datasheet
and technology brief. 



Suggested
resale price

Quoted per device
in quantities of
1,000

TLV5604CD: $4.91

TLV5614CD: $9.52

TLV5616CD: $3.15

■ Check box 04 for a datasheet. 

For technical support, call (972) 644-5580. 
To order documentation, call 1-800-477-8924, ext. 3237
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D A T A  C O N V E R T E R S

The TLV5604, TLV5614 and
TLV5616 belong to a versatile
family of 10- and 12-bit digital-
to-analog converters. They have
programmable settling times as
fast as 3 µs (typical), thereby
enabling you to choose the
appropriate speed for your
application. 

In addition, they also have
low power consumption, there-
fore saving battery life and
dissipating less heat. For
example, the TLV5616 dissi-
pates only 900 µW (typical) in
the slow mode at 3 V. 
All three parts come with a 
powerdown feature to save
energy when the parts are 

not being accessed. 
They accept a wide range of

supply voltages ranging from
2.7 V to 5.5 V, giving you flexi-
bility in your design. They
further provide flexibility by

allowing a glueless interface 
to TMS320, SPI, QSPI, and
Microwire serial ports. They
come in commercial and indus-
trial temperature ranges
extending their operation from
–40o C to 85o C. 

In order to improve stability
and reduce settling time, the
resistor string output voltage is
buffered by an x2 gain rail-to-
rail output buffer. The TLV5604
and TLV5614 have a separate
supply for the digital serial
interface and DACs, allowing
you more flexibility in your
design. The TLV5604 and
TLV5614 also have simultane-
ous update capability allowing
multiple DACs to be updated at
the same time.

The TLV56xx DAC

family accepts a

wide range of supply

voltages ranging

from 2.7 V to 5.5 V,

giving you flexibility

in your design

Pick your speed with 10- and 12-bit,  

AGND

Power-on
reset

Speed
power-down
logic

12-bit
data latch

x2

REFIN

VDD

DIN

14 12

2

12
OUT

SCLK

CS

FS

Serial input
register

16-cycle
counter

Update

+

–

Closeup of the TLV5616

Product
features
TLV5616
■ 12-bit voltage
output DAC

■ Programmable
settling time vs.
ultra-low power
consumption:
3 µs/2.1 mW (typ)
9 µs/900 µW (typ) 

■ Power-down
mode, 10 nA (typ) 

■ TMS320 DSP
and SPI compati-
ble interfaces

■ Single 2.7-to-
5.5-V supply

■ Characterized
for operation
from –40° C 
to 85° C

Typical applications
The features of the TLV5604,
TLV5614 and TLV5616 make them
well suited for applications 
such as:

■ Battery powered test 
instruments

■ Industrial process controls

■ Machine and motion control
devices

■ Communications

■ Digital servo control loops

■ Mass storage devices

TI offers ADCs and DACs that are compatible with our family of powerful DSPs. A selection tool is avail-
able for choosing the best Data Converter for your application. Among the ADCs and DACs highlighted
here, you will find a broad spectrum of speed and resolution choices. Visit the “Data Converters for
DSPs” web page for more information, free samples, data sheets, application reports and evaluation
modules: www.ti.com/sc/dsps



The TLV56xx family at a glance
Part Resolution Number  Settling Cost  Package
number of DACs time (1K units)

TLV5604 10 4 2.5 µs / 9 mW $4.90 16-pin 
SOIC, TSSOP 8.5 µs / 3 mW

TLV5614 12 4 3 µs / 9.6 mW $9.50 16-pin 
SOIC, TSSOP 9 µs / 3.6 mW

TLV5616 12 1 3 µs / 2.1 mW $3.15 8-pin
SOIC 9 µs / 900 µW
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D A T A  C O N V E R T E R S

 variable-speed, serial DACs
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–
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How the TLV5604 works

TLV5604
■ 10-bit quad-
ruple voltage
output DAC

■ Programmable
settling time vs.
ultra-low power:
2.5 µs/9 mW (typ)
8.5 µs/3 mW (typ) 

■ Power-down
mode, 10 nA (typ) 

■ TMS320 DSP
and SPI compati-
ble interfaces

■ Dual 2.7-to-
5.5-V supply
(separate digital
and analog
supplies)

Product
features
TLV5614
■ 12-bit quad-
ruple voltage
output DAC

■ Programmable
settling time vs.
power:
3 µs/9.6 mW (typ)
9 µs/3.6 mW (typ) 

■ Power-down
mode, <10 nA
(typ) 

■ TMS320 DSP
and SPI compati-
ble interfaces

■ Dual 2.7-to-
5.5-V supply
(separate digital
and analog
supplies)



For technical support, call (972) 644-5580. 
To order documentation, call 1-800-477-8924, ext. 3237
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D A T A  C O N V E R T E R S

Industry’s first programmable 
resolution analog-to-digital converter

Suggested
resale price

Quoted per device
in quantities of
1,000

TLV1562CDW: $4.51

The industry’s
first high-speed,
programmable
resolution analog-
to-digital converter
(ADC) redefines
system design for
digital signal proces-
sor (DSP) applica-
tions. 

