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Connections between today’s
cellular/PCS base stations must be
seamless. Now ordering RF/microwave

components for them can be too.

Integrated Circuits
4-channel CMOS Driver for GaAs FET switches and attenuators
offers low power dissipation. M/A-COM SWD-119.

’ Low-cost GaAs MMIC Switches for transmit/receive and other
+1ikh switching applications. M/A-COM SW Series.
’ Digital Attenuator offers 50 dB attenuation in 1-dB steps;
¢ Integrated integral TTL driver. M/A-COM AT20-0106.

Circuits ~ ! Splitter/Combiners in low cost plostic packages.
W @ Availoble in 2-, 4-, 6-, and 8-way configurations.

\M/A-(OM DS52-DS58 Series.
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PENSTOCK

RF Connectors
7-16 Connedtors are ideal for base
station power handling. White Bronze M/A-COM

surface finish offers low intermod

performance—better than -150 dBc

per mated poir—plus low loss and u
long life. M/A-COM 7-16 Series. p= m
‘2
@ :
0
For more 3 h
information c A L L : -y
or to order any °
of the thousands 1 — 800 ]
of M/A-COM parts *
available from Penstock call PE NSTOCK
1-800-PENSTOCK today. Or to
Silicon RF learn more about the Solution N Ow m\

Semiconductors Network, visit us on the Web af -

o _penstock.avnet.com 2
Silicon RF e 3 il
Semicondudtors , ; 3 ||| w-"'
Surface Mount Plastic PIN Diodes are available in SOT-23, SOT-143, - 2‘”””’?, ‘:m ,J:,lz; [E;{d ”T: :,0:,1“5 ;m,X;M ‘§ ll " li
S0T-323 and SOD-323 packages on tape and reel. M/A-COM MA4P Series. 441672 882467 ) Germony, Austno and Swinerlard 49-89-3197670 / France 8 Mli!
High Q Low-Voltage Silicon Hyperabrupt Varadors are avoilable in :z; »,?337400’ «n;iﬁ,« 'w’zzf Denmark 45 46753131,/ Swoden, Nonwoy < |||“ [
SOT-23, SOT-323 and SOD-323 SMT packages designed for wireless R aans IR X- lIIIllI"lI
applications up to the 2.4 GHz celular band. M/A-COM MA4ST Series. pPENSTOCK BFi
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150kHz to 7000 MHz

With Mini-Circuits phenomenal variety of surface mount mixers, you can select from
hundreds of standard catalog and "special" models, with LO levels from +3 to +17dBm,
and get the precise price/performance solution you need. Choose from tough built J-lead, gull-wing,

universal claw, and leadless models with vast commercial and military applications such as
telecommunications, radar, cable TV, PCS, FM, GPS, and ISM. And to assure
that you're positively delighted with Mini-Circuits high quality, a 5 year Ultra-Rel®
guarantee is included with every unit...an industry exclusive! You can count on
Mini-Circuits too for custom designs, at catalog prices of course.
Need a reliable surface mount mixer that conforms to specs? Call Mini-Circuits today!

Mini-Circuits...we’re redefining what VALUE is all about!

Cail, write or fax for your free
Surdace Mount Designer’s Guide
and Handbook today!

[ JMini-Circuits @ .0

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits. com CIRCLE READER SERVICE CARD
For detailed specs on all Mini-Circuits products refer to » 760 -pg. HANDBOOK « INTERNET - THOMAS REGISTER - MICROWAVE PRODUCT DATA DIRECTORY « EEM

- ISO 9001 CERTIFIED i F 250 Rev Orig.
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REDUNDANT {edWi3s

MP Series Features
Power Factor Correction
Active Current Sharing
Hot Bus Plug-In
Monitoring and Alarms
Optional Metering
Racking Systems
Standard Products
Tailored Solutions

L R 28 2K 2% 2% 2K 2R /4

36 Newburgh Road
MODULAR Hackettstown, NJ 07840
L]
POWER Phone: 908-850-5088

MP1350 Series
-48V/25A
+24V/50A
110/220VAC Input
5.25” (3U) Height

MP3600 Series
-48V/65A
+24V/125A
220VAC Input
7” (4U) Height
16” Depth
DC-DC Models

www.transdev.com
info@mailer.transdev.com

Fax: 908-850-1607 7' X

SYSTEMS A Division of Transistor Devices, Inc.
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12.5 to 3000MHz

SURFACE MOUNT V(CO’s ... 513%

Time after time, you'll find Mini-Circuits surface mount voltage f‘T?IS JCOS SPES'F'(:;AT'ONS Ehdche . N

. . . lodel . Range lase Noise larmonics . urrent (m. Ica
controlled oscillators the tough, reliable, hlgh performance quHz)g (dBc/Hz) (dBc} 1V to: @+12V DC Sea
solution for your wireless designs. JTOS wide band models SEEeRTeElipy e o s

span 12.5 to 3000MHz with linear tuning characteristics,

low -120dBc/Hz phase noise (typ. at 100kHz offset), and ﬂ

excellent -25dBc (typ) harmonic suppression. JCOS low noise

models typically exhibit -132dBc/Hz phase noise at 100kHz offset,

and phase noise for all models is characterized up to 1MHz offset.

Miniature J leaded surface mount packages occupy w

minimum board space, while tape and reel

availability for high speed production can

rocket your design from manufacturing o

to market with hghtning speed. ’ -
Soar to new heights...specify

Mini-Circuits surface mount VCO's. AL SZE R, X J
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Mini-Circuits...we're redefining what VALUE is all about! y »
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INTRODUCTION

arlier this year, Electronic Design and its sister publications, Microwaves &

RF and Wireless Systems Design magazines, sponsored technical confer-

ences and associated products exhibitions: The Portable By Design Confer-

ence and Exhibition and the Wireless Symposium and Exhibition. These two
conferences presented technical papers written by the top designers in their respective
fields. This supplement recounts the highlights of those two conferences and the prod-
ucts that were exhibited.

Basically, this supplement comprises a series of half-page summaries of many of the
most significant papers presented at the two conferences. The papers chosen for such
treatment were those which best lent themselves to this brief treatment: A single, im-
portant illustration or table, along with an edited version of the author's description, as
published in the proceedings. Unfortunately, many excellent papers could not be sum-
marized in this brief fashion. For the information contained in those papers, we refer
readers to the full Proceedings for each conference.

This supplement also contains a reprint of an article that appeared in Electronic De-
sign as a preview of the Portable By Design exhibits. Written by Electronic Design
Computer Systems Editor Richard Nass, the article covers the many important devices
and other products that were on display at the show.

Readers may want to make note of the date of the fact that, in 1998, the two shows
will run simultaneously at the Santa Clara Convention Center, from February 9-13.
Each will have its own technical program, while the exhibits area will be a joint effort.
The technical programs for the 1998 Portable By Design Conference and the Sixth An-
nual Wireless Symnposium are now being planned. If you are involved in designing
portable electronic equipment or deal with devices or systems for wireless applications,
we encourage you to share your experience with other designers by delivering a paper
at one of the two conferences. You also should consider attending some or all of the ses-
sions or workshops as well as take advantage of the opportunity to visit the exhibitors'
booths in the show areas to discuss the vendors’ latest products aimed at the portable
and wireless marketplaces.

We hope readers find this Supplement, with its retrospective tour of the two 1997 con-
ferences, useful.

STEPHEN E. SCRUPSKI
Editorial Director

Swpplomest b ELECTRONIC DESIGN [ciober 1,187 7 <



Motorola Analo

High Voltage PFC Controller Saves Power

MC33368. A high voltage GreenLine™
active Power Factor Correction (PFC) controller
functioning as a boost preconverter in off-
line power supply, lamp ballast and battery
charger applications. Integration of the high
voltage startup function typically saves 0.7 W
of power compared to resistor bootstrapped
circuits. The MC33368 limits EMI to agency
requirements, can be turned on/off and has
control/protection features including under-
voltage lockout, output overvoltage sensing
allowing no-load operation, cycle-by-cycle
current limiting, and a programmable output
switching frequency clamp.

v Box letter A on coupon

Low Dropout Regulators Power Portables

Our family of LP2950/2951 micropower
low dropout voltage regulators has grown.
We've added 3.0 and 3.3 V fixed and
adjustable voltage versions to our previous
5.0 V offerings. In addition, all three fixed
voltage versions of the LP2950 series are
now uniquely offered by Motorola in the
DPAK surface mount power package. The
low input-to-output differential voltage of
380 mV at a 100 mA load current, with a low
bias current of 75 pA, makes these devices
ideal for battery operated and portable
electronics such as cellular and portable
phones, two-way radios, laptop computers,
PDAs and camcorders.

v Box letter G on coupon

Octal Serial Switch has SPI Input/Output

MC33298. This eight output low side power
switch interfaces directly to a microcontrolier,
with control and fault reporting through an
8-bit Serial Peripheral Interface (SPI) port.
Used to control various inductive and
incandescent loads in automotive or industrial
applications as well as control systems for
robotics, each switch has a 3.0 A peak current
output. Using SMARTMOS technology, the
MC33298 has very low standby current, cas-
cadable fault reporting, an internal 65 V clamp
on each output, independent shutdown of
the outputs, and output-specific diagnostics.
7/ Box letter B on coupon

EEST Enables Two-Chip Ethernet Solutions

MC68160. Enhanced Ethernet Serial
Transceiver (EEST) combines a serial interface
adapter with an Ethernet transceiver. The EEST
gluelessly interfaces to any one of Motorola’s
family of Integrated Communications
Controllers, including the MC68EN302,
MC68EN360 or MPCB60EN, to provide a
simplified two-chip solution for a completely
functional Ethernet interface. The two chips
offer the perfect internetworking solution
for smart Ethernet hubs, branch offices
and multi-protocol routers, remote access
routers and industrial control networking.
v Box letter H on coupon

Moterrde 1l AL arw rrpeternd Sradomacks of Maede e

ICs Manage Power for GaAs MESFETs

MC33169. A support IC for GaAs Power
Amplifier Enhanced FETs used in portable
phones such as GSM, PCN and DECT.

The device provides negative voltages for
full depletion of MESFETs as well as a drain
switch priority management circuit to protect
the power amplifier.

MC33128. A power management controller
for battery powered pagers and cellular
phones. It has a low dropout voltage regulator
with power-up reset for MPU power, two
low dropout regulators to power analog and
digital circuitry independently, and a negative
charge pump regulator for full depletion
of GaAs MESFETs.

v/ Box letter C on coupon

Hard Disk PRML Read Channel IC Achieves
200 Mbps Data Rate

The MC34250 is a fully integrated Partial
Response Maximum Likelihood (PRML)
5 V hard disk drive read/write channel IC
for high end mass storage applications.
Using our advanced mixed mode 0.5 micron
BiCMOS process technology, this analog
implementation achieves 50 to 200 Mbps
data transfer rates with only 800 mW of
power dissipation in a single 10mm by
10mm 64-pin thin quad flat pack (TQFP).
The IC is designed for zoned-recording
applications requiring high linear densities
and spindle speeds of up to 10,000 rpms.
v Box letter | on coupon
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Product Review #2

1.8 V Rail-to-Rail™ Sleep-Mode™ Op Amp

The MC33304 quad op amp not only
operates with a single 1.8 V supply, but can
operate in a low standby power “sleepmode”
state with a drain current of only 110 pA
per amplifier. When an input signal causes
an amplifier to source or sink at least 200 pA,
it automatically switches to the “awakemode”
state, allowing it to source or sink 70 mA to
the load. The amplifier will automatically
revert to the sleepmode when |, drops below
the threshold, and still operates as a micro-
power amplifier. The MC33304 can swing
within 100 mV of the input and output rails.
v/ Box letter D on coupon

PIP IC Provides TV Feature at Low Cost

The MC44461 Picture-In-Picture (PIP)
controller IC provides a single-chip, low cost
solution to a very complex, value-added TV
feature. Designed with our 0.8 ym BiCMOS
process, the device contains all the analog
signal processing, control logic and memory
necessary for the overlay of a small picture
from a second non-synchronized source
onto the main picture of a TV. The MC44461
is NTSC compatible with all control and
setup functions for the IC accomplished via
a standard two-pin IIC bus interface. The IC
implements switchable main and PIP video
signals and two PIP sizes.

v/ Box letter J on coupon

Narrowband FM IF Receiver Eliminates Coil

MC13150. This narrowband FM IF
subsystem IC has a coilless demodulator
that eliminates the need for a conventional
tunable quadrature coil, while providing
better noise, linearity and AM rejection than
traditional circuitry. The device allows many
adjustments with non-precision external
resistors and capacitors. Targeted at cellular
and other narrowband applications such as
PCMCIA wireless modems, the MC13150
provides a high level audio output of up to
2 V with a 3 V supply at a very low drain
current of less than 2 mA, and an outstanding
0dBm input IP3.

v/ Box letter E on coupon

Alternator IC Works in Harsh Environment

MCCF33095/MC33095. Flip-Chip/Surface
Mount regulator control ICs are designed
for use in automotive 12 V alternator charging
systems, and need only a few external
components for full system implementation
to control the field current of a variety of
alternators. Both ICs have internal detection
and protection features to help withstand
harsh physical and electrical automotive
environments. Flip-Chip technology allows
the MCCF33095 to operate at higher ambient
temperatures than the SOIC version, and
both withstand vibration and thermal shock
with high reliability.

v/ Box letter K on coupon

READER SERVICE 89

Programmable Line Interface IC for
Cordless Phones and Digital Systems

The MC34016 is an ideal interface between
an analog phone line and a codec in digital
systems. Useful in digital cordless phones
or modems, the IC provides improved noise
and distortion figures. The adjustment of
transmission parameters to conform to a
variety of international standards is done
with two 8-bit registers, accessible via a
SPI bus and with external components.
The device has double sidetone architecture
and supports passive or active AC set
impedance applications.

v Box letter F on coupon

Call or Write Today

For more information on these Motorola
products, please contact your local sales
office, or return the coupon below to:
Motorola Semiconductor Products,
P.O. Box 20912, Phoenix, AZ 85036
Or call 1-800-441-2447

- 0125ED1001971
To: Motorola Semiconductor Products
P.O. Box 20912, Phoenix, AZ 85036.

Please send me more information on the
Motorola Analog Products checked below:

§ !
] 1
] 1
] 1
] 1
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1 MC33304/0 J MCa4461/D )
1 MC13150D K MCCF33095D
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1 Company 1
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i State Zip "
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Motorola

Micropower CMOS DC-DC Converters
Simplify Design of Portable Products

The MC33463/33466 series of micropower
switching voltage regulators are available
in 3.0, 3.3 and 5.0 V options, and are ideally
suited for battery powered computer,
consumer and industrial equipment. Both
families are available in three-pin SOT-89
packages, with either an on-chip switch
transistor or provisions for an external
switch. The MC33463 devices are Variable
Frequency Modulation controllers with a
quiescent bias current of 4 pA, while the
MC33466 devices are Fixed Frequency
PWM switchers with a quiescent current
of 15 pA.

v Box 1 on coupon

Three Families of CMOS Micropower
Linear Regulators have Ultra-Low I

MC78LCxx/78FCxx/78BCxx. Three series
of micropower linear voltage regulators
are designed for use in cameras, camcorders,
VCRs, and hand-heid communication
products, and include voltage options of
3.0, 3.3, 4.0 or 5.0 V. The MC78LCxx series
has an 80 mA output current, a dropout
voltage of 0.7 V at 40 mA, and is available
in SOT-23 or SOT-89 packages. The
MC78FCxx family has an output current of
120 mA, dropout of 0.2 V, in a SOT-89. The
MC78BCxx series is available in a SOT-23
and is designed for use with an external
power transistor for higher output currents.
v Box 2 on coupon

CMOS Micropower Undervoltage Sensing
Circuits Monitor MPU/Logic Supplies

The MC33464/33465 families of
micropower undervoltage sensing ICs are
designed for direct monitoring of MPU/logic
power supplies in portable, appliance,
automotive and industrial equipment.
Both series are available with threshold
voltages of 0.9, 2.0, 2.7, 3.0 and 4.5 V with
a choice of open drain or complementary
CMOS reset output configurations. The
MC33464 family has a low quiescent current
of 0.8 pA and is available in SOT-23 or
SOT-89 packages. The MC33465 series
adds a programmable time delayed output,
has a quiescent current of 1.0 pA, and is
packaged in a SOT-23.

v Box 3 on coupon

High Voltage Switching Regulators
Simplify Design of Off-Line Supplies
MC33362/33363. These ICs are designed
to operate from a rectified AC line source
for off-line power supplies, or from a high
voltage source for DC-DC converter
applications. The MC33362 is designed for
rectified 120 Vac line operation and features
an on-chip 500 V, 2.0 amp SenseFET™
power switch. The MC33363 is designed
for 240 Vac rectified line operation with a
700 V, 1.0 amp SenseFET. Both devices
are available in 16-lead through-hole and
surface mount packages with pins eliminated
to achieve high voltage spacing requirements.
v Box 7 on coupon

Battery Fast Charge Controller
Simplifies NiCd and NiMH Charging

The MC33340 is specifically designed for
fast charging of Nickel Cadmium (NiCd) and
Nickel Metal Hydride {NiMH) batteries using
negative slope voltage detection. Accurate
charge termination is ensured by an output
that momentarily interrupts the charge
current for precise voltage sampling. The IC
also supports secondary charging methods
of either programmable time or temperature
limits. Protective features include battery
over and undervoltage detection, latched
over temperature detection, and power
supply input undervoltage lockout. A rapid
test mode enhances end product testing.
v Box 8 on coupon

Subminiature Package Trims Board Space

We offer a variety of products in the
new Micro-8 subminiature surface mount
package. This package uses 50% of the
board area of a traditional SO-8 surface
mount package, and is narrower than TSSOP
min‘ature packages. The LP2951 adjustable
micropower low dropout voltage regulators,
and MC33264 low dropout micropower
regulators with on/off control are available
in the Micro-8 package. The MC34064/34164
undervoltage sensing/micropower under-
voltage sensing circuits, and the TL431,A,.B
programmable precision references are
also available in this space-saving package.
v Box 9 on coupon
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Product Review *

Dual/Quad 1.8 V Rail-to-Rail Op Amps have
Enable Feature to Extend Battery Life

MC33206/33207. These dual/quad op amps
not only have input and output rail-to-rail
capability, but also an enable mode that
can be controlled externally. Typical drain
current is <1.0 pA per amplifier in the
standby mode, saving power and extending
battery life. Each op amp in the MC33206
has its own enable pin, and the op amps
in the MC33207 are enabled in two pairs.
These amplifiers can operate with supplies
as low as 1.8 V and ground, yet can still
operate with a single supply voltage as
high as +12 V.

v Box 4 on coupon

New PIP IC Enables TV Feature Versatility

The MC44463 Picture-In-Picture (PIP)
controller IC provides a wide variety of
feature options that are all software
programmable, requiring no printed circuit
board changes. When combined with
external memory, the device controls a
replay mode of up to eight seconds that
can be played back at four different
speeds. The IC provides options of a single
PIP, in either active or replay mode; and
three or four PIPs, with one active and the
remaining PIPs in a freeze-frame mode. In
the multi-PIP mode, the user can choose
which of the three or four PIPs is active.
v Box 10 on coupon

Motorota and Ak are pegitered trademarks of Motoroka, |
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Hex Transceiver Meets SCSI-3 Fast-20 Specs

The new MC34059 contains six differential
driver and receiver pairs in a 48-pin QFP
for transmission of differential signals at
20 MBPS, meeting the requirements for
SCSI-3 Fast-20 transmission systems.
Control lines can enable/disable each driver
and receiver as required, and an over-
temperature sensing circuit will shut down
any driver that gets too hot due to ambient
temperature or a prolonged short circuit.
The low quiescent current of 18 mA saves
power in hard disk drive, backplane
communications, and computer-to-computer
data transmission applications.

v Box 5 on coupon
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Dual High Side Switch has
Protection and Diagnostic Features

The MC33143 dual high side switch is
designed for solenoid control in harsh
automotive applications, but can also be
used to control incandescent lamps, relays,
and small motors. This SMARTMOS™ IC
has an on-chip charge pump to enhance
switch performance, and an externally
controlled Sleep-Mode™ for power savings.
Each output has individual overcurrent and
over temperature shutdown with automatic
retry. The device detects and shuts down
globally with any overvoltage condition. It
also detects and indicates an open load or
output short to the supply.

v Box 11 on coupon

READER SERVICE 90

Low Cost FM Communications Receivers

MC13135/13136. These low cost, single
chip, dual conversion FM receivers can
be used as stand-alone VHF receivers or
as the lower IF of a triple conversion system,
with a low 2.0 V supply. The MC13135 is
designed for use with an LC quadrature
detector, while the MC13136 can be used
with either a ceramic discriminator or an
LC quad coil. Applications include cordless
phones, radio controlled toys, baby
monitors, walkie-talkies and scanners.

v Box 6 on coupon

Call or Write Today

For more information on these Motorola
products, please contact your local sales
office, or return the coupon below to:
Motorola Semiconductor Products,
P.O. Box 20912, Phoenix, AZ 85036
Or call 1-800-441-2447

I e LTI b M AT
To: Motorola Semiconductor Products
P.O. Box 20912, Phoenix, AZ 85036.

Please send me more information on the
Motorola Analog Praducts checked below:
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Millimeter-Wave LEO Satellite Systems

The Table summarizes the information re-

quired by the ground-station antenna designer for Odyssey Iridium LEEES
some of the major upcoming communication | | Mobile down-link frequencies (MHz) | 2483.5 -2500.0 (S-band) 1616.0-1626.5 (L-band) Ka-band
satellite systems that have a significant millime- Mobile up-tink frequencies (MHz) 1610.0 -1626.5 (L-band) 1616.0 -1626.5 (L-band) Ka-band
ter-wave content. With the advent of low-Earth- | | ¢ .0 yink requencies Grn) Y 275300 (Ke-band) ——
orbit systems like Motorola's Iridium, which re- fecder dounlink freqoencis (G2 193196 (e bandy 155202 (Kebandy Caband

quire sophisticated beams, LEO satellites may
soon be carrying phased arrays and reflector an-
tennas. The use of millimeter-wave frequencies
allows these structures to be small and therefore
more easily deployed on satellites.

The Teledesic system has by far the most mil-

Inter-satellite Link (ISL) freq’s (GHz)

Beams per satcllite

Satellite antenna

N/A

61

Steeradle, moving cells
using directed coverage

22.55-23.550

48

Fixed, moving cells

60

64 beams (supercells)
576 cells

Steerable
carth-fixed cells

. . ’ Orbit class MEO LEO LEO
limeter-wave content. Using a constellation of

g 5 Altitude (km) 10354 780 695-705
several hundred low-Earth-orbit satellites, a
global, broadband “Internet-in-the-sky,” | |NumberofSallies 1243 spare LR LSRR
Teledesic will enable affordable access to fiber- | | Mobite icrminal min. EI angle (deg) | 20 82 40

like telecommunications capability anywhere in
the world. Approximately 840 satellites in 21
planes in sun-synchronous, inclined circular low earth orbits provide the services. Rather than targeting voice and supporting low bit-rate data as
Odyssey and Iridium do, Teledesic focuses on providing wireless broadband services with a fiber-like quality, focusing on data and supporting
voice.
The user terminal antennas have a diameter ranging from 8 cm to 1.8 meters, and an average output power ranging from 0.01 W to 4.7 W. The

antenna diameter is determined by maximum output power, maximum channel rate, climatic region and availability requirements.

These proposed Ka-band LEO systems will offer the antenna designer a challenge to develop a large quantity of low cost millimeter-wave
user” antennas. More sophisticated (possibly scanning) antennas will be required for the gateways.

From “Antenna Technologies for New Millimeter-Wave Communications Systems,” John Sanford and Ray Blasing, Endgate Corp., 1997 Wireless
Symposium.

An Off-Line Flyback Power Supply

“

An off-line flyback power supply was designed for a nominal 50-watt load but with the added ability to operate efficiently at less than one-tenth
that value, even with input voltages which can range from 85 to 280 V rms. The schematic for this application is shown in the figure.

Under nominal loading, this design runs with continuous inductor conduction at a fixed frequency of 100 kHz with a duty cycle which will vary
from approximately 20% to 50% over the voltage range. The minimum pulse-width clamp was then set at just under the lower number at 1.8 msec
by the action of the UCC3581 controller. In addition to changing the operation from fixed-frequency to fixed off-time, it should be recognized that
there will also be a change from continuous to discontinuous inductor operation as the load drops to its standby mode. As can be seen from the
schematic, this design uses most of the tech-
niques described above to reduce switching
losses. Specifically, while the international

input voltage range of this applicationre- | ., ‘]_l_gw
400V

MURS10

I D wor

.
= 2208 —4 Vg2V
a7%

quires a 600-V FET, the IRFBC20 has a to-
tal gate charge requirement of only 18 nC |
and its drain capacitance is held to 48 pF.
The diode bypassing the gate resistance al-
lows fast turn-off while slowing turn-on to ——t
ease the minimize the recovery characteris- 3%"“'“
tics of the output rectifier ]
While a dissipative snubber is shown, the
frequency foldback of the cirucit will re-
duce its loss contribution at light loading.
Other loss-saving elements of this circuit in-
clude the use of the DN2530 depletion FET
to remove startup power, and low current

|“'SZuocuoo
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components on the secondary side. o - {7]s vern E]‘ﬁ 1
From “Designing PWM Power Supplies for High | j?-' T 2208
Efficiencies At Micropower Levels,” Laszlo Tul  Tw 180

Balogh and Bob Mammano, Unitrode 2 JT’”":[ - a70p $1200
Integrated Circuits, 1997 Portable By Design B SO i il B

Conference.
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GORE" SPEEDBOARD'

PWB Prepregs

High Performance - Standard Processing

MATERIALPROPERTIES SPEEDBOARD N SPEEDBOARDC
Dielectric Constant @ 1GHz 3.1
Dissipation Factor @ 1GHz .02 .004

@ 10 GHZ .02 .004
Dielectric Strength >900V/MIL >900V/MIL
Glass Transition (Tg) 140°C 220°C
Flammability UL 94-VTM UL 84-VTM
Laser Drill Speed >100 vias/sec.* >100 vias/sec.
*UV -YAG or CO, Laser Compatible

©1997 W. L. Gore & Associates, Inc.
SPEEDBOARD is a trademark of W.L. Gore & Associates, Inc.

Preserving Signal Integrity!

W. L. Gore & Associates, Inc.
1320 Appleton Road, Elkton, MD
Fax (410) 996-3879

READER SERVICE 96

Lowest Loss
Smallest Package

Most Versatile Dielectric
Gore’s SPEEDBOARD prepregs offer the best of the
performance world and the best of the PWB fabrication
world. Allinasingle prepreg package. SPEEDBOARD
prepregs are ideal materials for use as bondplies in
multilayer PWBs as well as cap layer bonding for HDI
applications that use laser formed microvias.

Low Loss, High Density, No Hassles
SPEEDBOARD prepregs give PTFE performance
/ without the process difficulties. Design flexibility
is increased due to the low dielectric constants
(2.6 to 3.1) and range of thicknesses available. This
allows for fast rise times, tight impedance control,
higher density, few layers (reduced thickness)
resulting in easier drilling and plating for the PWB
shop. The low loss of SPEEDBOARD C prepegs
(.004 @ 10GHz) offers no compromise to signal
integrity for high performance PWBs. All of this let’s
you fly at peak electrical performance while using
regular gas!

Standard Processing, Fast Laser Drilling
Gore provides a high performance solution that can be
produced in volume, with standard PWB manufacturing
equipment and processes. SPEEDBOARD prepregs are
among the fastest laser drillable materials available.

They offer controlled and reproducible thickness, low
dielectric constants, smooth and plainer surfaces, and easy
handling in production. These features give you more
performance for the same cost.

A Chip-to Chip Signal Management Company
W. L. Gore & Associates. Inc. has delivered high
performance signal management solutions for more
than 38 years. We offer complete lines of material and
interconnect solutions for many markets including:
Telecom, Data Processing, Test and Measurement,
Medical, Military, and Aerospace. From substrate
materials, IC packages, cable and cable assemblies, to
fiber optic signal transmission and EMI control, Gore

helps you preserve signal integrity from chip-to-chip.

Call us now to learn how SPEEDBOARD prepregs can
solve your PWB performance and density challenges.

1-800-445-4673
GORE

Creative Technologies
Woridwide
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Rechargeable Alkaline Manganese Dioxide Zinc Cells

Intensive research and development activities carried out
at Battery Technologies Inc. (BT!) and at the Technical Uni- 20
versity in Graz, Austria, in the late 1980s and early 1990s re-
sulted in the successful commercialization of the recharge-
able alkaline manganese dioxide zinc (RAM) system. BTI
has sold licensces and production equipment for the manu-
facturing and worldwide marketing rights of its proprietary
RAM technology. RAM cells are available, under BTI li-
cense, from Rayovac Corp., under the trademark Renewal in

1.8

=
2 o

Capacity (Ah)
5

the U.S., Pure Energy Battery Corp., in Canada (Pure Energy 1.0

trademark) and Young Poong Corp. (Alcava trademark) in o8

South Korea.
Depending on consumer use conditions, one RAM cell can 0.6 { ; | {

replace 10 to 50 single-use alkaline or 30 to 150 single-use [ ‘

zinc-carbon cells. °"m soo 0o m 200 00 o
The RAM system without mercury addition to the anode Discharge Rate (mA)

has reached a level of performance that rivals that of Ni-Cd
batteries in consumer applications, especially in areas where
intermittent operation at moderate loads and when an excellent shelf life at elevated temperatures is required. The more recent Li-lon technology
is not available as loose computer cells, but comes with OEM applications where sophisticated charge circuitry is required to ensure consumer
safety.

In order to make rechargeable alkaline manganese dioxide zinc (RAM) cells function reliably in rechargeable operation, they are designed dif-
ferently than single-use Alkaline Manganese cells. RAM performance on first discharge is usually 70% to 80% of the performance of single-use
alkaline cells. The ampere-hour capacity of RAM cells increases with decreasing current rate, as shown in the figure. This also means that depth
of discharge increases with decreasing current rate. Note also that the figure represents only the 0.9 V cut-off voltage.

RAM cells have a sloping discharge curve at all current rates. This provides a warning that cells need charging, €.g., by distorted sound, slower
motor speed, dimmer light, etc. It also permits the sue of simple low-battery warning circuitry. The discharge time and capacity of RAM cells de-
creases or fades with increasing number of discharge/charge cycles.

From “In-Application Use of Rechargeable Alkaline Manganese Dioxide/Zinc (RAM) Batteries,” Josef Daniel-lvad and Karl Kordesch, Battery
Technologies, Inc. 1997 Portable By Design Conference.

Identifying Satellites For Consumer Receivers

The figure shows a list of the available C/Ku band satellites over North America, ordered from east toward west. The Star Trak 800 consumer
satellite receiver is able to automatically recognize some of about 44 North American C/Ku band satellites by adjusting the audio circuits to
7.02/7.11 MHz on which some satellites carry Morse code.

The audio signal is digitized and the receiver is able to move its antenna from east to west, to find and record maximum of signal strength, on
both polarities and , in the reverse dish motion, to stop on peaked positions (where the satellites are) to listen to the Morse code and to identify
satellite. In the group of 44 satellites , the receiver is able to recognize 6 to 12 satellites, while the positions of the others are calculated. The whole
process takes about 20 minutes.

From “Automatic Sateliite Identification for Consumer Analog Satellite Receivers,” Branko Kovacevic, Tee-Comm “Electronics Inc. 1997 Wireless Symposium.
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Benchmarq supplies the chip

that monitors the battery
that runs the notebook

that calculates the damage...

-
a PC &z custently baitery powe:eed

Hatleip Laval

The Benchmarq Gas Gauge IC continuously monitors charge and L
discharge of toe notebook battery enabling the ‘Power M: 3 '
window to show battery charge level at any time L

that helps Don settle claims fast.

One look at the battery display on Don’s noteboak They require very little board space. And a variety of gas
computer tells Don he’s got the power to prepare all gauge ICs are available to meet your specific needs.

his customers' claims this busy afternoon. Convenient, Talk to a Benchmarq product support specialist and
efficient operation is the reason why Don uses a note- find out how you can differentiate your product, improve
book computer. And that's its performance, and shorten
possible because the Gas Gauge IC Selection Guide your time to market with
makers of Don’s computer . . Benchmarq battery manage-
used Benchmarq gas e et~ Gl ¢ e Packege | Ment solutions. Call 1-800-
gauge battery manage- 966-0011 today. And

ment technology. ba2010 | GasGaugele | ,nanes | 16/0.150°S0ic | claim more of your

Benchmarq gas gauge market tomorrow.
ICs accuratel 3 Gas Gauge IC NiMH .

y monitor the | ba20114 | ¢tBower Tools and NiCd 16/0.150° SOIC 1
battery charge in comput- :
ers, power tools, cellular | bg2012 | GasGaugelC | ,NMA. | 160150 SOIC
phones, and other elec- o O g
tronic devices. ba2014 |6 Charcs Control | and Ll | 16/0.10°S0IC BENCHMARQ

Benchmarq is a registered ' 13759"13’m‘::reie’w“'f;:‘::(?;?"ks Inc. MARQY'S Message:
trademark. and Power Gauge and bg2050 | Power Gauge™ IC Li-on 16/0.150" SOIC Dallas, Texas 75252 U.S.A “Ask about our ready-
“Benchmaryq...the brains behind » 9.A.
the baftery” are trademarks of 800-966-0011 or 972-437-9195 to-use gas gauge

Benchmarg Microelectronics., | SMBus v.95 NiMH, NiCd s Fax: 972-437-9198
nchmary Microelectronics. Inc hq2091 Gas Ganga 1€ e s 16/0.150° SOIC BmalibendhssdGRenEAIAR, com modules and reduce

NASDAQ-BMRQ WWW:http://www.benchmarq.com design timel”
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Power Considerations In The USB

This paper provides an introduction to the Universal Serial Bus USB Self-Powered Hub
(USB) Interface as it relates to the power distribution requirements of | upsveam .
. . Data Port 3 Downsyrsem
the voltage bus. There are many requirements in the current USB spec- - Hub C P . DeaPom
Upstream LDO Reg.

ification (Version 1.0) concerning voltage regulation and the current | Vs
limits of the system. The paper discusses the issues of the specification —— - ey
concerning real-world limitations and requirements for the voltage and ';::;’,y I~ gul ———{Function

current requirements of the USB voltage bus. The USB interface is a

12-Mbit/s multiplexed serial bus designed for low to medium speed PC e tmimimen [T 0

. . . g e | Current = Lo, Ve
peripherals. USB utilizes asynchronous and isochronous data transmis- e ataecetor | | ==
sion. USB is a four wire interface conceived for dynamic attach-detach more than 1 output port [Current Limt |——te=mt== b

(hot plug-unplug) of peripheral devices in the PC environment.
The USB specification provides for five basic device classes: Bus- VR e

Powered Hub, Self-Powered Hub, Low- Power/Bus powered Function, '_"—
Hub C

High-Power/Bus powered Function, and Self- Powered Function. Rt
Bus-Powered Hub: Draws all of the power for all internal functions
and output ports, for downstream loads, from its USB voltage bus input.
A maximum of 500 mA can be drawn by a bus-powered hub. It will sup- i
ply 100 mA (max.) to any downstream ports, and may consume any B
portion of the 500 mA, but limited to no more than 100 mA at power-up.
Self-Powered Hub: Power for the internal functions and downstream
ports does not come from the USB voltage bus. The self-powered hub must be capable of supplying 500 mA to each of the downstream ports that
it maintains. It may draw 100 mA from the bus to provide power to the USB interface. A host, by definition, is a self-powered hub. Low power, bus-
powered function: All power to this device comes from the USB voltage bus. It may draw a maximum of 100mA (max.) during normal operation.
High power, bus-powered function: All power to this device comes from the USB voltage bus. It may draw up to 100 mA (max.) during power up
and up to 500 mA (max.) during normal operation. Self-powered function: host and SP hub devices receive power from an internal power supply.
From “USB Power Interface / Control Of The Voltage Bus,” Jonathan M. Bearfield, Texas Instruments, Inc. 1997 Portable By Design Conference.

0ff-The-Shelf 900-MHz Cordless Telephones

As 46/49 MHz cordless telephone technology has matured, there has been increased interest in a cordless phone with better performance over
a longer distance in the consumer price range. This paper provides a brief, overall system description for a 900-MHz Analog FM Cordless Tele-
phone This design features a 900-MHz transmitter and dual conversion receiver and complete baseband signal processing. RF transmit and re-
ceive frequencies, and first and second IF frequencies were all selected based on filter availability. The channel spacing chosen for this application
is 320 kHz, which allows for 10 channels within the given filter bandwidth and with an even division of the 10.24-MHz reference frequency. Nar-
rower spacing may be used to increase the number of channels without using wider filters, however the wider channel spacing provides the fastest
lock time and moves the reference spurs out on the PLL, in addition to better signal to noise ratio and receiver quieting with strong input levels.
These features help provide a better quality telephone to the end customer and make use of the wider bandwidth allowed by the FCC in the 902-
928 MHz band.

This chipset makes use of Motorola's MOSAICS, MOSAIC 1.5 and 75% BICMOS process capabilities to achieve the maximum performance
versus cost tradeoff. The receiver consists of an MC13144 Low Noise Amplifier (LNA) with 17 dB of gain and a 1.4 dB noise figure at 900 MHz,
the MC13142 LNA/Down converter which is capable of another 14 dB of gain, and the MC1 3158 Down converter and Limiting IF/Demodula-
tor. For the transmitter, the MC13142 has been reconfigured to provide the 900-MHz oscillator which is directly modulated using a varactor. The
mixer is then unbalanced by pulling one input to ground through a 1.8-kohm resistor and it is used as an on-chip power amplifier. Both the
MC13144 and MC13142 are fabricated on Motorola’s low noise MOSAIC 5 RF process, while the baseband IC is designed in BICMOS to allow
integration of the switched capacitor filters in the audio path and the digital control functions. The first LO frequency is high side injection to move

it away from the US cellular frequency T
band, and is controlied by Motorola's Coramictiers
MC145220 Dual 1.1-GHz Phase Locked , woounz L
Loop (PLL). The MC13110 performs the | Y CTaar] ST [MCistaz | Ceemcre .:fff?r .
baseband signal processing for both the | LNA ful LN?h'%'rc ° L= umier”- Gomod- Rss Speaker
transmit and receive as well as providing 1 1 oMol / r>
the LO for the MC13158 and the m - ekl MC13110
MC145220 reference frequency. P00MHz MC145220 o e S e -

From “Off-the-Shelf 900 MHz Cordless e Dmvicun, | OURREER | mmese
Telephone System: System Overview and 1 ! L S EI“’ -]
Baseband Design,” Gaylene Phetteplace, —— L__
David Babin, Rich Potyka, Harry oater VGO F e Mecrophone
Swanson,Motorola Semiconductor RowelATpie Tt
Products Sector. 1997 Wireless Symposium.
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A family of true SMT Power MOSFETs
to meet your system needs

Lowestoﬁns(o,\,)

Smallest Packa

(SOT23) g

Do your system designs require improved power handling capability
in a reduced size? If so, you can now select from the industry’s
broadest selection of SMT Power DMOS devices for all of your
small-footprint, surface-mount applications—from DC/DC
converters to motor drivers, to load switching and more.

