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— $80.00
— $60.00
— $40.00
— $20.00




MEGAFUNCTIONS
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— DeT 2

Altera’s FLEX 10K family mixes high density
with low cost and high performance.

With densities from 10,000 to 250,000

gates, you'll find that the Altera [BERR.
FLEX 10K family is the perfect mix FLEX 0K §

of density, cost, and performance.

B FREE Device
The perfect combination for Sample Kit

design versatility — priced for Offer
volume requirements.

All FLEX 10K devices are built with an embedded array
architecture and utilize our patented redundancy feature

— bringing you industry-leading density at the lowest
possible cost. Megafunctions like PCl and DSP can be
easily implemented, and you'll find many other specialized
logic functions available through our AMPP partners.

Whether you design in Verilog or VHDL, the design flow
is always efficient with our MAX+PLUS Il development
system, which works seamlessly with leading EDA tools.

Combine low power and advanced packaging.

FLEX 10K devices are available with 3.3-V or 5-V supply
voltage support. Space-saving packages include TQFPs
and BGAs.

Add information to the mix.

Visit our website for more about FLEX 10K devices. The
first 500 qualified respondents will receive a FLEX 10K
sample kit with a free EPF10K10 device.
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© Copyright 1997 Altera Corporation. Altera, FLEX. FLEX 10K, MAX+PLUS H, specific device designations, AMPP, and
Altera Megafunction Partners Program are trademarks and/or service marks of Altera in the United States and other
countries All other trademarks and service marks are the property of their respective holders All rights reservec

1-800-9-ALTERA

Settings shown represent a range of options and are not indicative of any specific device
Please contact your distributor or local Altera representative for specific pricing






New Flashkile
memory saves you time.

And you know what time equals.

Time is money. And Intel’s new byte-wide FlashFile™ memory family
saves you both. How? Consider the times you’ve had to design two
different systems from the same platform. Or suddenly change density. With FlashFile
memory, you won't lose any time because our easy 4, 8 and 16Mbit density upgrade path
lets you drop a higher density chip in the same footprint, without redesigning your board.
This is the same symmetrically-blocked 8Mbit flash memory architecture you’ve been

using since Intel first introduced it in 1992. Only now we’ve made it available in 4
and 16Mbit densities to meet your expanding design needs and shrinking time budget.

TIME-SAVING TOOLS FOR EVERY STAGE OF DEVELOPMENT

. ’ Leading-edge technology
You'll also shorten your development time with our advanced for cost-effective solutions.

development tools suite. It provides a complete range of tools that
will save you several steps during selection, design, prototyping and production.
Because Smart 3 and Smart 5 FlashFile memory extend the features of Intel’s
SmartVoltage technology, you can get 3- or 5-volt products for single power supply appli-
cations, plus fast 12-volt programming. So your manufacturing manager saves time
too with faster factory throughput. And the best news is that it’s available now. Superior
features, availability, value—you get it all with FlashFile memory. So visit our Web
site for immediate information and a link to Intel authorized distributors for a free FlashFile
component sample. Or call 1-800-879-4683, ext. 427 for more product information.
And put time on your side. » developer.intel.com/design/flcomp/savetime
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MIDBAND (dB, typ.) Price
LO FREQUENCY {MHz) Jonv,  Isolation Sea
MODEL {dBm LO/RF IF Loss L-R L (aty.1-9)

It takes an ultra-high quality frequency mixer to keep up with the

rigorous demands of today's wireless communication markets. JMS 1 = 45 45 4.95
That's why Mini-Circuits designed the all-ceramic, all-welded JMS jmg :m *:(,’ B eos ﬁ :g gjg
and LRMS mixers for cellular, PCS and GPS applications. Every  ys 11 “ 590 50 50  11.45
modet is performance engineered to provide wide band coverage, JIMS-2L +3 800- 1000 DC-200 7.0 24 20 7.45
while LO levels for the group range from +3dBm to +17dBm with IMS-2 7 20-1000  DC-1000 ( 50 47 7.45
low 6.0dB (typ) conversion loss. These value priced J-leaded JMS f'—“ 10 EON000,  [REAI000 6.5 & 9.45
mixers don't leave the factory until they pass a battery of eight v 2V ‘ . B ot
grueling qualification tests for enhanced — Jms.ow .7 “5.12 DG-500 6 60 48 7.95

-3 endurance and exceptional reliability. And that's IMS-5 Vi 5-1500 DG-1000 6.0 50 30 9.95
‘ backed by our 5 year Ultra-Rel® guarantee... IMS-5LH +10 5-1500  DC-1000 6.0 50 35 10.95

S ‘ an industry exclusive! Specify Mini-Circuits low cost ng ”Z"" *:" FLl &Cl >; ;g :;Zg
= JMS or LRMS mixers. They're just better...by design! s oy R0 EY it % & & o
LRMS-300"" 200-3000 DC-1000 6.8 30 27 7.95"

i A . y g : '
Mini-Circuits...we're redef/n/ng what VALUE is all about! Notes. *10-49 qty **LRMS-30J model is compatible with aquecus wash

m Mil‘li-Cil’CUitS) L 166 167

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET hitp://www. minicircuits.com RCLE READER SERWCE CARC
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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40 Second-Generation DC-DC Converters Up Power
Density And Lower Cost

o Using the latest integration tech-
nology and innovative magnetics,
the converters also improve reliabil-
ity and speed time-to-market.