The TLV1562
provides flexibility
and ultimately, a
first-to-market DSP
solution for portable
digital radios, paging
systems, process and
motor controls,
remote sensing,
automotive systems,
servo controls and
communications
systems such as
wireless local loops.

The resolution 
and sampling speed 
of the TLV1562 can be set to
change dynamically during
operation. Any of the three
following combinations can be
programmed: 10 bits resolution
at 2 million samples per second
(MSPS); 8 bits at 3 MSPS; and 
4 bits at 7 MSPS. In addition,
the device features a unique
dual sample/hold (S/H) archi-
tecture enabling it to output a
continuous stream of digital
data for long periods of time.
Its dual S/H channels can also
be configured to minimize inter-
rupt latency, thereby providing
the flexibility to optimize it for
your specific application.

The converter also includes
an internal code-conversion
capability that offloads process-

Product
features

■ Reconfigurable:
2 MSPS @ 10 bit,
3 MSPS @ 8 bit, 
7 MSPS @ 4 bit

■ Wide input
bandwidth for
undersampling
≤120 MHz 
@ –3 dB

■ Low operating
supply current: 
3.5 mA @ 5.5 V 
(10 MHz)

■ Simultaneous
sample and hold

■ Programmable
conversion modes

ing tasks from the DSP for
improved system performance.
The TLV1562 itself converts
binary code into two’s comple-
ment code and outputs this
directly to the DSP, eliminating
the need for the DSP to expend
execution cycles on code
conversion. It also offers a wide
input bandwith (75 MHz at 
–1 dB and >120 MHz at –3 dB)
making it ideal for under-
sampling applications.
Furthermore, it has program-
mable conversion modes, both
interrupt driven and continuous
modes, optimizing it for MIPS
sensitive DSP applications.

Finally, the TLV1562 has a
wide power supply range from
2.7 V to 5.5 V. In power-sensi-

tive applications, such as mobile
systems, the TLV1562 offers
power consumption as low as 
5 milliamps for 2.7-V systems or
8.5 milliamps for 5.5-V systems.
It also has a DSP and micro-
processor compatible DSP
interface. 

The TLV1562 is available in
28-pin TSSOP and SOIC
packages.

TI offers ADCs and DACs
that are compatible with our
family of powerful DSPs. A
selection tool is available for
choosing the best Data
Converter for your application:
www.ti.com/sc/dsps

The TLV1562 provides flexibility and ultimately, a first-to-market

DSP solution for portable digital radios, paging systems, process

and motor controls, remote sensing, automotive systems, servo

controls and communications systems such as wireless local loops.

■ Check box 05 for a datasheet. 
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D A T A  C O N V E R T E R S

The TLV1570 is the fastest
10-bit, 8-channel, serial ADC
that will interface gluelessly
with TMS320 DSPs and a
variety of industry-standard
microcontrollers, for a range of
engineering and industrial
applications. This device
accepts an analog input range
from 0 V to 5.5 V and digitizes
the input at 1.25 million
samples per second (MSPS) at
5 V and 625 kSPS at 3 V, offer-
ing design flexibility as well as
excellent performance.

The TLV1570 features a
programmable internal voltage
reference (3.8 V or 2.3 V) and
operates from a single wide
supply range of 2.7 V to 5.5 V.
An internal MUX is indepen-
dently accessible, which allows
the user to insert a signal
conditioning circuit such as an
anti-aliasing filter or an ampli-
fier, if required, between the
MUX and the ADC.  Therefore,
one signal conditioning circuit
can be used for all eight
channels.  Additionally, simple-
to-program functions such as a
unique auto-scan mode, voltage
reference selection, and auto-
power-down mode will benefit
applications such as image
sensor processing, process
control, motor control, various

High-speed,
10-bit serial
ADC offers
glueless
interface

Product
features

■ Fast throughput: 
1.25 MSPS at 5 V,
625 kSPS at 3 V

■ Eight analog
input channels

■ Low power
dissipation: 
40 mW at 5 V, 
8 mW at 3 V

■ Wide analog
channel input: 
0 V to AVDD

■ Programmable
internal reference
voltage

■ Characterized
for operation from
0° to 70° C 

Suggested
resale price

Quoted per device
in quantities of
1,000

TLV1570CDW: $3.70

■ Check box 06 for a datasheet. 

Typical applications
The TLV1570 is ideally suited 
for applications in:

■ Automotive

■ Digital servos

■ Portable test instruments

■ Process control

■ Image sensor processing

■ Mass storage

■ General purpose DSP
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control logic

10-bit
SAR
ADC
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How TI’s TLV1570 works

automotive and digital servos.
Power dissipation in the

TLV1570 is as low as 8 mW,
making the ADC perfectly
suited for portable applications.
A 175-µA auto-power-down
mode or 3-µA software power-
down mode reduces power and
heat further by signficantly

reducing supply current
whenever the conversion is not
performed.