In addition to easy placement on the board, the six Power MOSFET
packages from the Fairchild Discrete Power and Signal Technologies
Group give you the most advanced power handling capabilities
available.

Add it all up, and you'll find that regardless of the package you select,
you won't find a better price/performance combination for your
application. For a Discrete Power and Signal Technologies selection
guide and more information call:

1-888-522-5372 or visit our web site at:
www.fairchildsemi.com/offer/SMTPower

= R T I
Reference Part Number Rbs(o")('l'ypical mQ) | Package Type
7N - ' B - N P Shown at actual size |
FDN337N FDN338P 52 | 130 SuperSOTTM- .y
S — -+ — —y — —— — 4
FDCG33N | FDC634P | 35 | 70 | SupersOT™.g W
S [ —| } . —
FDR4410 FDR836P | 11 25 , SuperSOTTM-S [ ]
LT T i — ! T — |
NDS8410A | NDS8435A 4 10 21 | SO-8 ﬁ |
s e ———— 4 — | . —
NDT455N NDT456P ‘ 13 26 Power SOT
|9 %)
NDM3000* ' 70 125 50-16
*SO-16 Contains 3 N-Channel and 3 P-Channel die in one package |
| AR AR AR
FAIRCHILD
SEMICONDUCTOR

Focusing on Logic « Memory ¢ Discrete Power and Signal Technologies
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A GREAT marketing tool for

Electronic Design Automation!

“ \he Results Are In! An invaluable
_study for those involved in EDA

The 1996 Electronic Design Automation Study
sponsored by Electronic Design magazine,
provides critical survey information
with a focus on EDA marketing
executives and user/engineers.
Conducted by the market

research firm, EDA Today, L.C.,
results have been compared,
compiled, and studied to serve

as strategic marketing
opportunities for suppliers.

\ Sugvey results will
~present information on:
« The respondents, types of jobs and designs,
size of design teams, budgets, and companies
« Platform trends, hardware and operating systems
« Internet and web usage trends among design engineers
« Spending patterns: budget increases, decreases
» Cross tabulation results on significant issues ocurring in the EDA industry
. Design trends of 1C, ASIC, board-level/system-level design, and programmable logic

FLECTRONIC DESIGN

YESpsendme __copy(ies) of The 1996 EDA Study for

Mail or fax this order form to:
Electronic Design, Attn. Deborah Eng * 611 Rt. 46 West « Hasbrouck Heights NJ 07604 » Fax 201/393-6073
To order on line, contact EDA Today, L.C. at: WWW.edat.com

I I
I I
& |
| 8495.00 each + $5.00 S&H per copy. Add state and local sales tax where applicable. |
| [ Check enclosed for $ - (Make checks payable to Electronic Design.) |
| [ American Express [ Visa [ Master Card  Card #__ — Exp. |
| Name S _ _ _ |
| Account name 2 = Signature - — — |
| Company - - _ , |
| Address : I - S - |
| City . . State__ Zip |
| Phone ~ __Fax_— |
I I
I I



1997 Proceedings
NOW AVAILABLE

A valuable tool for design
engineers of portable,
nomadic, mobile and

transportable products.

he 1997 Proceedings Of The Fourth Annual

Portable By Design Conference, sponsored by
Electronic Design, is now available for today’s
portable OEM designer. The information in the
proceedings will help you stay on the cutting edge
of today’s innovative portable technology with over
500 pages of vital, timely, and usable information—
all bound in one handy reference book. This valu-
able tool can be yours for $175 per copy, plus $10
S&H. If you order now, you can receive the 1994,
1995, 1996 and 1997 Proceedings for $295 plus $28
S&H. Single copy issues of the 1994, 1995, 1996
Proceedings are available for $100 each, plus $10
S&H.

| Portable by Design Proceedings Order Form

| O 1997 Proceedings: $175 + $10 s/h; # of copies
O 1996 Proceedings: $100 + $10 s/h; # of copies

| O 1995 Proceedings: $100 + $10 s/h; # of copies

| O 1994 Proceedings: $100 + $10 s/h; # of copies

I O 1994/95/96 & 1997 Proceedings: $295 + $28 s/h; # of copies

| NAME

| TITLE

| compaNY

l ADDRESS
CITY _

STATE ZIP

Please return this form to:

|
I
g

PROCEEDINGS
OF THE
FOURTH
ANNUAL

HIEGRIE

CONFERENCE
MARt e

'KNOWLEDGE IS POWER

The following is a sample of topies from the
1997 Fourth Annual Portable By Design Conference:

* Defining and Overcoming End-User Battery Frustrations

* MCUs and CPUs for Portable Devices

* Designing With Current and Future Battery Technologies

* (PU Power Supply Voltages: How Low Can They Go?

* Software: System Management and PC Card Issues

* RF-Based Wireless LAN and WAN Technologies

* Smart Battery Management Architectures Addressing Multiple
Battery Chemistries

* |R-Based Wireless Communications

* Systems, Buses, and Architectural Issues

* Thermal and Mechanical Considerations

* Low-Power Analog Circuit Design

* PC Cards and Other 1/0

Amount + Tax* = Total

*Sales Tax (CA, CT, FL, GA, IL, MA, MN, NJ, NY, OH, PA, WI, Canada
residents add appropriate sales tax)

Make checks payable to:
PORTABLE BY DESIGN

O Check Enclosed
O MasterCard O Visa O American Express

ACCT. NAME
EXPIRATION DATE
ACCT. #
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Measuring Phase Noise

1997 HIGH

ok

LIGHTS OF

WIRELESS
[SyurosTuu]
[ o]

The basic block diagram of
the Delay-Line Discriminator
is shown in the figure. In this
method the output of the test
source is split into two sig-
nals. One of the two resulting
signals is delayed and it and
the undelayed signal are pre-
sented to a phase detector (as
before, a double-balanced

Unit
Under
Test

RF
Amplifier

=

Delay Line
Low Poss Low Noise
] Filter . &nplmar
Power K
Splitter r > —~
) Phose b J
Detector
. . r - 1
Phose Quadroture |
| |
—" Shifter | Monitor

—_—

| |Boseband |
> > Analyzer

mixer). The fixed time delay
causes a phase shift in the delayed signal which is proportional to the frequency. When compared to the undelayed signal from the other path, fre-
quency fluctuations on the original signal are converted to phase fluctuations. These phase fluctuations are converted by the phase detector into
amplitude (voltage) fluctuations. As in the phase-locked loop method, the phase-detector output is proportional to the input phase differences of
two signals in phase quadrature at the input.

From “Phase Noise Measurement Techniques for the Automated Testing Environment,” Al Street and Joe DiBona, RDL, Inc., 1997 Wireless Symposium.

A Battery-Capacity Gauge

The primary capacity gauge is shown in the figure. The bq2095 monitors the current into and out of the battery by measuring the voltage drop
across a low-value sense resistor, R1. The estimated charge replacement is compensated for rate and temperature. The remaining capacity is
compensated under discharge for both rate and temperature. Self-discharge rate is compensated for temperature and capacity. The combining of
the capacity gauge information with protector status provides complete battery management information.

The bq2095 may be used to use to test for charge FET failure. When fast charging is detected, the bq2095 turns off the charge FET and then
monitors the charge current. If the charging current is found. then the a charge FET failure is indicated. The bq2095 capacity information can
also be used to modulate the charge FET when the battery capacity indicates the battery is recovering from a deep discharge. During this time,
the battery may be charged at a lower rate. The bq2095 broadcasts the required charge current to a smart charger. If a smart charger is not pre-
sent, however, then the bq2095 is capable of adjusting the average current by modulating the charge FET.

When the battery is recovering from a deep discharge, the capacity gauge can be used to detect cell problems. After a small amount of capac-
ity is returned to the battery, the bq2095 checks the battery voltage. If the battery voltage indicates that the state of charge does not agree with
the capacity replacement, then a baitery fault can be indicated. This provides the host system with diagnostics for the battery pack.

From “Integrated Pack Management Addresses Smart-Battery Architecture,” David Freeman, Benchmarq Microelectronics, Inc. 1997 Portable By Design
Conference.
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SMALLER, YET MorE POWERFUL. HARDER workinG,
YET RUNS COOLER. VASTLY IMPROVED, YET COST-EFFECTIVL.
How EXACTLY DID WE FIT SO MUCH INTO

such A LittLE MOSFET?

It may seem a bit outrageous to say
our new TSOP-6 LITTLE FOOT* MOSFET
can be so much of a good thing. At 1/4
of the size of the SO-8, with the capability
to replace a DPAK, SOT-8, or TSSOP-8,
our new TSOP-6 LITTLE FOOT can
outperform its larger counterparts.

A
P-Ch
SI344300 SIZ457DV
100mS 2.5V 65mEIB 10N
SI3441DV B SI3455DYV

135mQ@2.5V 100mE 25 10\

Rops(on)@2.5V W-é‘, Ros(on)@’_;
W sy N 530V |
0mK22.51 150810\
Si344200 S 154D\
95m{i2.5V 05m e 10V

With current handling up to 5.1 A, the
TSOP-6 LITTLE FOOT is also incredibly
cool-running. Its low on-resistance (as
low as 0.045 Q) creates less heat, and its
lead frame allows for the minimal heat
created to escape into the board. And with
this thermal performance, the 2.5-V
rated parts make this family the perfect
solution for dc-to-dc conversion or power
management in portable products.

With all that we have included in
a TSOP-6, you wouldn't think there
would be room left for anything else.
But, there is. As a JEDEC-registered
package, this small, unassuming
LITTLE FOOT is industry standard.
And these TSOP-6 parts are being dual
sourced by Motorola.

Va {HS, Diak ey
71 87. 1TALY: 02332 121 SCANDANAV)

And, of course, the ultimate dichotom
ail this for the same cost as our previous
generation of LITTLE FOOT.

So which LITTLE FOOT should you
look into for your next portahle electroni
design? With the TSOP-6 around, there's
no two ways about it. Call 1-800-554-5565
ext. 547 for more information

WWwWw.temic.com

TEMIC

Semiconductors
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A GaAs MESFET Voltage Converter

In DC-DC converter applications high efficiency and high switching speeds are of critical importance. For these applications we see GaAs
MESFET technology having major advantages. We predict GaAs MESFET technology will make inroads into handheld applications such as
cordless phones, cellular phones and pagers.

GaAs MESFET (Metal Semiconductor Field Effect
Transistor) devices are similar to Si MOSFETs in that they
are majority carrier devices. They switch quickly with no
minority carrier storage as in bipolar devices. Because they
are FETs they can act as switches in a charge pump configu-
ration.

The primary advantages for using GaAs over Si are: low
ON resistance; low voltage; fast switching speed; and semi-
insulating substrate

The Anadigics AVC7660 GaAs dc-dc converter is the first
product to leverage the advantages of GaAs technology in
voltage conversion. This converter offers improved low volt-
age operation in a smaller package (SOT-25) than its silicon
7660-counterparts.

Typical silicon 7660 converters have a clock frequency of
10kHz and require 10-wF external capacitors. The AVC7660
runs at 300kHz, resulting in smaller and lower cost hold and
pump capacitors, typically on the order of 0.1 to 2 uF. In
fact, it now becomes feasible to use ceramic capacitors in
some applications, thus saving cost and space. Use of the
smaller SOT-25 package is made possible by the low ON resistance of GaAs MESFETS, resulting in a smaller transistor periphery and hence a
reduced die size.

The figure shows how the output voltage of the AVC7660 converter changes with the load current. A typical silicon part is shown for com-
parison. The output impedance of the silicon part goes up exponentially with lower voltages, and the output voltage collapses at the same rate.

From “The Prospects For GaAs Mesfet Technology In Dc-Dc Voltage Conversion,” Shihab Al-Kuran, Anadigics Inc. 1997 Portable By Design Conference.

An MCM Implementation Of A Processor (ard

This paper discusses a multichip module implementation of a processor card that has a Pentium processor, L2 cache and PCI chip set as pri-
mary components. The module has been used in a commercial ultraportable design and has the attributes to be used in a high volume commer-
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cial application.

The MCM consists of an eight-layer L/D substrate with com- ]
ponents mounted on both sides. The top side has the micro- Module Size 50 mm 9.
processor, 2 SRAMs, PCI chip set and a thermistor. The bottom Module Height 9.5 mm
side has an inductor, tag RAM, several passive components and a
240-pin connector. The module interfaces with the mother board Module IO —_— 240
through the connector, which plugs into a socket on the mother Total Power Dissipation 9.0 W
b':)ard.. IQeally, Ol:jpgiradi?jg [hf system d.e.;igz involves ir:jpl;lggﬁli‘lt:g Number of Power Planes 2
the existing module and replacing it with the newer module. The
module measures 50 mm by 50 mm on the sides, and has a mount- Number of G_round Planes 2
ing height of 9.5 mm. ' Number of Signal Layers 4

The sut.)strate consists of' thin-film Cu / PI build-up layers on an Ave. Impedance of Signal 36Q - 75Q
FR-4 laminate core. The thin-film layers are used to route the sig- T
nals and the laminate core houses the voltage reference planes. races
There are two thin-film build up layers on each side of the core Number of Active Components 8
and four copper Planes inside the core, resulting in a total of 8 lay- Number of Passive 127
ers of metallization. The key attributes of the module are shown Components
in the Table.

The Pentium processor and PCI chipset are highly reliable bare Number of Connections 1086
dl(?, SmartDie technology, attached to the substrate using a flip Total Etch Len gth 600 inches
chip technology called Bump Interconnect Technology (BIT). =
BIT is a peripheral flip chip technology that uses 85-pm pitch Number of Vias 5153
gold bumps. The remaining devices are surface mountable pack- _

aged devices, attached using a conventional SMT process.

From “MCM'’s Shrinking Desktop Functionality To Portable Form-Factors,” Naveen Cherukuri, Fujitsu Microelectronics Inc., and Jeffrey P.

Casazza, Intel Corp. 1997 Portable By Design Conference.
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Horkl s
Low-Power Modes 0f Microprocessors For Handheld Systems

Motorola's Family of MPC8XX Processors incorporate many of the lessons learned from users’ reactions to the first-generation PDAs. The
MPC821 and MPC823 microprocessors combine all the peripherals on one chip and can operate at 2.0 V internally while the external buses run
at 3.3 V. They also support a wide range of power management modes including: Full On, Doze, Sleep, Deep Sleep, and Low Power Stop. These
are summarized in the figure.

In Full On mode, the processor is fully powered with all internal units operating at the full speed of the processor. Of course, the processor
supports a PLL so the processor clock can be generated from a 32-kHz watch crystal and the operating frequency can be changed dynamically
by the system software depending on the system performance
needed. Doze mode further disables core functional units Mode | Operating Modules FasTar o e

except the time base decrementer, PLL, memory controller, (mW)
RTC and LCD controller while placing the CPM in low-power _jpom womn
— 230 | 170 | @26Mhz

standby mode. Sleep mode is the next lower power mode and po—
disables everything except the RTC and PIT, leaving the PLL prrrire B e
active for quick wake-up. The Deep Sleep mode additionally o gt L .::m
disables the PLL for lower power in systems. Low Power Stop B E
disables all logic in the processor except the minimum logic
required to restart the device, providing the lowest power con-
sumption—less than 10 microwatts allowing the power to be

4 VCO2 Clocks 10 10

<500 Osc. Cycles | 40p 40y

400 Onc. Cycles
PMI:) 3 Wp | 0

removed from unused blocks until needed again. [l Module Operating
The MPC821 and MPC823 processors also provide a sepa- [l Moduie Clocks Stopped, No Stats Lost
rate set of power pins for the internal logic power rails in the [ Module State Lost

device. These power pins can provide the device witha 2.0 V
power source that can be used when the processor is operating at 25 MHz or less. This capability typically reduces the power consumption of
the device by an additional 30%.

From “Considerations For Selecting A Microprocessor for Handheld Systems,” Ken Edwards, Motorola.1997 Portable By Design Conference.

An Integrated LCD Controller

This paper discusses the benefits of low-voltage one-time-programmable (OTP) microcontrollers using the PIC16C92X family and system
tradeoffs required to operate LCD panels, time-of-day clocks and sensor interfaces. Topics for discussion include battery type determination,
performance targets, and implementation tradeoffs including LCD panel.

The PIC16C924 provides several peripherals for low power interface. The figure shows a block diagram of the PIC16C924 system provid-
ing a keyboard input, LCD-based time-of-day clock. battery backup, temperature sensor, and piezoelectric audio alarm.

LCD panels provide many advantages over light-emitting diodes (LEDs) such as lower power, lower cost, and improved display quality. A
major factor in the LCD advantage is the integrated charge pump that provides the panel voltage up to three times the power supply. Most LCD
panels operate around 7 V for best display characteristics. Since the charge pump generates an increased voltage, a single lithium battery 3.0V
nominal) can be used to operate both the MCU and LCD panel during power interruptions. The charge pump requires only three external capac-
itors for operation.

The time-of-day clock uses an external 32.768-kHz crystal and two 33-pF capacitors attached to the Timer| peripheral module. Timerl can
be configured to operate with the external crystal during o

SLEEP mode for the rest of the system. In SLEEP mode at RIC16092¢ G

) : L
32 KHz Timer] consumes approximately 20 pA. Once every m’e:0|),__' N —|[_¢cep p . B
32,768 cycles (one second) Timerl overflows and an inter- 1aa T e “ ‘E > E B:NH E
rupt is generated. The interrupt wakes the system from e =1 7
SLEEP, the time is updated and the system returns to the low a3pF el SU MO TU WE TH FR SA
power mode. (A complete listing of all software for the sys- ’ IPORTBI TTT
tem is included in “AN649— Yet Another Clock Featuring ho6 ‘f

= 3V L

The PIC16C924” from Microchip Technology Inc.)

The keys or keypad interface connects directly to the
PORTB of the microcontroller. PORTB provides a wake-up on change feature for keypad interface. Internal weak pull-up resistors are includ-
ed to reduce the external component count. When a change is detected on PORTB the process wakes from SLEEP and services the interrupt
accordingly before returning to the low power mode.

The audio alarm system uses a piezo alarm driven by the Capture/Compare/Pulse-Width-Modulation (CCP) peripheral to provide sound feed-
back to the user during emergency events.

For temperature monitoring the system uses an external thermistor connected to the analog-to-digital converter (ADC) peripheral. Thermistors
typically require several hundreds of milliseconds to stabilize at a given temperature so the 16-jus conversion time is ideal for temperature mea-
surements. For power management the ADC uses an internal RC oscillator for conversions during SLEEP mode. All other clocks can then be
disabled until the conversion completes and the system wakes up to process the sample accordingly.

From “Integrated LCD Controllers Open Many Applications For 8-Bit Microcontrollers,” Ron Cates, Microchip Technology Inc. 1997 Portable By Design
Conference.
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mml’ower Op Amps!

Low Iy zmm

0PA336

0PA211

Battery Operation e Portable Instruments ® High Density PCBs

OPA336 CMOS Op Amp Family—single, dual and
quad, offers the industry’s towest offset voltage for a CMOS op
amp—125uV. Operating on a mere 20pA per channel, they are
perfect for single supply battery operation from 2.1V to 5.5V.

OPA336 op amps are great for very high impedance circuits
(lg=10pA max). Input common-mode range extends below the
negative rail and output swing is rail-to-rail.

Single, dual and quad versions have identical specifications with
package options that include tiny SOT-23, MSOP
and SSOP microPackages. OPA336 gives

you maximum design flexibility in your Ry o 2
tough applications. @ v

0PA336 (single)........... $0.60 in 1000s
0PA2336 (dual) .........coveveee $1.00 in 1000s
OPA4336 (quad)........cccccoovveveeerrane. $1.90 in 1000s

Burr-Brown Corporation

OPA241 Precision Bipolar Op Amp—oiters
microPower operation with wide power supply voltage range.
Operation spans +2.7V to +36V on a single supply, or £1.35V to
+18V on dual supplies for design flexibility. Input common-mode
range extends below the negative rail and output swing is
rail-to-rail for maximum dynamic range.

0OPA241’s laser trimmed bipolar input stage provides
low offset voltage (250pV max) and drift is only @
14V/°C. Industry standard 8-pin DIP and SO-8 :
versions allow this versatile performer to @

replace many common op amp types.
OPA24T ..o $1.06 in 1000s

For battery operation, single supply or other microPower
applications, Burr-Brown delivers your best design choices.

www.burr-brown.com/Ads/OPA336-Ad.html

BURR - BROWN?®

Burr-Brown Corporation « P.0. Box 11400 * Tucson, AZ « 85734-1400 « Call (800) 548-6132 or use FAXL/NE (800) 548-6133 ¢ http://www.burr-brown.com/
Distributors: Anthem: (300) 826-8436 » Digi-Key Corp: (800) 338-4105 « Insight Etectronics: (888) 488-4133 + J.1.T. Supply: (800) 245-9000 « Sager Electronies: {800 724-3780 » SEMAD (Canada): (800) 567-3623
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THE WORLD’S FIRST

The Key to Making Your DECT

TﬁheMAX2411A‘ performs RF front-end ampli-\ Ghe MAX2511 performs IF frequency conversion, receive gain, A
fication and frequency conversion in both receive transmit frequency conversion, and gain control functions. The
and transmit modes. Its unique differential IF receive mixer input and the transmitter output interface directly to
interface allows a single SAW filter to serve as a one differential SAW IF filter to save space and cost.

ive and transmit IF filter. ) - - 4
(R 8 a0 Vel i The low-noise receive mixer has a unique image-rejection feature

The MAX2411A has a 3.2dB combined down- to keep spurious signals or image noise from mixing to the second
converter noise figure and a -12.5dBm input IP3. IF. The RSSI output has excellent dynamic range (>90dB mono-
The receive current is only 20mA with a 3.0V tonic) and linearity (+2dB error over an 80dB range).

supply, and can be reduced below 1uA in The transmit image-reject mixer generates a clean output spectrum |

e ic n e ROy (SRR to minimize filter requirements. It is followed by a variable-gain

upconverter mixer, followed by a variable-gain e A
power-amplifier predriver with +6dBm 1B Qmplmer with +2dBm maximum output power. )

\compression power. ) e \ ==

= | T -

&
7,
%

\

ANTENNA POYES

R Y. -4

(The MAX1007* provides for both measurement and control of numefous radio signals. Its 8-bit ADC enables peak
detecting and measuring of RSSI and PS (power sense) signals. Its internal conditioning circuit converts a PS signal
into a DC signal, which is then converted by the ADC. For antenna diversity, the power detector circuit compares two
RSSI signals.

The MAX1007 also includes four DACs. XDAC is designed to tune varactor diodes, while SDAC and KDAC adjust
power-amplifier output power levels. GDAC provides bias control for GaAs amplifiers. Al of the DACs are double
buffered, allowing for simultaneous updating of the outputs.

- J

“Available Octaber 1997 Contact factary far enginaening samp
PWT1900 Rev 1
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PWT1900 CHIPSET

Design Ready for the U.S. Market

(The MAX1 005 includes an Rx ADC and Tx DAC plus voltage reference. In Rx mode, the ADC under- E
samples the data signal bandwidth centered on the IF. The ADC’s 15Msps conversion speed provides for
10-times oversampling of a 1.5MHz data signal. The wide input converter bandwidth provides for IFs in
excess of 10.7MHz.

The MAX1005 requires very little power (13mA in Rx and 5.5mA in Tx mode) while providing a high level
of signal integrity. Supply voltage operation is guaranteed down to +2.7V and multiple shutdown modes

vouT are provided, including a 1pA (max) full shutdown mode. Wakeup time from partial shutdown is just 2.5¢s,
\providing for power savings even during short periods of idle time.

=Maxim announces the world’s first
dedicated chipset solution to comply with the
LmTERFACE PWT1900 (TAG-6) U.S. PCS air interface standard. Based on
SERIA proven DECT (Digital European Cordless Telephone) technology, the
PWT1900 standard is ideal for toll-quality wireless PBX, PCS, and wireless local
loop (WLL) applications. Maxim's PWT1900 chipset provides an easy-to-
implement adaptation of existing DECT platforms using GFSK (Gaussian
Frequency Shift Keying) to the n/4 DQPSK modulation specified in the PWT1900
standard for operation in the U.S.

FREE Wireless Design Guide —Sent Within 24 Hours! . o une oae caracoc

Includes: Data Sheets and Cards for Free Samples oW CO-RoM

CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample
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MasterCard® and Visa® are accepted for evaluation kits and small-quantity orders.

Distributed by Allied, Arrow, Bell, CAM RPC, Digi-Key, Elmo, Hamilton Halimark, Nu Horizons, and Zeus. Distributed in Canada by Arrow.
Austria, Maxim GmbH (Deutschland); Belgium, Master Chips; Czech Republic, Spezial-Electronic KG; Denmark, Arrow-Exatec A/S; Finland, Yleiselektronikka Oy; France,
Maxim France, Distributors: Maxim Distribution, ASAP; Germany, Maxim GmbH, Distributors: Maxim Distribution, Spezial Electronic GmbH; Ireland, FMG Electronics: italy, Maxim
ltaly. Distributor: Esco ltaliana Electronics Supply; Netherlands, Koning En Hartman; Norway, Berendsen Electronics; Poland, Uniprod, Ltd.; Portugal, ADM Electronics, SA,
Russia, Spezial-Electronic KG; Spain, Maxim Distribucion, ADM Electronics S A., Sweden, Egevo AB: Switzerland, Maxim Switzerland, Laser & Electronics AG; Turkey, Interex
(U.S.A); UK., Maxim Integrated Products (U.K.), Ltd., Distributors: Maxim Distribution (U.K.), Ltd., 2001 Electronic Components, Eurodis HB Electronics; Ukraine, Spezial-
Electronic KG AAXIM s a registered trademark of Maxim Integrated Products. © 1997 Maxim Integrated Products

Circle No. 87 - For U.S. Response
Circle No. 88 - For International



o o o o 0 5 5 £ 5 £ 0 T £ 0 0 £ £ 5 £ £ 0 o o £ 3 3 3 s o ) £ 0 3 3 3 £ (3 0 o o 5 s e 5 £ 5 3 0 £ £ 3 5 3 s e £ o o 3 3 £ ) 3 3 ) o 3 0 £ 3 03 3 03 3 ) o £ £ £ £ 3 3 £ £ £ 0 £ 5 P 5 s £ £ £ €3 63 60 63 3 3 3 ) £ £ £ £ 63 3 3 0 63 3 o o € 6 65 £ 63 3 5 e e P 3 I ) O o e e

1997 HIGHLIGHTS OF

A Three-1C Chipset For Two-Way Paging

A highly integrated chipset for two-way paging systems based on a new double direct down-conversion scheme for the ReFLEX series of two-
way paging protocols has been developed. A block diagram of the system is shown in the Figure. The three ICs are the WR6010 bipolar RF trans-
ceiver IC, the WM6040 mixed signal demodulation IC, and the WB6050 digital signal processing IC. The additional ICs which are required to
complete the system are a synthesizer, power amplifier, and microcontroller. All system frequencies are derived from a single oscillator located on

the WM6040. This oscillator is electroni-

cally tuned at manufacturing from a crystal 940 MHz 0-20 KHz 600 KHz Serial digital data

with a room temperature tolerance of 15 s 08

ppm and temperature tolerance of 7.5 ppm. /\

An automatic frequency control algorithm pin 1  Data Sone Pon_

which derives an accurate frequency from ST %é oy R ToNEmoy

the received signal, tunes the oscillator to L0 Reoet DACout | -Sdackecabie

within 0.5 ppm during operation. The only E —foacon [

external filters in the architecture are the { % l 1 WEG050 femm controller |~ To User
front end blocking filter, and an LO reject a promod | i iniSHacs
filter which requires only a single LC res- 901 MHz | WR6010 |stTHEsuzen |- ‘ e

onator. All of the channel select filtering is [

accomplished in the WM6040. Adjustable Power S

gain control is accomplished within the L SYSTEM CLOCK 48 Wi: i

WM6040 and via a pin diode attenuator on Fove! Do T .

the front end. The attenuator boosts the dy-

namic range by 15-30 dB depending on the attenuator configuration (shunt diode only or series shunt). An electronic switch adjusts the channel
select filter bandwidths and selects the single channel ReFLEX25 or multiple subchannel ReFLEXSO format.

Transmit modulation is accomplished through DACs located on the WM6040. The deviation values are extracted at the time cf manufacturing.
DAC outputs are provided to drive both the RF VCO and the reference oscillator. By using a combination of modulation on both VCOS, there is
no high or low frequency cutoff for the modulation rate.

Since the power consumption is dominated by power down current and receive mode current, the emphasis on low power design is in these two
modes. Very little time is spent in transmit operation and during this time, the power consumption is dominated by the power amplifier. Therefore,
power optimization on the transmit path is of much less importance.

From “A Three IC Chipset for 2-Way Paging,” K.R. Cioffi, S. Sanielevici, B. Ghosh, A. Shah, P. Stephenson, B. Ahrari, C Kao, M. Rudner,
Wireless Access Inc. 1997 Wireless Symposium.

Radios For Wireless LANs

The radio block diagram (see the figure) shows a design for a DSSS radio in the 2.4-GHz band. The block diagram shows I and Q modulation
and demodulation, into the digital signal processor. In the Transmit path the signal is via a mixer transformed an intermediate frequency (352
MHz), after filtering the signal is transformed to the 2.4-GHz band. A linear power amplifier generates the required output power to the transmit
antenna. In the Receive path the signal is coming in via one of the antenna’s (antenna diversity) and fed into the Low Noise Amplifier (LNA). The
LNA is one of the most important pieces of the radio design since the sensitivity of this block can be directly translated into range. Further down

the receive path the signal will be fed into | - T
the automatic gain control block to adjust
the receive level on the inputs of the DSP.

The DSP chip is a very critical compo- | UP MiXeR .
nent in the Radio design: it carries the
spreading and the modulation functional-
ity. For LAN vendors to prepare for higher
speeds, beyond IEEE 802.11, significant

24-25GHz

A\

.
vty
switen [

Nl

205-2.15GHz

0 . . o N

investments are requnreq in DSP develop- veo | s TIeN—

ment. The only alternative for LAN ven- l o

dors is to use off-the-shelf available chips — i

which has its limitations with respect to - o L TN—
igrati i i ==

migration to higher speeds. | =
A look to the future suggests that DSSS rof osc endload ':“:c’ furn

will be the best technical choice for wire- AN TEAA OV TY GOTROL T D -

less LANs operating at two to five times

current 2 Mbits/s speed as available today. S

Our research indicates that DSSS has the potential to make a jump to 10-Mbps data rates. In such a case, three collocated access points could
afford an aggregate throughput of 30 Mbits/s. Lucent Technologies has extensive experience in modulation algorithms and radio designs that will
enable a move to 10 Mbits/s.

From “Wireless Lans,” Vincent Vermeer, Lucent Technologies. 1997 Wireless Symposium.
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WIRELESS
o]
RN

An Intelligent Battery App ication Using The Single-Wire bus

This paper describes a low-cost fully functional intelligent battery management system, Wthh can be easnly targeled for various battery
chemistries. To minimize cost, the intelligent battery [ -
uses the Single-Wire bus to communicate with the host
(e.g. laptop, cellular phone).

The intelligent battery must communicate with the
host through a well-defined protocol. The two primary
communication protocols currently in use are SMBus
and Single-Wire bus. SMBus has been adopted for use
by the Smart Battery System (SBS) data specification,
and is endorsed by several battery and semiconductor
manufacturers; Single-Wire bus has been adopted by
Sony and has developed a large installed base. Single-
Wire bus has a smaller command set and has a less com-
plex physical layer than SMBus. This leads to a lower | . - —
cost in terms of silicon implementation. Also Single-Wire bus requires fewer battery terminals than SMBus leadlng toa further reduction in cost.

A simplified block diagram of an intelligent battery application with Single- Wire bus is shown in the figure. This particular application is a
Nickel-based (NiCd/NiMH) battery solution. With some modification, this application can support a Li-ion battery pack and/or SMBus.

Three terminals are provided on the battery pack to interface with the host. These terminals are BAT+, BAT-, and DATA. A p-channel charge
FET (NDS9430) is used for in-pack charge control, while a low drop out voltage regulator (1.M2936) is provided to regulate the battery voltage to
5V.

A mixed-signal device (LMC6980) constantly monitors the battery current, temperature, and voltage using the I, T, and V inputs. I reads the
voltage across a sense resistor to determine the battery current with a resolution of ma. T reads the voltage (10 mV/degree C) from the tempera-
ture sensor (LM50) with a resolution of 0.1 degrees C. V reads the battery pack voltage with a resolution of 500 uV(number of cells in series).
The LMC6980 also provides EEPROM to hold chemistry dependent tables, to maintain critical data during battery shutdown conditions, and to
store history and manufacturer data. A microcontroller (LMC6984) provides charge control, fuel gauge compensation, and host communications.
It communicates with the LMC6980 to obtain current, temperature, and voltage readings, and to read or update the EEPROM data.

From “An Intelligent Multi-Chemistry Battery Application Using Low Cost Single-Wire Bus,” Brian Burford and Zafar Ullah, National Semiconductor
Corp. 1997 Portable By Design Conference.

Designing With Concurrent Verification

Concurrent engmeenng is the preferred solution for the disconnect between product design and testing. It calls for multi-disciplinary teams to
jointly develop a product from design to delivery. However. making this concept work requires more than a Dilbertian dictate to engineers to
henceforth engage in “concurrent engineering.”

Concurrent verification is a process of validating an embedded device from a product perspective throughout the development cycle -from de-
sign to development, and then to integration and final delivery. The goal of concurrent verification is to begin testing the product at the earliest
stages of its development.

Concurrent verification consists of three stages: design verification, development verification and final validation. During the initial stages of
the development cycle, the design must be verified to ensure that it meets the key requirements for the portable device. This means simulating the
requirements model to ensure correctness. The environment around the portable device (the 1/0 etc.) must be accurately modeled during this
process.

Development verification ensures that as the components of the portable device are being developed they are verified from an end-product per-
spective. The best way to accomplish this verification is to prototype the device. Components that have not yet been developed must be simulated
to enable this prototyping to occur and the verifi- [~ B ]
cation must be real-time and 1/0-based. A key ad-
vantage of prototyping is to enable developers to
make intelligent tradeoffs for the device. For ex-
ample, developers may try out different versions
of a processor or a memory device to make intel-

NDS M

- O X

ligent tradeoffs between performance, cost and o el il .
functionality. The last stage of concurrent verifi- - H
cation is product validation. After the portable rre— — ! —
device is “ready” it must be comprehensively val- Design Partitton integraion [ Teat
idated. This validation must be comprehensive -
and real-time and must be done from a real-world o::,. .:: -—'EI _,_.-"
perspective. |

From “Designing Portable Devices with Concurrent Design Development . Device
Verification,” by Moses Joseph, B-Tree Systems. Verification i Verification | Vvalidation

1997 Portable By Design Conference. _
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ELlummatlonTM for

ELluminate your next portable
application with the SP4400
series of ELlamp driver IC's
from Sipex. With the largest
selection of EL driver chips in
the industry, Sipex has the right
solution for a variety of
applications. From TIMEX®
watches with INDIGLO® night-
lights to the U.S. Robotics Pilot™
PDA, Sipex driver chips offer the
smallest, lowest power back-
lighting technology available.

For more information, contact
Sipex Corporation for data
sheets, samples, or pricing.

ELlumination 1s a trademark of Sipex Corporati

TIMEX is a registered trademark of Timex Corporalion
INDIGLO is a registered trademark of Indiglo Corporat'on
U.S. Robotics and U.S. Robotics logo are registered
trademarks and Pilot is a trademark of US Robotics

and its subsidiaries Other preducts are the trademarks
or registered trademarks of their respective owners

Supply
Voltage

2.2V10
3.6V

2.2Vto
3.6V

2.2V 10
6v

SP4412A

SP4415

SP4422A

SP4423 22Vto

6V

1V to
6V

1Vto
6V

1Vto
3V

SP4424

SP4425

$P4430

Supply

Current Internal
(typical) Osc
5mA

5mAl

8mAl

5mAl
BmA2
37mA2

75mA3

1.Vdd=3.0v 2.Vdd=15V 3 Vdd=10V

Features
Ultra low power

4 selectable light
levels

Requires minimal
board space

Low Power

Dual oscillator for coil
and lamp control

Max light output @
low voltages

DC/DC converter

w

Available in
both 8-pin NSOIC
and new USOIC

Applications
Watches Small LCD Displays

Watches, Games, Apparel,
Small LCD Displays

Remote Control Units,
Portable Instruments,
POS Terminals, LCD Displays

PDA’s, Calculators,
LCD Displays

Pagers, Digital Watches,
LCD Displays

Pagers, Cell Phones,
LCD Displays

Cell Phones, PDA's, Pagers

ACTUAL SIZE

| l
L]

UsoIC NSOIC

22 Linnell Circle, Billerica, MA 01821 Tel. 978-667-8700 Fax 978-670-9001 web site: www.sipex.com
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1997 HIGHLIGHTS OF

HOERl methus
by
[ExMIRiTiON]

Inside The IrDA 1.1 Subsystem

In October 1995, through a combined proposal from HP and IBM, the [rDA
(Infrared Data Association) approved the IrDA .1 extension of the physical layer 3 COMPONENTS FOR IRDA1.1
standard. This introduced two new speed capabilities of 1 and 4 Mbit/s. Another
important extension approved at that October meeting was [r/Comm, a new layer
in the communication stack for emulating serial or parallel port cable protocols.
As Microsoft and other operating system providers implement this new layer, the
millions of copies of installed applications that use serial or parallel ports for

¥OAL1 SUBSYTEM l

SOFTWARE
STACK  COMTROLLER  TRANSCENVER

making connections will be immediately infrared-enabled. _ owncerd semomm | A7 | | 5 ))
An IrDA1.1 subsystem supports infrared data transmission speeds ranging | ‘*""*"™ e h-iw T T

from 9600 kbits/s to 4 Mbits/s. An IrDAL.1 infrared subsystem is composed of | . oo e - :_'

three elements: an IrDA .1 software protocol stack, a fast infrared controller, and | (56% 4Mws) < US —lane— |+ |neceVE ((

infrared transceiver. The interfaces between these elements are not defined by the = Owvios dereficaton I f

IrDA standards. In practice the technology providers work closely with each other /

to assure interoperability between components. However, due to some unex- note: camponent interfaces not defined by irDAT. 1

pected incompatibilities, there have been some combinations that produce less
than IrDA-compliant performance. As providers revise their parts these incompatibilities are being removed resulting in a very attractive mix-and-
match situation for product developers.