Applications

o Following is a practical guide to designing
low-power, low-distortion circuits for XDSL
and cable modem systems.
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* A new class of instrumentation products fits
neatly in between PCI-based computer boards
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85 Get The Most Out Of The TM$320C32 With An

* Squeezing performance from a C32-based
DSP system doesn 't require black magic; just
careful design with attention to detail.

ANALOG OUTLOOK

97 1997: The Year Ot The Rail-To-Rait /0 Op Amp
¢ Low-power, low-voltage devices in tiny pack-
ages sporting rail-to-rail inputs and outputs
dominate the scene.
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If you've been bitten by a bad optocoupler, we can help you recover from the trauma. m

. ® .
Our proprietary Optoplanar” structure ensures reliable performance, and our DPTDELECTADNICS

expanded capacity enables us to deliver on time and at competitive prices.

Unit 533.4784

Don't get bitten again. Choose an optocoupler that behaves the way it should France 33 01/43.99.25.12
Germany 49 089/96.30.51

from a company you can depend on. , O 1080 4t 96
United Kingdom 44 (0] 1296/39.44.99

Call 800-LED-OPTO for more information and the phone number of your nearest

QT Optoelectronics distributor, or see our on-line catalog at www.qtopto.com.

UR OprocouprLERs Don’t BITE
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Qistered trademarks and WHAT CAN WE DUILD FOR YOU is »

Left Qutpot

Right Output

Logic Level

Mic Outpat

National’s LM4832 — the
one-chip audio control solution
for multimedia monitors and
portable systems.
Presenting the first low-voltage (5V)
integrated audio solution that lets you
add digitally-controlled treble, bass,
volume, 3D sound, microphone sensi-
tivity, and stereo amplification into
speakers or headphones. All through
a simple FFC compatible serial interface. And that’s just for starters. This one-chip wonder also
comes with a 75mW (5V, 8Q) stereo headphone driver and a 2-input adjustable-gain mic preamp. The
option to use the microphone section as a summing amp for a sub-woofer. independent output to control muting
for external power amp. National’s own analog “3D” mode for royalty-free 3D sound. A battery-
saving shutdown/mute mode. Thermal shutdown circuitry for virtual indestructibility. Even a “loop out”
mode for adding system EQ. All on a single 28-pin chip needing very few externals — to simplify your designs,
save board space, and cut manufacturing costs. The LM4832 is part of National’s Boomer® audio
family. If your specialty is multimedia video monitors, televisions or practically anything portable, it's
made to order...but you can have the LM4832 right off the shelf. In quantity. Just as fast as you can say crank it up.
Visit us at
m_mﬂonai.ooﬂ‘
or call us at
1-800-272-9959
for the lowdown
on the industry’s
most complete

mixed signal
aystems-on-a-chip-.

National Semiconductor

WHAT can WE ButeD FrorR YOUT



Family Specifications

For low voltage at top speed

focus on Fairchild

Fairchild is first with 1.8ns, 3.6V-1.8V, low noise and low power

Fairchild Semiconductor leads the way to fast low voltage with CROSSVOLT VCX.
The fastest logic available anywhere, VCX gives your designs unprecedented 1.8ns
speed. The first CMOS logic family to be optimized for 2.5V performance, VCX
can handle your most challenging low-voltage designs. But don't stop there; VCX
is guaranteed down to 1.8V so you can keep using it as voltage levels decrease.

With Fairchild CROSSVOLT VCX you can reduce power and increase performance.
At the same time, the patented Quiet Series™ noise/EMI reduction circuitry gives
your designs impressive noise control—a critical feature for memory and address
driver applications.

Focus on Fairchild’s pioneer VCX for smooth translation and a dependable path
to tomorrow’s low-voltage applications. Fairchild stands for personalized service,
firm delivery commitments and fast technical support.

For a CROSSVOLT VCX information Package, contact our Customer
Response Group at 1-888-522-5372, or visit the low-voltage area of
our web site: www.fairchildsemi.com/logic/lowvolt

Fairchild CROSSVOLT Logic Families

Power Supply (Vcc) 1.8-3.6V LX* LeX wT vex
Drive (lov/10H) +/-24mA @ 3.0V Vcc
5 7.0V
+/-18mA @ 2.3V Vcc ovT
+/-6_IEA _0__1 .B_V_VCC

§upply_Cu!ret:S (I_cc) 0.254A 5.5v ovT

Speed* (Tpp) 1.8ns @ 3.3V {
2.0ns @ 2.5V 3.3V 1 | oper. Oper. = Oper. |

Range Range Range

o Oper.