The TLV1570 has a typical
Integral Non-Linearity (INL) of
±0.65 LSB for applications that
require the most demanding
accuracy specifications. It is
available in two options: the 
20-pin SOIC and TSSOP
packages.

TI offers ADCs and DACs
that are compatible with our
family of powerful DSPs. A
selection tool is available for
choosing the best Data
Converter for your application:
www.ti.com/sc/dsps



10 ■ SHOWCASE N O V E M B E R  1 9 9 8

For technical support, call (972) 644-5580. 
To order documentation, call 1-800-477-8924, ext. 3237

D A T A C O N V E R T E R S

Options for analog interface applications

Product
features
■ Master/slave
mode

■ Differential
output drives 
600-Ω load

■ Single 5-V
supply or 5-V
analog and 3-V
digital

■ Power-down
mode 

■ Input and output
gain control

■ Glueless DSP
interface 

■ Characterized
for operation from
–40° C to 85° C
(AD50I)

Suggested
resale price

Quoted per device
in quantities of
1,000

TLC320AD50C/
52CDW: $3.57

TLC320AD50C/
52CDWR: $3.57

TLC320AD50C/
52CPT: $4.28

TLC320AD50C/
52CPTR: $4.28

TLC320AD50C/
50IDW: $3.67

The TLC320AD50C/I and
TLC320AD52 analog interface
circuits (AICs) provide high-
resolution A/D and D/A signal
conversion using oversampling
sigma-delta techniques. These
16-bit AICs can be used as an
analog front end in modem
applications, and also provide
an ideal solution for business
audio or motherboard audio
applications. Additional applica-
tions include reduced-function
modems for PDAs, point-of-sale
terminals, and general DSP or
MCU interface applications.

One of the main features of
the ’AD50C/I is its master/slave
capability with support for 
up to three slaves. The
TLC320AD52 provides identical
functionality to the ’AD50C, 
but supports only one slave in
master/slave mode. 

Other features of the
’AD50/52 AICs include internal
64X oversampling on the ADC
and 256X oversampling on the
DAC, as well as differential
outputs that can drive a 
600-Ω differential load. Options
for all the devices include selec-
table conversion rate, reset,
power down, communications
protocol, serial clock rate, gain
control and system test mode.

The ’AD50I is available in 
28-pin SOIC (DW) package and
the ’AD50C/52 is available in 
28-pin SOIC (DW) and 48-pin
TQFP (PT) packages. 
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OUT+

OUT–

MON OUT

DIN
DOUT
SCLK
FSYNC

MCLK

Sigma-
delta
ADC

Decimation
filter

Interpolation
filter

Sigma-
delta
DAC

Analog
loop-
back

Digital
loop back

Serial
port

These 16-bit AICs

can be used as an

analog front end in

modem applications,

and also provide an

ideal solution for

business audio or

motherboard audio

applications.

■ Check box 07 for a datasheet,
data manual and EVM brochure.
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U A R T

Suggested
resale price

Quoted per device
in quantities of
1,000

TL16C754PN: $9.12

TL16C754FN: $9.50

The TL16C754 is a four-
channel universal asynchronous
receiver/transmitter (UART)
that provides serial-to-parallel
data conversion from peripher-
als or modems and parallel-to-
serial data conversion on data
transmitted by the host.
Applications include PCs,
fax/modems, wireless systems,
telecom equipment, or any
application requiring an
enhanced serial port.

The new device, which is
pin-compatible with the
TL16C554 quad UART, can be
placed in an alternate mode
(FIFO mode) relieving the
processor of excessive software
overhead by buffering received
or transmitted characters. In
addition, both the receiver and
transmitter FIFOs can store up
to 64 bytes, including three
additional bits of error status
per byte for the receiver FIFO.
Primary outputs also allow for
signaling of DMA transfers.

TL16C754 
UART provides
quad-channel
integration and
64-byte FIFO

Another unique feature is
selectable hardware and
software flow control. Hardware
flow control significantly
reduces overhead and increases
system efficiency by automati-
cally controlling serial data flow
using input and output signals.
Software flow control automati-
cally controls data flow using
programmable Xon/Xoff charac-
ters. 

The device provides quad-
channel integration for reduced
board space and cost. The
complete status of each channel
can be read at any time during
functional operation by the
processor. It also supports high

data throughput of up to 
3.2 Mbps (60-MHz input clock),
and contains a software inter-
face for modem control opera-
tions.

The TL16C754 is available in
80-pin TQFP and 68-pin PLCC
packages.

Receiver
FIFO 64-byte

TX

TX

TX

RX

Baud-rate
generator

Modem control signals

Vote logic

Transmitter
FIFO 64-byte

Transmitter
block logic

Bus
inter-
face

Control signals

Status signals

Divisor

Control signals

Status signals

UART_CLK

Control and
status block

Receiver
block logic

The new device, which is pin-compatible with 
the TL16C554 quad UART, can be placed in an 
alternate mode (FIFO mode) relieving the processor 
of excessive software overhead by buffering 
received or transmitted characters.