IrDAL.1 stacks are available from Microsoft, IBM, PUMA Technologies, Counterpoint, Okaya and Phoenix to name a few. Each of these stacks
are enabled to support a variety of infrared controllers. These IrDA1.1 controllers are available as discrete devices from IBM for example, or em-
bedded in super 1/0's or Ultra I/O’s from companies such as Standard Microsystems, National Semiconductor, or VLSI to name a few. Most con-
troller providers support the IrDA1.1 transceiver solutions from the likes of IBM, HP, Temic, Sharp, Siemens, Novalog and also IrDA 1.0 solutions
from providers such as Rohm, Stanley and Unitrode.

From “IrDA Transceivers and Drivers for the Future Cordless Office,” Brian R. Ingham, IBM Canada Ltd. 1997 Portable By Design Conference.

Multiple SMBuses and Hosts

Systems in the future will probably have multiple SMBuses, multiple SMBus hosts and private SMBus segments. The figure shows a block di-
agram of such a system. This system shows three different collections of SMBus components. The upper is of particular interest as an example of
an embedded controller whose interface is reported to the operating system via ACPI (Advanced Configuration and Power Interface).

The key features are that the ACPI reports the location of the embedded controller register set; and the ACPI defines a set of commands to com-
municate with devices on the SMBus. This set of commands allows a standard device driver for the embedded controlier to be included with the
operating system. Since ACPI also supports the Smart Battery systems specifications, a standard battery device driver can be included with the op-
erating system as well.

This example embedded controller also replaces the functionality of two Smart [ m—c ]
Battery system components, the charger and the selector. At the interface, it looks interfece '
like all the components are on the SMBus, but the actual implementation is quite Semart Bottery 81 A—}\_—L&:m—
different, taking advantage of an embedded controller to replace functional blocks N—V|  controlter C——J\\/ S
reducing component count and real estate. The example embedded controller em- | s::‘,m
ulates two SMBus segments to individually communicate with two Smart Batter- Battery Charger)
ies. It either operates in a master/slave mode or master only where it must poll the — P ——
batteries for alarm conditions. When an alarm is detected or there is a status
change in the Smart Battery system, the embedded controller issues an SCI (ACPI ‘ SuBus Howt ' Comroltr
style event notification) which causes the operating system to identify issuer and

In this example, the embedded controller may serve another purpose as well.

; ‘
service the interrupt.
K‘; @ ‘> |

There are some devices that should not be fully exposed. For example, a rogue N 8 iI | F e
piece of code could continually force the Smart Charger on the SMBus to charge

the battery, potentially causing a battery failure or could command the SMBus SMBus Device 01| | SMBus Devices2| |

power plane controller to turn off the main power plane. These SMBus devices can ( i

be "hidden" behind the embedded controller interface, available to the system, but —————
totally inaccessible at the SMBus interface. The embedded controller can reject or
ignore requests in order to maintain system safety and integrity. It should be noted that the embedded controller may perform many other system
activities as well.

The lower left of the figure represents a chipset with a SMBus UART. In this case the SMBus host is a simple UART and is limited to commu-
nicating with devices on the SMBus. The lower right of the figure represents a pair of devices that use an SMBus segment to pass proprietary con-
trol, command and data between the devices. SMBus is attractive in this application because the implementation can be as simple as a pair of shift
registers and a clock. Most if not all implementations of this type are expected to have a master only in one device and a slave only in the other.
The system has no direct access to the SMBus.

From “SMBus Architecture and Implementation Review,” Robert A. Dunstan, Intel Corp. 1997 Portable By Design Conference.
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A/D L‘anvgt Solutions

microPOWER

AND THE PRECISION YOU EXPECT

1
3 128|t A/D Converters
m 0.01
0001 |

0.1 1 10 100
Sample Rate (kHz)

ADS7822—12-Bit, 60pW at 7.5kHz Sample Rate Key Specifications

When smaller is better and performance is essential, ADS7822 is  MiCro POWET..........coocevereuiierimirrcrmeriininercea 0.54mW at 75kHz
your solution for a high speed 12-bit, micro power sampling A/D 0.06mW at 7.5kHz
converter. With guaranteed specifications over a 2.7V to 3.6V supply

range, ADS7822 requires very little power even when operating at the Supply Voltage ..................................................................... 2.7V
full 75kHz rate. Its high speed allows the device to remain in POWEr  Power DOWN ............ooooocccoereoseecceres s eseeereeseseecresesssee 3uA

down mode most of the time—dissipation is less than 60pW at
7.5kHz—great for battery operated systems. ADS7822 also features  Packages: 8-Pin DIP, SOIC, MSOP
2V to 5V operation, synchronous serial interface, and differential  pricing is $4.64 in 1000s
input. ADS7822's low cost also makes it ideal for simultaneous

multi-channel systems and remote data acquisition modules.

Resolution INL NMC* Sample Rate  Power SINAD THD Reader
Products (Bits) (LSB) (Bits) (kHz) (mW) (dB) (dB) FAXLINE#  Service #
ADS7816 12 +1 12 200 1.9 72 -84 11355 108
ADS7817 12 +1 12 200 23 n -83 11369 109
ADS7822 12 +0.75 12 75 0.54 n -82 11358 110
ADS1286 12 +1 12 20 1 72 -85 11335 111
*No Missing Codes. For Technical Information: http.//www.burr-brown.comyAds/ADS7822-Ad.html BURR - BROWN?

Burr-Brown Corporation

Burr-Brown Corporation ¢ P.0. Box 11400  Tucson, AZ « 85734-1400 » Call (800) 548-6132 or use FAXL/NE (800) 548-6133 < hitp://www.burr-brown.com/
Distributors: Anthem: (800) 826-8436 « Digi-Key Corp: (800) 338-4105 « Insight Electronics: (800) 677-7716 + J.1.T. Supply: (300) 246-9000 » Sager Electronics: (300) 724-3780 » SEMAD (Canada): (800) 567-3623
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Hockbls Mg
by [y mrolTUM]
LA niniTION]

A PCMCIA GPS Receiver

In this PCMCIA GPS receiver there are

two major building blocks—the GPS chip-set omser
and the microcomputer. The SiRFstar chip-set . o=
includes the GPS RF chip (GRF1) and GPS L= 1 I P ANTENA

Signal Processor chip (GSPI). One imple-
mentation for a PCMCIA microcomputer is
based on the 6§PM302 microprocessor,

which has a built-in PCMCIA interface, a | : L‘ I
flash memory for program space and specific v N [”—I

LNA

data storage, and a static RAM for stack and | o= Feah Marmccy | 24.553MHz
variables (see the figure). With the SiRFstar o ™ ]
chip-set a simple impedance matching net- Ry f

work may be required to match between the L [ i—

I ]

antenna cable and the RF chip. Anyway it is Lo smmcnm
not desirable to have the LNA and BPFon the | rcucu L] .
card since these components are too tall to fit | =

on the card, and their proximity to the antenna
is beneficial for noise reduction.

An external IF filter is required for the proper operation of the RF chip. The GPS signal processor (GSP1) filters the signal in the digital domain,
so only a two-pole LC filter is required for optimal operation. The bandwidth requirements are between 2 and 8 MHz, and only 10 inexpensive
passive components are needed. An external crystal and two capacitors are required for the operation of the reference oscillator. This oscillator is
designed to work with low-cost crystals with a price below one dollar. In addition to that the height of TCXOs does not fit into PCMCIA package.
The 68PM302 CPU gives sufficient throughput to handle the GPS functions. Since this CPU also has PCMCIA interface built-in, considerable
cost and space is saved. The flash memory is used as program space, and convenient for downloading updates through the PCMCIA interface. The
on-chip decode logic of the GSP! permits a ‘glueless’ interface to standard 8- or 16-bit wide memories as well as to the CPU.

From “PCMCIA GPS Implementation,” Oded Yaossifor, SiRF Technology, Inc. 1997 Portable By Design Conference.

A Highly Integrated DECT Radio Transceiver

A complete radio transceiver for the Digital Enhanced Cordless Telecommunications (DECT) standard demonstrates a high level of integration
along with reduced component count and board size. The transceiver chip consolidates receiver, transmitter and phase locked loop (PLL) subsys-
tems. The chip also includes two regulated voltage outputs and three programmable CMOS outputs. Power control and register information is in-
put via a three wire Microwire programming interface.

The PLL NCO runs at one half of the DECT frequency (880-950 MHz) and uses an on-board frequency doubler to synthesize the correct DECT
frequencies. The use of a frequency doubler alleviates the effects of EMI radiation on the VCO from the power amp. The frequency doubler also
decreases the effects of load pulling on the VCO by increasing the isolation between the power amplifier and the VCO.

The receiver subsystem consists of a down-converting mixer, an IF amplifier, limiting amplifier and quadrature demodulator. The modulated
RF signal is first passed through a roofing filter to attenuate signals outside of 1880-1900 MHz, the DECT frequency spectrum. An inexpensive
discrete LNA is then used to provide the first gain stage of [

Tank

about 14 dB with a noise figure of about 2 dB. Another ce- % 1:%& [_Tr]
ramic filter is used to attenuate the image of the signal. The Dcrste image. - 3

RF signal then comes on chip and is down converted to
110.562 MHz and passed through an off chip SAW filter to
suppress the adjacent channel signals. Cascaded RF gain
before the SAW filter is approximately 28 dB with a cas-
caded NF less than 6 dB. The signal comes back on chip

x|
ity

through the IF amplifier (~25 dB gain) and then off chip * )
through a discrete filter to remove wideband noise (~8-10 Py——" I:x<§<rL 1 >
dB insertion loss). The signal is passed through a 60 dB Amplifier > 110mPUL [ Control |l t—~—
gain limiting amplifier and then converted to baseband us- T

ing a quadrature demodulator. The total gain in the IF sec- i r [ i e
tion is approximately 80 dB. An off chip LC tank circuit is Fier oo

required to generate the 90-degree phase-shifted signal.
The output of the quadrature demodulator goes off chip for low pass filtering, then back on chip for dc recovery using a sample and hold circuit.
The transmitter subsystem consists of a 1.1-GHz phase-locked loop, a frequency doubler and a transmit output buffer. Transmission is accom-
plished by direct, open-loop modulation of the {-GHz VCO. In the time slot prior to transmission, the PLL is phase locked to one half the DECT
transmit frequency and then powered down to open the loop during the desired transmit slot.
From “A Highly Integrated DECT Radio Transceiver,” Kendal McNaught-Davis Hess, William 0. Keese, and Eric Lindgren, National Semiconductor,
1997 Wireless Symposium.
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THE WORLD’S LARGEST SELECTION
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Choose from over 480 standard off-the-shelf models from 2-way to 48-way;

0°, 90° and 180°; 50 and 75 ohms; covering 2kHz to 10GHz. Mini-Circuits will also
supply your special needs such as wider bandwidths, higher isolation, lower insertion

loss, and phase matched ports...all at catalog prices with rapid tumaround time

Models include surface mount, plug-in, flat-pack and standard connectorized designs
such as SMA, N, TNC, C, and F connectors as well as custom designs. Ultra-miniature
surface mount units provide excellent solutions in cellular commmunications, cable systems
and countless wireless applications. All units come with a 1year guarantee and "skinny”

4.5 sigma repeatability unit-to-unii and production run to production run.

Catalog models are guaranteed to ship within one week,

Mini-Circuits...we’re redefining what VALUE is all about!

m Mini'CirCUitS 06 . 107

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits. com
For detailed specs on all Mini-Circuits products refer to * 760 -pg. HANDBOOK ¢ INTERNET » THOMAS REGISTER » MICROWAVE PRODUCT DATA DIRECTORY « EEM

ISO 900%, CERTIFIED . . F 202 Rev Orig
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LW e WIRELESS

FLEX: A Synchronous Wireless Messaging Protocol

This paper describes the implementa-
tion of incremental hardware and soft- < 128 Frame Cycle = 4 Minutes 0 Seconds
ware required to give a handheld PC de-
vice wireless connectivity. The FLEX
protocol is a synchronous radio messag- | > Frame 127] Frameo | Frame1 | Frame2 | Frame3 Frame 4 | Frame 6 | o> |Frame126 [Frame127 [

ing protocol where all subscriber devices

must maintain synchronization to be able
to receive a message. There are 128

frames in each 4-minute interval. syn-
" . F 1.875 Sec
chronized to the hour. A frame is 1.875 ok )

sgconds in durgugn, and each begins Blocu L ok 7 . . Hock a0

with a synchronization word pattern, fol-

lowing by a “frame info word”, followed

again by another synch packet (see the

figure). Each address is assigned a home

frame, and any message for that address Sync=115ms |nte=rle;v;t; 28:3::.@ =1;§g r:; T
must be sent during that frame or more . = 16 X 32 bits @ 3200 bps 2 or 4 - Level FM
often depending upon the device and the F Sync 1 Info SY"CLJ = 32 X 32 bits @ 6400 bps 4 - Level FM
system. Within each frame, address, vec- L |

tor, and data packets are sent in blocks 0
through 10, but are not bound to remain within any particular block. The block boundaries refer to the groups of bits that are interleaved. All ad-
dresses are transmitted at the beginning of each frame, followed by a corresponding group of vectors. followed by the corresponding data. Devices
that do not have an address match will be able to power down early in the frame allowing for maximum battery life. When data rates are either
3200 or 6400 bps, two or four simultaneous streams of data. or phases. will be transmitted in the four level FM signal. allowing for maximum
throughput while easily mixing numeric. alphanumeric, and e-mail messages. Each phase of information. as in the single frame case. will be pack-
ets of addresses, vectors, and data whose sizes are independent of one another and independent of the block boundaries.
From “Implementing A Wireless Data-Enabled Handheld PC Optimized For Size, Battery Life, And Functionality,” Gary Oliverio, Motorola. 1997 Portable By

Design Conference.

Reducing Power Levels In Microcontrollers

To develop low-power microcontrollers designers are applying advanced processes with finer geometries. As finer processes are used. the in-
ternal capacitance becomes smaller, and the power required to charge and discharge the internal interconnect wires and gates becomes lower. In
addition to the reductions in current due to the smaller capacitance, as the voltages fall there is a reduction in the power that must be dissipated by
the device that is due to squared cffect of Voltage in the P o

= fCV2 equation.The figure describes a low-voltage. | [,ow Voltage/Low Power Road Map
low-power process roadmap for a 16-bit microcon-
= 0.4um A g o — 0.2um

troller.

The dark block represents the current TLCS-900/ H g
family based on a 0.6-pm process. The low-voliage de- 20MHE

, ] so— g
vices are currently produced with the 0.6-pum process by -
limiting its speed of operation. Current microcontrollers [ /16MH: D srrvmr o
can operate down 10 2.7 V when the operating frequency | 40 g
is limited to 10 MHz with an operating current of [0 mA. 10MHz - .
Faster operation. 20 MHz , is possible with a 5-V power 30— [ . 2.7V
©.| 2.5mA 3 1mA

supply. i -

The next generation 0.4-pm processes will allow 1.8- 20 - 3.0V
V operation at 10 MHz with a 1.8-mA current consump- ' 10mA
tion. A 2.7-V operating voltage will be possible at 16 :
MHz with a 2.5-mA current consumption target. This al- i - W A ‘1’:: i
lows greater operating speed at 2.7 V with a 75 percent T ; e - ; i
reduction in current and power over the current product. 95 ‘96 97 ‘98 ‘99 2008%%"

Future generations are targeting lower operating volt-
ages and lower current consumption. At 0.25 pm, a 0.9-V operanng volmge will be possible at 10 MHz. This will allow portable equipment to be
designed for single battery operation. The operating speed at 2.7 V will be increased from 16 to 20 MHz while reducing the current and power re-
quired by another 60 percent. The transition from 0.25 um to 0.2 pum will be primarily targeted at increasing the speed of operation and reducing
the current consumption rather than lowering the operating voltage of the device.

From “Lowering Power Levels To Meet Evolving Design Requirements In Low Power Systems,” Donald J. Schneider, Toshiba America Electronic
Components, Inc., Takeji Tokumaru, Toshiba Corp. 1997 Portable By Design Conference.
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A Minimal Overhead Universal Charging System

This paper discusses the SBS Charger and Selector specifications and their practical implications in a low-cost portable equipment subsys-
tem and concludes with suggestions for the next step toward a universal battery charger for other mobile equipment.
The Intel/Duracell SBS technology is a solution to the multi-chemistry battery charging problem. It does not necessarily lend itself to the

cheapest implementation. The entire solution cost must be consid- [ T
ered prior to adopting any particular methodology. Rsws: |_:1 D1
Other technologies in use today meet the requirements for an | OCIN>—¢ B
universal intelligent battery charging solution. A case in point is | L;“ .
the Benchmarq bq2050H Power Gauge IC that communicates a e ’
pre-defined data-set over a Sk-baud serial line to the System Host. e L Tpe oL
Unlike the SMBus, the HDQ serial interface only supports a point- § +———|ST1  BAT
lo-point messaging protocol, simplifying the interface on both E| - ST2RMOD —_'i
sides: the battery and the host. This type of system does not require 14 S =o)L s
a BUS selector as defined by the SBS specification. In this type of Vec [_': : s\r::
system, the battery charging requirements are determined by the | p——fswe o[ | $ Rensz
host and communicated to the universal charger by way of two to | RT! ‘ /J;/;[; I
three multi-level /O pins. I o 7
The figure shows a block diagram of a universal charger design. l
In this implementation, the charger detects when the battery is =

fully charged. The charger uses the Smart Battery thermistor pin in two ways. First, it uses the thermistor to determine the battery chemistry
type. Then it uses the same divider network to determine the AT/At termination threshold for nickel-based chemistries. The host has an option
to override the charger based on information derived from the battery pack. This approach allows multi-chemistry charging without requiring
the battery to communicate directly with the charger.

From “The Smart Battery Charger And Selector: A Cost-Effective Approach,” by Jehangir Parvereshi and Bill Bentley, Benchmarq Microelectronics, Inc.
1997 Portable By Design Conference.

Power Management With A X86-Based Microcontroller

The recently announced AMD ElanSC400 microcontroller allows system designers the flexi- e
bility to create a variety of mobile systems. It enables small form-factors because it is a highly in- P s Ry —
tegrated single-chip device, and provides high performance in both 33-MHz and 66-MHz clock High N\ o ooy No Vos powsr
speeds. It also provides long battery life with its sophisticated power management unit. The key to :'m on
extending battery life is to get to the lowest power mode as quickly as possible. The Figures show 'T“ e | owec f
six power modes, as well as two special power modes, available for a mobile system. \_Speey o atest 00 |
Hyper Speed Mode: The Am486 CPU core integrated into the ElanSC400 microcontroller al- Lo 0 Ao A7Con
lows 66-MHz operation. This is implemented using a clock doubling technique which is the same Suancey ) el
technique used in PC desktop systems. A special analog Phase Lock Loop (PLL) is engaged which _

allows the CPU to operate at 66 MHz while the rest of the ElanSC400 microcontroller system logic operates at 33 MHz.

High Speed mode: In High Speed mode, the ElanSC400 microcontroller allows the CPU to run up to 33MHz. There is no need for the special
CPU PLL for Hyper speed. Unlike the Intel 486GX, the ElanSC400 microcontroller CPU core is fully static, which means that the CPU can tog-
gle between high-speed and any lower power mode on any CPU clock edge.

Low Speed mode: Low Speed mode is limited to 8 MHz. The goal of Low Speed mode is to allow the system to operate when the primary bat-
tery is low but not yet dead. The end user will see degraded performance, but the benefit is extended useable life.

Standby: This is basically an idle mode; the goal of system designers is to get to Standby as fast as possible.

Suspend: The mobile system appears to be “off” to the end user. In Suspend mode, the ElanSC400 microcontroller gracefully powers off the
LCD panel and other external devices. The DRAM is placed in a self refresh state. Then, the CPU and system logic are put in a no-clock state and
the integrated clock synthesizing Phase Lock Loops are turned off. Only the RTC and the PMU are active. The PMU is clocked from the same 32-
kHz crystal oscillator source as the integrated RTC. In Suspend, the ElanSC400 microcontroller only requires 50 p.A of current. Many months of
shelf life are enabled by this low power control.

e e e e e e e e e A e e e f — E et e e e e e e e e ememem e mmEmE T e e emmm R eemEmE e M e EEE e e e m e — e mEEmEm e m e e e e m e e e e e s e m e e e -~ ——— = -

Off: In the Off mode, only the RTC portion of the ElanSC400 microcontroller has power. All —
other Vcc rails are powered down. )

Critical Suspend: When BL2#, is asserted the ElanSC400 microcontroller immediately goes to p= S~ N
Critical Suspend within 55 ps. The goal of Critical Suspend is to get to the lowest power state ex- | | — :;"/" Suspend
tremely quickly in order to preserve the contents of the DRAM based data-store. \‘ Li::?rx St

Temporary Low Speed: Temporary Low Speed mode is a special mode allowing the BIOS/HAL e NS <
10 process activities without leaving the current mode. The E1anSC400 microcontroller will move /\ / ? |
the system to Temporary Low Speed mode and interrupt the BIOS to inform it of the low battery 3 P .
warning. s “

From “Mobile Applications And Power Management Implementations With An X86 Based Microcontroller,” M~ Ny~
David Tuhy, Advanced Micro Devices. 1997 Portable By Design Conference. ~ _
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SuperBGA

IC Packaging So Fast It Will Capture Your Imagination.

What could you do with an
IC package that delivers an
unprecedented combination
of electrical speed, thermal
dissipation and I/O 2
capacity? With Amkor’s
new patented SuperBGA,
the possibilities are as
unlimited as your imagination.
Advanced materials and
multilayer capabilities enable
SuperBGA to handle signal
speeds beyond 1.5 GHz.
Direct attachment of the die
to a built-in heat spreader
substantially improves thermal
management and provides
EMI/RFI shielding. Moisture
sensitivity exceeds JEDEC
level 3 requirements. All in

ultra-thin packages that are Signal Mounted  Thermat
no higher than 1.2mm or 1.4mm Inductance Height Resistance
when mounted. =
With ball counts from 4 45 4 50!
168 through 600 and body | {73
sizes from 23x23mm 167 fi:494 40 ==
*_ through 45x45mm, I B IR S MEs =
el SuperBCg-.A is capable of k. ' i 35; ’_—1 R ==
~ housing the most advanced 12—§ 30¢ 1 30 !
ASICs, microprocessors, gate .. 8. Vot '
arrays and DSPs. That means | ,
smalter, higher performance 8y 20 20
camcorders, cell phones, PDAs, || & =
laptops and other products , .
will be a lot easier to design. 4t 1.0 10+
For more information, Call = [ |
the Amkor service center f e | 3
nearest you or {602) 821-2408 ob——r-o oI 0

ext. 2000. Visit our web site:
www.amkor.com

Pkg. Body Size: ~ 27x2Imm
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Off-Line Li-Ion Battery Charger

Combining the
charger with the

10F  1ne
N 4 1000

ac/dc converter i i o Tor o
can be realized us- - s I —% aw ri mF
ing a flyback con- . + —0 Vour
verter architecture. i e 3 B T N L ; oxrrenr
-
The figure shows a " o . =
compl luti R g Res -l
plete solution B U A
105

for an ac to charger

g

system. The three ox N

main sections of N Yoo oureurt o IFBC f—y T

this circuit are the wof T .. e ane ane

primary side con- 1xq sewse va I’“‘r““

troller, the flyback v o o ] Ves Y = v,

transformer and wWlETER ] " e e
. RTICT GND ; ADP3810/ADP3811 Vern CONTROL

power FET, a.nd -;:’rom e our come o ONF  VOLTAGE

the secondary side 1o 12004 v —— dc, I I

controller. This de- A T ol

sign is capable of ~ 3t 48

charging a two- T ook ] =

cell Li-lon battery o
to 8.4 V at a pro-
grammable charge current from 0.1 Ato 1 A. The input range is from 70 V ac to 220 V ac for universal operation. The primary side PWM is the in-
dustry standard 3845; however, just about any PWM could be used. The actual output specifications of the charger are controlled by the
ADP3810/3811 IC. This component guarantees 1% final voltage accuracy to safely charge Lilon batteries.

From “A Cost Effective, Off-Line Lilon Battery Charger For Portable Applications,” Joe Buxton, Analog Devices, Inc. 1997 Portable By Design Conference.

A Complete “Antenna-To-Bits™ Radio Solution

A spread spectrum integrated circuit IEEE 802.11 chip set can be a key enabler to the growth of wireless data systems. A PCMCIA Type Il com-
patible chipset will provide untethered information systems designers a significant advantage in board space, design time to market, and develop-
ment costs. An effective chipset solution must offer flexibility for implementation of IEEE 802.11 standards as well as the ability to provide cost-
effective solutions in alternative application-specific wireless data systems. Harris Semiconductor's PRISM chipset for 2.4-GHz 802.11 compliant
radios, and other RF modems employing Direct Sequence Spread Spectrum (DSSS) RF technology, offers a highly integrated cost effective solu-
tion for wireless data system designers.

The PRISM chipset can achieve data rates up to 4 Mbits/s, yet also implements the 802.11 proposed 2-Mbit/s DS Physical Layer (DS-PHY)
standard with ease. The radio
architecture reflects a single

heterodyne IF down conver- HFA3T24 TUNE/RELECT HSP3824

sion from 2.4 GHz to an inter- t

mediate frequency (10 MHz- HFA3424 r@-l R Ao DPeK 3
400 MHz). IF is then converted = 1 o I e g
into In-phase (I) and Quadra- |"‘ HFA3624 ) xo) Ir—= 5
ture (Q) baseband components. RFAF o1y

The signal is then despread into I o = E-@

its original spectrum and de- @4 4 ™ g
modulated packetized bit

stream in the DSP Baseband RFPA DPSX
Processor function.The DSP HFA3925 L@J 8 Q — s
Baseband Processor provides

antenna diversity implementa- e o U A E——

tion decision logic, and each IC
in the chipset offers power
management control.

Because many systems will be used with notebook computers and/or handheld computers, size, power consumption, and cost are all key dri-
vers. A single conversion architecture was chosen with all three factors in mind. More than one conversion would require additional local oscilla-
tors, IF, and additional amplifier stages.

From “New Standards and Radio Chipset Solutions Enable Untethered Information Systems: Prism 2.4 GHz Antenna-to-Bits 802.11 DSSS Chipset Solution,”
Steve Jost and Chuck Palmer, Harris Semiconductor, 1997 Wireless Svmposium.

HFA3524 | DUAL SYNTHESZER
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— Just Released —

Roark’s Formulas for Stress & Strain on Windows®
See special offer below

You're 20, 50, 100 times more productive when you use Roark & Young on TK.

Easy 1o Learn, Easy to Use Roark & Young on TK gives you a
nice and compact report, plus the inputs and outputs are
neatly organized. You don't get lost in page after page of
Roark & 1ou"8 output as in an electronic handbook or a scratch pad.

Includes every table in the 6th edition

Shows plots of deflection, stress, bending moment, shear force,
and cross sections at the touch of a key - no setup required.
Handles superposition of loads

And now with TK for Windows,

*  Use multiple fonts, cut & paste, the clipboard, and
more Windows features.

*  View multiple windows/plots at one time.

*  Learn quickly with the on-line interactive tutorials
side-by-side with your TK.

"The ability of TK Solver to ‘backsolve’ - that is to let the user change an
unknown, such as deflection of a plate, to a known or specified value and then
let a diniension such as plate thickness become an unknown and solve again
the set of equatiorrs with no further effort on the part of the user — can only be
described as a designer’s dream.”
Professor Warren C. Young,
Author of Roark’s Formulas.
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Reqularly Special Penton Education Division
Roark & YoungonTK*  $1190 $699 1100 Superior Avenue

TK Solver $595 $199 Cleveland, OH 44114
* Price includes TK Solver for Windows (requires Windows 3 1 and 4 MB RAM) or TK Sotver 2.0 for DOS (Bw) 321 ‘7%3, (21 6) m’7w)

Call for quantity discounts and network pricing, 6%’4369
30-day Money Back Guarantee FAX (21 6)
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Low-Cost Phase Noise Measurement

Phase noise levels in receiver local oscillators limit the signal-to-noise ratio and adjacent channel rejection. For an FM system 50 dB of signal-
to-noise is desirable. Noise power is integrated from noise density
over the range of offset frequencies that pass through the IF. A 3-
kHz IF bandwidth requires about -85 dBc/Hz phase noise at a 300-

0yDE Low Noise
z offset. With test margin about -95 dBc/Hz is needed in the test WhcoEhmsc oo Amplifier Noise
system, Adjacent channel rejection is noise density integrated over [~ Output
the IF bandwidth, at a one-channel offset from the carrier. 90 dB of l Ge _|
rejection requires an oscillator with -125 dBc/Hz phase noise and a —]—
test system capable of -135 dBc/Hz. Channel spacing can be 10 .
kHz. Currently available spectrum analyzers do not have sufficient e

measurement range. A few phase noise test systems are available in
the $30,000-and-up price range,and implement the phase detector
method described in this low-cost implementation. 50 De
The phase detector method allows a spectrum analyzer to make dfteresee Lok
a phase noise measurement without viewing its internal phase
noise. The block diagram is shown in the figure. Two signal
sources are used with one being phase locked to the other. The
phase-locked loop shown is initially in an open loop state. One sig-
nal is frequency-offset from the other. The difference frequency
level is measured. Then the loop is connected. During phase lock
the mixer IF port is at 0 V dc with superimposed noise. RF and LO port signals will be separated in phase by 90 degrees. Noise output is viewed
after it passes through the LNA. Phase noise at a particular offset is the level difference between the beat and noise output with correction factors.
From “Low Cost Phase Noise Measurement,” Morris Smith, Motorola. 1997 Wireless Symposium

A Transponder For Wireless Vehicle 1D

This vehicle-based transponder is a small, battery-operated unit that is composed of a 915-MHz transceiver, a microprocessor with nonvolatile
RAM, and a power-management unit. A dual-conversion, wideband FM (WBFM) receiver is implemented having frequency agility when con-
trolled by a dual PLL synthesizer. A custom-built printed circuit board (PCB) that uses "off-the-shelf" surface-mount components, it comprises a
PCB trace antenna, two RF filters, a low-noise amplifier (LNA), a two-stage mixer, and a local oscillator (LO) as shown in the figure. The received
signal is captured by the antenna and fed through a RF ceramic bandpass preselector filter centered at 915 MHz. The signal is amplified by a low-
noise amplifier (MC13144 LNA) and passed through a second RF ceramic filter. The signal is fed into a single IC (MC13142) that consists of a
second LNA, a downconverter, and a voltage-con-
trolled oscillator (VCO). A 1.1-GHz dual PLL synthe- RECEIVER
sizer (MC145220) controls the receiver first LO. W« Ha;'ht' M T

The output of the front-end section is sent to a 49.83-

MHz IF filter (not shown in the figure) and an IF sub- w

system (MC1 3158) that consists of a second down- 1alDus O | [y
converter, IF and limiting amplifiers, wideband FM : : S

Data
quadrature detector, and data slicer. Greater than 50 dB E}‘{ pvri
second image rejection is provided by the receiver é Velkuss Maalpen
back-end section. Frequency tripling the 13.043-MHz .13 MHs
reference crystal oscillator provides the IF subsystem {Buter —{1]
LO (receiver second LOY); this eliminates the need for a
second crystal source. The dual synthesizer is used to Power  [ORX Power KN
control both the first converter VCO and the transmitter TRANSMITIER : i I
oscillator/exciter. A data slicer (not shown) converts wﬁ@m
the analog output into a TTL waveforrn ready to be fed
into the encoder/decoder software module. This design
is used to achieve -90 dBm at 110 kbps with a very low
error rate. Higher data rates of 300 kbps are achievable
but cost is significantly higher.

The transmitter converts the vehicle identification number into an FM signal. To limit transmission bandwidth, a baseband data stream signal
is routed from the microprocessor through a raised cosine-rolloff premodulation filter. The output of the filter is then fed into a VCO/exciter
(MC13142) where it is modulated onto the 915-MHz carrier. The wideband FM signal is filtered by a 915-MHz RF ceramic bandpass filter and ra-
diated by the PCB trace antenna. The baseband unit consists of a RISC processor with external nonvolatile RAM and rolling code encryptor/de-
cryptor (XL107).

From “Wireless Vehicle Identification With Early Detection: An Alternative to Traditional Toll Collection Methods,” Carlos A. Medina, 1/0 Test, Inc., and Harry
Swanson, Motorola, Inc. 1997 Wireless Symposium.

> 42 tupiemest B ELECTRONIC DESIGN Gctaber 1,1987
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A Dual Li-lon Power Management System

A typical dual Li-lon battery power management system is shown in the ﬁgure If “good” power is available from the ac adapter, both MOS-

FETs in switch pair SWA/B
are on—providing a low-loss o swe R
e | I S L
input of the con- .l . ATCIS30.A0X)
verter. Switch pairs SWC/D j—‘—r?} SWE _ swr W
and SWE/F are turned off. ] JfE I ]Tl[_' = oy

The PowerPath Con-lroller IR ety e s A
works equally well with Li- Lon ; e veKuP Y i |
lon and NIMH battery packs %&t&,}'—i— Roc13 REGULATOR
and their associated charg- = *
ers. In this instance, an A2 LTC1479

-

LT1510 constant voltage, L%g veat PowerPath™ Controller :> -
constant current (CC/CV) 1 RB2 <: MICROPROCESSOR
battery charger circuit is used ) BON
to alternately charge two Li- RB1 CHGMOM
fon battery packs. I Lve vecr SW Vag GG 56 GH SK -

The power management L J— 1uimF _I_ _]_ 1 U_M%W
microprocessor decides ;[: . {u_m'_l ey
which battery is in need of fL.-lf W (LT1510)
recharging by querying the -
smart battery pack directly.
After the determination is
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made, switch pair SWG or SWH is turned on by the PowerPath Controller to pass charger current to the battery. The charging battery voltage is re- !
turned to the voltage feedback input of the CV/CC battery charger via a mux in the PowerPath Controller. ]
After the first battery is charged, it is disconnected from the charger circuit. The second battery is then connected through the other switch pair |
and the second battery charged. When the ac adapter is removed, the PowerPath Controller instantly informs the power management micro- |
processor that the DC input is no longer “good” and the desired battery pack is connected to the input of the dc/dc converter. (If battery power is E
lost, backup power is provided by a standby switching regulator powered from a small rechargeable “bridge” battery.) l
From “Techniques for Simplifying Dual-Battery Portable Power-Management System Design,” Timothy J. Skovmand, Linear Technology Corp. 1997 :
Portable By Design Conference. |
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A 5-Y Power Amplifier for Wireless Applications

The new PA is an extension of the MGA81563 and MGA-82563 medium power amplifiers. This amplifier will provide greater than 20 dB gain
and 20 dBm output power over the 0.8 to 6.0-GHz range. Input and output
are internally matched to 50 ohms for small-signal and linear application.

Maximum power (saturated) is achieved with a simple output power

match. The amplifier operates on 3.0 V applied to two package pins. For Choke & s [ O 3V
saturated (transmit) applications the amplifier can be operated at 3dB Tune I (hake
compression and typically produces 200 mW (23 dBm) of power. Power 1-6nH L

added efficiency is in excess of 45%.
The 20/20 PA is classic two-stage design. It consists of two FET gain our
stages, full feedback on the first stage (for match), and open drain on the rC[[ rl >| ID—-—

second stage for maximum power. The first gain stage consists of a FET

biased at a large percentage of Idss with the gate dc grounded. A capacitor —_ __
and resistor network provide feedback on the first stage to improve match, IN PA g
provide stability, and flatten gain. The second stage is a FET also biased at MGA-8XX63

a large percentage of Idss. A shunt resistor on the second stage provides
the dc ground and lossy interstage match. A separate dc supply is used for
each stage to improve stability and allow the interstage to be “tuned” for
max gain and power. Separate source grounding pads and ground bonds are used to improve high frequency stability. The die size is approximately
0.44 mm (17.3 mils) by 0.36 mm (14.2 mils).

In an application, the PA is simple to use. The dc supply must be applied to two pins. These pins must be RF isolated to prevent unwanted feed-
back from leaking between stages. The output choke and dc blocking capacitor must be large enough and of enough quality as to prevent any in-
terference in the application frequency. The inductor/choke to the input stage must be chosen as to set the input match. Typical values for this in-
ductor are in the | to 6-nH range, depending on the frequency. For example, a 2.2-nH inductor is used for 2.4-GHz ISM band power amplifier. A
small amount of shunt capacitance (0.5 to 2 pF) can be used on the output to improve power-added-efficiency for high power applications.

From “Miniature 3V LNA, VGA, and PA for Low Cost 5.4-GHz Wireless Applications,” Henrik Morkner, Hewlett-Packard. 1997 Wireless Symposium.
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Conference Shows The Lighter
(And Low Power) Side 0f Products

Portable By Design Conference And Exhibition Gives Designers
A Path Toward Portable-Related Components Richard Nass

ou’ve just been assigned the task

of designing a portable system.

That shouldn’t be a problem—

you’ve been designing desktop
systems for years. Think again! There are
many aspects of a portable design that differ
from their stationary counterparts. To get your
questions answered and to find some of the
products that are built just for portable appli-
cations, check out the 1997 Portable By De-
sign Conference and Exhibition, to be held at
the Santa Clara Convention Center, Santa
Clara, Calif., Mar. 25-27, 1997.

In addition to being exposed to some of the
latest portable-related products, there will be
some special events taking place, such as pre-
sentations by Jack Kilby, inventor of the inte-
grated circuit, and Bob Pease, renowned ana-
log engineer and columnist for Electronic
Design. The keynote luncheon also will fea-
ture four individuals who will offer their
views on the future of the portable industry:
Tom Beaver, Vice-President of Worldwide
Marketing, Motorola Inc.; Philip Wennblom,
Director of Strategic Planning, Mobile and
Handheld Products Group, Intel Corp.; Robin
Saxby, President and CEO, Advanced RISC
Machines (ARM); and Vaughn Watts, Direc-
tor of Mobile Computing Architecture, Texas
Instruments (See “Portable By Design:
Sp;ecial Events™).

Over 80 portable-product manufacturers
will display their wares at Portable By De-
sign. Products include microprocessors, chip
sets, memory chips and cards, batteries, ther-
mal-management devices, transceivers, volt-
age regulators, and input devices.

With the unveiling of the Windows CE op-
erating system, which is geared toward low-
power, portable systems, the VR4101 micro-
processor becomes an attractive CPU choice.
Developed by NEC Electronics Inc., Santa
Clara, Calif., the 64-bit RISC processor fea-
tures 33 VAX MIPS performance and 132
MIPS/W at 3.3 V, as well as DMA capability.
A high-speed multiply-and-accumulate
(MAC) feature enables the chip to run DSP-
like instructions. As a result, the chip can re-
place external hardware by running some of

> /4 Spplement B ELECTRONIC DESIGN Bcwber 1, 1987

the required functions in software.

The NEC device also integrates many of
the functions required by a handheld plat-
form. These include a modem and interfaces
to an LCD., audio. a keyboard. and an infrared
(IR) port. With a power consumption of 250
mW at 33 MHz, the VR4101 contains several
power-savings modes. In standby, with the
pipeline frozen, the part consumes 30 mW,
while the suspend mode, which shuts down
the pipeline and bus clocks. requires 10 mW.
Hibernate mode freezes the internal phase-
locked loop and requires just 240 W.

CSEM IC Design, Neuchatel. Switzer-
land, will show its CoolRISC family of mi-
crocontrollers. The chips are designed from
the get-go for low power dissipation. This
comes from the use of gated-clock techniques
and low-voltage cell libraries. The architec-
ture allows for the execution of all instruc-
tions, including branch instructions, in just
one clock cycle. The result is a performance
level of 12 MIPS while consuming just 2.4

1. The FKB7600 series of 85-key keyboards has a vertical height of just 6.5 mm. However, it

mW at 3.3 V. Other features include support
for hierarchical memories. variable frequency
modes, and multicontroller operation.

CONNECTING THE BRIDGES

A series of chips that connect to the micro-
processor help form a complete system, in-
cluding the bus interfaces, real-time clock,
1/0 ports, and docking connections. The chip
set. called the Mobile System Solution, hails
from National Semiconductor Corp.. Santa
Ctara. Calif. The chip set consists of the
PC87550 PCI system controller (North
Bridge). the PC87560) system 1/O controller
(South Bridge), and the PC87570 keyboard
and power-management controller. The parts
also can connect to the company’s previ-
ously-announced PT80C525 PCl-to-PCl
bridge chip.

The North Bridge part is designed to
work with Pentium-class processors. 1t sup-
plies a CPU-to-PCl-bus interface, secondary
cache and DRAM control, and active and pas-

retains a 3-mm, full-travel keystroke by employing o gear-link mechanism in the keyswitch.



sive power-management modes. It also sup-
ports hot, warm. and cold docking. The South
Bridge provides PCI bus mastering for the
chip’s two Enhanced IDE channels, a USB
host controller. and a 4-Mbit/s infrared con-
troller. Lastly. the PC87570 can replace up to
five chips. Based on an embedded RISC
processor core, the chip handles power man-
agement and keyboard and system control. It
also supplies analog-to-digital and digital-to-
analog conversion.

A pair of 3-V pen-input processors deliver
the low current consumption required for
battery-powered handwriting recognition and
verification products. Designed by TriTech
Microelectronics International Inc.. San Jose.
Calif.. the TR881.803 and TR88LKO4 can de-
tect when pen input has stopped. then auto-
matically places the system into a sleep mode
until pen input resumes. The difference be-
tween the two ICs lies in their interfacing op-
tions —the TR88L.RO3 offers a sertal inter
face. while the TR881.804 comes with an
8-bit parallel interface.

The two parts contain all the circuitry
needed to interface with the low-cost resistive
digitizers employed in PDAs, electronic orga-
nizers. and feature phones. Using a 10-bit
analog-to-digital converter (ADC). the
TRB88L8O3/L804 can resolve up to 1024 volt-
age levels. resulting in better than 200 dots/in.
resolution on a 3- by 5-in. touch pad. Two ad-
ditional ADC input channels are available un-
der a multiplex mode to allow portable prod-
ucts to include such features as a battery
gauge and handwriting pressure sensing. Po-
sitional transfer rates of 200 coordinate
pairs/s are typical using a 1.8432-MHz crys-
tal. A higher-frequency crystal increases the
transfer rates.

On a subsystem level. the Cardio-486D4,
which is a credit-card-sized PC-AT, now sup-
ports Windows NT 4.0. Designers taking ad-
vantage of the Cardio-486D4. developed by
S-MOS Systems Inc.. San Jose, Calif.. can re-
alize a savings in resources, development
costs, and time to market. The embedded ver-
sion of Windows NT 4.0 is offered by Ventur-
Com Inc., Cambridge. Mass. The memory re-
quirement for the operating system is 8
Mbytes. while the Cardio-486D4 can hold up
to 16 Mbytes.

The SMX/386, designed by ZF MicroSys-
tems Inc., Palo Alto. Calif., is a 2.2- by 3-in.
module that combines standard motherboard
functions in a 240-pin package. The device
contains a 33-MHz 386SX microprocessor.
core logic. a DRAM controller. an 8- or 16-
bit ISA bus. serial and parallel ports, floppy-
and hard-disk controllers. and 256 kbytes of
flash memory. It also holds an AT-compatible
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BIOS and an embedded version of DOS.

One of the ways designers are implement-
ing an embedded operating system or BIOS is
with flash memory. Nexcom Technology Inc.,
Sunnyvale. Calif.. ofters a pair of high-den-
sity serial flash memories. Employing the
standard 4-pin serial peripheral interface
(SPI). the NX25F040 and NX25F08( memo-
ries hold 4 and 8 Mbytes. respectively. Based
on the company’s NexFlash technology, the
chips are suited for such applications as digi-
tal cameras. voice and data pagers, voice
recorders. and handheld terminals and data
loggers.

Operating at cither 3.3 or 5 V. the
NX25F040 and NX25F080 are built with
536-byte sectors that program quickly,
thereby maximizing battery life. Data can be
transferred to and from the devices at 20
MHz. Typical program times are 2.5 ms/sec-
tor, altowing for sustained programming rates
of over 200 khytes/s. including erase time.
Other features include byte-level addressing,
double-buffered sector writes. auto-erase be-
fore write. and an advanced write protection.

The Miniature Card Implementers Forum,
Folsom, Calif.. will be displaying a host of
products from its member companies. These
products include storage devices that fit vari-
ous consumer electronics products such as a
digital camera. an audio voice recorder, and a

PC-compatible digital media that stores data
in nonvolatile removable memory. The cards
measure 38 by 33 by 3.5 mm and can hold up
0 64 Mbytes.

The Miniature Card specification calls for
both 3.3- and 5-V voltage levels, with lower
voltages expected in future revisions. The

specification is a subset of the standard PC
Card interface. As a result, transfers from a
Miniature Card to a PC can be made with a
low-cost Type Il PC Card adapter. In addition,
the Universal Serial Bus (USB) provides a
means of transferring data to and from a card.

A similar form-factor product comes from
Duel Systems, San Jose, Calif. The company
offers a sonically-welded CompactFlash card
package. Manufactured from insert-molded
stainless steel and plastic, the rugged pack-
ages give designers the maximum real estate,
and clean and rapid assembly. Before being
welded, the package can be snapped together
for testing purposes. Duel Systems also offers
a line of PC Card packages, with a Type III
card coming shortly.

One of the limiting factors of a notebook
computer’s size is its keyboard. That limit
will shrink thanks to the FKB7600 series of
keyboards from Fujitsu Takamisawa America
Inc., Sunnyvale, Calif. (Fig. 1). Despite the
keyboard’s vertical height of 6.5 mm, it re-
tains a 3-mm, full-travel keystroke by em-
ploying a gear-link mechanism in the
keyswitch. Combined with an operating force
of 55 g and a 20-g tactile force, the FKB7600
keyboard gives the user the needed key feed-
back. The 85-key model weighs 120 g and
measures 287 by 109 mm.

Using a single IC, an operating system and
BIOS can control any SMBus-compatible de-
vice that’s connected to the IC’s SMBus port.
Developed by USAR Systems, New IC, an
operating system and BIOS can control any
SMBus-compatible device that's connected
to the IC’s SMBus port. Developed by USAR
Systems, New York, N.Y., the URSHCSMB
BatteryCoder achieves its SMBus implemen-

Portable By Design: Special Events

or the first time, attendees will have an opportunity to mix and mingle with the
Fmanufaclurers and suppliers of portable products on the exhibit floor during
the Industry Reception, which takes place on Tuesday, Mar. 25, from 5:00
p.m. to 8:00 p.m. The casual atmosphere will provide a great forum for attendees to

glean the information they need.

An added highlight to this year’s Industry Reception: Jack Kilby, inventor of the in-
tegrated circuit, will present the First Annual Electronic Design Award For Technical
Innovation. This award will be given to the author of Portable By Design’s “Best Pa-

per.

Simon Ellis of Intel Corp. also will make a presentation at the Industry Reception.

He’ll unveil his “Portable Videoconferencing Center” which will give attendees a peak
at the future of one of the more anticipated technologies.

On Wednesday, Mar. 26, at 11:00 a.m., Bob Pease, renowned analog engineer and
author of Electronic Design’s “Pease Porridge™ column, will enlighten attendees with a
unique presentation that only he can give. He'll come back at 1:00 p.m. on the same
day to talk to the attendees and autograph copies of his Electronic Design Com-
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tation through a set of PS/2 protocol exten-
sions. Through these extensions. commands
can be sent from the host through the 8042
port to the BatteryCoder. The subsequently
sends the commands to the appropriate SM-
Bus device. These devices include smart bat-
teries and chargers, digital potentiometers,
EEPROMs, port expanders, temperature sen-
sors, and power-plane controls.

POWERING THE SYSTEM
One of the most essential components of a
portable system is its batteries. As one would
expect. there'll be no shortage of batteries at
Portable By Design. For example. GP Batter-
ies. San Diego. Calif., has developed a

1997 HIGHLIGHTS OF
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1/3AAANiIMH battery with a nominal capac-
ity of 100 mAh. The GPIOAAAM has a di-
ameter of 10.25 mm. a height of 13.7 mm,
and a weight of 5 g (Fig. 2). The recom-
mended discharge current limits are from 10
to 300 mA with a typical service life of 500
cycles.

A second offering from GP Batteries is the
GP8OAAAH. which fits the 7/5 form factor.
With a capacity of 800 mAh and a AAA diam-
eter (10.5 mm), the NiMH battery is a candi-
date to replace prismatic batteries. In a cellu-
lar telephone, the expected talk time is 140
min.. with a standby time of 22 hours.

Battery Technologies Inc. (BTI). Ontario.
Canada, has developed a rechargeable alka-

line manganese (RAM) battery availabie in
AA.AAA, C. and D sizes. [n addition to sell-
ing the batieries themselves, BTI will sell li-
censes and production equipment for third
parties to build and sell the RAM batteries.
According to the company. the batteries will
hold a charge for up to five years and won't
exhibit any memory effect. regardless of the
usage pattern.

High energy density is the hallmark of the
ELI-18630 rechargeable Lithium-lon (Li-
lon) battery. developed by Energizer Power
Systems. Gainesville. Fla. (Fig. 3). The 18-

by 65-mm cell produces 3.6 V and 1350

mAh. Suitable applications include portable
computers, cellular telephones. camcorders.

—
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(415) 9656000
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(408) 730-3690
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(408) 439-5100

Rayovac Corp.
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(608) 275-3340

Internet: hitp://www.rayovac.com

$-MOS Systems Inc.

San Jose, Calif.

(408) 9220200

Internet: hitp://www.smos.com

Temic Semiconductors
Santa Clara, Calif.
(408) 567-8220

Internet: http://www.temic.com

TriTech Microelectronics Intl Inc.
San Jose, Calif.

(888) 253-8900

Internet: http://tritech-sg.com

Unitrode Corp.
Merrimack, N.H.
(603) 424-2410
Internet: http://unitrode.com

USAR Systems
New York, N.Y.
Internet: http://www.usar.com

VenturCom Inc.
Cambridge, Mass.
(617) 661-1230

Internet: http://www.vci.com
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2. With a typical service life of 500 cydes, the GP10AAAM 1/3AAA NiMH battery offers a

nominal capadity of 100 mAh.

and other handheld electronic devices. The
battery contains a graphitic carbon anode and
lithium-cobalt-oxide cathode in an organic
electrolyte. Intelligent charging and fuel-
gauge options are available. Because Li-lon
batteries require a specific charging tech-
nique for proper charging, Energizer will of-
fer comprehensive technical and design sup-
port.

Portable Energy Products Inc., Scotts Val-
ley, Calif., has developed an auxiliary battery
pack that can power a notebook computer or a
camcorder for up to 10 hours or a cellular
telephone for a week. The battery is rated at
12 V and 5 A (60 Wh).

The LifeX BR1632DK2 computer back-
up battery for notebook computers is avail-
able from Rayovac Corp., Madison, Wis. The
lithium coin cell offers a 130-mAh rating and
can withstand rigorous thermal environ-
ments. Also from Rayovac is a charge-dis-
charge controller, which lets designers test,
measure, and evaluate the performance of the
company’s Renewal Rechargeable Alkaline
batteries in their own devices. Co-developed
with Benchmarq Microelectronics Inc., Dal-
las, Texas, the bq2902 and bq2903 work with
up to two or four cells, respectively. The chips
combine sensitive full-charge detection with
a low-battery cutoff to provide overcharge
protection. By maintaining proper charging
characteristics, battery life can be prolonged.

Benchmarq also offers a series of products
to monitor and supervise up to four Li-Ion
cells. The bq2153, bq2150L, and bq2165L
modules enable battery makers and system
OEM s to implement protection circuits and
battery electronics for Li-lon packs without
the lengthy design times typically associated
with custom solutions. The 2153 is a pack su-
pervisor; the 2150L is a power gauge; and the

2165L combines the functionality of the 2153
and 2150L. The three products are intended
for such products as cellular telephones,
portable PCs, handheld terminals, and other
wireless communications devices. Each
board can be configured to meet the specifi-
cation of the particular battery pack, includ-
ing the number of cells, the nominal pack ca-
pacity, and the battery type (coke or graphite
anode).

The on-chip series FET built into the
UCC3911 battery-pack protector helps to re-
duce manufacturing costs and increases relia-
bility. Designed by Unitrode Corp., Merri-
mack, N.H., the chip works with Li-lon
batteries. The part safeguards applications
against battery-output short circuits and pro-
tects both Li-lon cells in two-cell packs from
overcharge and over-discharge.

Jazilouz

Tazlisauy

The UCC3911 employs a bandgap voltage
reference that detects when either cell is in an
overcharged or over-discharged state. The se-
ries FET switch then opens, protecting the
cells. A negative feedback loop controls the
FET switch when the battery pack is in either
the overcharged or over-discharged state and
allows for pack recovery. In the overcharged
state, the feedback loop only allows discharge
current to pass through the FET switch, while
in the over-discharged state, only charging
current is allowed to flow. In addition, the
chip enters a sleep mode in the over-dis-
charged state until it senses the pack is being
discharged.

A series of battery-management products
from Dallas Semiconductor Corp., Dallas,
Texas, can be placed into two categories—
battery chargers and battery instrumentation
and identification. The DS1333 charger
works with Li, NiCd, NiMH, and lead-acid
batteries. The part is programmed to attain
any current-vs.-voltage curve the designer re-
quires and uses either Vmax or an on-chip
timer to determine charge termination.

The DS2434, which falls into the Dallas
Semiconductor’s battery instrumentation and
identification category, features an 1D code
that users can define so that the supporting
electronics can identify the battery pack. The
chip also removes the need for a thermistor in
the pack because it contains a direct-to-digital
thermometer. In addition, an integrated non-
volatile memory lets designers enter data
such as gas-gauge levels and warranty infor-
mation.

There’s now a cure for ill-behaved or
power-unfriendly software applications and

3. The ELI-18650 rechargeable Lithium-lon battery offers a high energy density — 1350 mAh in

on 18- by 65-mm cell.
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drivers—the Intel Power Monitor (IPM). The
free utility, developed by Intel Corp., Santa
Clara. Calif.. can be downloaded from the
company’s Internet site:  hup://
www.intel.com/ial/ipm. Two versions are
available, one for end-users and one for de-
velopers.

A second initiative resulted in a power-
management specification—the Advanced
Configuration and Power Interface (ACPI).
When implemented, the ACPI allows a PC 1o
instantly power up when accessed by the user
or perform automated tasks when turned off.
In other words, the ACPI enables PCs 1o enter
a “sleep” state. rather than off. The specifica-
tion, which can also be downloaded from the
Internet at http://www.teleport.com/~acpi/..
is fully compatible with existing power-man-
agement and configuration interfaces, while
providing a processor- and operating-system-
independent implementation.

In a typical portable design, board space is
at a premium. The MultiGuard Series of four-
element transient voltage suppressors (TVS),
developed by AVX Corp., Myrtie Beach.
S.C.. can help save some of that valuable
space. According to the company, the device
consumes less than 10% of the board area re-
quired in an alternative solution. The part’s

1997 HIGHLIGHTS OF
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multilayer construction provides protection
from voltage transients caused by ESD. light-
ning. and inductive switching. The TVS ar-
rays can be used on any electronic printed-
circuit board that contains multiple chips of
the same voltage (energy) rating. The most
frequent use for such a device is the [/O data
lines in a portable computer or the RF ampli-
fier in a cellular telephone.

One of the keys to a portable computer is
its ability to communicate with other plat-
forms. To facilitate this process. Temic Semi-
conductors. Santa Clara. Calif.. has devel-
oped an [rDA-compatible transcetver that
offers a transmission rate up to 4 Mbits/s.
Housed in a top-view. surface-mount epoxy
resin package. TFDT6000 measures just 13
by 7.5 by 5.65 mm. Integrated components
include the diodes. emitter. and analog cir-
cuitry needed for a complete IrDA implemen-
1ation. The TFDT6000 is aimed at designers
that can’t accommodate a side-view trans-
ceiver because of board-layout issues or
packaging limitations. By integrating the re-
ceiver’s preamplifier and the transmitter’s
driver stage. the TFDT6000 combines the
functions of two ICs.

A second wireless communications prod-
uct comes from Lucent Technologies. Murray

Hill. N.J. The WaveModem 2.4-GHz wire
LAN module lets system integrators o
high-speed data communications to their |
forms. The device is suited for such appl
tions as factory-floor monitoring. mo
point-of-sale terminals. scanning syste
bar-code readers. or notebook and handi
computers.

The WaveModem module incorpors
Direct Sequence Spread Spectrum (DSI
technology to provide reliable high-sr'
transmissions. The device incorporay
dual-antenna design to improve signal gl
ity. Modem connections 1o the host plaifl
are made using the WaveModem Moden‘
terface. )

A standard solution for various telec!
munications and portable electronics dey!
comes from the 70AD male and female
ular battery contacts. The contacts. desig
by Bourns Inc.. Riverside. Calif.. are ay
able in two- 1o six-pin configurations. {
surface-mount or through-hole mount
High-temperature molded plastic mainy
the 70AD’s integrity for surface mountj
while captured contact springs prevent d
tact from being inadvertently damaged.

Originally published in Electronic
sign, March 17, 1997.
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Low-Power, High-Performance
Op Amps In Micrel’s IttyBitty " SOT-23-6 Packaging

- -

Because of customer demands for
smaller and higher-performance op
amps for the wireless and telecom
markets, Micrel has developed a
family of op amps that meet high-
density systems requirements with
low power, guaranteed high perfor-
mance, and ultratiny packaging.

Micrel's IttyBitty™ and MM8™
packages are the smallest in the
industry, saving critical board space
and weight and minimizing signal
path length—-resulting in higher
system performance and higher
system packaging density.

New Op Amp Design Solutions from Micrel

P> MIC6211-General purpose amplifier
P> MIC6270—General purpose comparator
P> MIC6251/2- Instrumentation amplifiers

P> MICT7101/2-Single and dual
operational amplifiers

P> MIC7111- Rail-to-rail input and
output amplifier

P> MIC7211- Rail-to-rail input comparator

Extended Common-Mode Range

These devices feature an input common
mode range that extends hevond the
supply voltage rails.

MICREL PART GAIN RESPONSE
NUMBER TECHNOLOGY Yarery Ispry GBW  T(Vgs ERROR § 3 TIME
0p Amps [ [ ‘ ’

MICaz1] Bipolar Vio+19 mA | 25MHz ‘ ¥ ¥ [ 2my WA
MICTHII CMOS | 24V IS s | 1ovmz | 1pve | e | 3mv | oIpa
MICTHE CMOS 2.4V 10 1V ‘ apd | LMz | Ve I s | 3my l PA |
MICTII CMOS VIV | Za | kiz | ovr 1 Lmvis | dmé | I |
-------------- -- 4 4 1 4
Comparators ' [
|
MICaz Bipolar 5V ta 218\ ‘ LIVEY ¥ | ZnA
|
MICI | emos | 24wy | T 1y m¥ | nedpa | gy
e 1 1 1 1 1 ( ,
Instrumentation Amp |
|
MICR2712 Bipolar | 23wl | 2oma | 2z | quve Wige | Am¥ | 5ma
| 1 | ’ R
IttyBitty SOT-23-5 Packaging Key User Benefits

Micrel’s IttyBitty and MM8 packages are
the ideal solutions for designers of high-
density systems such as cell phones,
pagers, USB devices, PCMCIA cards and
portable instrumentation. They are also
ideal for applications where amplifier
proximity to a sensor and/or short signal
path is critical.

Guaranteed Performance Specs

Micrel’s ampiifiers carry performance
beyond functionality. Operating from a
single or split supply, performance is
specified and guaranteed with supply
voltages as low as 2.4V, most with supply
currents less than 1mA.

Guaranteed Temperature Range

To ensure reiiability in a wide variety of
environmental conditions, Micrel ampli-
fiers provide characterized and specified
performance over a temperature range
from —40°C < T, < +85°C.

READER SERVICE 98

P Input common-mode range
extends beyond supply voltage rails

P Guaranteed performance with supply
voltages as low as 2.4V

P> Low supply current

P Guaranteed performance over the
full industrial temperature range
of -40°C to +85°C

P IttyBitty SOT-23-5 package saves
space and weight

For more information on Micrel’s
new family of low-pewer,
high-performance op amps,
call 1-800-401-9572.

In Europe, call +44-1635-524455.
Or visit our Website
http://www.micrel.ecom

FNICREL

Total Analog Solutions
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Yes! Please send me
a FREE copy of the
LinearView CD-ROM.

FAX FORM:

FAX #: 408-434-0507

Attention: Marketing Communications Dept.

Zip

LINEAR TECHNOLOGY cO

RPORATION

i

L7 LinearView™ CD-ROM Technical Catalog.

Linear Technology is well known for its expert analog
engineering. Now you can access this expertise by viewing
our new Mac and PC-based LinearView CD-ROM. It's FREE for
the asking. You can instantly reference thousards of pages via

our easy-to-use product selection and
applications search tools for Linear
Technology's entire line of high perfor-
mance analog products.

Our LinearView CD-ROM holds full
product specifications contained in our
Databook library Volumes I, 11, IlI, IV, V
along with our Application Handbook
library Volumes 1, Il and I11. Our
extensive collection of Design Notes

can be accessed in addition to every issue of Linear Technology

Magazine.

A powerful search engine is built into the LinearView
CD-ROM enabling you to select product by various parameters,

LT HNER
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keywords or part numbers for your design application. All
product categories are accessible: Data Conversion, References,
Amplifiers, Power Products, Filters and Interface. Up-to-date
versions of Linear Technology’s design software SwitcherCAD,
FilterCAD, Noise and Spice are contained
on our LinearView CD-ROM. Everything
you need to know about Linear Technology's
products and applications is readily accessi-

ble to you via LinearView.

To order your FREE LinearView CD-ROM
Technical Catalog, fill out the coupon
and FAX it to Linear Technology at
408-434-0507. Or order by phone:
1-800-4-LINEAR. For more details,
contact Linear Technology Corporation, 1630 McCarthy Blvd.,

Milpitas CA 94035-7417. 408-432-1900.

FROM YOUR MIND TO YOUR MARKET
AND EVERYTHING IN BETWEEN

www.linear-tech.com
LT, L1C and LT are registered trademarks of Linear Technology Corpuration
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Sampling A/D's
There's no substitute for performance!

When all the DSP at your fingertips can't replace e The industry's best A/D converters!
real bits and speed, turn to one of DATEL's new ° Functionally complete; Edgc triggered
16-bit A/D converters. Their wide
bandwidth and low noise will give
your design the performance edge
it needs. DATEL offers a com-
plete line of 14/16-bit A/D's with
sampling rates to 12.8MHz. Call
today for details.

e Optimized for both time and
frequency-domain applications

¢ Low power: 1.25W at 1IMHz, 1.85W at 2MHz

e 0to+70°C or 55 to +125°C operation

e No missing codes over temperature

New Catalog!
Guaranteed No Price
Resolution  Sampling DNL Missing SNR2 THD2 Power 3 Cetamic OEM Fax
Model (Bits) Rate (MHz)  (LSB) Codes i (dB) (dB) (Watts) Package (USA) Code
ADS-937 16 1 205  Yes 87 -86 “hil25) 32-Pin TDIP $327 13040
| ADS-931 16 1 _$05  Yes 86 SS7ANNI1B5 40-Pin TDIP $381 13020
ADS-932 16 2 +0.5 Yes 86 -87 1.85 40-Pin TDIP $474 13030

@ Applies over either 0 to +70°C or 55 to +125°C operating temperature ranges.
2 Specified without distortion (for SNR) under Nyquist conditions (fin = 1/2fs) with Vin = —0.5dB.
3 The ADS-931 and ADS-932 require +5V supplies. The ADS-937 requires +5V and +15V supplies.

DATEL. Inc., 11 Cabot Boulevard. Mansfield, MA 02048 Tel: (508) 339-3000, (800) 233-2765
Fax: (508) 339-6356 Email: sales@datel.com Fax Back: (508) 261-2857 Internet: www.datel.com B m‘

ISO 9001 Registered MIL-PRF-38534 Qualified INNOVATION and EXCELLENCE
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KEPCO ANALOG
PROGRAMMABLE
POWER SUPPLIES

Kepco's analog power instruments enable
designers and experimentalists to harness
the power of our regulators as if they were
amplifiers. Operational amplifiers. With an
open loop gain in excess of 105, you can
get up to a kilowatt to respond just like a
signal amplifier. You control with an analog
voltage, or resistance, or sum several
signals or set them up to differentiate or
integrate your signal.

We call them OPERATIONAL POWER
SUPPLIES. They come in unipolar or
bipolar output styles. As analog-controlled
power supplies, they are zeroable down to
nanoamperes of offset current and micro-
volts of offset voltage. This means that
they'll accurately follow very small signals.

Some models include a HIGH SPEED
mode which means that they shed their
conventional output capacitors to respond
with microsecond rise times to programming
signals in the kilohertz frequency range.

As such, they're ideal as current stabilizers
too, where fast recovery time is a hallmark
of excellence. Low noise, This KEPCO
linear, analog power e
supplies make excellent
bench-style instruments.

VISIT OUR WEB SITE AT

CEaare = i s

| http://www.kepcopower.com

Callffax/write to Dept. NMF-05
for the new Kepco catalog/handbook

AN ISO 9001 COMPANY

KEPCO.

THE POWER SUPPLIER *
SINCE 1946

Kepco, Inc. HQ / Eastern Region:
131-38 Sanford Avenue, Flushing, NY 11352 USA
Tel: (718) 461-7000 ¢ Fax: (718) 767-1102

E-Mail: hg@kepcopower.com * URL: hitp2/www.kepcopower.com

Western Region:

800 West Airport Freeway, Suite 320

LB 6018, lrving, TX 75062 USA

Tel: (972) 579-7746 -+ Fax: (972) 579-4608
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d-c unipolar power
50-1000 Watts

» Conventional fiitering & high
speed, user selectable.

+ High speed: slew up to 1 volt
per microsecond.

« Conventional speed:
energy storage typically >
100uF per Ampere.

« Precision stabilization:
0.001% source, 0.002% load.

* Analog programmable.

Kepco Group ATE Power Supplies

d-c bipolar power
100-400 Watts
+ High speed: slew up to 11
volts per microsecond.
= Source and sink. Four
quadrant operation.
« Precision stabilization:
0.001% source, 0.002% load.
+ Analog programmable.
Kepco Group BOP Power Supplies

d-c single quadrant
power, 100-1000 Watts
voltage stabilization
+ Optional digital displays.
» Precision stabilization:
0.005% source, 0.005% load.
» Analog programmable.
Kepco Group JQE Power Supplies

100 Watts of precision
benchtop power

» LCD meters to set the level
accurately, a preview feature
to check your setting before
applying power to your load.

» Linear design for low-noise
high stability.

« Ten-turn controls for good
resolution.

« Five models offer outputs up
to 125 Volts.

Kepco Group MSK Power Supplies

A triple output

design for maximum

convenience

« 0-6V at 5A for logic and a
tracked +0-20V, 1A for analog.

« Each output current limited,
the 0-6V output has an
overvoltage protector.

Kepco Group MPS Power Supplies
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Amplifier
Soclutioens

Put Your Design

Efficient Hybrid and
Monolithic Designs.

With more than 80 models of
high power, high voltage and
PWM amplifiers, Apex Microtech-
nology has the off-the-shelf
solutions to help trim your
design time. You'll work smarter,
faster. You'll reduce your circuit’s
overall size and weight, plus re-
duce procurement time and
costs. Many Apex power and
PWM amplifiers have evaluation
kits available to provide the
hardware and PC boards to get
our amplifiers wired into your
circuits fast!

Free Product Data.
Toll-Free Technical
Assistance. Single Unit
Quantities Available.
Information on Apex’'s PWM am-
plifiers is provided in the 7th
edition Apex Power Integrated
Circuits data book. To request
your free copy or for technical
assistance call 1-800-862-1021,
fax 520-888-3329, email
prodlit@teamapex.com,

or visit our web site at
http://www.teamapex.com.

All Apex amplifiers are avail-
able for purchase in single

unit quantities.

Australia, New Zealand (08) 8277 3288
Belgium/Luxembourg (323) 458 3033
Canada (613) 592 9540

Daehan Minkuk (02) 745 2761
Danmark 70 10 48 88

Deutschiand (089) 614-503-10
Esparia (1) 530 4121

France (01) 69-071211

Hong Kong (852) 23348188

India 22 413 7096

Israel 972 3 9274747

Italia (02) 6640-0153

Nederland (10) 451 9533

Nippon (3) 3244-3787

Norge 63-89 8969

Osterreich (1) 203-79010

Peoples Rep. of China (852) 233488188
Rep. of South Africa (021) 23 4943
Singapore 65-742-8927

Sverige (8) 795 9650

Taiwan-Rep. of China (02) 722 3570
United Kingdom (01438) 364194
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With a profile as low as 0.077" (2mm), surface mount mixers have just ADE* TYPICAL SPECIFICATIONS

taken on a whole new dimension...thinner! Introducing Mini-Circuits ultra-slim .4 Conv.Loss L-RIsol IP3(dBm) Price $ea
ADE frequency mixers...radically thinner mixers that provide the freedom o (f;ff;j L" Eband f*ﬁ;:gf) 2 Midband  Qty.10-49
you need to design smaller cellular, ISM, and PCN products. All-welded L > 5 . 5t
connections and open case construction contribute to increased reliability ﬁgg‘}g 5 sﬁ? 0 1 310
during reflow and allows aqueous wash to thoroughly drain. Electrically, — ADE-18W 3 5.4 33 1 395
ADE's performance is better than previous generation mixers by featuring ~ ADE-901 3 5.9 32 13 2.95
exceptional IP2 and good IP3, low 6.0dB (typ) conversion loss, and high 25514 2 . i e |
isolation, which is greater than 40dB over most of the frequency range. And  ADE-20H 3 5.0 29 24 8.95

with footprints the same as existing mixers, you can replace with ADE models APDEt “: . 9(;, 1700-2500 47 49 27 10 3.45
H 1 H H et Penaing.
and enjoy the benefits of low price, high performance, and low profile. ;eI =g

So, choose ADE mixers...the maximum solution for a smaller world!
Mini-Circuits...we’re redefining what VALUE is all about!

mMini-CirGUits BRI F R T

CIRCLE READER SERVICE CARD

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http:/www.minicircuits.com
For detailed specs on all Mini-Circuits products refer to « 760- pg. HANDBOOK « INTERNET + THOMAS REGISTER + MICROWAVE PRODUCT DATA DIRECTORY » EEM
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A NEW GENERATION:
SPECIFYING OP AMPs DM orter M0 poducs

1= 5 MHz, fp = 6 MHz
IN THE 90s ®

BY EAMON NASH,

Analog Devices inc. 3 @ +h
The current breed of bigh-speed op 2 % A+l 1 3
amps and applications are making [ ] I I
manufacturers rethink the way they

specify these devices. FMIJ:V ) 12 1B 16 17 18

22

DC-DC
CONVERSION
TECHNIQUES FOR
NOISE-SENSITIVE

APPLICATIONS LT

BY LEONARD SHERMAN, BRI

Maxim intoprated Products -10 v 1‘ ‘ 1‘.
What are your options when strict B ()

noise constraints conflict with
power-supply requirements?

El
AN INTUITIVE Aoy
APPROACH TO
CURRENT-FEEDBACK _

AMPLIFIERS
BY JEFF LIES and RON MANCINI,
Harris Semiconductor

Circuits that combine bigh B 7). Log (1)
bandwidtbs, fast slew rates, and low BW2 ! \\“ BVI1\
power consumption are possible with \ TR .

\

design insight.
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Time after time, you'll find Mini-Circuits surface mount voltage JTOS/JCOS SPECIFICATIONS

controlled oscillators the tougn, reliable, high performance iy TRET  TBeern  wen e abe
solution for your wireless designs. JTOS wide band models SSete s DR P I
span 12.5 to 3000MHz with linear tuning characteristics, ‘ : oo
low -120dBe¢/Hz phase noise (typ. at 100kHz offset), and j 1395
excellent -25dBc (typ) harmonic suppression. JCOS low noise et : : e
models typically exhibit -132dBc/Hz phase noise at 100kHz offset, ! s
and phase noise for all models is characterized up to 1MHz offset. 1 1595
Miniature J leaded surface mount packages occupy e
minimum board space, while tape and reel LI
availability for high speed production can 19.95
rocket youwr design from manufacturing b
to market with lightning speed. X = -
Soar to new heights...specify @10V 4995
Mini-Circuits surface mount VCO'’s. ! ( ~ oy

for JT t 'ormat
o 3 F M

DESIGNER".
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KITS AVAILABLE
Mini-Circuits...we're redefining what VALUE is all about! ) Sason el e o)
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What'’s all this thermostat stuff, anyhow? (Part II)
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Practical circuits for quiet audio transmissions
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Baseline restorer uses a current conveyor
Kumen Blake, Burr-Brown Corp.

[Ef Current-limiting power supply requires only three ICs
Gerald 1. Kmetz, Micrel Semiconductor Inc.

[E] Integrated boost controller extends alkaline usage
Eddy Wells, Unitrode Conp.

Modified totem pole simplifies wideband current output circuits
Jerry Steele, National Semicondiictor Corp.

[E3 Protection circuit allows use of NiCds in place of alkaline batteries
Gary Sellani, Maxim Integrated Prodicts

Simple class D amplifier is a real audio workhorse
Dan Norman, Micro Lincar Corp.

A novel approach to designing low-power isolated supplies
Kurk Matbews, Linear Technology Corp.
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Analog Is Still Where It’s At

Analog just doesn’t go away, does it? Your circuits have to be
faster, smaller, quieter, more complex, swing from rail-to-rail, operate at lower
supply voltages, and consume less power. Pretty challenging, isn’t it? That’s why
we bring you these Analog Supplements—to help you keep pace. We scour the
analog community, looking for eream-of-the-crop articles, and innovative useful
circuit designs. And they’re written by some of the best and brightest authors in
the industry. You'll see some familiar contributors and some new ones—old-
timers, newcomers, gurus, and gurus-in-the-making. You deserve nothing but
the best. And we intend to keep giving you the best analog design information
available. Let’s take a peek at what’s in store for you this time around.

Eamon Nash gets things rolling with a look at the new ways op amps are
being specified. Specifications like spurious-free dynamic range, third-order
intercept point, and noise figure relate better to today’s (and tomorrow’s)
performance requirements. Next, everybody knows that switchers and
noise go hand-in-hand. Well—not necessarily. Len Sherman takes us on a
tour of de-de conversion techniques for noise-sensitive applications. Finally,
Jeff Lies and Ron Mancini will get your brain cells working with an “intu-
itive” approach to understanding current-feedback amplifiers. It’s really
easy. All you need to know is how they differ from, and are similar to, volt-
age-feedback amplifiers.

Of course, no Analog Supplement would be complete without a few words
from our regular columnists. If you thought Bob Pease exhausted the sub-
ject of thermostats in our last supplement, you were wrong. He’s back—with
“Thermostat Stuff, Part Two.” And Walt Jung is always looking for an ex-
cuse to fire up his Audio Precision measurement system. (He loves those
plots that extend beyond —100 dB.) This time, he tackles common-mode noise
susceptibility.

And we’ve got our usual potpourri of Analog Briefs that we're sure you’ll find
interesting. Here’s a quick rundown: bet you haven’t thought of turning an ac-
tive bus terminator into a Class D audio amplifier. You'll also find a NiCd protec-
tion circuit that “fools” a radio into tripping its 0.75-V/cell memory/clock protec-
tion mode when the NiCds are actually at 1 V/cell. Or, how about a method for
obtaining isolated feedback in a power supply without using optocouplers or an
extra transformer winding? And we’ve got a nice baseline restorer circuit, a
three-1C current-limiting power supply, a boost controller for extending alka-
line cell usage, and a wideband current amplifier,

Sound interesting? Well, kick back your feet, take your eyes off that 75-dpi
computer display, and peruse these hi-res 2400-dpi pages. Then let me know
what you think at thalligan@penton.com.