How the
TL16C754
works

Product
features
■ Programmable
16- or 64-byte
FIFOs

■ Selectable
hardware and
software flow
control

■ High baud rate
(up to 3.2 Mbps)

■ 3.3-V or 5-V
supply

■ Programmable
sleep mode

■ Characterized
for operation from
–40° C to 85° C

■ Check box 08 for a datasheet. 
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Suggested
resale price

Quoted per device
in quantities of
1,000

TUSB2140BN:
$2.85

TUSB2140BPGT:
$2.30

U S B

With USB support built in 
to Windows® 98, users can 
now connect joysticks, video-
conferencing cameras, scanners
and other types of peripheral
hardware to their PCs, without
rebooting. It is also possible to
connect more than one monitor
to the same system for dual
display desktops. Or, USB can
be used to pull digital audio
signals directly from the
Internet, CDs, or DVD and
convert them to analog sound
in the speaker, rather than
through an add-in sound card.
This diminishes potential noise
pollution from the PC and
greatly enhances sound quality.

Designed to provide the
interface between these new

USB maximizes Windows 98 performance

Product
features
■ Compliance to
USB standard v1.0

■ I2C circuitry

■ Drop in
hardware-only
solution

■ Integrated USB
transceivers

■ 3.3-V operation

■ Supports self-
powered and bus-
powered mode

■ Characterized
for operation from
0° C to 70° C

USB peripherals and the host
PC is the TUSB2140B, a
compound 4-port, standard-
compliant USB hub that also
adds an embedded function.
The embedded function is USB
display class compatible, and
includes a control endpoint and
interrupt endpoint to support
USB data transfers. The ’2140B
will also be available in a 44-pin
PGT (LQFP) package in
January 1999.

The associated FIFOs and
control registers for these
endpoints are fully integrated
within the device. In addition,
an Inter IC (I2C) 2-wire serial
interface is provided for a local
microcontroller to access the
FIFOs and control registers. It
also contains state machine
functionality to respond to USB

requests providing both quick
response time and minimize
software overhead in the
attached microcontroller.

USB compatible transceivers
are provided for all upstream
and downstream ports. All
external downstream ports
support both full and low-speed
connection by automatically
setting the slew rate according
to the speed of the device
attached to the port.

To reduce power consump-
tion, the ’2140B supports
ganged mode as well as per
port mode for power switching
and overcurrent conditions, as
well as a self-powered and bus-
powered mode. 

Power
control logic

USB
transceiver

USB
transceiver

Port 1
logic

SIE Clock
generator

FIFOs

CLKSEC
CLKOUT

Ganged
Bus powered
Overcurrent

Power on

SIG interface logic

Port 4
logic

Function
control
logic

I2C
slave

Control
status

register

Suspend/resume
logic and

frame timer

Hub repeater
state machine 

and signal router

Hub/device
command
decoder

USB transceiverHow the
TUSB214OB
works

■ Check box 09 for a datasheet
and data manual. 
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V

DM0

DP0 PWRON1
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EN1
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P O W E R  D I S T R I B U T I O N

Suggested
resale price

Quoted per device
in quantities of
1,000

TPS2041D: $0.87

TPS2042D: $1.04

TPS2044D: $1.72

TPS2051D: $0.87

TPS2052D: $1.04

TPS2054D: $1.72

■ Check box 10 for a datasheet
and app note.

Product
features
■ Fully indepen-
dent power distrib-
ution switches

■ Low on resis-
tance: 135 mΩ
max rDS(on) up to
125° C

■ Responds to
fault conditions in
45 µsec (typ)

■ Operating
voltage range from
2.7 V to 5 V

■ 4.0 ms 
controlled rise/ 
fall time

■ 0.9 A (typ)
current limit 

■ Characterized
for operation from
–40° C to 125° C

Fully independent USB power distribution
switches offer multilevel thermal protection

The new TPS204x /5x
family of fully independent
power distribution switches
are designed to meet both the
needs of USB and general
power distribution applica-
tions. This device family
integrates the multiple
features required for imple-
menting a USB power interface
into a single package.

TI’s patented dual temp-
erature threshold circuit
enables the switches in the
TPS204x/5x family to function
individually. This permits dual
and quad switch packages to
detect and disable only the
switches that are in over-
current, allowing other USB
devices to continue normal
operation. Other independent
features include:

■ Enables (low or high) —
allows the power switches to
be turned on or off.

■ Over-current response —
provides logic feedback during
over current conditions.

■ Low rDS(on) (135 mΩ

Typical applications
■ Notebook computers
■ Desktop computers
■ Personal digital assistance

(PDAs)
■ Digital cameras
■ Telephones
■ Bar-code scanners
■ General instrumentation 
■ Board-level power segmen-

tation.

max) enables full USB compli-
ance without increasing the
supply voltage.

The TPS204x/5x family of
devices provides a cost effective
means of switching power to
USB ports and other power
distribution applications.