Tom Halligan
Editor-in-Chief
thalligan@penton.com
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Plug-n-Play Evaluation Kit shown with TPA0102, DC/DC converter and microphone mixer modules :'
Evaluate Tl audio power amplifiers in 60 seconds or less. 8l 1
~ _ m—— S + S
D> Seven evaluation modules plug directly Now you can evaluate TI's entire range of audio power L “, &
into platform; no soldering required = . : Ll

amplifier products quickly and easily. Our plug-n-play

} Input/output jacks available for easy connection evaluation kit includes the evaluation platform, two
to audio source and external speakers ' e AL

& 3-W speakers, speaker wires, an audio input cable, a

> Road-map compatible with current and future complete data manual and a user’s guide. The platform
T1 audio power amplifiers

also includes a signal conditioning section so you can

D> Compatible with TPA4860 and TPA4861 add equalization or mixer circuitry tailored to your
(1-W BTL mona), TPA302 (300-mW SE stereo),
TPAD102 (1.5-W BTL/SE stereo) and TPA1517
(6-W SE stereo) evaluation modules our professional kit or each of the modules separately.

application. You can purchase one of our standard Kits,

TN A .

> High-efticiency DC/DC converter module available And it all comes in an easy-to-carry case, making the

for battery-powered operation entire system as mobile as you need to be.

For pricing, ordering information and module availability, contact us at:
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A New
Generation:

Specitying Op
Amps In The 90s

The semiconductor industry has basically been using the same |

specifications to characterize high-speed operational amplifiers for over 30

years, even though these devices have gone through many changes during this
time.! More importantly, the number of applications in which these amplifiers l

The current Bl‘eed Of are used has increased dramatically.
For example, in video applications where gain flatness over frequency is critical,
. a—3-dB bandwidth can be an unreliable selection criterion if interpreted incorrectly.
H Igh'speed op Amps With supply voltages dropping to 5 V and lower, it’s increasingly important to have
quantitative measures of op-amp performance at output voltage swings that go
i i close to the rails. In telecommunications applications, RF designers relate much bet-
And Appllcatlons Are ter to noise figure, third-order intercept, and 1-dB compression point than they do to
. noise spectral density, total harmonic distortion, and output voltage swing.

Makl ng Man Ufa ctu rers As aresult, op-amp manufacturers need to continually reexamine the way high-
speed operational amplifiers are specified. Tests performed in the past are not al-

Rethink The Way They |

6.1 1
Specify These Devices. % i j
Eamon Nash \ \\
Analog Devices Inc 5.9 \ \ 5
§ g \\ \ 1084w, 13
3 ro =
56 s
0.1 dB/di. "\ \
i 5.5 1
\ 54 \ \ 0 ‘
53 \ < .

Frequency (MHz)

0.1 1 10 100 500 ‘

The AD8073's frequency response at a closed-loop gain of +2 is flat to within 0.1 dB out to 14 MHz,
while the 3-dB bandwidth extends to 100 MHz. A luck of flatness in the frequency response in the
region of interest (up to 5 MHz in this case) will produce video artifacts in television applications.
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ways relevant to newer de-
vices. In some cases this test-
ing can be wasteful, increasing
production test time and ulti-
mately leading to a higher sell-
ing price. In most cases, how-
ever, older specifications are
still useful, but need to be aug-
mented depending upon the
specific application.
BANDWIDTH AND VIDEO
Composite television sig-
nals— NTSC, PAL, or SE-
CAM—have a signal band-
width of about 5 MHz. Any

such a signal shouldn’t de-
grade the signal significantly.
If the gain response of the am-
plifier starts to roll-off below 5 MHz,
the sharpness of the picture will be de-
graded. Based on this fact, we could
make the assumption that the band-
width of a TV-video amplifier should be
at least 5 MHz. But consider what we
mean by the term bandwidth.

Look at the frequency response of
the AD8073, a triple, low-cost, cur-
rent-feedback op amp that’s typically
used in video-line driving applications
(Fig. 1). The plot shows the bandwidth
for a closed-loop gain of +2 on both 1-
dB/div. and 0.1-dB/div. scales.

From the 1-dB/div. scale, we can
read off the —-3-dB bandwidth as 100
MHz. While -3-dB bandwidth and
slew rate are the most common terms
used to compare the speed of op amps,
in video applications the frequency
over which the gain is constant is of
more concern. Therefore, the 0.1-
dB/div. curve, which tells us that the
ADB8073’s gain error remains within a
0.1-dB window up to a frequency of 14
MHz, is actually more useful. Gain
flatness of 0.1 dB out to 14 MHz is
quite acceptable for consumer video
applications. However, for profes-
sional video applications that call for a
flatness out to frequencies of around
30 MHz, a more appropriate device
would be AD8002, which has a flat re-
sponse out to 90 MHz.

If a 0.1-dB gain flatness specifica-
tion is unavailable, the engineer can es-
timate its value using the —3-dB band-
width. If the peaking of the
frequency response is much less than
1 dB, the 0.1-dB bandwidth will

OP-AMP SPECIFICATIONS

= o = T — >

The color information in a single line of NTSC video is contained in the
amplitude ond phase (relafive to the reference burst that comes after the
amplifier that’s conducting sync pulse) of the 3.58-MHz signal that is superimposed upon the luminance
ramp. Undesirable picture artifacts appear if the small-signal goin and phase of
an op omp vary with the level of the quasi-dc luminance romp.

be about one-seventh of the -3-dB
bandwidth.

When peaking occurs at unity gain,
it can be quite difficult to predict the
bandwidth (-3 dB or 0.1 dB) of an am-
plifier at higher gains. Traditionally,
voltage-feedback amplifiers are speci-
fied in terms of unity-gain frequency
response. The circuit designer can
then use the constant gain-bandwidth
product to calculate the closed-loop
bandwidth at a particular gain.

Calculating the closed-loop band-
width is more complicated in the case
of a current-feedback amplifier, where
the closed-loop bandwidth is more con-
stant for different closed-loop gains.?
However, in both the voltage-feedback
and current-feedback cases, the actual
closed-loop bandwidth at gains greater
than one will be less than the calcu-
lated value where the unity-gain re-
sponse peaks significantly.

The most practical solution to this
dilemma is for op amp manufacturers to
either specify or supply plots of fre-

quency response for various
closed-loop gains. This solu-
tion has become common in
the case of current-feedback
amplifiers, and is becoming in-
creasingly popular in voltage-
feedback amplifier datasheets.

Let’s look at an oscilloscope
photo of the time-domain rep-
resentation of a single line of a
color NTSC burst (Fig. 2).
Most popular video stan-
dards, such as NTSC and
PAL, combine chroma and
luma information into a com-
posite signal. The color infor-
mation is contained in the
3.568-MHz sub-carrier burst
that sits on the luminance
ramp. During the luminance ramp, the
gain and phase of the burst are com-
pared to the reference burst that
comes just after the sync pulse. If a
video amplifier alters the gain and
phase of the color burst as the lumi-
nance level ramps, undesirable arti-
facts will appear in the picture.

Differential gain and phase are
measures of the change in gain and
phase of a small signal as the dc level of
that signal varies. These specifications
are, therefore, extremely useful in
predicting the extent to which an op
amp will reliably amplify a video sig-
nal. However, future video standards,
most notably high-definition television
(HDTV) and digital tv, are unlikely to
use a ramped sub-carrier to convey pic-
ture information. As a result, the differ-
ential gain and phase specification of
video operational amplifiers will be-
come less relevant as new television
standards are rolled out.

While the small-signal bandwidth
of any amplifier is of interest, the

e
=
)

=

=
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NOISE CALCULATION

Noise source Calculation formula Resulting output noise
Ra (V4KTRg)(Rr/Ra) 8.44 nVANHz |
Rs (V4KTRs)(1+Re/Ra) 9.27 nVAHz |
Rr . VAKTRe ~ 278nV/AHz
LB Sy = Rs(1+ReRa) | 1nVAHz
(kS EN TN
P SR S 1+5whia) 0nVAHz
| Total ouput noise (No) | Quadratic sum of all sources | 2525nVAHz
Input noise (N) | VAKTRs | 09nVAHz
| Noisefigure |  20lgNJGN) | s |
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DC to 8GHz 5119

(up to +18.5dBm output) From (1000 aty)

Mini-Circuits ushers-in a new era of technology and economy with ERA

monolithic GaAs amplifiers. Just check the specs! These surface mount and drop-in
amplifiers cover your applications to 8GHz with higher gain, more output, and
flatter response. Characterized with S-parameter data, these amplifiers are very
easy to use. Simply sketch an interconnect layout, and the design is done.

And ERA's are engineered with wider bandwidths to eliminate your need for costly
compensation networks and extra gain stages. So, review your present design

and replace with Mini-Circuits new ERA technology. Lower overall cost,

wide bandwidth, and lots to...gain!

Mini-Circuits...we’re redefining what VALUE is all about!

*Freq Gatn Max Power Out Dynamic Range @Device ®Price
Model (MHz)  (dB) (dBm, @ tdB Comp) NF(dB) IP3{dBm) Current(mA} $ea.(10 Qty.}
£RA-1 DC-8000 118 1n7 53 260 40 1.80
ERA-1SM  DC-8000 11.8 13 515 26.0 40 185
ERA-2 DC-6000 156 128 47 26.0 40 1.95
ERA-2SM  DC-6000 152 124 46 260 40 2.00
ERA-3 DC-3000 208 121 38 230 35 210
ERA-3SM  DC-3000 202 15 38 230 35 215
ERA-4 DC-4000 135 al70 55 4325 65 415
ERA-4SM  DC-4000 135 a16.8 52 a330 65 420
ERA-5 DC-4000 1838 a184 45 4330 65 415
ERA-5SM  DC-4000 185 al84 43 a325 65 420
ERA-6 DC-4000 113 a185 84 4365 70 415
ERA-6SM  DC-4000 113 al79 84 4360 70 420

Note. Specs typical at 2GHz, 25°C Excephion a indicates typ numbers tested at 1GHz
* Low frequency cutoft determined by external coupling capacitors
T Price (ea ) Qty.1000: ERA-1 $1 19, -2 $1 33, -3 $1 48, -4 -5 or -6 $2.95. SM option same price.

DESIGNER’S AMPLIFIER KITS:

K1-ERA: 10 of each ERA-1,-2,-3 (30 pieces) only $49.95

K1-ERASM: 10 of each ERA-15M,-25M,-3SM (30 pieces) only $49.95

K2-ERA: 10 of each ERA-4,-5 (20 pieces) only $69.95

K2-ERASM: 10 each ERA-4SM,-5SM (20 pieces) only $69.95

K3-ERASM: 10 each ERA-45M,-55M,-6SM (30 pieces) only $99.95

Chip Coupling Capacitors at 12¢ each (50 min.)

Size {mils) Value

80x50 10, 22, 47, 68, 100, 220, 470, 680,
1000, 2200, 4700, 6800, 10,000 pt

120x60 002, .047, .068, .1 pf
Typical Biasing Rf’-' oot
Configuration ERA W N
oot p b
. g Lo 3 RFC(Opticnal
< > A 3 € prock
- ERA-1  ERA-1SM N fo—Y > {}— our /
| —— ACTUAL A Y Free User Guide! ]
SIZE i d Packed with comprehensive
For (:!A m:s.w‘ techrical support. Shipped with
TSRS et order, or call for your free copy today.

m Mini'CirCUits P

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www.minicircuits.com  C/RCLE READER SERVICE CARD

For detailed specs on all Mini-Circuits products refer to « 760- pg. HANDBOOK « INTERNET « THOMAS REGISTER « MICROWAVE PRODUCT DATA DIRECTORY « EEM

ISO 9001 F214RevF
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While the small-signal bandwidth (Vo= 400 mV p-p) of the AD8031 op amp is 80 MHz, the device's
slew rate limits the bandwidth when the output signal is made to swing close to the power supply rails.

large-signal bandwidth of a rail-to-rail
amplifier is more relevant. If a rail-to-
rail amplifier operating on a single +5-
V supply is driving an analog-to-digi-
tal converter (ADC) with a 0- to +5-V
input range, then the bandwidth spec-
ification of the op amp swinging from 0
to +5 V is important.

Front-page bandwidth specifications
of an op amp are typically measured un-
der small-signal conditions. Small signal
is not clearly defined, but generally
refers to a peak-to-peak output signal
voltage of between 160 mV and 500 mV.,
The term large signal (sometimes called
“full-power response”) also is not well
defined, but usually refers to a 2-V
peak-to-peak output signal. So neither
of these terms tells us how much band-
width we will get if we want maximum
available signal swing.

The term rail-to-rail also is poorly
defined. Because no signal can swing
all of the way to both rails, rail-to-rail
is generally understood to mean the
ability to swing close to both rails
(where close means less than 200 mV).
Non-rail-to-rail op amps, on the other
hand, usually swing to within 1 V of
the rails at best.

Consider a plot of bandwidth ver-
sus signal swing for the AD8031 (a
low-power, high-speed, rail-to-rail am-

plifier) under three different power-
supply conditions (Fig. 3). The small-
signal bandwidth of the ADR031 is 80
MHz (Vg =0.4-V p-p). We can see from
Figure 3 that the bandwidth de-
creases to about 1.06 MHz when the

output swings close to the rails on a
+5-V supply. At lower supplies (and
consequently lower output signal
swings) of +5-V single and +2.7-V sin-
gle, the bandwidth improves slightly
to 1.27 MHz and 3 MHz, respectively.
However, all of these numbers are far
away from the original 80 MHz.

If a plot such as the one referred to
above is not to be found in the data
sheet, an estimate of the output swing
versus frequency can be made using
the specified slew rate. Given the slew
rate and the maximum output swing
(both of these can be found in the spec-
ifications section of the datasheet), the
full-power bandwidth can be calcu-
lated using the following equation:

Bandwidth =
- Slew rate
n(Peak - to- peak signal swing)

It should be noted that in some
cases, the slew-rate specification of an
op amp is based upon unrealistic oper-
ation modes. For example, some op
amps exhibit optimum slew rate when
the output is heavily overdriven. This
slew rate decreases when the opera-
tion is linear. In order to use the above

| equation to estimate bandwidth, the

=30
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£ /
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%
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o e /
10 P
%/f,/
~130
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Total harmonic distortion gives the quadratic sum of the first six harmonics of a signal, but it will
usually be dominated by the second and third harmonics. Plotting these harmonics over frequency gives
a good indication of the spectrum of the output signal at a particular frequency.
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FRACTIONAL
VOLTAGE
C @/ N V E R S [\ @ N, ;:nlow M,“‘},., ;W mm:%;asom 91%

Frequency 80kHz 150kHz**

Doubke/Tnvert Double/Iavert

LM2650/5( LM2862/83 LM3IISO

1.5-5.5V 2.2-5.5V

800kHz

Package MSOP-8, S0-8 S MSOP-8

SUPPLYING [=

5 @, Wi A\ The LM3350 Fractional Switched
/ m ~ b

Capacitor Voitage Converter —

and WHAT CAN WE BUILD FOR YOU is &

a technology breakthrough for

. low-voltage portable equipment.

[' N A\ N M‘ S @/ P ' 8< National’s LM3350 is the first and only
g switched capacitor converter that can do
fractions other than 1:2 or 2:1. Namely,
\ / \ N, - 3:2 or 2:3 voltage conversion, providing

P A C K A‘ G E ) 50mA of output current at greater than
90% efficiency. Making the LM3350 ideal

for bi-directional conversion in 3.3V-5V

mixed-voltage systems. But there’s more:
by increasing the switch frequency to 800
kHz, the LM3350 enables you to use low-cost .33pF chip capacitors. Combine this into a minuscule
MSOP-8 package and you have the smaliest solution in the industry. With no external inductors to complicate
your design, the LM3350 provides impressive savings in board space and component count. Factor in a low-current
shutdown mode for added battery savings — plus low EMI — and you have an ideal solution for
portable equipment. Ideal enough, we think, to convert you from using anything else for cellular or cordless
phones, pagers, PDAs, laptops, PCMCIA cards, or just about anything that can fit in your hand. Proving there’s nothing
fractional about the advantages of this great new chip. Then too, if your power-efficient designs
demand higher voltages, check out our full family of voltage inverters and doublers

providing up to 200mA of current in SO-8. Visit
us at
WWw.nction.Leom
or call us at

1-800-272-g959
for the lowdown on
National Semiconductor how this advanced

Cmos technology

enables forward
integration.
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Data sheets usually specify distortion for low signal swings. Plots that show how distortion varies
with frequency and increasing signal amplitude are more appropriate for rail-to-rail amplifiers where

large signal swings are common.

op amp’s slew-rate specification must |
be based upon linear operation.
THD Versus SFDR
Traditionally, total harmonic distor-
tion (THD) has been used to specify
the distortion of an operational ampli-
fier. THD is defined as the ratio of the
amplitude of the fundamental fre-
quency to the root sum square of the
harmonics. Because the higher-order
harmonics decrease in amplitude, gen-
erally only the first five harmonies are
used in the calculation:

\

A AR A AR A A

THD =

Total harmonic distortion has its
roots in audio applications. It’s cus-
tomary and practical in audio applica-
tions to evaluate the quality of a signal
in terms of how it sounds. As such, low
THD correlates well with signals that
sound good. THD, however, tells us lit-
tle about the amplitude of the individ-
ual harmonics.

So it’s possible that two devices
with the same THD could have very
different spectral profiles. The same
value of THD can result from a single
large harmonic or from multiple har-

monics of lower amplitude. All sam-
pled-data systems (in other words,
ADCs) have a limit below which sig-
nals can’t be measured. So the device
with multiple (lower amplitude) har-
monics of equal amplitude might be
more desirable than the device with a
single large harmonic.
Spurious-free dynamic range
(SFDR) is becoming popular as a way
of specifying distortion. SFDR is de-

fined as the amplitude of the worst |

spurious component (commonly called
the spur) relative to the amplitude of a
fundamental tone. In the case of ampli-
fiers, this spur will be harmonically re-
lated to the fundamental, and is usu-

ally, but not always, the second or |
third harmonic. In the case of ADCs or

digital-to-analog converters (DACs),
the worst spur is not necessarily har-
monically related to the fundamental.
Because second and third harmon-
ics usually dominate the distortion of

an amplifier, it’s quite common for

manufacturers to supply a plot over
frequency of the second and third har-
monies in addition to specifying the
SFDR (Fig. ).

The specified load resistance of 500
Q would be common in applications
where the op amp is driving the input
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of a high-speed ADC. However, in
communications signal chains, a load
of 100 Q (50-€2 back termination resis-
tor and 50-Q load impedance) is more
common. The distortion performance
will degrade as the op amp’s load im-
pedance decreases. This information
would be best conveyed by a second
plot, indicating the performance under
heavier loading conditions.

Si1GNAL SWING AND DISTORTION

While plots of output swing versus
frequency tell us how much signal
swing we can expect at a particular fre-
quency, they tell us little about the
quality of the output signal. To estimate
the quality, we need specifications that
relate signal distortion to output swing
(Fig. 5). Just like bandwidth, front-
page-distortion specifications can be
deceptive, as they generally specify
distortion for signals having significant
head room to the rails (also true in the
case of rail-to-rail amplifiers). How-
ever, in applications where a rail-to-rail
amplifier is driving a rail-to-rail CMOS
ADC, information about large-signal
distortion may be necessary.

A plot of worst harmonic distortion
(i.e. largest harmonically-related
spur) versus output signal swing for
the AD8051/52/54, a family of high-
speed rail-to-rail op amps is demon-
strated (Fig. 5, again). Even though
these devices are rail-to-rail ampli-
fiers, distortion degrades as the out-
put signal approaches the rails and as
the output frequency increases.

This plot could be considered to be
more comprehensive than the previ-
ous plot (output swing versus fre-
quency). In addition to telling us about
the relationship between distortion
and signal swing, it effectively tells
what signal swing we can expect at a
particular frequency. It should be
noted that the distortion will get
markedly worse at frequencies above
10 MHz. Also, at frequencies below 1
MHz, the distortion will not improve
much more. As a result, this family of
plots gives a fairly complete picture of
the operating region (output voltage
and frequency) of the AD8051/52/54.

We can deduce from Figure 5 that,
in general, a signal should have up to
roughly 100-mV headroom to each rail
in order to achieve low distortion,
even when using rail-to-rail ampli-
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self-powered hub
overcurrent protection

@ MIC2525/26
High-performance switches
for self-powered and
bus-powered hub applications

@ MIC29151 and MIC29301
Low-dropout (LDO) voltage
regulators with enable and
overcurrent flag provide USB
port power from a loosely
regulated internal voltage of
a USB monitor
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In multichannel communications applications, third-order intermodulation products can cause problems
by masking small signals in neighboring channels. Harmonics of the fundomental signals are less of o '
problem, as they appear at multiples of the original frequencies.

fiers. Obviously, this figure will vary |

from device to device and over fre- |

quency (as shown). Also note that
there is a large difference in the maxi-
mum frequency at which low distor-
tion is attainable (10 MHz) and the
closed-loop bandwidth (about 55 MHz
for a gain of two) are attainable. This
reinforces the idea discussed earlier
that an op amp can rarely effectively
amplify signals close in frequency to
its ~3-dB closed-loop bandwidth.
IMD Anb IP3
Intermodulation distortion (IMD)
products are of special interest in the
RF area, and are a major concern in
the design of radio receivers. While

ucts increase 3 dB for each 1-dB in-
crease in the amplitude of the funda-
mental tones. As a result, a spectral
plot of IMD does not immediately indi-
cate the level of IMD for a different
signal amplitude.

creasing signal amplitude and increas-
ing frequency.

Third-order intermodulation prod-

Third-order IMD is often specified )

in terms of third-order intercept point
(IP3). Because the amplitude of IMD
products increases 3 dB for each 1-dB
increase in the fundamental, a theoret-
ical point can be reached where the
amplitude of the third-order IMD |
products are equal in amplitude to the

the harmonics of a single tone appear | fundamental tones. This output level

at multiples of the fundamen-

| is called the third-order intercept.

If IP3 isn’t specified, as is com-
monly the case with op-amp
datasheets, don’t worry—it’s simple to
derive yourself (Fig. 7).

On a plot of output-signal amplitude
versus input-signal amplitude (the gain
of the circuit should be normalized to
unity), draw a line with a slope of one
through the origin. The output ampli-
tude of one of the fundamental tones
(both would normally be equal) is plot-
ted on this line. Directly under this
point, the amplitude of one of the inter-
modulation products (again, both
should be equal) is plotted. Next, draw a
line with a slope of 8 through this point.
The vertical point at which the slope-of-
one line and the slope-of-three line in-
tercept is the third-order intercept.

Once the third-order intercept has
been calculated, the output power of
third-order IMD products can be esti-
mated for other signal levels using the
equation:

IP3-P3 =3x (IP3-Py)

where P = output power in dBm, P3
= output power of third order IMD
products in dBm, and IP3 = third-
order intercept in dBm. This
equation can be simplified to:

P3=3P,-2IP3

In practice, the point will never be
reached where the intermod-

tal frequency, the third-order
products that result from the
intermodulation of two sig-
nals close in frequency, ap-
pear close to the fundamental
frequency (Fig. 6). In multi-
ple-channel communications
applications, these third-or-
der IMD products can mask a
small signal in an adjacent
channel.

Intermodulation is mea-
sured by applying two spec-
trally pure tones to the input
of the op amp. The amplitudes
of the fundamental and third-
order products can be read by

Output power per tone (dBm)

Fundamental

Third-order
IMD product

Third-order
intercept ,

Fundamental
(slope =1)
N

~ Third-order
IMD (slope =3)

ulation products become
equal to the output signal be-
cause the output signal will
begin to soft limit or compress
at some level. The power level
in dBm at which the output is
1 dB below its ideal level is
called the 1-dB compression
point (Fig. 7, again).

RF engineers generally
use the 1-dB compression
point as a measure of the
available signal swing. It’s a
useful alternative to simply

Input power per tone (dBm)

specifying signal swing be-
cause it’s a measurement of
power, and as such gives an

looking at the output signal on
a spectrum analyzer. The
level of intermodulation dis-

tortion will degrade with in- reached.

ELECTRONIC DESIGN

Third-order intercept is defined as the theoretical point at which the third-
order intermodulation products become as large as the original output
signal. In practice, the output signal will limit or compress before this point is

ANALOG APPLICATIONS ISSUE NOVEMBER 17, 1997

indication of the maximum
output voltage and current
levels for a particular load
impedance (usually 50 Q).




Focus new designs
on Fairchild

@ the speed, @ the drive and no noise penalty

Fairchild Semiconductor is focusing on your future designs with an enhanced
version of the industry’s most popular, high-speed CMOS family. Fairchild VHC
is the logical upgrade from HC and a proven answer when higher drive, faster
speed and low noise are critical. VHC improves system performance by significantly
reducing static and dynamic power consumption.

For almost five years, Fairchild VHC has been successfully used for on-board
driving, signal and routing in telecom, PC, industrial and consumer applications.
With input over-voltage tolerances and 3V-5V operating specs, VHC simplifies
your mixed-voltage designs. And designing with VHC results in the long-term
support you need to extend the life of your applications—all delivered at
HC-comparable pricing.

So if you're looking for speed, low noise and cost performance for your future
designs, then focus on VHC. Fairchild stands for personalized service, firm delivery
commitments and guaranteed fast delivery on technical information.

For a VHC Information Pack, call our Customer Response Group at
1-888-522-5372, or visit our web site: www.fairchildsemi.com
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e T ten (Fig. 8). The (input-referred) volt-
Rg(V/akTRg V/\Hz ) Re(\/aKTRg V/\/he ) age-noise spectral density is amplified

The total output noise of an op-amp circuit is

function of the source impedance, the voltage
and current noise sources in the inputs, the
resistors used to set the closed-loop gain, and the
dosed-loop gain itself.

While RF designers generally use
noise figure to compare amplifiers, op-
amp noise has traditionally been spec-
ified in terms of noise spectral density.
While this is becoming less acceptable
in communications applications, there
is a plausible reason for not specifying
noise figure on an op-amp’s data sheet.

Noise figure is defined as the ratio
of the signal-to-noise ratio (SNR) at
the device’s output to the SNR at the
device’s input. The noise at the input is
usually defined to be the Johnson
noise of a 50-Q resistor.

The noise figure specification is use-
ful for (fixed) gain-block-type ampli-
fiers. However, because op amps have
configurable gains, the noise figure of
the closed-loop circuit will vary de-
pending on the closed-loop gain and on
the size of the feedback resistors. As a
result, it’s difficult to assign a “one-cov-
ers-all” noise figure to an op amp.
From a straight specificational point of
view, the best that a op-amp manufac-
turer could do would be to specify the
noise figure for a particular closed-loop
gain using specified resistor values.

But not to worry—noise figure is
easily calculated if we know the input
current and voltage-noise spectral
densities of the op amp, along with the
closed-loop gain and the size of the
feedback resistors. Add together all of
the noise sources in the closed-loop cir-
cuit. Let’s use the following example:
an AD8001 high-speed, low-noise op
amp configured for a positive gain of
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by the closed-loop gain of the op amp.
The noise current sources draw cur-
rent through the source impedances to
which they are connected, generating
two noise voltages. Because the noise
currents are not correlated (they are
completely independent of each
other), there is no possibility that they
will cancel each other out in any way.
This fact is true for both current-feed-
back and voltage-feedback op amps.

The feedback and source resistors
contribute Johnson noise to the cir-
cuit. Depending upon the position of
the resistor, the resulting noise volt-
ages are amplified by the inverting
gain, the noninverting gain, or not at
all in the case of Rp.

We need to calculate each source’s
contribution to the overall output
noise (see the table). Note that K
refers to Boltzman's constant (1.38 X
102) and T refers to the ambient tem-
perature of 398 K (25° C).

In this example, we’ll define the in-
put noise to be equal to the Johnson
noise of a 50-Q resistor (VAKTRg). The
noise figure is, therefore given by:

Noise figure = Output noise / (Gain X
Input noise)

= 20log(25.25/ (10X 0.9))
=896dB
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DC-DC Conversion

Techniques For
Noise-Sensitive
Applications

What Are Your Options
When Strict Noise
Constraints Conflict
With Power-Supply

Requirements?

LEONARD SHERMAN

Maxim Integrated Products

Designers typlcally avoid de-de converter circuits in applica-
tions that demand low noise. The power for sensitive analog systems is often re-

]

signed to linear supplies that sacrifice portability and battery life to maintain |

performance of RF circuits, low-noise amplifiers (LN As), read-channel pre-
amps, and other sensitive analog functions.

Nevertheless, the rapid growth of portable electronic and computing prod-
ucts has lead to a sort of shotgun marriage between low-noise analog and RF cir-

cuits, and switching voltage conversion. This article will explore options open to |

designers to smooth this union of disparate goals when strict noise and perfor-
mance constraints conflict with power-supply requirements.

In most cases, the path to low-noise performance doesn’t require exotic cir-
cuit techniques or the latest in IC features. Many low-noise power-supply de-
signs are mostly conventional, with tweaks or additions to address the sensitivi-
ties of the load circuitry. The new ground presented here is interesting partly for
the results achieved, but also because some well-worn techniques have been re-

$0T-23 linear regulator

U1: MAX845 T—a N out :
01 ]—___
il o SWOR
SVE10% | 6 . e
i GND1 MAX8863 02_]5
1'*F:[_: Gate 0
02
500 kHz L8
2 et uF
G'L GND2 Tm
o 4 = 04
L O—{80
g N.C Out
Te . 0 -3.15V
n|cs m-oumﬁsnnszm 103F | 1 :20,,,"\';‘
L. T1 = Halo TGM-010P3 W
(1:1:1 turns ratio) K pk-pk

Push-pull voltage conversion offers orders-of-magnitude of improvement in both input and output
ripple compared to conventional voltage inverters. Input ripple is about 10 mV p-p, as is the ripple
going into the linear regulotor. Peak-to-peak noise and ripple at the -3-V output are well under 1 mV.
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LOW-NOISE POWER CONVERSION
U1: MAX845
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Without increasing transformer size, 50% more current is obtained from a low-noise push-pull design
by connecting the secondary in o voltage-doubling configuration. Output ripple is only slightly worse

than in Figure 1, at 2 mV p-p.

cast for contemporary requirements.

The examples shown in this article
focus on particular applications, but
also can be adapted for other uses. The
purpose here is not so much to provide
canned circuits (however, they can be
so employed), but to illustrate power-
supply noise-reduction techniques
that can be generally applied, usually
without specialized ICs or exotic
components.

PusH-PuLL CONVERTERS

Push-pull (sometimes called for-
ward) de-de converters, are most pop-
ular in high-power (hundreds of watts)
designs . This high-power image, and
the fact that they require a trans-
former, may explain why the topology
has rarely been considered for low-
power or portable applications. Nev-
ertheless, the characteristics that
make these converters suitable for
high power are the same qualities
that, even when supplying only a few
watts, can reduce noise, ripple, and
EMI substantially when compared
with other topologies.

A forward converter differs from
the more common buck, boost, or in-
verting (inductor-based) de-de con-
verter because energy is never really
stored in the magnetic component. In
a conventional inductor-based de-de

inverter, the inductor alternately col-
lects energy from the input supply and
transfers it to the output. The output
filter capacitor alone must support the
load while the coil is recharging.

The change in capacitor voltage dur-
ing this eycle is responsible for output
ripple, and the discontinuous input cur-
rent waveforms cause ripple on the in-
put supply as well. Output ripple is
both a function of (dV/dt)
I1.0ap/Criir and capacitor ESR. Also,
inductor peak current must be much
higher than the average output current
because the coil can’t be connected (and
source current) to the load all of the
time. It must toggle between the input
and output at a duty cycle governed by
the input/output voltage ratio.

In a push-pull design, the trans-
former doesn’t store energy, but in-
stead only transfers it. At any given in-
stant, one of two switches is on, and
current flows in the transformer’s pri-
mary and secondary windings simulta-
neously. Note that this is not the case
for all transformer designs because
primary and secondary current do not
flow simultaneously in flyback designs.

The push-pull design makes the rip-
ple sources much more benign than
with a conventional inverter because
current flow in and out of the circuit is
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nearly constant (if the load is con-
stant), and peak transformer current
is only slightly higher than the dec load
current. Current is interrupted only
during the break-before-make time
between D1 and D2 turn-on. Because
this interval is very short (<100 ns) fil-
tering can be accomplished with very
small capacitors.

The change in output voltage dur-
ing a switching cycle depends on the
capacity of the transformer core (the
transformer’s E-T product), and not
capacitor size. The capacitor’s primary
job is to service the load during the
dead-time between each half of the
push-pull cycle. For an output capaci-
tor this task is much easier than carry-
ing the load current for a large fraction
of a switch cycle, as is needed in a con-
ventional inverter design.

The following two circuits employ a
push-pull design in generating an ul-
tra-quiet negative supply to power
low-noise preamplifiers or other ana-
log circuits that need split power sup-
plies (Figs. 1 and 2). Negative supply
noise often is critical in these designs
because IC amplifiers many times ex-
hibit poor rejection of noise on their
negative rails.

An advantage of both of these cir-
cuits is that they achieve low input and
output noise with low-value ceramic
(non-electrolytic, non-tantalum) ca-
pacitors. This last issue is significant
because ceramic capacitors provide
superior reliability when compared to
polarized types, especially under high-
temperature accelerated testing. In
addition, for low-capacitance values,
ceramic capacitors consume the least
board area.

The first circuit exhibits the lowest
noise (<1 mV p-p), while the second
trades a small increase in ripple for in-
creased output current from the same
size components.

A NEeaGATIVE RAIL

Magnetoresistive (MR) read/write
heads in large-capacity hard disk dri-
ves present a challenge for quiet
power-supply design. Most MR head
preamps use both positive and nega-
tive power-supply rails. Single-supply
MR preamps are available, but not
with the same level of performance as
split-supply designs.

A +5-V logic supply (with some low-
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LOW-NOISE POWER CONVERSION

pass filtering) suffices for the
positive rail, but the negative
supply must be generated in-

b —
4

be applied to any power sup-
ply where a transformer sec-
ondary, or other floating

side the hard drive. Because SHON source, ends up providing a
the motors in a hard drive use Input | negative supply.

: 1/c14 L1 Sy y.
most of the power, efficiency X % Charge _T_o 0 v"' The connection in Figure 2
is not a critical parameter for (1 T 2/ or- pump @ retains many of the low-noise
the preamp power supply. Vof :D uF characteristics of Figure 1,
But cost, circuit size, and out- 6 lour —1 NEGOUT |3 = but increases output current

put noise and ripple are very
important.

The circuit shown in Fig-
ure 1 generates -3.15 V (or
other negative voltage) at
100 mA. It’s built around a
MAX845 push-pull trans-
former driver and a low-cost
2.4-mm-high surface-mount

transformer. The push-pull ca’.‘m:,m
design switches at 500 kHz, | 0UT=-2V

continuously transferring
power to the output via the

L

GND

to 150 mA without needing a
larger transformer. Again,
the floating output allows a
positive linear regulator to
control a negative output.
The circuit differs from Fig-
ure 1in that it uses only a two-
diode voltage-doubler config-
uration along with a
transformer with a slightly
lower secondary turns ratio
(4:4:3 rather than 1:1:1). This
design does require C2 and C3

transformer and a four-diode
full-wave bridge.

There are no large d1/dt
current peaks or voltage
peaks to be smoothed, therefore only 1
uF of capacitance is needed to fill dur-
ing the dead time between switching
cycles. The circuit generates both low-
output and reflected-input noise.
Peak-to-peak output noise and ripple
are well below 1 mV p-p with only 1-
uF or lower ceramic capacitors.

Without the linear regulator, peak- |

to-peak ripple is still only 10 mV. Input
noise is dependent on the source im-
pedance of the input supply, but when
operated with a bench-type power
supply it measures about 10 mV p-p at

i

In light-load applications, such as bias for GaAs power amplifiers, an
internal regulator within a charge-pump IC reduces output ripple and noise
to <1 mV p-p.

50% load with 1-uF ceramic input by-
pass capacitance. With larger capaci-
tance values, these amplitudes can be
reduced further. The circuit’s conver-
sion efficiency is about 65% due to the
use of a linear output regulator.
Because the transformer output
floats, an added benefit of the topology
is that a negative output can be regu-
lated with a low-cost positive linear
regulator. U2’s OUT pin is connected
to circuit ground while the regulated
negative output is taken from the IC’s
GND pin. Incidentally, this trick can

+5-V input

input
U1: MAX1681
L FC Ve $
- 2
o [ w I1 uF output
Lz 3 b
A
—How- ot P .

01, 02: 2N2907 (or any SOT-23 PNP)
03: 2N2222 (or any SOT-23 NPN)

A 1-MHz charge pump inverter teams with o very-low-cost discrete linear regulator to supply -3 V at
125 mA with less than 5 mV of peak-to-peak ripple and noise. Low-value ceramic capacitors are used.
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to store energy for half of each
clock cycle, but the ripple
waveforms on C2 and C3 are
phased such that they nearly
cancel, resulting in no more than 15mV
of ripple at the linear regulator input
and less than 2 mV p-p at the output.

The two-diode rectifier reduces the
voltage loss compared with the four-
diode bridge, providing more head-
room for the linear regulator, and thus
greater output current before dropout.
Input noise is similar to that of Figure
1 at about 20 mV. Qutput noise is about
. 2 mV p-p at 150-mA load current, and

less than 1 mV p-p below 50 mA.
INDUCTORLESS DESIGNS

When noise sensitivity is a concern,
such as in RF applications or where
low-level signals are present, charge
pumps may provide superior perfor-
mance to other types of voltage con-
verters. They also can allow voltage
conversion to be used where previ-
ously only linear regulation could be
considered. It's important to note that
such advantages are by no means uni-
versal to all charge pumps.

The most direct advantage is the
elimination of magnetic fields associ-
' ated with the inductor or transformer.
| In other words, a significant EMI |
source is squelched. An EMI source
that remains and can be troublesome
in some designs is the high initial-
charging current that can flow when
the flying capacitors charge and dis-
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charge. The instantaneous current
that flows is limited only by the resis-
tance of the switch, which can be as
low as a few ohms. These high dI/dt
events can generate spike noise,
whose elimination may require addi-
tional capacitance or post filters. How-
ever, in pump designs that have been
tailored for low noise, such compo-
nents aren’t needed.

There are solutions for negative
supply generation that forego induc-
tors (Fig. 3). A capacitive charge
pump inverts the +5-V input supply.
Again, switching transients at the
pump output preclude a direct connec-
tion to preamp negative bias input.
However. a very cheap, but service-
able negative linear regulator can be
fashioned from three transistors .