This family is also available in
SOIC and DIP packages.

TPS20xx family at a glance
Part No. Part No. Pin Type Enable
SOIC DIP Count

TPS2041D TPS2041P 8 Single Low

TPS2042D TPS2042P 8 Dual Low

TPS2044D TPS2044N 16 Quad Low

TPS2051D TPS2051P 8 Single High

TPS2052D TPS2052P 8 Dual High

TPS2054D TPS2054N 16 Quad High
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How the TPS73HD301 works
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L D O  R E G U L A T O R

Product
features
■ Dual output
voltages, 3.3 V and
adjustable from
1.2 to 9.75 V

■ Dual active-low
resets with 200 ms
delay

■ Output current
0 to 750 mA either
output, 2-W max
dissipation for
total device

■ Low supply
current, typically
800 µA total

■ ±2-percent
accuracy for 3.3-V
output; ±3 percent
for adjustable
output

■ Characterized
for operation from
–40° C to 125° C

TPS73HD301QPW::
$2.66

Suggested
resale price

Quoted per device
in quantities of
1,000

First integrated dual regulator 
simplifies powering split-voltage DSPs

750 mA from either output,
with a 2-W power dissipation
limit for the total package.  The
device is capable of supplying
power to multiple low-power
DSPs, reducing both system
power consumption and board
space.  

The TPS73HD301 uses a
PMOS low-power design that
enables a dual regulator with
micropower supply current
requirements and very low
dropout voltages. Typical
dropout for the 3.3-V output is
only 350 mV at the full rating of
750-mA output.  Supply current
for the entire device is a
maximum of 1.1 mA over all
specified conditions.  Total
accuracy for the 3.3-V output is
±2 percent; tolerance on the
adjustable output is ±3 percent.
Programming the adjustable
regulator output is accom-
plished using an external resis-
tor divider.

The TPS73HD301 is offered
in a PowerPAD TSSOP surface-
mount package.

Applications
■ Low-power microprocessor

and DSP designs
■ Wireless base stations,

handsets
■ Modems
■ Portable battery-powered

equipment

Texas Instruments new
TPS73HD301 combines a 3.3-V
and an adjustable low dropout
regulator with dual processor
reset outputs in a single high-
power surface mount package.  

Typically, new DSPs or
microprocessors require two
voltages — one to power the
peripheral interface and one to
power the core sections. The
dual-output regulator eliminates
three or more components from
power supply designs for split-
voltage DSPs or processors.
Packaged in TI’s patented
PowerPAD™ TSSOP package,
the TPS73HD301 can supply

■ Check box 11 for a datasheet. 



Programmable synchronous
buck regulator controllers

The TPS5210 is a fast 
and efficient Programmable-
Synchronous Buck Regulator
Controller. This device can be
used for accurately controlling
the powering of high perfor-
mance microprocessors used in
workstations, servers and next
generation desktop computers
where power requirements may
be 40 to 80 watts for the proces-
sor alone.  

An internal 5-bit DAC and 
±1-percent reference are used 
to program the output voltage
between 1.3 to 3.5 V in 50-mV
increments. The TPS5210
employs a hysteretic controller
with droop compensation that
tightly regulates the output
voltage, and dramatically
reduces the overshoot and
undershoot caused by load
transients. With its wide loop
bandwidth, the hysteretic

controller provides a load
transient response that is only
limited by the propagation delay
and the output LC filter.  The
propagation delay from the
hysteretic converter to the
output drivers is only 250-nsec
maximum.  The output drivers
employ overcurrent shutdown
and crossover protection elimi-
nating the possibility of destruc-
tive faults in the output FETs.   

A soft-start current source,
proportional to the reference
voltage, eliminates variations in

the soft-start timing when
programmed changes are made
to the output voltage.  Internal
circuitry monitors the output
voltage to generate a Power
Good signal and for overvoltage
protection.  The Power Good pin
is pulled low when the
programmed output voltage falls
below 93 percent; and the output
drivers are disabled when the
output exceeds 15 percent of the
programmed value.  Inhibit and
undervotage lockout are
provided to assure that the 12-V
supply voltage and the system
supply voltage (5 V or 3.3 V) are
within their operating limits
before the controller starts.  The
output driver circuits include 
2-A drivers with an internal 8-V
gate-drive voltage regulator.  

The TPS5210 is available in
both a 28-pin SOIC and 28-pin
PowerPad package. 
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Suggested
resale price

Quoted per device
in quantities of
1,000

TPS5210DW:   $2.33■ Check box 12 for a datasheet
and app note.

P R O C E S S O R  P O W E R

Product
features
■ ±1-percent
reference over full
operating temper-
ature range

■ Synchronous
Rectifier Driver 
> 90 percent
efficiency

■ 30-V rated float-
ing high-side
driver

■ Programmable
output voltage
range of 1.3 V to
3.5 V

■ User Adjustable
Hysteretic
Controller

■ Droop compen-
sation 

■ Adjustable
overcurrent
protection

■ Characterized
for operation from
0° C to 125° CAn internal 5-bit DAC

and ±1-percent refer-

ence are used to

program the output

voltage between 

1.3 to 3.5 V in 50-mV

increments. 

Closeup of the TPS5210
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Supply controllers deliver performance

Suggested
resale price

Quoted per device
in minimum
quantities of 1,000

TPS56xx: $2.20

TPS5616: 1.5 V
TPS5618: 1.8 V
TPS5625: 2.5 V
TPS5633: 3.3 V

P R O C E S S O R  P O W E R

With the onset of the digital
revolution, DSPs are becoming
prominent in a large number of
high performance applications.
The TPS56xx family of
Synchronous Buck Hysteretic
Regulator Controllers address
the rapidly transitioning current
demands associated with these
applications. 

This is accomplished by
using a fast hysteretic
controller with user adjustable
hysteresis that responds within
250 ns of any change in load
requirements to dramatically
reduce overshoot and under-
shoot caused by the load
transients.  A resistor divider
internally sets the output
voltage with an accuracy of ±1
percent over the full operating
temperature range. Overcurrent
shutdown and crossover protec-

tion are provided for the output
drivers to eliminate the possibil-
ity of destructive faults in the
output FETs.  The output
voltage is monitored to provide
a Power Good signal and
overvoltage protections. Power
Good will go low if the output
voltage drops below 93 percent
of nominal, and the output
drivers will be latched off if the
output voltage rises 15 percent

above nominal.  Additionally, the
TPS56xx family has inhibit and
undervoltage lockout features to
assure that the 12-V supply
voltage and the system supply
voltage (5 V or 3.3 V) are within
proper operating range before
the controller starts. 

The controller includes 2-A
rated drivers and an internal 8-V
drive regulator that can easily
provide sufficient power for high-
performing DSPs.  Output
voltages available include 1.5 V
(TPS5615), 1.8 V (TPS5618), 
2.5 V (TPS5625) and 3.3 V
(TPS5633). 

The TPS56xx family is avail-
able in a 28-pin TSSOP
PowerPad package. An EVM with
a reference design is available.

■ Check box 13 for a datasheet
and user’s guide. 

Product
features
■ ±1-percent
reference over
full operating
temperature
range 

■ Synchronous
rectifier driver 

■ Four fixed
output voltage
options 

■ User
adjustable
hysteretic
controller 

■ Low supply
current... 
3-mA typ

■ Lossless
Current Sensing

■ Characterized
for operation
from 0° C to 
125° C

TPS5633

5 V

L1

Q1

Q2

L1
3.3 V12 V

TPS5625

5 V

L3

Q3

Q4

L4
2.5 V12 V

’C6X DSP

A resistor divider

internally sets the

output voltage with

an accuracy of 

±1 percent over 

the full operating

temperature range.



BYPASS

GND

SHUTDOWN

IN2

IN1

V  10

V  00

V  20

TPA102DGN

IN1

IN2–IN1+

GND

V02  

V  10 V  00

IN2+

TPA112DGN TPA122DGN

MUTE

V01

BYPASS

IN2–

IN1–

GND

V  00

V02

TPA152D

IN1

IN2–BYPASS

GND

V  10 V  00

SHUTDOWN

V  2  0

tions for audio CODECs
in PCs as well as head-
phone driver sockets.

Extensive hardware
and software support
tools are available for all
TI APAs.  TPA1x2 EVMs
and other design tools
can be ordered or

downloaded from TI’s web site.  
The TPA102, TPA112 and

TPA122 are available in both 
8-pin MSOP packages.  The
TPA112, TPA122, and TPA152
are available in 8-pin SOIC
packages.

N O V E M B E R  1 9 9 8 SHOWCASE ■ 17

Read Showcase online and download datasheets at:

www.ti.com/sc/showcase

A U D I O  P O W E R  A M P L I F I E R S

Low-voltage audio power amp family

Suggested
resale price

Quoted per device
in quantities of
1,000

TPA102DGN: $0.64

TPA112D: $0.50

TPA112DGN: $0.64

TPA122D: $0.50

TPA122DGN: $0.64

TPA152D: $0.77

Product
features
■ 150-mW stereo
output drive

■ Internal mid-rail
generator

■ Depop circuitry

■ Ultra small
MSOP packaging

■ Extensive
support tools

■ Characterized
for operation from
–40° C to 85° C 

■ Check box 14 for a datasheet.

The latest family in
TI’s broad line of linear
audio power amplifiers
(APAs) includes the
TPA102, TPA112,
TPA122 and TPA152. 
All four devices are
designed for stereo
headphone applications
in portable equipment including
notebook computers, voice
recorders and CD players.

Each device features a differ-
ent pinout providing maximum
versatility in any layout. In
addition, the TPA152, TPA102,
and TPA122 have mid-rail
generator circuitry that

minimizes component count by
internally biasing the reference
voltage.  The need for an exter-
nal voltage divider is eliminated
to save time, board space and
money.