Unlike the previous transformer
designs, a positive linear regulator
can’t be used because the output is no
longer floating. As low-
dropout negative regulators
are not widely sold, a discrete
design is used. For simplicity,
the input supply serves as the
reference. Therefore, output
accuracy depends on input
tolerance, which is adequate
for most uses. Alternatively,
a more precise reference
source, if available, can be
connected at R3 to improve
output accuracy. Output rip-
ple and noise for this connec-
tion are less than 5 mV p-p
each, and output current is
125 mA at -3 V.

The use of a post regulator
reduces noise more effec-
tively than regulated charge-
pump ICs that modulate ei-
ther their internal switch
resistances or switching rate.
If 5-mV of ripple is still too
high, larger filter values for
C6 will further reduce it. The
circuit operates with smaller
charge pump capacitance (1
uF) than normal for the pump
IC because only -3.0 V must
be generated from a 4.5-V
(min) input. The charge pump
output can, therefore sag as

(a)

(b)

much as 1 V from its ideal | This peak-to-peak noise and ripple photo, along with the output noise
spectrum of Figure 4’ circuit, show nearly complete suppression of the

output (-Vyy) without impair-

Noise (dBy.V)

LOW-NOISE POWER CONVERSION

| previous circuits, only ceramic capaci-
tors no larger than 1 uF are used.

A drawback of the charge pump ar-
chitecture is that transients on the in-
put supply are larger than with the
previous schemes. Measured peak-to-
peak input ripple was 300 mV with a
conventional bench supply as a source.
This number can improve with a lower
impedance source and/or filtering to
isolate ripple generated at the input.
Since the ripple frequency is high (1
MHz), it can be filtered effectively
with small capacitance values.

In all of the previous circuits, the
goal has been to generate a negative
| voltage. The designs, however, are not
limited to voltage inversion. In the
push-pull configurations, different
turns ratios and secondary winding
connections can easily create output
voltages of either polarity. In charge-
pump circuits, the input can be dou-

MAX840 output noise and ripple
(C1=C02=C3=1pF, C4=10 uF)

500pV

10xS

1

bled or multiplied by some other fac-
tor with other charge-pump ICs.

In light-load applications, low-noise
post regulation can be included on chip
as well (Fig. 4). In the circuit shown,
the IC combines an inverting charge
pump and a low-noise negative-output
linear regulator to generate a very

' quiet negative bias voltage (-2 V at 4

|

500 pV/div

mA) for GaAs FET RF power ampli-
fiers from a 2.5- to 10-V dc input. A
switching frequency of 100 kHz allows
small-value capacitors to be used,
while the on-chip regulator reduces
output ripple and noise to only less
than 1 mV p-p.

GaAs FET RF power amps are of-
ten preferred for portable communica-
tions because their efficiency is higher
than that of bipolar power amps. The
noise performance obtained from this
design approach is particularly stun-
ning for a switch-mode circuit (Fig. 5).
In fact, it’s nearly as good as
that of Figure 1. Figure 5
shows the output waveform
and noise spectrum.
SYNCHRONIZED DESIGNS

The common weapons used
on de-de noise involve some
sort of suppression—typi-
cally filtering and shielding.
An alternate approach that
can save the cost and incon-
venience of these solutions is
to lock the de-de converter’s
operating (and noise generat-
ing) frequency to a clock
source that confines the rip-
ple and emitted spectrum to
frequencies that don’t inter-
fere with the system.

This solution doesn’t di-
rectly reduce the amplitude
of ripple or radiated noise,

Vour

but it can nudge the noise
spectrum to less intrusive
harmonics located away
from, for example, the fre-
quency of intermediate-fre-
quency (IF) stages. Not only
can this improve perfor-
mance (RF sensitivity, for ex-

ing -3-V regulation. Like the 100-kHz ripple fundamental.
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10 8/div
Vin=3.6V, Voyr=-2V, loyr =4 mA, ac coupled
MAX840 noise spectrum
(C1=C2=C3=1pF, C4=10 uF)
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ample), but it also can save
money if the output then does
not need additional filter
stages, or shielding can be
eliminated. A number of dc-
de converter ICs now offer a
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ELECTRONIC DESIGN

ANALOG APPLICATIONS
LOW-NOISE POWER CONVERSION
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Some variable frequency dc-dc converters can be synchronized through their current-sense inputs. An
injected pulse train locks this low operating-current converter to an external clock.

SYNC input to lock the converter os-
cillator to an external clock source.

Very-low-power designs often em-
ploy variable frequency converters.
These pulse-skipping converters are
popular in handheld equipment be-
cause they can extend battery life by
efficiently supplying a wide range of
load current. In addition, the ICs’ op-
erating current is tenths of a microam-
pere rather than several milliamperes.
Because these converters often do not
use a clock, synchronization is not con-
sidered. But a type of synchronization
is, in fact, still possible for these de-
signs (Fig. 6).

The basic control scheme of many
low-power converter ICs involves a
one-shot scheme whereby a switching
pulse (to charge the inductor) begins
when the IC senses a drop in output
voltage. This pulse ends either when
the inductor current reaches a current
limit set by a current-sense resistor, or
when it reaches a time set by an on-
chip one-shot. If no drop is sensed then
no pulses are initiated.

A type of synchronization can be
added to such a converter by applying
clock pulses to the current-sense input
via D2 and R2 (Fig 6, again). Each
clock pulse then ends any cycle in

progress, discharging the inductor
into the output capacitor and the load.
If no cycle has begun, then the clock
pulse has no effect.

The net result is that each switch-
ing pulse is terminated (rather than
begun) on a rising external clock edge.
The switching frequency is not fixed,
but switch pulses, when they occur,
end in synch with the clock. In a boost
de-de converter, the end of the switch-
ing pulse is the noisiest point in the
switching cycle. It is at that point
when inductor current is at its highest,
and when the switching node exhibits
the largest voltage swing.

Take a look at the noise spectrum
for this circuit with and without the
sync clock applied (Flig. 7a and ?7b). In
the synchronized case, spurs can be
seen at the 250-kHz fundamental and
at 500 kHz, 750 kHz, and 1 MHz . With-
out synchronization, the fundamental
will move with load and line. When
boosting from 3 V to 5 V at 300 mA,
Figure 7b shows the fundamental
landing at 57.5 kHz.

One limitation of this approach is
that the period of the sync clock must
be shorter than sum of the time it takes
the inductor to reach current limit and
the IC’s minimum off time. If current
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limit should terminate a switching
pulse before a sync pulse occurs, then
that pulse will not be synchronized.
Synchronization is ensured in the Fig-
ure 7 circuit by determining that:

(Ipk X LYVyax + tMINOFF =
tLim > Visync

(1.5AxX10H)/42V+23us=
3.5Tus+23 us =5.87us > 1/250 kHz

where IPK is the peak inductor
current, L is the coil inductance, Vyax
is the maximum input voltage, and
tmiNoFF is a datasheet spec for the
IC’s minimum off time.

OTHER Low-Noise TRicKs

In addition to the above circuits, it
may be useful to consider a few addi-
tional low-tech tricks that can help
avoid or prevent de-dc converter noise
problems. Among these are:

Simple resistance-capacitance (RC)
Sfilter: When load current is low, this ap-
proach should never be ruled out be-
cause it’s likely to be the lowest-cost
choice, if it can be made to work. Feasi-
bility will depend on whether a suitable
filter resistance can be inserted in se-
ries with the load without suffering an
excessive drop in the output voltage or
degraded load regulation. For exam-
ple, at a 10-mA load, a 10-Q resistor will
drop 100 mV, which may be acceptable.
A 1-puF capacitor then adds a 15-kHz
roll-off to the output.

Remember that often it's not neces-
sary to filter the entire de-de con-
verter output, but just the portion of
the load or loads that need low noise.
In this way, the current that passes
through the post-filter resistance can
be kept to a minimum.

One important note when using an
RC post filter is to only add the filter
after the circuit’s feedback connection.
Although placing the RC filter inside
the feedback loop might at first make
it appear that the load-dependent out-
put changes caused by the series resis-
tance will be eliminated, the added
feedback delay will almost certainly
destabilize most switching regulator
circuits, hence creating more—not
less—ripple.

Twrn the de-dc off: If the current re-
quired is low or if low noise is needed
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auto-routed layout software (b)

jumpered are frequently
sent through layer two. If
these slices in the ground
plane are not properly lo-
cated, the quality of the
ground can be degraded be-
cause return current then
must take more serpentine
paths. The solution is to
move long jumpers to a layer

intended for logic design. Par-
ticular issues to watch are:

7Noise spectrum plots for the circuit in Figure 6 show the benefit of
synchronization. With a 250-kHz dock applied, output noise is confined to
250 kHz and its harmonics {a). With no clock, noise occurs at less-controlled

o Keep the switching nodes frequencies (b).

physically small. In conven-
tional de-de converters, the nodes are |
where the coil, switch, and diode meet.
These nodes are antennas. The larger
they are, the more noise is radiated to
surrounding circuits. The traces |
should be wide to carry high current,
but also should be made to travel the
minimum possible length.

e In any power-supply design with
resistor-set feedback, locate feedback
resistors right next to the IC feedback
pin, and keep the trace area at the
feedback pin minimized. The feedback
pin is a high-impedance node, and
therefore is susceptible to noise radi-
ated from other parts of the circuit.
Because the output and ground are
low-impedance points, it’s better to run
long traces from the voltage output
and ground to resistors located close

to the feedback pin. It’s much worse
layout practice to locate the
resistors near the output and ground,
and run long traces to the feedback pin.

e Identify the traces through which
high currents are flowing and size
them as wide and short as possible. In
particular, pay attention to vias
through the pc board, because these

are poor conductors of high current, |

especially in high-speed switching cir-
cuits. It’s best not to route high-cur-
rent paths between board layers, but
if this is unavoidable, use multiple vias
in parallel. A rough guideline is
at least one via per ampere of peak
current.

¢ Ensure that low noise grounds,
such as those for feedback resistors,
reference bypass capacitors, and the
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other than ground.

As has been shown, there
are many ways to combat
noise in de-de converter de-
| signs and many voltage conversion
techniques need not be incompatible
with sensitive circuitry such as low-
noise preamps, RF receivers, and
high-gain amplifiers. By understand-
ing the real needs of the system,
switch-mode voltage conversion often
can be employed without sacrificing
noise performance.

LEONARD SHERMAN is an applica-
tions engineering director for
Maxim Integrated Products. He bas
a BSEE from the Massachuselts In-
stitute of Technology, Cambridge.
Sherman can be reached at Maxim
Integrated Products, 120 San
Gabriel Dr., Sunnyvale, CA 94086;
(408) 737-7600; e-mail:
lensherman®@earthlink.net.
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An Intuitive

Approach To
Current-Feedback
Amplifiers

Circuits That Combine
High Bandwidths, Fast
Slew Rates, And Low
Power Consumption
Are Possible With
Design Insight.

Jeff Lies and Ron Mancini
Harris Semiconductor

Some designers (especially digital designers doing analog design) are |

intimidated by current-feedback amplifiers (CFAs). As a result, they don’t take
advantage of the CFA’s superior frequency performance. CFAs have become per-
vasive because they have an architectural advantage that delivers high band-
width and slew rate at low supply currents. Indeed, a designer without CFAs in
his arsenal is inadequately armed for today’s high-speed design challenges.

The good news is that most of your voltage-feedback-amplifier (VFA) knowl-
edge is applicable to CFA design because the ideal equations for both amplifiers
are identical. The VFA attempts to drive the input-error voltage to zero, while
the CFA attempts to drive the input-error current to zero, so understanding the
VFA feedback mechanism simplifies the task of understanding CFA operation.
'Two characteristics of the CFA will take some getting used to: The closed-loop
bandwidth is relatively independent of the closed-loop gain, and the amplifier’s
stability is dependent on the feedback resistor value. Both of these differences
offer significant advantages for the CFA with very few drawbacks.

SimpPLIFIED CFA MoODEL

The simplified CFA model is shown in Figure 1. The external resisters, Rg
and Ry, are the gain and feedback elements which determine the gain and band-
width performance. The object is to determine the proper value for these resis-
tors. When the circuit is configured for noninverting gain, the input for the cir-
cuit is +In (Fig. 1, again). This terminal connects to a unity-gain buffer input, so
it has the characteristics of high-input impedance and low-bias current. Con-

|
r Vour
L | S P e

1 _L |

Uiy I Ie Ie Ry CH :

' N8 :

| |

g Y e Tl A XAV R T B s WLER T T T T - |

Re
AN\

This simplified model demonstrates how the current-feedback amplifier (CFA) operates, and how it
differs from the voltage-feedback amplifier (VFA). The controlled current source at node Z represents
the transimpedance element.
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CURRENT-FEEDBACK AMPLIFIERS

lower (Rg = o)
whereatt=0,V,n
= VOUT =0.Ifatt=
0+, a unit step volt-

ANALOG APPLICATIONS
IF
AN
S b
A'A'A%
Rg i R Y.
VIN

age is applied to
the input, then at

t=0+, V,in=V_ N
=1V,and Voyr -
VIN =-1V, thus IE
=-1V/Ry . Notice
that the slew cur-
rent, Iy, is depen-
dent on the magni-

The inverting gain configuration for a current-feedback amplifier has input
and feedback resistors just like o VFA. The circuit’s gain equation is

(Vour/Vin} = —(Re/Rg).

versely, the —In input connects to the
output of the same buffer. Rg models
the output resistance of the buffer, but
it is usually a small value which can be
ignored. The —In input has the charac-
teristics of a buffer output: very-low
impedance and high current-
sinking/sourcing capability. The high-
current capability of the buffer output
enables large transient currents to
flow through the external circuits, and
as will be shown later, this enables
higher slew rates for the CFA.

The unity-gain input buffer forces
~In to follow +In unconditionally. Dur-
ing quiescent operation only a small
current flows through —In. This cur-
rent is the error current, Ig, which is
analogous to the error voltage of a
VFA. The current flowing through

-Inis always mirrored (represented by |

the current source Ig) onto a high-im-
pedance node (Z) where it is con-
verted to a voltage via the trans-
impedance gain of the CFA. Transim-
pedance gain serves the same function
in a CFA that open-loop-voltage gain
servesina VFA;i.e., it is the driving
force which closes the feedback loop. If
the amplifier has a large transimped-
ance gain (Z) it will have a low error
current because I = Voy/Z. The con-
trolled current source in the simplified
model represents the transimpedance
element, and when the current flows
through the terminating impedance,
Ry Il Cy, a voltage is developed at the
input node of the output buffer. The
output buffer is another unity-gain
buffer, and it provides the current capa-
bility for driving low impedance loads.
For example, consider a voltage fol-

tude of the
output-voltage
change and Rp.
This error current
is sourced by the input buffer, so an
equal current is mirrored onto node Z,
causing the voltage to rise, and conse-
quently the output voltage increases.
The feedback loop keeps Vgyr rising
until the error current is driven to the
minimum value. At this point V,y =
Vour within the error tolerance.

The same four ideal op-amp assump-
tions employed to derive the VFA
closed-loop-gain equation are used to
derive the ideal CFA closed- loop-gain
equations. By definition, V_jy = V,n
because the element separating the
two inputs is a well-designed unity-
gain buffer. The noninverting input
current is low enough to be neglected
(+In =0) because this current is a buffer
input current. The inverting input cur-
rent equals zero (-In = 0) because the
feedback loop drives the error current
to zero. As long as the transimpedance
gain is large the —In current is negligi-
ble. The two input currents are totally
uncorrelated, therefore the common
VFA technique of canceling input-cur-
rent errors by balancing the impedance
seen at the positive and negative inputs
is not recommended for CFAs. The
transimpedance gain is extremely high,
which enables the feedback loop to
function properly, just like high open-
loop gain does in a VFA.

The feedback network is con-
structed in the same way for both the
CFA and VFA; a feedback resistor
(RF) is connected from the op-amp
output to the inverting input, and a
gain-setting resistor (Rg) is connected
from the inverting input to ground in
both cases. Because the feedback net-
work is the same for the CFA and

ELECTRONIC DESIGN ANALOG APPLICATIONS ISSUE NOVEMBER 17, 1997

VFA, and because the ideal op-amp as-
sumptions are valid for both types, it is
obvious that the VFA ideal closed-loop
gain equation must hold for the CFA.

The noninverting gain formula,
(Equation 1) is based on these assump-
tions; the voltage across Rg is Vyy be-
cause —In tracks +In, so the voltage di-
vider rule yields:

Vin = Vour Rg/(Rg + Rp), or:

Re
Re

Vour _ Rp+Rg _
Vi Rg

1+ (1)

When the CFA is used in an invert-
ing gain configuration (V,;y=V_n=0
V), the input current is Viy /Rg (Fig.
2). The feedback current, which must
be equivalent to the input current be-
cause no current flows into the op-amp
inputs, is equal to —Voy1/Rf. Equat-

ing the currents yields:
Vour __Re @)
Viv  Rg

The nonideal gain equation for the
noninverting CFA is taken from Ref-
erence 1, Equation 18, and it is re-
peated here as Equation 3. Notice that
the input-buffer output resistance,
Rp, is designated as Zg in Equation 3.

Z(1+Zy 1 Zg)
Vour _ Ze(1+Zs/ ZellZc) -
V]N Z

{1+ 2 2o

If the input-buffer output resistance
is zero, which is the goal of every CFA
IC designer, Equation 3 reduces to:

Vour 21 Zp(1+ 7 1 Zg)
Vi 1+7Z/ 2y

4

The transimpedance gain (Z) con-
tains two or more poles, and these
poles make the transfer function fre-
quency dependent. If Z were indepen-
dent of frequency, and Zg and Zg were
purely resistive, the CFA would be in-
dependent of frequency.

Equation 4 is in the form of the
classic closed-loop-feedback equation
Vour'Vin = A/1 + AB). The sole deter-
mining factor for stability in a feedback
system is the loop gain, often mathe-
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matically expressed as A, and the loop
gain in Equation 4 is the quantity Z/Z.!
A fundamental conclusion is that the
CFA’s stability is completely dependent
on the transimpedance and the feedback
impedance. This situation is very differ-
ent from the VFA where stability is de-
pendent on closed loop gain (AR
=a/Acp)'. Another important note
about the CFA’s loop gain is that be-
cause Zp is in the denominator, Zy can-
not be zero ohms in a linear circuit.
Therefore, a Ry is required even for
unity-gain applications, and capacitive
feedback is undesirable because it will
cause Z to go to zero at some frequency.
A Bode plot is a log-magnitude plot
of the gain and phase, and it evaluates
stability very effectively.? This plot is
a transimpedance gain plot for a CFA,
where it would be a voltage gain plot
for a VFA. The CFA Bode plot for the
loop gain of Equation 4 (with the tran-
simpedance plotted as a two-pole
transfer function) is shown in Figure
3. Notice that the numerator and de-
nominator of the loop gain are plotted
separately and added graphically to
obtain the final result. The criteria for
stability is that the loop gain be less
than one before ~180° of phase shift is
accumulated; i.e., IABl < 1 at ¢ < -180.
When the composite curve crosses
0 dB (AB = 1), the phase shift is —120°,

3T||is Bode plot of a CFA is useful for sability analysis. With a VFA, the
amplitude scale would represent voltage gain. But in the case of the CFA,
the omplitude scale shows the amplifier’s transimpedance gain.
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so this particular CFA would have 60°
of phase margin, and it would be very
stable with that value of Zp. On the
Bode plot, |Zgl = Rg subtracts from
the 1Z| curve. This moves the compos-
ite curve down from the Z curve, and
moves the 0-dB gain-crossing point to
the left, into an area of less phase shift.
The conclusion can be made that in-
creasing Ry stabilizes the CFA by re-
ducing the loop gain without impact-
ing the open-loop phase shift. In other
words, the phase margin has in-
creased (Fig. 4). Note, also, that the
amplifier’s bandwidth (BW;, BW,) de-
creases as Ry increases. These are
critical conclusions because they indi-
cate that the value of Rf can be ad-
Justed to trade stability for band-
width. This flexibility is the basis for
the conclusion that the CFA band-
width is inversely proportional to Ry.
In actual practice, the designer will
never decrease Ry so much that the
CFA approaches instability, because
gain peaking and overshoot increase
dramatically long before the circuit
becomes unstable. When increasing
the closed-loop gain of a CFA cireuit,
decrease R rather than increase Ry.
Inspecting Equation 4 reveals that
the closed-loop gain does not affect the
stability or bandwidth of the CFA be-
cause it does not impact the loop gain or

the pole-zero locations. Therefore, the
CFA bandwidth is independent of
closed-loop gain, except for the minor ef-
fect of the neglected Zg term (demon-
strated in Equation 3). When Zg is taken
into consideration, the CFA bandwidth
becomes slightly dependent on closed-
loop gain, but it is still much more inde-
pendent of closed-loop gain than the
VFA is. This phenomenon explains why
CFAs make much better high-fre-
quency, high-gain amplifiers than VFAs
do. Zg is usually an emitter-follower-
type output impedance, which exhibits a
zero in the transfer function at high fre-
quencies. This description explains why
CFAs tend to become peaky at high fre-
quencies, especially when there is signif-
icant capacitance on the inverting input.

Slew rate is a measure of the ampli-
fier’s ability to transition from one out-
put voltage to another in response to
an input-voltage change. Fast slew
rates are required for good pulse am-
plifiers because pulses contain fast
rise and fall times.

The error current is multiplied by
the transimpedance gain to form the
unbuffered output voltage, so the
sooner the error current is driven to
zero, the faster the amplifier gets to its
final output voltage. An earlier deriva-
tion established the formula for the
unity-gain CFA error current as I =

By adjusting the value of Ry, the designer can make a trade-off between
stability and bandwidth. The bandwidth is inversely proportional to R;.
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CURRENT-FEEDBACK AMPLIFIERS

(Vout —=Vin)/Rr. If Ry is decreased or
AV |y is increased, more current is
available to slew the internal high-im-
pedance node, and faster slew rates re-
sult. Of course, the VFA has an internal
current source which limits the maxi-
mum slew rate regardless of the volt-
age step size. If the input step size is
doubled in a CFA, the current available
for slewing is doubled, hence the
rise/fall time is virtually independent of
step size. The usual method of increas-
ing slew rate in a VFA is for the op-amp
manufacturer to increase bias current
which also increases supply current.

Because the input buffer must first
slew to follow the input signal, the in-
put buffer’s slew rate is a critical part of
the overall slew rate. In high-gain con-
figurations the input buffer does not go
through a large voltage change com-
pared to the output, so its slew rate
does not contribute much error. In low-
gain configurations the input buffer can
significantly degrade the slew rate. For
example, in unity-gain applications the
CFA's input buffer must slew the in-
verting input the same amount as the
output, often limiting the unity-gain
CFA’s slew rate. In inverting gain con-
figurations, -In is a virtual ground.
Consequently, the input buffer doesn’t
have to slew much. So, the inverting
configuration has the fastest slew rate.

Usually, the CFA can replace the
VFA in most high-frequency applica-
tions—with better performance and
lower cost. However, there are a few
salient points to be aware of during the
replacement. Most cases will require ei-
ther minor or no pe-board changes. But
remember that the CFA must always
have a feedback resistor. It can’t be sub-
stituted directly for a VFA in unity-gain
applications where the output is
shorted to the inverting input (R = 0).

The key to CFA stability is the feed-
back resistor. While higher Ry values are
fine for VFAs, most CFAs are optimized
for Ry < 1 kQ. Higher-than-optimum val-
ues degrade CFA performance dramati-
cally. However, a value of R that yields
stable operation can always be found. It is
best to start with the manufacturer’s rec-
ommended value, but graphical tech-
niques can be used to select new Ry val-
ues if wider bandwidth or a higher
closed-loop gain (reduce Rg rather than
increase Ry) is desired 3
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Remember, reducing R increases |
bandwidth while increasing ringing
and overshoot. Don’t drop the value of
Ry too much or oscillation will result.
Another factor that destabilizes CFAs
when replacing VFAs is excessive ca-
pacitance on the inverting input or the
output. A common source of ringing or
oscillation in any high-frequency ampli-
fier is a long pe-board trace length at-
tached to the inverting input lead. This
situation is exacerbated with a CFA.

Circuit configurations using feed-
back capacitors or diodes do not lend
themselves to CFAs because these
feedback components will approach
zero impedance at some operating
point and oscillation will result. Diodes
in the feedback loop can often be re-
placed by input or output clamp diodes.
Some CFAs, such as the HFA1135,
provide the clamping function inter-
nally thereby eliminating the external
diodes. Also, feedback capacitors can
be neutralized by putting a resistor
equal to the optimum value of R in se-
ries with them. Moreover, the classie
inverting integrator cannot be imple-
mented in a CFA, so the noninverting
integrator often is used in its place.

JEFF LIES, is an applications engi-
neer for Analog Signal Processing
products at Harris Corp. Semicon-
ductor Division, P.O. Box 883, Mel-
bourne, FL 32902; (407) 729-5932.
He bolds a BSEE degree from the
University of California at Berkeley.

RON MANCINI is a staff scientist at
Harris Corp. Semiconductor Divi-
sion. He bas a BSEE from the
Newark College of Engineering, NJ.,
and an MSE from the University of
Florida at Gainesville. Mancini can
be reached at (407) 729-5171.
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PEASE PORRIDGE

BOB PEASE

What's All This
Thermostat Stuff,
Anyhow? (Part Il)

got several responses after 1
I brought out my June column on

thermostats (ELECTRONIC DESIGN,
June 23 Analog Special Supplement,
p. 61). A couple guys suggested that if
you inquire in the right discount
places, you can buy a replacement
thermostat for your oven for MUCH
less than $288. That may be true in a
big city, but it might be hard to find in
a small-town environment, where
there is really not a sufficient demand
for inexpensive repair parts to keep a
discounter in business.

But I did get one intriguing letter
from a guy who worked for a thermis-
tor company. He asked me if I could
show him a good way to use a thermis-
tor as a temp sensor for an oven. I
thought about it. Hey, thermistors can
work OK as linear temp sensors over a
narrow tempera-
ture range such as
a40°C span.

But your kitchen
oven has to work
from at least 35°
to almost 300°C
(+572°F), and if it
is a self-cleaning
oven, up to at least
400°C. Many ther-
mistors are rated
up to just 100 or
200°C, but there
are some that are

BOB PEASE
OBTAINED A
BSEE FROM MIT
IN 1961 AND IS

STAFF rated as high as
SCIENTIST AT 600°C. So, in the-
NATIONAL ory, a thermistor
SEMICONDUCT-  could feed an oven
OR CORP,, controller.

SANTA CLARA, BUT, thermis-
CALIF. tors are inherently

logarithmic de-
vices. A thermistor’s impedance
changes at a steep, rapid rate, such as
-3.9%/°C. This means that at any one
operating point, its gain may be fat—
much larger than a platinum RTD sen-

sor’s slope of +0.38%/°C. But when you
change the temperature a lot, its
change of R may be much too big or
much too small in terms of (Q/°C). So,
if you have to cover a wide range, ther-
mistors are really hard to apply. I
wrote back to the guy and told him, “If
you think thermistors are good for
making a thermostat for your ordi-
nary kitchen oven—and if you are so
smart, you tell me how to do it. Be-
cause I don’t think it’s easy.”

I pointed out that while some ther-
mistors are cheap, a thermistor might
need a very complicated circuit to get
it to read out. We CERTAINLY don’t
want a nonlinear sensor, because con-
trolling the temperature of an oven is
hard enough without having the sen-
sor’s gain changing all over the place.
More on this later.

I told this guy, “I don’t care how
cheap a thermistor is—it may not be
cost-effective if the circuit is messy.
Consider a thermocouple! They are
very cheap. What’s the cost of a pre-
amp for a thermocouple?”

I scribbled out a circuit like the one
in Figure 1. I said, “Even this circuit is
a lot simpler than the thermistor one.”
As Ilooked it, I re-

that’s not bad. Eight years back, I put
into my old book (on page 24) an elegant
thermocouple preamp with inherent
cold-junction compensation, that Mineo
Yamatake designed. It is MUCH bet-
ter than 1/40° of error per degree of am-
bient. But for your oven, you don’t need
that.

So the circuit in Figure 1 really is
NOT abad deal. Its cold-junction com-
pensation is simple yet adequate, so
long as you keep the 1N914 at about
the same temperature as the “cold
junctions.” It is easy to calibrate; noth-
ing complicated—just trim the Offset
Adjust pot to get Vx to match the ac-
tual oven’s temperature, at 10 mV/°F,
around room temp. If you plan to put
in all necessary capacitors to keep the
RFI out, it is still cheap and easy. So,
this is not a bad circuit.

I should mention the time recently
when one of our customers called and
told me, “Bob, you have to get your op-
amp designers to redesign the
LMC662.” I asked why. They said that
in one of their new applications, they
were using an LMC662 in a mouse ap-
plication. The design had been care-
fully checked out and was working
perfectly, until they started to test for
the new European Directives for RFI
rejection. This is the family of tests
where you put your equipment into a
chamber where it is subjected to an
RF field of 10 V/meter, and swept over
a range of frequencies from 1 to 1000
MHz in various orientations. When
they did that, the mouse malfunc-
tioned badly at 270 MHz, and they
blamed it on the op amp.

I asked the customer, “Do you have

alized: that really - -
IS cheap. You need uRe 1.
a few 1% resistors, 7;%@;0577}7 +Hav ALL 2%'577’“ ‘*'R;Y
but that’s pennies. q7K]0% TRIM Y
You need a decent CHR M eé.'l: . o1 V FoR, o7
op amp—but those L#“o pLe |l 4 q'qkr—ﬁ. X4 &'fz {
are pretty inexpen- | wiTHLMC 6672 14 o3
sive, too. The op | poT JUNCTION $1x g: '
amp needs to have aed 7, 2, 10'5 ,_
a fairly decent tem- . 10 5 4 -
o—but that’s not YEL

hard: The LMC662 12v 0'11 1°” =5 ‘
family is cheap, but opps;p 22M10% (nv) :ﬁ
its tempco of Vg is DJ 4 oon
typieally 1 HV/°C. % ky ¥ il u 2440,

ypieaty - 1 19pLACES
Hey, compared to a
thermocouple that }
puts out 46 uV/°C,
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any power supply bypass caps out by
the op-amp circuit?”’ (No.) I asked, “Do
you have any bypass capacitors on the
signals or the inputs of the op-amp?”
(No.) I asked, “Do you have any
grounded shielding sprayed onto the
inside of the mouse shell?” (No.) And I
asked, “So, you really think we ought
to redesign our op amps at the last
minute to cover up the fact that you
made a lousy layout and a poor design
that only showed up in last-minute
testing?” (Yes.)

I had to explain that what they
wished for was not likely to happen.
ESPECIALLY NOT on the time
schedule they wished for. As I often
say, “People in hell want ice water.”
(OR, “People in San Francisco want
ice water.”)

But National DOES have a set of ap-
plications notes listing the

cheaper).

I sent all this STUFF off to the guy
at the thermistor company. I haven’t
heard back from him yet.

But then the other day, I got a let-
ter from a guy requesting how to con-
vert a sensor’s resistance into a loga-
rithm over a wide range. I thought
about that. That was easy. [ rewrote
the other circuit I made for the ther-
mistor guy (Fig. 2).

If the logarithmic characteristic of
the thermistor is roughly constant with
temperature, then this circuit’s output
is roughly linear, because it is a log func-
tion. But look at the problem with the
wide range!! To go from 0°C to 100°C,
most thermistors cover a resistance
range of 30 or 40 to 1. To cover the
range from 35°C to 300°C as mentioned
above, a thermistor has a ratio of about

10,000:1. How can we properly accom-
modate a thermistor with a range from
10 MQ to 1 kQ? Hell of a good question!

If you just set up a fixed voltage
across two resistors, and one resistor
gets very low, the current would get
really big. Now what? That would
tend to cause a lot of self-heating of the
thermistor, which would cause gross
errors. If we just run the circuit of Fig-
ure 2A with a fixed bias, the current
through Ry can get quite big. For ex-
ample, if it runs as low as 1 kQ, the
self-heating can be as big as 30 mW.
But if we open up link L1, the ratio of
currents through R1 vs. Ry can cover
a fairly wide range. However, the cur-
rent never really gets out of hand. The
self-heating would rise to only 0.6 mW.

I put in three versions of this circuit.
The first one, Figure 2A, uses PNP
transistors such as 2N3906s,

Ten Commandments of how
to keep out of trouble with RF
and EMI blasting down the
throats of the poor little op
amps, and other linear ICs,
and other circuits. The major
point we make is, “Test early
and often.” Suppose you test
your system, and there is a
circuit that’s unhappy when
blasted with RFI. The earlier
you test, the better the chance
of adding filter caps or bypass
caps or swapping IC types un-
til you have a circuit that is

+ev FIGURE 2 A
o wIDE- RANGE
) Lo NVE RTER-
pMI7% = \VeuT T®

TRERMOSTAT

COMPARATIR -

NOT going to go berserk
when subjected to RF 1. See
the note at the end to request
these notes.

Anyhow, by looking at

the details of the circuit of | (RX oh e 2B
Figure 1, I did put in a little F g RAT/O CKT,
0.1-uF ceramic dise (C1) to jok Lo;,yc, LMC A48T
keep most of the RFI out of to7 bfq,_,_ R's 17
the input of Al. That’s about ' -

all it needs. I put in 22 MQ to

indicate if the thermocouple e LM394y y +Vs

becomes disconnected. This
circuit is not much cheaper
than the one with the Plat-
inum sensor back in June.
But since thermocouple
wire is pretty cheap, barely
a couple of dollars for a 3-
foot length, this is a good
candidate for a do-it-your-
self project. (Maybe not bet-
ter than using a $20 plat-

[ 1a l_]L LI %ze7n.

AA ——
22K 10%
+

ITH ouTPuT
REFERRED
T0 GRD“ND

which you have to match to
better than 1 mV. (This as-
sumes you can maintain tem-
perature errors better than
1/4°C, when you bin the tran-
sistors in terms of their devia-
tion compared to the Vg, of a
STANDARD transistor. Lots
of moving air!) (see “What'’s
All This Box Stuff, Anyhow?”
ELECTRONIC DESIGN, Aug. 22,
1991). The op amp has its com-
mon-mode near ground, so
you can use an inexpensive
LMC6082.

I'll assume that the operat-
ing temperature for this
CIRCUIT will be 20 to 50°C,
a normal “room” tempera-
ture. At 25°C, the transis-
tors’ log characteristic is 60
mV/decade. But over that
temp range, the g, of the
transistors does change sev-
eral percent. So, a simple 1-
kQ wire-wound resistor
with a temperature charac-
teristic of +3500 ppm/°C is
needed to compensate for
the changing g,,. These re-
sistors are available from
KRL (“Type Q”), or from Ul-
tronix, Pacific Resistor Co.,
and from several other man-
ufacturers of precision wire-
wound resistors.

The second circuit, shown in
Figure 2B, has turned the cir-

inum RTD sensor, but

——

cuit upside down to take ad-
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vantage of good matched NPNs such
as LM394 (better than 150 uV of Vgg
matching). These NPNs will have bet-
ter accuracy and the best log confor-
mity. But it also has the disadvantage
that the output is referred to the + rail.
If you didn’t want that, that’s a disad-
vantage. This circuit uses a thermis-
tor-resistor network to compensate
for the way the g, changes versus
temperature—but only over a narrow
ambient temp range, about +20°C to
50°C.

Circuit 2C uses the op amp with a
PNP transistor to force a signal cur-
rent down into a resistor network
connected to ground. Now this out-
put voltage is referred to ground.
This does not have a very low Zgyr,
but it’s low enough. The resistor net-
work (287 Q, 3.92 k2, 1.5 kQ, and a 2-
kQ thermistor) is designed to accom-
modate 60-mV VPTAT (Voltage
Proportional To Absolute Tempera-
ture) with a constant 1 V/decade out-
put. This works well only over a nar-
l:ow temperature range, such as 20°C

to 50°C, but often that’s all that

would be needed.

In all of these cases, you need an op-
amp with low Ig; 55, low offset voltage,
and low tempco. An LM324 or LM358
won't cut it. Even the LM324A can
have as much as 100 nA of Igjzg (which
would be MUCH too big) and 10
uV/°C, which would cause consider-
able error. The newer LMC6482IN has
0.35mV of offset and typically 1 uV/°C.
Also, its I is much less than 1 pA. And
its common-mode range extends all
the way to the + rail. So, this is a good
choice. Even if it does cost $1.74 for the
low-offset version, it’s worth it.

I have not yet built up this circuit,
but I do plan to get it running to see
how the thermistor plays over a wide
range. Right now, it’s just a paper de-
sign. But it will have to be optimized
to go with the particular thermistor
that’s rated to work up to 400°C. Who
makes those thermistors? I forget.
But I'll find ’em. Does this thermistor
put out a constant %/°C slope? No,
but it’s a good ballpark. A sensitivity
of about 1 V/ decade (£3 dB) is much
better than working over a range of

10,000 to 1 in gain slope.

o If you want to get a copy of the
schematic for Mineo’s thermocouple
preamp, circle 550 on the Reader
Response Card.

o If you want a copy of the Ten
Commandments of RFI/EMI stuff,
circle 551.

¢ If you want a list of the
manufacturers that make
temperature-compensating wire-
wound resistors, such as +3500
ppm/°C, circle 552.

e If you are really tired of the
thermostat topie, and never want to
see it again, circle 563. (I may do
that myself.)

All for now. / Comments invited!
RAP /Robert A. Pease / Engineer
rap@uwebteam.nsc.com—or:
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WALT’S TOOLS AND TIPS

Practical Circuits For Quiet
Audio Transmissions

column is in response to all those

readers who voted for more au-
dio- oriented topics. While audio-ori-
ented in terms of application exam-
ples, the concepts discussed also can
be useful wherever high-quality ana-
log signals require transmission.

In today’s professional audio world,
signals by and large get transmitted in
a balanced, or differential mode. This
fact is simply due to the much greater
noise immunity of this method, vis-a-
vis the more simple single-ended
method. By its nature, the latter tech-
nique is highly susceptible to noise.

Yet, even within the professional
audio world, there is no real unanimity
on signal driver and receiver circuits
for use within balanced circuits— they
take on many different forms and have
differing performance.

This column takes a brief look at
some problems which impact overall
circuit performance in terms of com-
mon-mode (CM) noise susceptibility,
and illustrates how careful hardware
choices can lower system cost and size,
plus maintain excellent performance.

Source and Load Interactions: Some
recent attention has focused on the
general problem of noise susceptibility
in audio system interfacing.!? The dis-
cussions below are concerned with how
a balanced audio system driver and re-
ceiver can interact and produce unde-
sired side effects in the form of noise
susceptibility. Also, some suggestions
for practical solutions are offered.