The TPA152 is a hi-fi device
that delivers 75 mW to a 32-Ω
load with less than 0.01 percent
THD+N across the entire audio
frequency band.  Its hi-fi quality
is ideal in output buffer applica-

Design tools
Hardware EVMs and Reference Designs
■ www.ti.com/sc/docs/msp/tools/audio.htm 

Power Analysis Program
■ www.ti.com/sc/docs/msp/pran/audio.htm

Audio power amplifier selection guide
Device Description THD+N VCC/VDD ICC/IDD PSRR Shutdown Packages 

(%) (V) (mA) (dB, 1 kHz) control
typ min max typ typ

TPA102 150 mW stereo, SE 0.1 2.5 5.5 1.5 76 ✓ 8-pin MSOP

TPA112 150 mW stereo, SE 0.1 2.5 5.5 1.5 76 ✓ 8-pin SOIC/MSOP

TPA122 150 mW stereo, SE 0.1 2.5 5.5 1.5 76 ✓ 8-pin SOIC/MSOP

TPA152 75 mW stereo, SE 0.005 2 5.5 5.5 81 8-pin SOIC



preventing damage to the
system.  The noise de-glitches at
the input pins help to filter and
eliminate the effects of noise at
the input end.

Both devices are character-
ized for operation from –40° C
to 125° C and they are available
in 8-pin SOIC and PDIP
packages.
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I N  B R I E F

SOT-23 50-mA
low-dropout
regulator 

The TPS760xx family of low
dropout voltage regulators
provides the correct combina-
tion of low-voltage options,
small package size and efficient
operation for low-power
portable and handheld applica-
tions.  The new regulators are
built with a proprietary PMOS
process that yields outstanding
performance in specifications
critical to battery-powered
operation.  Dropout voltage, a
key concern in battery-powered
applications, is only 180 mV
maximum at the full 50-mA
output limit.  Supply current is
1.2 mA under full load condi-
tions and just 130 µA under no

load.  Low dropout and supply
current are critical for promot-
ing longer useful battery life.
When circuit operation is not
required, power to operate
these regulators may be further
reduced to 1 µA by using a logic
enable to place the devices in a
standby mode. A wide input
voltage range of up to 16 V
adds to the design flexibility of
the devices. 

TPS760xx family at a glance
Device Voltage Package 1K Price
TPS76030DBVR 3.0 V SOT-23 $0.36
TPS76032DBVR 3.2 V SOT-23 $0.36
TPS76033DBVR 3.3 V SOT-23 $0.36
TPS76038DBVR 3.8 V SOT-23 $0.36
TPS76050DBVR 5.0 V SOT-23 $0.36

Product
features
■ 50-mA output 
for low-power 
applications
■ Five fixed-voltage
options of  3.0 V, 
3.2 V, 3.3 V, 3.8 V 
and 5.0 V 
■ Low dropout
voltage, typically 
120 mV, full load
■ Standby mode
reduces supply
current to < 1 µA
■ Characterized 
for operation from
–40° C to 125° C 

3-channel power supply supervisors for desktop PCProduct
features
■ Over-voltage
protection

■ Under-voltage
protection

■ Power-Good
indication

■ Short-circuit
turn-on protection

■ Internal control
debounce: 38 ms

■ Input noise
deglitching

■ Wide supply
voltage range: 
4 V to 15 V

The TPS5510 and ’5511 are
3-channel power supply supervi-
sors designed to minimize exter-
nal components required for
personal computer switching
power supply systems.
Combining basic supply voltage
supervision and protection
circuits in a single chip, these
devices reduce PCB space as
well as increase system reliabil-
ity.  Features of the TPS5510/11
include:
■ Over-voltage protection and

lock-out for 12 V, 5 V and 
3.3 V

■ Under-voltage protection and
lock-out for 5 V and 3.3 V

■ Short-circuit turn-on 
protection

■ Power-good indication

■ Remote ON/OFF control
with a 38-ms de-bounce

■ 73-µs width noise de-glitches
for all input pins

■ Wide supply voltage range 
of 4 V to 15 V
The short-circuit turn-on

protection acts to shut the
system down within 75-ms of
operation if it detects a short-
circuit at the output, thereby

Typical applications
The TPS760xx family was devel-
oped for today’s low-power
systems and is especially useful
in these applications: 

■ Cellular phones and other
portable communications

■ Post regulation in switch-
mode power supplies

■ Instrumentation
■ Laptops
■ PDAs
■ Other personal electronics■ Check box 15 for a datasheet. 

Suggested
resale price
TPS76030DBVR:
TPS76032DBVR:
TPS76033DBVR:
TPS76038DBVR:
TPS76050DBVR:
$0.36

Suggested
resale price
TPS5510D: $0.52
TPS5511D:       $0.52

PGI

GND

FPO

PSON

PGO

VCC

VS5

VS33PSON

PGI

PGO

23

Vsb

5 V

3.3 V

5 Vsb

Typical application using TPS5510

■ Check box 16 for a datasheet.
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E V M  K I T S

Each

EVM kit

contains a fully-

assembled evalu-

ation board, data

sheet, and a

User's Guide for

the evaluation

board.  Some kits

also include

applications

notes, plus

necessary

software, cables

and connectors.