In most simple form, a balanced au-
dio transmission system consists of a
differential output driver, an intercon-
necting cable, and a differential input
receiver. The driver produces nomi-
nally equal and out-of-phase output sig-
nals, with some characteristic (and
matched) source impedance seen at the
two terminals. As will be seen, from a
noise susceptibility standpoint, it is
highly desirable that these two imped-
ances be well balanced, i.e., matched.
The driver is connected to the input end
of a balanced transmission line, typi-

T his Analog Special ‘Tools and Tips’

cally a shielded twisted pair. At the op-
posite end of this line, a differential-in-
put receiver receives the balanced sig-
nal, and (ideally) rejects CM voltages.
As it turns out, the design of both the
driver and the receiver have great in-
fluence upon how well the overall
scheme works in transmitting a noise-
free audio signal from driver to re-
ceiver. References 2 and 3 discuss dif-
ferent driver and receiver types, active
and passive. These papers bring out the
degradation in noise susceptibility ac-
tive receivers can trigger if they do not
have input characteristics that are an
appropriate complement to the system
driving impedances.

From a noise introduction
point of view, the balanced
transmission system we're
talking about can be analyzed
as a bridge circuit, such as that
shown in Figure 1. Here, two
source resistances Rgl and
Rg2 correspond to the output
resistances of the differential
driver voltage sources (which
are not explicitly shown). In-

WALT JUNG

Some sample calculations with this
relationship show that CMR is a mini-
mum for a given change in Kg, (a resis-
tor deviation in fractional form) when
Rin ~ Rg. A CMR minimum is simply
another way of saying that the bridge
is most sensitive when Ry ~ Rs.

TIP: On the other hand, bridge sen-
sitivity is minimized when the upper
arm resistances are low in relation to
those of the lower arms. This im-
proves substantially as Rjy becomes
>> RS. Or, in an audio system, as the
driver Rg is by design made much less
than the receiver Ryy.

In the example shown, thereis a
1/30,000 ratio between the Rg/Ryy up-
per/lower elements. This factor makes
relatively high-percentage changes in
either the upper (or the lower) armre-
sistances a somewhat harmless phe-
nomenon, or in other words, value
changes will have little CMR effect
upon the output. For example, for the
Figure 1 values and a 10%
change in one Rg, this pro-
duces an output which is
about 110 dB down from the
noise voltage V¢y. By con-
trast, if all the bridge values
were equal, the same 10% de-
viation would produce an out-
put only 26 dB down!

In a real transmission sys-
tem, there will be inevitable
noise potentials developed

put resistances Ryy1 and Ryn2
correspond to the input resis-
tances of the differential receiver.

It would be useful to examine some
fundamental concepts of this bridge’s
behavior before focusing on any audio
system specifics. Such a bridge, when
maximized for output sensitivity, will
produce a differential output Voyr,
which is highest as a function of a ele-
ment unbalance when all four resis-
tances are of the same order (for ex-
ample, this is usually the caseina
transducer bridge).

The following expression illustrates
the intrinsic bridge common-mode re-
jection (CMR) sensitivity when Ry
and Rg are generally similar in value
(for maximum sensitivity):

1+&‘-

CMR(dB) = 20log,,

between the respective dri-
ver and receiver chassis com-
mon points, since they are located sep-
arately and are powered with different
ac power sources. As aresult, the noise
voltage so developed, Vcy, in effect
drives a bridge like Figure 1, formed
by the differential driver outputs and
the two downstream receiver inputs.
As noted, dependent upon the bridge’s
relative sensitivity, some fraction of
Veum will appear as a noise component
of Vgyr. Finally, it is important to real-
ize that what has been discussed thus
far addresses only how the most basic
portion of this system generally im-
pacts CMR. The line receiver design it-
self obviously also has a big influence,
and this is discussed next.

A Buffered Input Line Receiver: The
circuit of Figure 2 represents an ex-
ample of a classic 3-op-amp instrumen-
tation amplifier (in amp) topology,
dressed up and optimized for use as an
audio line receiver. The use of FET in-
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| U1 stage (or G1) is set by the

] R2

| used

"WALT JUNG

put stage buffers in ampli-

-

.

fiers U1A and U1B allows
megohm-level bias resis-
tance to be used for Riy1 and
Rin2, which greatly desensi-
tizes this receiver against
source loading and the poten-
tial CM errors which can re-
sult. Protection resistors Rpl
and Rp2 allow overvoltages
at the two inputs by limiting

7

Driver common Rgt

;

tance values used for Ryl
and R[N2.

While FET amplifiers are
most useful here, they must
not be the general purpose

Riyt
1.5M

amplifier fault currents. The
input stage can use either
dual or single amplifiers, with

Receiver common

———olgyrle

oVourHi types prone to sign-reversal,
which could possibly come
about with combined large-
signal and CM inputs. Both of
the types listed have unique
N-FET input stages, with
CM ranges that approach
both rails without danger of
anomalous phase reversals.

performance options de-
scribed below.
The differential gain of the

R1-R3 network, as:

Gl=l+2—Rl

where R1=R3, and R2 is
for overall gain

programming.
While the differential gain of Ul is
as noted, the CM gain is nominally

passes CM signals to the output.

’ unity, since the connection simply

Thus, both differential and CM forms
of signal are presented to the inputs

| of stage U2. Note, however, because

differential and CM signals are scaled

| differently by Ul, there is a net po-

tential gain in overall CMR. Practi-
cally, it means that this overall config-
uration can achieve useful CMR
figures higher than the intrinsic
CMR of U2, whatever that figure
may be.

The U2 stage, a pretrimmed 4-re-
sistor in amp, suppresses the CM
component from U1, while amplifying
differential signals by a factor of 1/2.
This makes the net overall gain (G) of
this line receiver:

G=O.S+Bl

| R2

For overall gains of 1, 2, and 4 times,
the required gain resistance, R2 works
out to be 10, 3.32, and 1.43 kQ, respec-
tively, using standard values.

Seasoned analog designers may al-
ready be wondering what’s so new
about this circuit, as it has been around
for at least 30 years in solid-state
form.* While that’s true, some refine-
ments here lend it worthwhile audio

L

utility. First, as mentioned, FET-input
op amps for the Ul stages allow very
low bias current, and load the inputs
infinitesimally. Source loading will be
essentially determined by the resis-

1. A conceptual diagram of a balanced line-driver source and a balanced
line receiver with CM voltage can be shown as a bridge circuit.
Resistances Rg1 and Rs2 are the source resistances of the two driver
outputs, while Riy1 and R\y2 correspond to input resistances of the two
receiver terminals. Noise voltage V¢, which appears between the
chassis common points of the driver and receiver, can, dependent upon
the bridge’s relative balance, develop an undesired noisy output signal.
This noise voltage appeors due to the CM to differential-mode
conversion of the bridge, and once created, cannot be suppressed. Key
to controlling this noise-injection mechanism is the control of
impedances R ond Ry and their relative balance.

Wideband U1 operation also
is a virtue, as this allows bet-
ter high-frequency perfor-
mance before CM degrada-
tion sets in. Finally, an FET
input structure is less sus-
ceptible to RF rectification
problems, which can be criti-
cally important in an audio
line receiver used within an
RF environment.? In gen-
eral, as digital signal process-
ing with resolutions greater than 16
bits becoming more prevalent, good
CM rejection to frequencies apprecia-
bly higher than audio bandwidths be-
comes increasingly important.

Stage 1
61=1+(2 x RI/R2)
U1A & U1B
AD823 (dual)
ADB25 (singles)
Rp2 g
2.43k Q

-n o—¢

Receiver
common

Rp1
2.43k

+n 0—e

+Vg OTOHS v
+ C1
100 uF/25V
Stage 2
62=112 + 02
100 uF/25V
Vs OJ\—O -15V
u2
. ol 1)
6k s 100
—————AAM—O Ot
1 +g
|
1
3 ?
i
]
: > '; b
:
I
14
i 5
1 -Vs
6k ' Outpt
: | common

2. The buffered input line-receiver circuit shown can be used to maintain high-audio system CMR,
even for instances where the source impedance may be unbalanced. Key to the operation is the
use of FET-input amplifiers for stages UTA and U1B, and a high CMR in amp IC for stage U2.
With proper selection of devices, CMR of 90 dB or more is possible up to several kilohertz, and
as high as 80 dB at 20 kHz. Gain of this amplifier is programmable by selection of R2.
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CM error XTALK (dBr) vs FREQ (Hz) for 5 samples ADB23AN 25 SEP 97 10:47:07
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3. The CMR performance of five AD823 samples operating in the circvit of Figure 2 at a gain of 2
is shown. Measured low-frequency CMR ranges from about 82 to 88 dB for four units, with one
device showing an anomalous 118-dB CMR. 20-kHz CMR for the devices is centered around 75

dB.

Selection of the U2 device also has a
great bearing on performance. Al-
though there are a number of unity-
gain 4-resistor in amps available for
the U2 function, the choice here is for
less than unity gain (in this case 0.5).
Although the U1 stage’s output must
swing twice that of U2 for U2 to ap-
proach clipping, this isn’t a problem.

Performance: To demonstrate these
concepts, a number of measurements
were made on the Figure 2 line re-
ceiver circuit, using both AD823
(dual) and AD825 (single) op amps for
the U1A and B positions, an SSM2143
for U2, and also with and without an
isolation transformer preceding the
amplifier. Although this basic 3-am-
plifier in amp structure can, in princi-
ple, offer potential gains in CM per-
formance over the intrinsic CMR of
U2, this phenomenon is less pro-
nounced at relatively low overall
gains, as is the case here (i.e., gains of
1,2, or 4 times). And, it also is depen-
dent upon the specific U1 and U2 per-
formance. Thus, the CMR of both the
U1 and U2 stage devices can and will
effect the final measured CM perfor-
mance.

The test setup used employs an
Audio Precision System 1 in a modi-
fied crosstalk test mode, where chan-
nel A drives the test circuit, which in

turn, has its output monitored by
channel B. This allows a swept nar-
row band tracking analysis, over a dy-
namic range approaching 150 dB at
low frequencies, and ranging frrom 20
Hz to 200 kHz.

For initial test purposes, five U2
devices were tested alone, with low

frequency CM error ranging from
-77.27t0 —85.16 dB. From this group,
an intermediate device was then used
in the complete circuit’s testing (CMR
~80 dB). In the results following, the
CM error curves displayed are in all
cases referenced to a 0 dB calibration
output level from U2 0f1,2,0r4 V
rms, for the various gains. The test in-
put level to the Fig. 2 circuit was
1Vrms.

Figures 3 and 4 show CM error re-
sults for sample families of the AD823
(five units) and the AD825 (three
pairs or six total), operating at a gain
of 2. In Figure 3, the AD823 CM er-
rors show generally consistent re-
sults at about an —-85-dB level, with
one anomalous device hitting an ap-
parent level-dependent “sweet spot”
null for CMR. Tests of this part at
higher/lower gains showed curves
more like the general grouping of the
other four devices. The CM error cor-
ner for these devices occurs at about
2 kHz, sufficient for all parts to
achieve —50 dB or better CM errors
at 100 kHz, and around —75 dB or bet-
ter in the audio band.

In Figure 4, the AD825 CM errors
show more consistent results, at
about —90 dB or better levels. For
these devices, the CM error corner oc-
curs at 5 to10 kHz, sufficient for all to
achieve —60 dB or better CM errors at

CM error XTALK (dBr) vs FREQ (Hz) for 3 pair samples AD825
10.000

25 SEP 97 10:47:07
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4. The CMR performance of three paired (six) AD825 samples within the circuit of Figure 2 at a
guin of 2 is shown. Measured low-frequency CMR ranges from about 89 to 106 dB for the pairs.

20-kHz CMR for these pairs is around 80 dB.
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CM error XTALK (dBr) vs FREQ (Hz) for AD825 receiver with differential Rg 25 SEP 97 15:46:42
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5. The CMR performance of the 89-dB CMR AD825 pair within the circuit of Figure 2 at a gain of
2 is shown, as exercised with variable source resistance. In the upper plot, the differential CMR
performance is shown for source resistances of 249 /249 Q2 (motched) and 249 ©2/259 Q
(mismatched), and the mismatched degradation is less than 2 dB. In the lower plot, the
differential CMR performance is shown for lower source resistances of 50 /50 Q (matched)
and 50 ©/55 Q2 (mismatched), and the mismatched degradation is less than 1 dB.

100 kHz, and around -80 dB or better
in the audio band.

One criticism of active line receiver
circuits has been high sensitivity to
source resistance mismatches. In the
relatively uncontrolled environment
of real-world audio-system interfac-
ing, source-resistance mismatches of
a few ohms can be typical. Using 10 Q
as an example, this level of mismatch
is sufficient enough to ruin the CMR
performance of a 4-resistor- based sin-
gle-op-amp line receiver such as U2, if
and when the receiver uses resis-
tances on the order of 20 kQ, even if it
is fed from a source resistance on the
order of 250 Q or less. This can be
readily illustrated by a sample calcu-
lation using the bridge circuit CMR
relationship, plugging in Rg resis-
tances of 249 Q and 259 Q (a 4% mis-
match), and using an Ry resistance of
20 kQ. This degree of mismatch for
the 20-kQ loading conditions simply
destroys CMR, as it degrades to 66
dB with the source mismatched 4%
10 Q).

The buffered topology of Figure 2
directly addresses this issue, as shown
in the dual mismatched source resis-
tance CM plots of Figure 5. In these
tests, the Figure 2 circuit is exercised

using one of the intermediate perfor-
mance AD825 op-amp-pair samples
(-90-dB CM error), at a stage gain of 2.
The circuit is fed from two separate
conditions of absolute source resis-
tance, each of which is operated under
both matched and mismatched source
resistance conditions, to study the
degradation with mismatching.

In the upper curves of Figure 5,
the circuit is fed from a relatively-
high resistance of either 249 /249 Q
(matched) or 249 Q/259 Q (mis-
matched by 4%). The degradation of
CM error here is relatively small, less
than 2 dB.

By contrast, if the hypothetical
20- kQ bridge cited above had been ini-
tially matched to 0.08%, it would have
a 100-dB CMR when fed from bal-
anced 249 /249 Q sources. But for 20-
kQ loading, the same 10-Q, 4% source
mis-match would result in a 34 dB
CMR degradation (100-66). It is obvi-
ous from the data that Figure 2’s cir-
cuit, even in spite of real CMR errors
in UlA and U1B, is still able to pro-
duce a dramatic improvement (a
degradation of 2 dB for the buffered
circuit, versus 34 dB for the same mis-
match and 20-kQ loading).

In the lower curves of Figure 5,

even lower source resistances of
50 Q/50 Q (matched) and 50 Q/55 Q
(mismatched) were used, and the CM
degradation is this case is about 0.8 dB,
even for the test condition of the rela-
tively-high 5-Q, 10% mismatch.

TIP: These two tests clearly make
the point that lower-value balanced
source resistances such as 50 Q/50 Q
aid in desensitizing the system CMR
degradation against source mismatch.
The designer does, of course, have the
option of using even-higher input re-
sistance for Ryy1 and R{n2, which
would further reduce the source-mis-
match sensitivity. Finally, we must
also note that lower source resistance
also will help to mitigate the effects of
cable capacitance, where small-per-
centage imbalances can degrade CMR
as a function of frequency.

Transformers: The classic solution to
the CM isolation of audio signals is the
line-input transformer.57 This device,
usually a 1:1 wound unit, offers gal-
vanic isolation and very high CM volt-
age-breakdown ratings. It is a pre-
ferred (or only) solution where true
galvanic isolation is a necessity. A tele-
phone line interface is one example.

Transformers are also useful for
high- and consistent low- to middle-
audio-frequency CM performance,
both from unit to unit, and also when
immunity to varying differential
source resistance is sought. These fea-
tures do come at some cost however,
as quality transformers are not only
pricey, they occupy a relatively large
package size vis-a-vis a solid-state
equivalent.

All of the various factors above are
the designer’s ultimate decision
points, dependent upon the exact re-
quirements. When optimized for high
performance, it is not likely that either
a completely solid-state or a trans-
former-based line receiver solution
will be considered either simple or low
in cost.

Interestingly, when the near-ulti-
mate in low-frequency CM rejection is
required, a hybrid solution of a line
transformer buffered by the Figure 2
in-amp cireuit can offer very-high per-
formance, as is shown by the data of
Figure 6.

In this test, a JT-11P-16 line trans-
former is operated with the secondary
in both balanced and unbalanced ter-
mination modes, as buffered by the
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JT-11P-1 xfmr CM resp. bal/unbal load XTALK(dBr) vs FREQ(Hz) 23 SEP 97 11:21:13
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6. The CMR performance of a 1:1 line transformer with a buffer amplifier consisting of the Figure
2 circuit at unity gain is shown. In the upper curve, the transformer is operated with unbalonced
secondary loading, and the CMR is above 110 dB at low frequency, degrading to just over 50 dB
at 20 kHz. In the lower curve reflecting balanced loading, the CMR is generally about 20 dB
better over almost the entire frequency range, actually approaching the noise floor ot the lowest

frequencies.

Figure 2 circuit operated at unity gain.
The transformer secondary is termi-
nated in a 10-kQ (2 x 5 k2) resistance,
which is either center tapped to
ground (balanced), or grounded on one
winding end (unbalanced). The test re-
sults show up to a 20-dB improvement
for the balanced case, and the low fre-
quency CM error is reduced to nearly
-130 dB (approaching the noise floor
of the instrumentation). While this
buffered transformer circuit offers su-
perlative low frequency CMR, it also
can be noted that this degrades with
rising frequency.

Summary: Both active and passive
solutions to minimizing CM noise have
been explored, each with their own set
of characteristics. Readers should
take these data for general trends, as
opposed to absolute performance lev-
els. Both higher-performance as well
as lesser devices no doubt exist in the
transformer universe, which should be
explored before settling on a final solu-
tion. Similarly, there are numerous
other op amps which could not be ex-
ercised for this brief study, and cer-
tainly both better and/or worse sam-
ples can likely be found.

The general problem of induced CM

errors in differential signaling sys-
tems (including balanced audio sys-
tems) is fundamentally rooted in CM
to differential-mode conversion. As
the Figure 1 bridge shows, once CM
signals undergo mode conversion,
they become part of the desired signal.

Errors of this sort are minimized by
very carefully controlling CM loading
of the differential sources, as shown by
the example of Figure 2. Alternately,
they are also controlled by maintain-
ing differential mode (only) loading, as
shown by the transformer example of
Figure 6.

To summarize, the active line re-
ceiver discussed here offers excellent
wideband CMR with low differential-
source-resistance sensitivity, and can
be customized in a variety of ways, in-
cluding gain, CM input impedance, ete.

TIP: This solid-state line-receiver
has the virtues of better high-fre-
quency CMR, as well as better CMR
versus frequency flatness. While the
circuit shown works well, optimization
for a production role may need some
enhancement for worst-case minimum
CMR. This can be done via careful
trimming or selection of the U2 circuit,
and/or selection of an optimum pair of

singles for U1A and U1B.

TIP: The buffered transformer ap-
proach to a line receiver offers good to
superlative low-frequency CMR,
combined with “no tweak” operation,
and, if used with an in amp for bal-
anced secondary buffering, even fur- |
ther CMR reduction is possible. On |
the downside, there are negatives of
cost, size, and degradation of CMR
with frequency.

Hopefully, this audio system perfor-
mance discussion has been helpful.
Comments are particularly welcome
on experiences with noise-susceptibil-
ity issues in balanced systems. Keep
those cards and letters coming, and
watch this space for future enhance-
ments to these circuits.

Acknowledgments: While preparing
this article, review comments were re-
ceived from Derek Bowers, Moshe
Gerstenhaber, and Neil Muncy. Their
contributions were much appreciated.

Walt Jung is a corporate staff ap-
plications engineer for Analog De-
vices, Norwood, Mass. A longtime
contributor to Electronic Design, he
can be reached via e-mail at
Walter Jung@Analog.com.

References:

1. N. Muncy, “Noise Susceptibility
in Analog and Digital Signal Process-
ing Systems,” AES Journal, Vol. 43,
No. 6, June, 1995. |

2. B. Whitlock, “Balanced Lines in
Audio—Fact, Fiction, and Transform-
ers,” AES Journal Vol. 43, No. 6,
June, 1995.

3. B. Whitlock, “A New Balanced
Audio Input Circuit For Maximum
Common-Mode Rejection In Real-
World Environments,” presented at |
101st AES Convention, Nov. 1996,
preprint #4372, ‘

4. R. Demrow, “Evolution from Op-
erational Amplifier to Data Ampli-
fier,” Analog Devices Application
Note, September, 1968,

5. A. Garcia, RF1 sections of Chap-
ter 1, “Precision Sensor Signal Condi-
tioning And Transmission,” within
W. Kester, System Applications
Guide, Analog Devices, 1993.

6. Jensen Transformers, 7135
Hayvenhurst Ave., Van Nuys, CA
91406; (213) 876-0059.

7. Sescom Inc., 2100 Ward Drive,
Henderson, N'V; 89015-4249; (702) 565-
3400.

ELECTRONIC DESIGN ANALOG APPLICATIONS ISSUE NOVEMBER 17, 1997



This interactive, easy-to-use productivity tool
is an EE’s guide to the future.

”

1990-1994

3 { (e Ay - n bo g C:;m

& = - ™ il

. e 23 '-r p -.
< b O\
oy
Hasp '_:: ‘827 8 5

F- , 2 € ’ !

Ive veaps = =

of ELECTRONIC DESIGN on CD-ROM

Electronic Design on CD-ROM includes all of the articles, illustrations and
line drawings that appeared on the pages of Electronic Design between
1990 and 1994. Complete with a search engine and hypertext links, it is a

compendium of value added design information available nowhere else.

To order, simply complete, mail or fax this card or call: 201/393-6062; Fax 201/393-6073.

ELECTRONIC DESIGN's CD-ROM Amount Fax this coupon
Q Single order: S
O Multiple order: Quantity: x $95 = E—— t%gg.jf grgtze
Please add $5 for S & H per disk Electronic Design
Sales Tax where applicable* - CD-ROM:
Total
* Sales Tax (CA, CT, FL, GA, IL, MA, MN, NJ, NY, OH, PA, Wi, Canada residents add appropriate sales tax) 201 / 393-6073

Method of Payment: 0O Master Charge O American Express O VISA

Account Name Account #

Signature Expiration Date

Name Title

Company _

Company Address

City State Zip

Phone Fax E-mail
(Allow 6 to 8 weeks for delivery)




| also funetions as a very good current

Baseline Restorer
Uses A Current
Conveyor

KUMEN BLAKE. 3:crr-Brown Corp.. P.O. Box 11400. MS =206, Tucson. AZ
85734; (520) 746-7146; e-muil: blake_lkumen@burr-brown.com.
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with these equations: Vg = Vg, Ic = Ig
and I3 =0. The output voltage at C (V)
depends on the external cireuit.

U1 also contains a unity-gain volt-
age buffer (BUF) that serves to buffer
the input voltage. U2 (OPAG650)
buffers the restored signal from the
output. It also converts Vgyrinto a
current into pin 2 of U1 (E). This cur-
rent needs to be high so that D1 can

Pulse-modulated signals

often need level shifting to compen- 20V
sate for de offsets, injected noise, or
wander caused by ac coupling a vari- 15V

able duty cycle pulse train. The “base-
line restorer”” shown (Fig. 1) is an im-
proved version of a circuit described in 10V -~ =
the paper “Baseline Restoration Us- »

ing Current Conveyors,” from the
IEEE Transcripts On Nuclear Sci- 0.5V
ence.' It produces a pulse train with a

constant baseline of 0 V (Fig. 2). This Voul

circuit uses few components, and is ov !
easy to design.
Lying at the heart of the cireuit is the : 4
current conveyor (CCII), which is part | | 05V . - - - : ;
of U1 (OPA660). The data sheet calls
this a transconductance amplifier, but it 0V i’ Vin

conveyor with a current gain of 1. The

Ons 50 ns 100 ns 150 ns 200 s 250 ns 300 ns 350ns  400ns

o4

impedance at E is low (rg = 16 €2), and Time
the output impedance of C (r¢) is high. These waveforms depict the action of the baseline restorer. Although the input pulse train (lower
The CCII’s behavior can be described trace) swings well-below ground, the restorer circuit’s output has a 0-V baseline (upper trace).

D1, D2 = 1N4148
U1 = OPAG60
U2 = OPA650

recover quickly from re-
verse saturation.

When the output voltage
(Vour) tries to go below
ground, U2 and R1 produce
the current Igp = -
Vour/(R1+rg) at pin 2 of Ul

i
chot!

(E). This current appears at
pin 8 of U1 (C) as I¢, and
goes through diode D1. It
then is dumped onto C1. Af-
ter D1 comes out of reverse

Ve _L {4
22 Lo R1 0.1
pF | 40.2 IMF
— == 20
= = v2_— |
Vour © = * =
R2
100k
25 -

L =

saturation (with a propaga-
tion delay of tpp), then Voyr
exponentially approaches 0
V with a time constant of
TREST = (R1+1'E) x C1. This
action overcomes the influ-
ence V |y hason Vgur. Thus,
the baseline (the bottom of
the pulses)is restored to V

each time a pulse at Voyr

At the heart of this improved version of a baseline restorer is an OPA660 transconductance amplifier. However, in this  tries to go below ground.

circuit, it functions as a current conveyor, with a current gain of 1.

When the output voltage
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(Vour) is above ground, Viy is ac-cou-
pled to Voyr by C1. I¢ goes through
D2, which keeps the CCII’s output
from saturating, and thus doesn’t af-
fect Voyr. R2 causes the output de
level to decay to 0 V with a time con-
stant of TDECAY & R2xCl1.If TDECAY is
too large, not all of the pulses would be
restored to 0 V, because the wander
plus pulse would increase faster than
the decay.

This circuit was designed with time
constants of Trggt = 6 ns and Tpgcay =

10 us. R1 was set to keep from over-
driving the output of U2. The diodes
used to produce Figure 2 are high-
speed switching rectifiers (1N4148)
with tgr =4 ns, which gave tppy = 25 ns
at the design point. Schottky or PIN
diodes with lower capacitance and re-
verse recovery time can be substi-
tuted for better performance. Selec-
tion of the other components is
described in the OPA660 and OPA650
data sheets.

This circuit can be easily modified

Current-Limiting
Power Supply
Requires Only

Three ICs

GERALD L. KMETZ, Micrel Semiconductor Inc., 1849 Fortune Dr., San Jose, CA
95131; (408) 435-3448; fax (408) 944-0510.

Just three ICS are re- |

quired to build an adjustable-voltage,
adjustable-current-limit

provides adjustability down to 0 V.
The voltage at pin 5 of the regulator

age to a dc level by reversing D1 and
D2. The baseline voltage can be
changed to an arbitrary level by con-
necting pin 3 of U1 (B) and R2to a
voltage reference.

Reference:

1. A. Miguel, et al., “Baseline
Restoration Using Current Convey-
ors,” IEEE Trans. On Nuclear Sci-
ence, Vol 43 (3), June 1996, p. 1712-
1716.

remains constant when the closed-
loop system is in regulation.

Using this technique facilitates
output-voltage adjustability down to
0 V without using an external refer-
ence voltage. In this design example,
the voltage gain required of Al is de-
termined as follows:

Ay=1+R4/R3=1.05

|
When R5 is adjusted so that the in-
put to voltage follower A2 is taken
from the high side of the potentiome-
| ter, the gain of A1 will bias voltage di-

power supply that oper-
ates like a laboratory
supply. It offers an out-
put voltage range of 0 V
to 25 V and a current
limit range of about 10
mA to 1.5 A. The Micrel
MIC29153 LDO Regula-

tor has a ground-re-
ferred bandgap (refer-
ence) voltage. Other

MIC291538T

adjustable regulators
with ground-based ref-
erence voltages also
should work.

Looking at the lab
supply schematic, ampli-
fiers Al and A2 imple-
ment output voltage
control (Fig. 1). The out-
put-voltage adjustment
operates by controlling
the ground reference po-
tential of the feedback
voltage divider. The in-
ternal bandgap-refer-

CiN
330 uF

Notes: 1. For MIC29153, VRer =124V 4.R3=R1and R4 =R2
2. Vpyrimax) = VRgr(1+R1/R2)
3. Vpyr(min)=0V

5. Iyymir(max) =1.5A
6. I jpy7(min) = 10 mA

Output voltage adjust

ence voltage, which is
sensed via Vpy by Al,

ELECTRONIC DESIGN ANALOG APPLICATIONS ISSUE NOVEMBER 17, 1997

An adjustable-voltage, adjustable-current-fimit power supply can be built with just three ICs. Output voltage range is 0
V to 25 V, while current-limit range is approximately 10 mA to 1.5 A.

to restore the maximum output volt-
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vider R1 and R2. As a result,
summing junction voltage %

VADJ will equal VREF when
Vour is 0 V. For the 2

graph shows approximately
i worst-case performance.

! Because of the wide in-
put-to-output voltage

MIC29153, Vygp is 1.24 V.

range and current capabil-

== fF e == -

o}
.______,___.———-

I
T T T P

CETES T SRR PR

Note that the direction of % 15 A ity of this design, it's diffi-
current flow in voltage di- | 2 \ \ E cult to provide a sufficient
vider R1 and R2 is in the re- 10 ! ) heat sink to remain within
verse direction from normal - the safe operating area
operation. The direction of 5 \ \ i (SOA). Nonetheless, an ef-
current flow changes to “nor- 3 A \;'_ ficient heat sink is very im-
mal” when Vour > ViEgr. 1 : \‘- portant. The thermal shut-

Conversely, when R5 is ad- 1 1 t ' ' down capability of the
justed to provide ground (0 01 025 0.5 1.0 15 | MIC29153 will prevent de-
V) at the bottom of R2, the loutA) struction, but it’s a nui-

regulator output voltage is

sance to encounter shut-

the designed 25-V maximum.
Rotating R5 results in a
smooth variation of output
voltage from 0 V to the upper design
value, as determined by R1 and R2.
The following relationship specifies
the highest output voltage:

VOUT(max) = VREF(I +R1/ R2)

Different maximum output volt-
ages are readily achievable—first cal-
culate new values for R1 and R2; then
simply set R3 = R1and R4 = R2.

Amplifier A3 provides the ad-
justable current-limit capability. It
amplifies the voltage dropped by cur-
rent-sensing resistor Rg. For
IOUT(max) =15 A and RS =0.2 Q, the
differential input signal to A3 (pin 2) is
+0.3 V. Lower gain settings for A3 cor-
respond to higher output currents,
while higher gains correspond to the
lower output currents. The design ap-

proach is as follows:
For highest output current:
V, 124V
Ay(min) = —BEE__ - =413
vimin) = o5 A) - 03V
And:
P R10 _620kQ _ A1l

R6+R7 151 kQ

For lowest output current:

v,
A - REF
v(max) =310 ma)
v
20mV
And:

Current-limit accuracy versus output voltage is given for the power supply.
The vertical grid lines represent ideal current limiting.

R10
R7 (R6 set at 0 Q)

Ay(max) =

The current-sense amplifier out-
put signal is the voltage developed
across R11. Q1 produces the ground-
referenced voltage required for
feedback control of the MIC29153.
Because the function of the current-
limit eircuitry is to reduce regulator
output voltage, emitter follower Q3
essentially diode-couples its output
signal to the regulator-loop sum-
ming junction. Diode-connected Q2
provides first-or-

down in use. The SOA
associated with this circuit
at an assumed maximum
ambient temperature and two pos-
sible system thermal impedances is
shown (Fig. 3).

034 =0jc +8cs + Osa

A 35°C maximum ambient temper-
ature allows for a 90°C junction tem-
perature rise. Maximum allowed junc-
tion temperature for the regulator is
125°C. The 5°C/W and 6°C/W system
6,4 shown in Figure 3 are practical,
but represent large (extruded) heat
sinks. The 6;¢ of a MIC29153BT (TO-
220 package) is 2°C/W. Since 6¢g is
typically 1.0°C/W, 654 must be 2°C/W
| (By5 =5)or3°C/W (9, =6).

der temperature
compensation for
the Vg of Q3.

In depicting the )
accuracy of the
current-limit fune-

100

1.5A (max)

tion, the voltage 10

extends only to 24 | &

V because in the i’ 0
circuit breadboard | =
resistor tolerances
limited the maxi- 1.0

mum output to
about 24.6 V(24 V 03

was the closest
whole number con-

01

venient for making
measurements)
(Fig. 2). The verti-

001 0.03

0.1 1.0 30 10

0.3
lour(A)

cal grid lines rep-
resent ideal cur-
rent limiting. The

The graph indicates the safe operating area associated with this circuit at
an assumed maximum ambient temperature and two system thermal
impedances. Here, Ty(max) = 35°C, and 6, = 5°C/W and 6°C/W.
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When building this circuit, care
should be taken to minimize lead
lengths associated with the gain-set-
ting resistors (R6, R7, and R10) and

the stabilization capacitor (C2). For
the lowest current-limit setting, the
high gain (55 dB) of this amplifier can
make it susceptible to 60-Hz pickup.

Integrated Boost

Controller
Extends Alkaline

Usage

EDDY WELLS, Unitrode Corp., 7 Continental Blvd., Merrimack, NH 03054;

(603) 429-8906.

Disposable alkaline bat-
teries are used in many portable appli-
cations because of their low cost and
availability. A single-cell alkaline bat-
tery has useful capacity from 1.6 V
down to below 1V, although this full
range isn’t usually exploited. By ex-
tending the input voitage range of the
power converter to reflect the usable
voltage of the cell, the run time of the
portable device can be increased sig-
nificantly.

The boost converter shown will
start up and deliver full-rated current
with a 1-V input, and will operate
down to 0.4 V (see the figure). Low-
voltage operation is achieved by pow-
ering the IC from the output supply
after an initial startup period. The

UCC3941 comes in three versions of
the main output: 3.3 V, 5.0 V, and ad-
justable. Of course, the overall effi-
ciency of the converter also will influ-
ence battery usage.

Today’s portable equipment can re-
quire hundreds of milliwatts when
fully functioning, yet only a few milli-
watts in low-power modes. Therefore,
it’s important that the converter is ef-
ficient over a wide range of load cur-
rent. To achieve efficiency improve-
ments, the boost converter shown
uses synchronous rectification along
with internal n-channel MOSFET
switches.

Light load efficiency is improved by
lowering switching losses associated
with the MOSFET gate capacitances.

.[ Coilcraft
2, DT3316P-223
8 3
Single == W VIN
1 33V
cell uF 1 BV 2 VGD ic1 YouT 5 I
Unitrode
UCC3s41 +
" — <£_‘ 0 oun B3 1004F | 0450 mA
K T\> PGND  SGND load
1 [
® Open = Shutdown J

his integrated synchronous boost regulator generates 8-V of gate drive for the internal MOSFET
switches, and a 3.3-V output from a single alkaline cell. The circuit delivers up 1o 500 mW to the lood.
When in shutdown mode (pin SD open), current consumption is reduced to 8 A,
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Stabilizing the current-sensing am-
plifier circuit can be temperamental;
it may be necessary to adjust the
value of C2.

This is accomplished by a pulse-fre-
quency-modulation scheme, in which
the converter only transfers energy
when the output voltage falls below a
programmed threshold. The part can
be shut down by opening the SD pin,
reducing current consumption to just
8 uA.

Efficiency at full load is improved
by allowing the converter to operate
in the continuous conduction mode.
This reduces conduction losses and
increases the capability of the con-
verter to deliver power to the load. A
resistor can be connected to the
PLIM pin to set the maximum contin-
uous current for the converter.
Grounding this pin allows the maxi-
mum peak current.

Conduction losses are further re-
duced by lowering the Rpg(on) of the
MOSFET switches. Because the 3.3-
V output will not fully enhance the
MOSFETS, an 8-V output is created
for the gate drive. This higher volt-
age often is generated by using a sep-
arate charge pump circuit. However,
this technique increases component
count and decreases system effi-
ciency. The UCC3941 takes a novel
approach to the problem of creating a
higher gate drive voltage: the energy
stored in the boost inductor is time-
multiplexed between the main output
and an auxiliary output used for the
gate drive. An internal arbitration
scheme decides which output re-
ceives the stored energy. This ap-
proach has minimal impact on board
real estate, since the auxiliary volt-
age is created using only an addi-
tional diode and capacitor.

All capacitors used for the con-
verter should have low ESR and ESL
in order to minimize output ripple. De-
signers can also take advantage of the
auxiliary output. The auxiliary output
can be loaded with an additional 100
mW, allowing it to be used for a num-
ber of applications such as a liquid-
crystal display, a communications
interface, or to trickle-charge a sec-
ondary battery.




Modified

Pole Simp

Totem
lifies

Wideband
Current Output

Circuits

JERRY STEELE, Nutional Semiconductor
Tanque Verde Rd., Suite 101, Tucson,

(520) 751-2379.

Typical methods of incor-

porating power amplifier circuits in
current-output configurations in-
evitably rely on a current-sensing re-
sistor in the output circuit, such as the
Improved Howland. This causes the
load impedance to become a portion of
the feedback network. In the case of

inductive loads, it complicates the fre- |

quency stabilization of the circuit in
such a way that it limits practical
bandwidth.

By comparison, current output
topologies that take feedback from an
emitter or source while taking output

' from a collector or drain are better real-

izations of true current output. In addi-
tion, feedback response is isolated from
that of the load by virtue of the unilat-
eral characteristic of a common-base
bipolar or common-drain MOSFET.
Furthermore, this circuit, when config-
ured as a voltage output, provides gain
in the output stage yet keeps the bias-
ing requirements simple.

The trade-off of this topology is that
it requires that both power supplies
float. Modern power-supply technolo-
gies with toroid-based switching sup-
plies makes this a much more practical
option compared to pure line-operated
linear power supply.

Though a single current-sense re-
sistor could be used with either no
emitter ballasts, or a couple of small
emitter ballasts (Rgl and Rg2), the
setup in Figure 1 provides the opti-
mum trade-off of component count
versus bias stability. Two (relatively)
large resistors in each emitter act as
both current sensing and ballasting.

| This then requires the feedback to be

Conp., Tucson Design Center, 6377 E.
AZ 85715-3839; (520) 751-2380; fax

supplied from two separate sensing
resistors.

Note how the feedback resistors
work. Assuming that only one current
source is active at a time, the feedback
resistors then form a voltage divider
with a 0.5 attenuation factor. There-
fore, minimum gain is 2. The resultant
gain equation is:

Iour=(Vin*2)/Rg

Figure 2 depicts a complete realiza-
tion (MOSFETs are used here) of
what is needed to achieve wideband
performance, such as that required for
a horizontal deflection amplifier. The
first problem stems from the stray ca-
pacitance of the floating power sup-
| plies. This is overcome by isolating the

ELECTRONIC DESIGN
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supplies with chokes, and including a
high-frequency coupling capacitor so
that the supplies resemble level-
shifters as shown. The second problem
is the Miller effect of the power de-
vices, since they exhibit voltage gain
in this topology. This is solved by cas-
coding the output devices.

Finally, an LM56 thermostat IC is
included which shorts the input to the
circuit in the event the power devices
become overheated. Unlike a voltage
amplifier, simply shorting the input
ensures zero current output by virtue
of the fact that this is, after all, a cur-
rent amplifier (a voltage output con-
figuration with zero input has a near
zero output impedance that will allow
reactive current to continue to flow).
This quick current shutdown does,
however, require the power devices
include back-EMF diodes for voltage
protection.

The circuit in Figure 2 may require
a lot of current from the op amp re-
gardless of whether it drives MOS-
FETS or bipolars. The LM7171, which
is capable of a 100-mA output, is speci-

| fied to meet this requirement. When

used with MOSFETSs, the LM7171
must be powered from £15-V supplies,
even though it’s desirable to operate it
at +5 V with bipolar output devices.
Typically, wideband current source
circuits that are stability-friendly, like
this emitter/source feedback topology,
will inevitably still require some com-

—

>

Current
output
load

b

Power supply detail

i &

.
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Although it requires floating supphies, optimum trade-off of component count versus bias stability is
provided with this basic topology for a wideband current output amplifier.
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pensation. Locations are indicated on ! References: | “Apex Power Integrated Circuits
the schematic; however, determina- Databook,” Volume 7, Application
tion of component values for these is Graeme, Jerry, “Optimizing Op Amp | Notes 19 and 25; both available from

Apex Microtechnology by calling
(520) 690-8600; or:
http:/hwww.teamapex.com.

beyond the scope of this short appli- l Performance,” available from Gain
cation brief article and are covered | Technology; (520) 628-9000, or:
thoroughly in the references cited. | http:/howw.gain.com/gainsbooks.html.

+],-

Suggested options
for compensation ’V(‘ifsst‘:’()mf

o b
\LI |

3
R 1
g1 | Iy — } [eoes
oAV \ e T load
Wideband op-amp : 4

such as National LM7171

|
Thermostat IC ;
RpyLLyp  coupled to heat sink /—] |
1. £

‘

Temp sensor =

(Set for 80°C trip)

Using MOSFETs, this complete circuit accomplishes wideband performance in a more simplified, streomlined approach. It's well-svited for applications such as
horizontal deflection amplifiers.

< < -1 signed for the single-use alkaline bat-

Pr OteCtlon Clr Cult teries seldom include battery-protec-
tion circuitry; as a result, they may

A]_lOWS I l Se Of shorten a NiCd battery’s lifetime

(number of usable cycles) by discharg-

NiCd_S In Place Of ing it too deeply.

The circuit shown ensures that a
e 1 system will disconnect its load at a dis-
Alkahne Batter leS charge level of 1 V/cell (appropriate
for NiCds), rather than the typical 0.6
GARY SHULANL, Mavim Integrated Products, 120 San Gabriel Dr., Sunnyvale, V t0 0.8 V/cell for alkaline-battery sys-
CA 940806; (408) 737-7600; fax (408) 737-7194. tems that disconnect the load as a
. . memory-protection measure (see the
Either NiCd or alkaline | shelf batteries, but most of these sys- | figure). The product shown is a radio
batteries will work in a system de-

tems are optimized for one battery | that normally discharges its four-cell
signed for use with standard off-the- | type and not the other. Products de- | stack to 0.75 V/cell, then enters a
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o= 499 107k
BU= GND GND
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W0tk > 0.33,F \—46 b 22,F |—
1 11 F
o s . IRLML2402

nterposing this circuit between battery and load protects NiCd batteries from excessive discharge. When

the battery stack drops below 1 V/cell, IC1 produces an output voltage equivalent to 0.6 V /cell. This
“fools” the radio, and it goes into its memory /clock-protection mode (0.75 V /cell trip point).
memory/clock protection mode.

IC1 is a low-dropout voltage regu-
lator that includes a comparator for

Simple Class D
Amplifier Is A
Real Audio
Workhorse

DAN NORMAN, Micro Linear Corp., 2092 Concourse Dr., San Jose, CA 95131;
(408) 433-5200; fax (408) 432-0295.

detecting low battery voltage. The
R1/R2 divider causes this comparator
to trip when the battery voltage de-

ELECTRONIC DESIGN
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| clines to 4 V. Above 4 V, the compara-

tor output (LBO) is high, allowing R3
to turn on Q1 by pulling its gate to the
battery voltage. R5 and R6 are then in
parallel, producing a SET voltage (IC1
pin 2) that varies from 0.9 Vt0 0.6 V as
the battery voltage declines from 6 V
to 4 V. This condition forces the regu-
lator into dropout—a mode in which it
acts as a 1-Q switch between the In
and Out terminals.

LBO goes low when the stack volt-
age drops below 4 V, turning off Q1
and producing a SET voltage as deter-
mined by R4 and R5. For this condi-
tion, the IC begins to regulate, creat-
ing an output of 2.4 V (0.6 V/cell) and a
SET voltage of 1.2 V. Thus, low output
voltage causes the product to enter its

| standby mode without discharging the

NiCd batteries below 1 V/cell.
Load current for normal operation

| are about 100 mA peak, so the 1-2 on-

1

resistance yields only 10 mW of power
dissipation. Heat sinking isn’t re-
quired for this application.

ble with most common power-supply
and battery voltages. Ten external
components (most surface-mount-
able), are all that are needed to pro-
duce a very-efficient, low-cost ampli-
fier (see the figure).

Switch S1 puts the cireuit to sleep.
Under that condition, only 20 pA of
current flows. As far as performance is
concerned, the upper and lower 3-dB
points are below 20 Hz and above 30
kHz, respectively. With a 5-V supply,

Sometimes an IC de-

. MLG552 =L
signed for one purpose can be used e §1 =mE =
very efficiently in an entirely different | | = _(C*_-——E SHON  Dgnp b 5 Cé -
way. The ML6552 is such an IC. Origi- : ‘I‘ /6.3
nally designed for use as a high-speed . ——{|VRer i T H >
active bus termination, the part makes 100k ]—I
an efficient audio amplifier with ade- ‘ _‘_ Ll Agho i = 2.(%\1 05 i sper:ker
quate _sound quality. Basi.cally a Input 1C1F __1(33F N Digg [ *] 6V 330 uF/6.3V
switching regulator, the device was . W K 0——;| (—4
designed to convert voltage supplies
into a desired output or termination = : s 6
voltage. However, because it can 330 .F/6.3V

source and sink current, the IC can be
easily converted into a Class D ampli-

Mooy
1cfrI i

e

fier by superimposing the input signal
onto the internal reference.

The ML6552 operates over a V¢
range of 2.5 V to 6 V, which is compati-

internal reference.

llit takes is a handful of external components to turn this active-bus-termination IC into a Class D
audio amplifier suitable for driving small speakers. Note that the audio input is superimposed onto the
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the efficiency is 54.8%. Total harmonic
distortion is 0.8%. Also, there is a clear
separation of the audio channel from

the 588-kHz switching frequency. In-
ductor L1 is a Sumida CD75-100K.
Since the ML.6552 can source or sink 1

A Novel Approach
To Designing
Low-Power
Isolated Supplies

KURK MATHEWS, Linear Technology Corp., 1630 McCarthy Blvd., Milpitas,
CA 95035-7417; (408) 432-1900; fax (408) 434-0507; Internet:

bttp://1wew linear-tech.com.

The last thing a digital or
even an analog designer wants to
worry about is the power supply. Of-
tentimes, size, efficiency, and input
requirements dictate the use of a
complex switching power supply,
which exacerbates the situation.
When voltage isolation is added to
this list, visions of custom transform-
ers, optocouplers, and noise send all
but the most experienced designers
scrambling in search of expensive
power modules. Fortunately, recent
advances aimed at low-power appli-

cations offer many advantages over
traditional methods of obtaining iso-
lated feedback.

The most popular method of iso-
lated feedback relies on the optocou-
pler operating in the linear region.
The advantages of this method in-
clude excellent output regulation and
the ability to adjust output voltage
from the secondary. The disadvan-
tages include parts count, variable
gain (due to current-transfer ratio),
variable bandwidth, and common-
mode transient susceptibility. The

sv r MBROsaOTH ]
_Lzz uf _T_o ; 5.
) pé SV
1 0.15A
12.7k ! O
% —dono  caDHE : MBROS3UTt
2 =15
e o
J[FF8 ROCHP | o
SV ROWPC
GIRREF VN2 -
FC VoW [ !
07 SGND  PGND B ‘ MBRO530T1
&—{GND GNDF—9 —
111425 o %
31.9/.“ u.g
W
L 45 1
: 8.45k  T1 = Coiltronics (Boca Raton, FL) CTX02-13835-X1
M 1% ER11/5 N = 1:1:1:1:1:1
o * . Lp=27.4 uH

Using an LT1425 switching regulator, this triple 5-V isolated supply for RS-232, RS-485, or similar
circvits features a load regulation better than £2%.
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A, the major limitation of this circuit is
the power-handling ability of small
loudspeakers.

current-transfer ratio is the ratio of
output current to input current that
varies from unit to unit, with drive
level, and with temperature. It also
degrades with time. These factors
must be given careful design consid-
eration to guarantee performance
throughout the life of the product.

Another approach relies on an iso-
lated flyback converter with a low-
voltage auxiliary winding added to the
transformer. During a portion of the
main switch’s off-time, the auxiliary
winding’s instantaneous voltage is
proportional to the output voltage.
This voltage is peak-rectified to be-
come the feedback and bias voltage.
This approach eliminates the optocou-
pler and secondary reference at the
expense of an extra winding, poor out-
put voltage regulation, and slow re-
sponse. The main drawback of this
method of feedback involves the sam-
pling technique. The average value of
feedback voltage varies with input
voltage, and with load in the case of
discontinuous mode, when the trans-
former’s energy is fully exhausted
during each cycle.

A new switching regulator, the
LT1425, overcomes many of the issues
previously associated with isolated
feedback. The schematic in Figure 1
depicts a triple 5-V isolated supply for
RS-232, RS-485, or similar cirecuits.
Load regulation is better than +2%.
Worst-case cross-regulation (one out-
put unloaded and the others fully
loaded) adds another +5% error. Note
that cross-regulation error results
from nonideal components and is rela-
tively independent of the feedback
method used. Zener diodes were
added to clamp unloaded outputs in
the event of a short on an adjacent
winding.

The secret to well regulated output
voltage without using optocouplers is
careful sampling. During a portion of
S1’s off-time (F'ig. 2), a feedback cur-
rent approximately equal to:

(V()UT + V[))/(n X Rl)




RREF

Logic/
driver

Vc
124V Error O-E
amplifier o ;I;

Rocme

Neither optocouplers or an additional transformer winding are needed o achieve isolated feedback
with the LT1425. Instead, the feedback current is generated through R1 during a portion of S1°s off

time.

is generated through R1. Q1 causes |
the same amount of current flow into
R2, where it’s converted to a voltage
and compared to a 1.2-V reference by
a transconductance (error) amplifier.

The output of the error amplifier is
connected to C1 during the time
when the feedback current is valid
(after the leakage inductance spike

| and before S1 turns on or the primary
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voltage collapses, in the case of dis-
continuous mode). An additional cur-
rent, proportional to the average
switeh current, is subtracted from
the feedback current (via Q2) to com-
pensate for transformer, diode, and
output capacitor parasitics over load.
As a result, typical load regulation is
improved over previous methods to
better than +3% over line and load.
Isolation voltage is limited only by
the transformer.

To minimize external component
size, the LT1425 operates ata nominal
275-kHz switching frequency and
may be synchronized from 320 kHz to
450 kHz. In this design, 275 kHz was
chosen to avoid harmonics near the
455-kHz IF used in telecommunica-
tions equipment. A number of manu-
facturers provide off-the-shelf, sur-
face-mount transformers with 500 V
of winding-to-winding isolation. The
LT1425 operates from 3 to 29 V and
draws only 7 mA of quiescent current
(20 pA in shutdown mode).

lectronic Design’s on-going

objective is to observe and

report the latest break-
throughs in EOEM technology.
By providing this information,
Electronic Design has been the
strategic partner of system designers
and suppliers for the past 45 years,
helping to bring them together so
they can deliver more competitive
products to market faster.
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FRED Diode Family
Adds Muscle To Its Lineup

Advanced Power Technology has in-
creased the breakdown voltage rating
of its Fast Recovery Epitaxial Diode
(FRED) family to 1200 V to get faster
recovery times while maintaining soft-
recovery characteristics and low for-
ward voltage. This improved perfor-
mance allows converter circuits to
operate at higher voltages or provides
added voltage margins when the diode
is used in off-line applications suscep-
tible to damaging line surges.

Forward-current rating is 60 A and
maximum forward voltage is 2.5 V.
Typical reverse-recovery characteris-
tics at 60-A forward current are 70 ns
at 25°C and 130 ns at 150'C. Maximum
reverse recovery current is 30 A at
25°C and 40 A at 150°C with a forward
current of 60 A and a recovery rate-of-
change of 480 A/us.

The FRED diode family is available
as a single diode in a TO-247 package
(APT60D120B) and as a dual parallel
configuration in an SOT-227 package
(APT2X61D120J). Target applications
include antiparallel diodes, free-
wheeling diodes, and snubber diodes
in switch-mode power supplies, in-
verters, converters, UPSs, and motor
controls. Small-volume pricing ranges
frrom $10.00 to $30.00 each. ML

Advanced Power Technology, 405
S.W. Columbia St., Bend, OR 97702,
(541) 382-8028. CIRCLE 485

Track-And-Hold Amplifier
Samples At 125 Msamples/s

Serving as the front end for analog-to-
digital converters (ADCs) lacking
track-and-hold functions, the SPT9101
track-and-hold amplifier samples ana-
log inputs at up to 125 Msamples/s
with an 8- to 12-bit resolution. Trim-
programmable internal hold and com-
pensation capacitors provide an input
bandwidth of 350 MHz and enhance
slew rate versus noise performance.
Acquisition time is 7 ns, and minimum
aperture jitter is less than 1 ps. The
SPT9109 operates with +5-V inputs
and delivers a continuous 60-mA out-
put current. Package options are 20-
lead SIOC and LCC. Both packages
are available in the industrial temper-

ANALOG PRODUCTS

ature range for $29.30 each in quanti-
ties of 100. ML

Signal Processing Technologies Inc.,
4755 Forge Rd., Colorado Springs, CO
80907, (719) 528-2300. CIRCLE 486

Pressure Sensor Mounts
On Circuit Boards

The MPXT2010 is a silicon piezoelec-
tric, stress-isolated, top-piston-fit
pressure sensor that provides a linear
voltage output directly proportional
to applied pressure. The sensor hous-
ing contains a silicon die with the
strain gauge and thin-film resistor
network integrated on the chip. The
sensor is laser-trimmed for precise
span and offset. Full-scale span cali-
bration is 25 mV for 0 to 10 kPa (0 to
1.45 psi), and temperature compensa-
tion is effective over the range of 0 to
+85°C. Within the 8-pin sensor hous-
ing, a silicone gel isolates the die sur-
face and wire bonds from the environ-
ment, while applying the pressure
signal to the silicon diaphragm. Maxi-
mum output linearity is +1.0%. The
sensor typically operates on a 1-V
supply and draws 6 mA. Output volt-
age is ratiometric to the supply volt-
age. Unit pricing is $10.40 in quanti-
ties of 10,000, with production
quantities requiring a four-week lead
time. In addition, devices can be
shipped in tape-and-reel and rail
forms for automated assembly. ML
Motorola Inc., PO. Box 179927,
Denver, CO 80217; (602) 244-3381.
CIRCLE 487

SOT-23 MOSFETs

Drive Large Loads

MOSFET drivers in SOT-23 packages
are rated to drive large loads, such as
those in motor-drive, power-supply,
and automotive applications. The
TPS2816, TPS2817, TPS2518, and
TPS2819 are single-channel MOS-
FETs that provide up to 2-A peak cur-
rents while driving capacitive loads,
minimizing shoot-through currents
and consuming just a 50-pA supply
current. An on-board linear regulator
extends the 4- to 14-V normal operat-
ing range up to 40 V. Maximum rise
and fall time is 20 ns, and maximum
propagation delay is 30 ns. The
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TPS2816 and TPS2818 are inverting
drivers, and the TPS2817 and
TPS2819 are noninverting. The
TPS2816 and TPS2817 have internal
active pull-ups on the inputs for use
with PWMs that have open-drain or
open collector outputs. The drivers
are priced at $0.64 each in quantities of
1000 units. ML

Texas Instruments Inc., Semiconduc-
tor Group, SC-97033, P.O. Box
172228, Denver, CO 80217, (800)
477-8924, ext. 4500. CIRCLE 488

ADCs Optimized For
Motor Controls

A family of simultaneous-sampling
analog-to-digital converters (ADCs)
from Analog Devices are suited for
motor-control systems and other ap-
plications requiring synchronous sam-
pling and signal conversion. The
AD7862 is a 256-ksample/s, dual 12-bit
ADC, and the AD7863 is a pin-compat-
ible 200-ksample/s dual 14-bit device.

Both parts contain a pair of succes-
sive-approximation ADCs, two track-
and-hold amplifiers, an internal 2.5-V
reference, and a high-speed parallel
interface for connecting to micro-
processors, microcontrollers, and digi-
tal signal processors. Also included
are two-channel multiplexers for each
internal ADC for vector motor con-
trol. When controlling a three-phase
motor, for example, one pair of inputs
can monitor instantaneous current in
two of three phases to determine field
position, while the other pair monitors
the voltage of two phases to obtain ro-
tor information.

The AD7862 and AD7863 have
maximum conversion times of 3.6 and
4.5 us, respectively, and are available
in 28-pin SOP, DIP, and SSOP pack-
ages. Operating on a 5-V supply, typi-
cal power consumption is 60 mW for

| the AD7862 and 75 mW for the

ADT7863. Specified for the standard in-
dustrial temperature range, versions
are offered with inputs of +10 V, +2.5
V, and unipolar 0 to 2.3 V. For 1000-
piece quantities, the AD7862 and
AD7863 are priced at $11.00 and
$16.00, respectively. ML

Analog Devices Inc., 804 Woburn St
Wilmington, MA 01887, (617) 937-
1428. CIRCLE 489




14-Bit Sampling ADC
Runs At 20 MHz

The ET2473 is a true 14-bit sampling
analog-to-digital converter (ADC) that
runs at 20 MHz for demanding applica-
tions such as radar, data acquisition,
imaging, and test instrumentation.
Performance at near-Nyquist frequen-
cies provides a spurious-free dynamic
range of 93 dB. Other key specifications
include a 79-dB signal-to-noise ratio,
signal-to-noise plus distortion of 86 dB,
and a differential nonlinearity of £0.5
LSB. Housed in a 2.5-by-2.5-by-0.375-
in. shielded metal case, the ET2473
TTL-compatible device requires no ex-
ternal components. Its 6.8-W power
consumption requires no external heat
sink. Unit pricing is $2200 in lots of 100,
with small-quantity delivery available
from stock to four weeks. ML

Edge Technology Inc., 40 Salem St.,
Lynntield, MA 01940; (617) 246-3800
or (617) 245-3888; Internet: http://
www.edge-technology.com. CIRCLE 490

Sampling ADC Features
On-Board FIFO

The ADS-931 16-bit analog-to-digital
converter offers 10-MHz sampling
with guaranteed no missing codes
over the military temperature range
(=55 to +125°C). Consuming just 1.85
W from a single +5-V supply, the ADC
is intended for high-speed, high-reso-
lution, signal-processing applications
such as medical imaging, radar, sonar,
CCD imaging, analytical instrumenta-
tion, and digital communications.

Key characteristics in the frequency
domain are —-89-dB THD, -893-dB peak
harmonics, and 83-dB SINAD. For the
time domain, the device has a 87-dB
SNR, +0.5 LSB differential nonlinear-
ity, and 60-uV rms noise. An on-board,
16-bit-wide, 16-word-deep FIFO facili-
tates post-processing of output data by
digital signal processors and CPUs. Si-
multaneous read and write operations
minimize the number of interrupt cy-
cles sent to the host processor. The ana-
log input is +2.75 V.

Housed in a2 40-pin ceramic TDIP, the
ADS-931 requires only the rising edge
of a start-convert pulse to initiate its
conversion process. Unit pricing for lots
of 100 units is $397 for the commercial
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temperature range and $497 for the mil-
itary temperature range. Production
quantities are available in six weeks. ML

Datel Inc., 11 Cabot Bid., Mansfield,
MA 02048; (508} 339-3000. CIRCLE 491

Power Rectifier Has
Soft Reverse Recovery

Motorola’s MSR860 power rectifierisa
free-wheeling diode for use in variable-
speed motor controls and switching
power supplies. Coupled with the com-
pany’s E-Series IGBT products, the
diode provides solutions for a range of
home-appliance applications. Supplied
ina TO-220 package, the MSR860 has a
150°C operating junction temperature,
low forward voltage, and low leakage
current. Peak repetitive reverse volt-
age is 600 V, average rectified forward
current is 8 A, and peak repetitive for-
ward current is 16 A. Other available
package types are D-PAK , SMC for
surface-mount applications, and 3A ax-
ial-lead type. Unit pricing in quantities
of 50,000 is $0.45. Lead time for pro-
duction quantities is 8 to 12 weeks. ML

Motorola Inc., PO. Box 17927, Den-
ver CO 80217;(303) 675-2140 or
(800) 441-2447. CIRCLE 492

Toolset Simplifies
Motor Drive Design

A two-piece toolset from Motorola for
developing ac and de motor drives con-
sists of a digital motion-control board
and an IGBT power-stage board. Con-
taining the MC68HC708MP16 8-bit

microcontroller, the ITC137 motion-
control board provides all basic motor-
control functions, such as on/off, for-
ward/reverse, and speed control. A
serial port allows changing motor-con-
trol parameters real time from a PC.
The 8-MHz CPU has two timer-in-
terface modules (four-channel and two-
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channel) with input capture; output
compare; an &bit, 10-channel ADC; and
a 6-channel, 12-bit pulse-width modula-
tor. The PWM features programmable
frequency and polarity, center or edge
alignment, dead-time generation and
compensation, distortion correction,
hardware fault pins, and 20-mA sink ca-
pability. Also included are SCI, SPI,
low-voltage reset, a crystal or ceramic
resonator, and 37 bidirectional I/O lines.
Packaged as part of a kit (KI-
TITC137/D), the ITC137 comes coded
with a basic turnkey program, which
alsois supplied on a diskette.

Also packaged as a kit, the ITC132
power-stage board provides a direct
interface between microcomputer-
based controllers and brush-de, brush-
less-de, and ac induction motors. It ac-
cepts six logic inputs that control three
IGBT half-bridge outputs. The board
also provides current-sense, tempera-
ture-sense, and bus-voltage feedback
terminals. The two boards can work in-
dependently or together, requiring
only a power supply and motor for a
complete motor-drive system. Pricing
for each board kit is $375 per unit. ML

Moftorola Inc., Customer Response Cen-
ter, 423 N. 44th St., Suite 100, Phoenix,
AZ 85008; 800-521-6274. CIRCLE 493

Audio Amplifier Drives
Computer Speakers

A stereo audio amplifier from Texas In-
struments can drive headphones and
small unpowered speakers in notebook
computers, desktop computers, and con-
sumer audio products. The TPA302 de-
livers 250 mW of continuous average
power into an 8-Q load with less than
0.06% THD+N from a 5-V power sup-
ply. Gain is externally set by two resis-
tors per channel and doesn'’t require
compensation for setting from 1 to 10.
Features include a shutdown function
for power-sensitive applications as well
as thermal and short-circuit protection.
For driving 32-Q loads in headphone ap-
plications, the amplifier delivers 60 mW
of continuous average power. Furnished
in an 8-pin SOIC package, the TPA302
goes for $1.19 each in lots of 1000. ML

Texas Instruments Inc., Semiconduc-
tor Group, SC-97034, P.O. Box
172228, Denver, CO 80217; 800-477-
8924, ext. 4500. CIRCLE 494
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Controller Chip Ties

Multiple Cards To ISA Bus
The NM95MS18 controller chip allows

several circuit cards to share a single
interrupt channel in ISA-Bus sys-

Plug-n-Play
Solution for
ISA-Bus

tems. The controller also supports
non-plug-and-play platforms such as
Windows NT, DOS, Windows 3.1,
Unix, and Novell. The controller is
ideal for add-in cards like SCSI con-
trollers, network controllers, fax
modems, sound cards, serial/parallel
cards, video cards, and I/0 controllers.

Two configurable types, TTL O/P
and open-drain O/P, are supported to
allow sharing of the interrupt channel
in open-drain mode. One logical device
is supported to enable a choice of di-
rect memory access, interrupt, and
I/O address-decoding features. An on-
chip write-protected EEPROM pro-
vides 2 kbits for plug-and-play re-
source data and 2 kbits for 31
power-on legacy configurations. The
controller operates in DMA or ex-
tended interrupt mode, and supports
PC-97 requirements. Available in a 52-
pin PLCC package, the NM95MS18 is
priced at $4.50 in quantities of 1000,
with a lead time of 6 weeks ARO.

Fairchild Semiconductor Corp., 2900
Semiconductor Dr., Santa Clara, CA
95052-8090; (800) 272-9959.

CIRCLE 495

Buck Controller With 5-Bit DAC
Powers Pentium Processors

The CS-5156, a nonsynchronous buck
controller that includes a 5-bit digital-
to-analog converter (DAC), generates
operating voltages for various Pen-
tium II processors and their associ-
ated core logic circuits. The chip’s fast
(100-ns response time) feedback loop

ANALOG PRODUCTS

requires no external compensation.
The slow loop needs a 0.1-uF capacitor
for compensation and system stability.
Built-in protection features include
programmable soft start and lossless
short-circuit protection. The con-
troller operates on supply voltages
from 4 to 20 V, with 12 V powering the
controller and 5 V powering the
processor and core logic. Peak output
current is 1.5 A, and operating fre-
quency is over 1 MHz. Package op-
tions are 16-lead plastic DIP or plastic
surface-mount narrow-body. Pricing is
$2.10 each in quantities of 10,000. ML

Cherry Semiconductor Corp., 2000
South County Trail, East Greenwich, Rl
02818-1530; (401) 885-3600.

CIRCLE 496

Battery Disconnect Switch

Integrates Level Shifter

The Si4720CY from Temic Semicon-
ductors integrates p-channel power
MOSFETS and level-shifting circuitry
for switching NiCd and NiMH batter-
ies, and lithium-ion cells in the power
supplies of portable computers and in-
struments. The device provides the
reverse-blocking capability needed by
power supplies using multiple battery
types or those that require isolation
from the power bus during charging.
Two p-channel MOSFETS serve as
high-side switches to allow battery
switching to be controlled from a mi-
croprocessor. The two switches can
be used separately to control battery
charging or to switch between the
battery and an ac adapter. They also
can be used with Schottky diodes to
provide reverse blocking when
switching between two battery
packs. With an on-resistance of 20
mQ per MOSFET, the Si4720CY han-
dles up to 6 A of continuous current.
Two independent inputs allow 6- to
30-V operation. Off-state current is 1
uA. Packaged in an SO-16 housing,
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the switch sells for $1.95 each in
quantities of 100,000. Production
quantities require an 8- to 10-week
lead time. ML

Temic Semiconductors, 2201 Laurel-
wood Rd., Santa Clara, CA 95056-
0951, (408) 567-8220. CIRCLE 497

Read-Channel Device
Handles 375 Mbits/s

The latest EPR4 (Enhanced Partial
Response Type 4) read channel in-
creases the speed capability of hard-
disk-drive read channels by discrimi-
nating error-free data at 375 Mbits/s

while operating at 4 V, one volt below
its rated supply voltage. The 32P4105
read channel’s front end features a
five-tap least-mean-square FIR filter
with an eight-state Viterbi detector
for data discrimination. The device op-
erates at 280 Mbits/s from a 5-V sup-
ply, and provides a growth path to 500
Mbits/s over the next few years.

Other members of the EPR4 fam-
ily include the 200-Mbit/s 32P4101
and the 240-Mbit/s 32P4103. All ver-
sions are drop-in replacements of
popular PR4 chips, and also offer
SNR improvements of over 2.0 dB at
a User Density of 2.5. This translates
to 20% gain in linear bit density.
Other features include a monitor that
tracks channel margins based on
Viterbi data, and keeps a running log
of drive performance. A real-time
adaptive facility with autocalibration
accommodates MR head asymme-
tries, and thermal asperity detection
and correction maintains data in-
tegrity following head/media contact.
Sample pricing for the 32P4105 is set
at $9.95. Sample prices for the
32P4101 and 32P4103 are $7.95 and
$8.95, respectively. ML

Silicon Systems Inc., 14351 Myford
Rd., Tustin, CA 92780-7068; 800-572-
0882. CIRCLE 498
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Transient Suppressors

Guard Sensitive Data Ports

The SLV series of transient-voltage
suppressors prevent overvoltages
(caused by electrostatic discharge, light-
ning, and electrical fast transients) from
reaching sub-5-V circuits in power,
video, and communications ports for
portable and video applications. The
suppressors comply with the IEC 1000-
4 Standard, which applies to products
shipped to Europe. The SLV Series pro-
vides board-level protection for prod-
ucts used in networking and communi-
cations, and peripheral subsystems such
as printers, scanners, 1/0 devices, and
test equipment. Suppressors are avail-
able with 2.8-V operation and come with
up to four bidirectional lines (SLVDA)in
an SO-8 package. Single unidirectional
(SLVU and SLVG) and bidirectional
protection also are available in SMT
packages. In 1000-unit quantities, the
single-line SLVU2.8 costs $0.62 each
and the 4-line SLVDAZ2.8 costs $3.26
each. The SLVG and SLVE are similarly
priced to the SLVU. ML

Semfech Corp., 652 Mitchell Rd, New-
bury Park, CA 91320-2111; (805) 498-
2111, fax (805) 498-3804. CIRCLE 499

Analog-To-Digital Converter
Handles Transducer Signals

The AD7730 ia a complete front end for
weigh-scale and pressure-measurement
applications. Low-level signals from a
transducer are fed to a programmable-
gain stage, followed by a low-pass pro-
grammable digital filter that adjusts fil-
ter cutoff, output rate, and settling time.
The output is a serial digital word. Two
buffered differential programmable-
gain analog inputs are provided along
with a differential reference input. Op-
erating from a single +5-V power sup-
ply, the AD7730 has four unipolar and
bipolar analog input ranges between 0 V
and 80 mV. Peak-to-peak resolution is
230,000 counts. The serial interface can
be configured for three-wire operation
and is compatible with microcontrollers
and digital signal processors. Package
options are 224-pin plastic DIP, SOIC,
and TSSOP. ML

Analog Devices Inc., One Technology
Way, Norwood, MA 02062-9106;
(617) 329-4700. CIRCLE 500
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Spectral-spatial scanning:
EMSCAN/Q does it real-time. It picks
up tf emissions from your PCB, and
simultaneously frequency-charts and
color-maps them onto your monitor.

FastScan technology—which syn-
chronizes scans with EUT activity—and
the power of a QNX operating system
come together in EMSCAN/Q to offer
you a multi-perspective visualization
that informs the mind and the eye.
Graphs show frequencies with a high
level of rf current —that's spectral scan-
ning. Zoom in on those of interest and,
in a half-second, see color landscapes
corresponding to emission levels—

spatial scanning. The real-time capability
of EMSCAN/Q lets you switch between
images and view emissions in progress—
as spectral peaks and valleys, or spatial
geography.

You know instantly where problem
frequencies lie and save weeks of prod-
uct development time.

An optional LF board extends the
10 MHz to 1.5 GHz bandwidth down to
50 kHz. Use it with the EMSCAN]/2.30
(original model with detachable scan-
ner), or the EMSCANJR (separate con-
troller module with Pentium processor
plus A/D and GPIB cards). An all-in-one
unit, the EMSCAN/e is also available.

For more information, contact us
at (215) 723-8181.

OO Resennc

160 Schoeol House Road, Souderton, PA 16964-9990 USA « TEL 215-723-8181 » FAX 215-723-5688
wwiw.ar-amps.com For engineering assistance, sales, and service throughout Europe, call EMV:
Munich: 89-614-1710 * London: 01908-566556 ¢ Paris: 1-64-61-63-29 £
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Tanner EDA Solutions

A Design Software for IC, MCM & MEMS Applications

FREE DEMO - Visit our Web site: www.tanner.com/eda

Tanner Tools festuring L-Edit™ & T-Spice™

Tanner

180 N. Vinedo Ave., Pasadena, CA 91107 « Tel: (818) 792-3000 » Fax: (818} 792-0300 4w v e - EDA

TANNER RESEARCH

CIRCLE 120

INDEX OF ADVERTISERS

Advertiser RS # Page
AMPLIFIER RESEARCH 92 63
APEX MICROTECHNOLOGY 93 2-3
BURR-BROWN 123-125 25
BURR-BROWN 80-90 33
DATEL INC 94 Cov2
ELANTEC INC 95 31
FAIRCHILD SEMICONDUCTOR 96 19
KEPCO INC 98 ]
LINEAR TECHNOLOGY 97 11
MAXIM INTEGRATED 99-100 Cov4
MAXIM INTEGRATED 101-102 35
MAXIM INTEGRATED 103-104 37
MAXIM INTEGRATED 105-106 39
MICREL SEMICONDUCTOR 107 17
MINI-CIRCUITS 110-111 b
MINI-CIRCUITS 112-113 13
MINI-CIRCUITS 114-115 4
NATIONAL SEMICONDUCTOR - 15
SIPEX CORPORATION 119 21
TANNER RESEARCH INC. 120 64
TEXAS INSTRUMENTS 126 9
UNITRODE INTEGRATED 121 Cov3
VERIBEST INCOPORATE 122 23

EDA

Marketing Toc

The 1996 Electronic Desigt
Automation (EDA) Study spc
sored by Electronic Design
magazine, provides critical sur
information with a focus on Ei
marketing executives and us¢
engineers. Conducted by lfl
market research firm, EDA To
L.C., results have been compa:
compiled, and studied to serve
strategic marketing opportunit
for suppliers.

Survey results will
present information or

* Platform trends
* Internet and web usa
* Spending patterns

* Design trends

» Cross tabulation rest
on issues occuring il
the EDA industry

ELECTRONIC DESIG!

YES, send me copy(ie
of The 1996 EDA Study for
$495.00 each + $5.00
S&H per copy.

OVisa 0O MasterC

EXpise

| Signature

| Company
| Address

|
| City
| State
| Phone

Zip

| Fax —

I Fax this order form to Deborah t

| 201/393-6073

| or contact EDA Today, L.C. at
www.edat.com



The new UCC3858 makes power conversion flexible. Vastly
improving performance over a wide range of loads, this high
power factor preregulator provides programmable frequency
foldback for greater efficiency at light loads. Optimal system
design is easy with the UCC3858's leading edge modulation
and SmartSync™ interface. Designed specifically to address
ENERGY STAR requirements, no other PFC controller makes
compliance easier.

Stretch the limits and your thinking about PFC design by
calling today for free samples and application information.

ubberbandwidth

Stretching the Limils

The UC(3858 Advantages
¢ Programmable PWM Frequency Foldback

¢ leading-Edge PWM for Reduced Output Capacitor Ripple
Current

¢ SmartSync™ Interface Automatically Syncs PFC During
Non-Foldback Operation

¢ Input RMS Feedforward Optimizes
Performance Over ‘
International Voltage Range W

¢ 100pA Startup Supply Current €PA POLLUTION PREVENTER

@ UNITRODE

[v~-The Linear IC Company Everyone Follows

TEL: (603) 429-8610
http://www.unitrode.com « FAX: (603) 424-3460 « 7 Continental Boulevard « Merrimack, NH 03054

As an ENERGY STAR Partner, Unitroce has determined that this psoduct meets the ENERGY STAR guidelines for energy efficiency
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350mA LOW-DROPOUT LINEAR
REGULATORS CONSUME 100x LESS
SUPPLY CURRENT!

16.5Vn Regulators Combine Low Power Consumption with High Output Power

The MAX1658 and MAX1659 P-channel MOSFET linear regulators maintain low dropout voltage and low supply current
throughout the entire load-current range. They are ideal for extending battery life in applications that are in idle or standby
mode except for short bursts of full power, such as wireless communication systems. Internal circuitry protects against
inverted battery connections (+17VIN), short circuits, and thermal overloads. The MAX1658/MAX1659 are packaged in a
thermally enhanced 8-pin SO that can dissipate up to 1.2W, greatly extending their useful operating range

¢ 350mA Qutput Current MAX1658/MAX1659 BEAT PNP REGULATORS
100mA
¢ 30pA No-Load Supply Current oo || | | |
¢ 1pA Logic-Controlled Shutdown & il LT | | I L%E?
Mode R e
+ Low Dropout Voltage: 3 oA ———————
140mv at 100mA 1WA 0 50 100 150 200 250 300 350 400
400mV at 300mA LOAD CURRENT (mA)
& 'F;I'agci:(:;(;wer (1.2W) 8-Pin SO WIDER OPERATING RANGE EASES DESIGN
400
¢ 3.3V, 5V, or Adj. (1.25V to 16V) EE 300 COMPETITION £
Output 3 c HIGH-POWER SOIC
g&J 200 I T [
¢ Thermal & Short-Circuit Protection 23 \\ 7
) up:'m
+ Reverse Battery Protection (x17V) ) —.ﬂlJ .
4 6 8 10 12 14 16 18
SUPPLY VOLTAGE (V)
FREE Power Supply Design Guide — Sent Within 24 Hours! . ol
Includes: Data Sheets and Cards for Free Samples ON CD-AOM

CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample
6:00 a.m. - 6:00 p.m. Pacific Standard Time
http://www.maxim-ic.com

INAXI /W
| I For Small-Quantity Orders Call (408) 737-7600 ext. 3468 I I

MasterCard® and Visa® are pted for evaluation kits and Il ity orders.

q

Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX (408) 737-7194

Distributed by Allied, Arrow, Bell, CAM RPC, Digi-Key, EiImo, Hamilton Halimark, Nu Horizons, and Zeus.
Distributed in Canada by Arrow, Bell/Miigray, Hamilton Halimark.
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