To order any of

the EVM kits

listed, please call

our toll-free order

desk number 

1-800-

477-8924, 

ext. 5800.

Audio Power Amp
Plug-n-Play EVM kit      Base platform $225.00 
TPA4860 Plug-n-Play module    $50.00 
TPA4861 Plug-n-Play module       $50.00 
TPA0102PWP Plug-n-Play module   $70.00 
TPA0103 Plug-n-Play module   $70.00 
TPA1517NE Plug-n-Play module   $70.00 
TPA1517DWP Plug-n-Play module     $70.00 
MIC/MIXER Plug-n-Play module    $70.00 
DC/DC Converter Plug-n-Play module      $70.00
TPA102 Plug-n-Play module  $50.00 
TPA112 Plug-n-Play module      $50.00 
TPA122 Plug-n-Play module   $50.00 
TPA0202 Plug-n-Play module  $50.00 
TPA302 Plug-n-Play module    $50.00
TPA301 Plug-n-Play module       $50.00 
TPA311 Plug-n-Play module       $50.00 
TPA311 Plug-n-Play module $50.00 
TPA152 Plug-n-Play module       $50.00
TPA005D02 Class D module $100.00 
————————————————————————————————–

Power Management
TPS2014 PCMCIA distribution switch $0.00
TPS9104 Cellphone P/S with audio PAs $50.00
TPS6735 5 V, 200 mA inverting dc-dc converter $50.00
TL5001EVM-087 5 V to 3.3 V, 3-Amp buck converter $75.00
TL5001EVM-089  9 V to 3.3 V, 3-Amp synchronous-buck converter $85.00
TL5001EVM-097 9 V to 5/3.3 V, 2.6-Amp buck converter $45.00
TL5001EVM-101 5 V to 3.3 V, 3-Amp buck converter $50.00
TL5001EVM-102 5 V to 2.5 V, 3-Amp buck converter $50.00
TL5001EVM-103 5 V to 1.8 V, 3-Amp buck converter $50.00
TPS5633EVM-104 5 V-to-3.3 V, 8-A Synchronous-buck converter $60.00
TPS5625EVM-105 5 V-to-2.5 V, 8-A Synchronous-buck converter $60.00
TPS5618EVM-106 5 V-to-1.8 V, 8-A Synchronous-buck converter $60.00
TPS5615EVM-115 5 V-to-1.5 V, 8-A Synchronous-buck converter $60.00
————————————————————————————————–

DSP

Audio Power Amp
Plug-n-Play EVM kit      Base platform $225.00 
TPA4860 Plug-n-Play module    $50.00 
TPA4861 Plug-n-Play module       $50.00 
TPA0102PWP Plug-n-Play module   $70.00 
TPA0103 Plug-n-Play module   $70.00 
TPA1517NE Plug-n-Play module   $70.00 
TPA1517DWP Plug-n-Play module     $70.00 
MIC/MIXER Plug-n-Play module    $70.00 
DC/DC Converter Plug-n-Play module      $70.00
TPA102 Plug-n-Play module  $50.00 
TPA112 Plug-n-Play module      $50.00 
TPA122 Plug-n-Play module   $50.00 
TPA0202 Plug-n-Play module  $50.00 
TPA302 Plug-n-Play module    $50.00
TPA301 Plug-n-Play module       $50.00 
TPA311 Plug-n-Play module       $50.00 
TPA311 Plug-n-Play module $50.00 
TPA152 Plug-n-Play module       $50.00
TPA005D02 Class D module $100.00 
————————————————————————————————–

Power Management
TPS2014 PCMCIA distribution switch $0.00
TPS9104 Cellphone P/S with audio PAs $50.00
TPS6735 5 V, 200 mA inverting dc-dc converter $50.00
TL5001EVM-087 5 V to 3.3 V, 3-Amp buck converter $75.00
TL5001EVM-089  9 V to 3.3 V, 3-Amp synchronous-buck converter $85.00
TL5001EVM-097 9 V to 5/3.3 V, 2.6-Amp buck converter $45.00
TL5001EVM-101 5 V to 3.3 V, 3-Amp buck converter $50.00
TL5001EVM-102 5 V to 2.5 V, 3-Amp buck converter $50.00
TL5001EVM-103 5 V to 1.8 V, 3-Amp buck converter $50.00
TPS5633EVM-104 5 V-to-3.3 V, 8-A Synchronous-buck converter $60.00
TPS5625EVM-105 5 V-to-2.5 V, 8-A Synchronous-buck converter $60.00
TPS5618EVM-106 5 V-to-1.8 V, 8-A Synchronous-buck converter $60.00
TPS5615EVM-115 5 V-to-1.5 V, 8-A Synchronous-buck converter $60.00
————————————————————————————————–

DSP
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