Noise Voup/Volv 0.8V/-0.8V @ 3.3V 25v =Ly
0.6V/-0.6V @ 2.5V a
0.25V/-0.25V @ 1.8V B =

12.0ns 4.6ns 4.9ns 2.5ns  Max
- ificati * Prop.

Over-voltage Tolerance Specifications - LVX 244, oYV e Delgy

Input Leakage Current (li) (0<Vi<5.5V) 0.04)A

3-STATE Output Leakage (loz) (0<Vo<5.5V)

Power-Off Leakage Current (lotf) (Vi or Vo=5.5V) 0.25pA
* typical values represented VCX is a trademark of the Low-Voltage Logic Alliance

R T T L
SEMICONDUCTOR™

Focusing on Logic - Memory - Discrete Power and Signal Technologies

READER SERVICE 143
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TFT Color
Displays

Immediate Availability

Sizes (brightness up to 250 nits):
* Modules: 7.8", 9.5", 10.4", 12.1"
* Full Monitors: 4", 5", 6"

Also, monochrome graphic,
character and panel displays

purdy

ELECTRONICS

408.523.8218
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High Performance DSP Tools

\/
°IDE Leod'lgEdgeGUI Open Plug-in Architecture « Visual Project Management « Flle VO
* Debugging * Signal Probe Poinfs « Graphical Signal Analysis * Multiprocessing » Profling

SImUGfor/EnuatorlardPMyBoadsa.ppon
UNIX / Windows 3.11, 95 & NT/ TMS320C6x & more... GO DSP Corp. fel: (+1) 416-599-6868
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Northcon, Sept. 16-18. Oregon Con-
vention Center, Portland, OR. Con-
tact Electronic Conventions Man-
agement, 8110 Airport Blvd., Los
Angeles, CA 90045; (800) 877-2668 or
(310) 215-3976; fax (310) 641-5117; e-
mail: northcon@ieee.org; Internet:
http://www.northcon.org.

The Vision Show, Sept. 16-18. Santa
Clara Convention Center, Santa
Clara, California. Contact Auto-
mated Imaging Association, Ann Ar-
bor, MI, (313) 994-6088; fax (313) 994-
3338.

International Conference on Solid State
Devices and Materials (SSDM), Sept. 16-19.
Act City Hamamatsu, Hamamatsu,

. Japan. Contact Secretariat of SSDM
| ‘97, Business Center for Academic
Societies Japan, 5-16-9 Honko-
magome, Bunkyo,Tokyo 113, Japan;
+81 3 5814 5800; fax +81 3 5814 5823;
e-mail: confg3@bcasj.or.jp.

Fourth Annual Known-Good Die Industry
Assessment Workshop, Sept. 17-19. Em-
bassy Suites, Napa Valley, CA. Con-
tact Eric Samuelson (EIA) at (703)
907-7546; fax (703) 907-7549; e-mail:
| kgd@eia.org.

Photomask Technology & Management
Conference & Exhibition, September 17-19.
Redwood City, California. Contact
SPIE Exhibits Dept., P.O. Box 10,
Bellingham, Washington 98227-0010;
(360) 676-3290; fax (360) 647-1445; e-
mail: exhibits@spie.org.

Thermionic Workshop, Sept. 21-23.
Cannes, France. Contact Bernard
Courtois, +33 35 76 7 46 15; e-mail:

| bernard.courtois@imag.fr.

155°97: World Telecommunications Con-
gress, September 21-26. Toronto,
Canada. Contact The Pmnaclp
1 Group: Victoria Lord, (416) 588-2420;
| Jane Tucker, (416) 588-3522; Inter-

! net: http://www.ISS97.org.

IPC National Conference: Surface Fin-
ishes and PWB Solderability, September
| 22-23. Holiday Inn Select Interna-
tional Airport, Bloomington, Min-
nesota. Contact John Riley, IPC di-
rector of education, (807) 509-9700,
ext. 308.

L




Small price gap.
Large performance gap.
Totally AlInGaP.

With HP’s affordable new
AlInGaP LEDs, you can now
design high performance and
brightness into your cost-
sensitive applications.

It used to be that super-bright LED lighting
was simply out of the question for some
applications. But now — thanks to HP's
volume manufacturing capabililies and
materials expertise — you can get all the
brilliant benefits of AlinGaP, for just a few
pennies more than the cost of standard
LEDs.

This means a difference that you and your
customers can see, in virtually any design
you can think of. Solar-powered security,
for example. Personal and bicycle safety.
Exterior walkway lighting. Panel illumina-
tion, and upscale toys. Any design, in fact,

that can benefit by having multiple times
the efficiency and brightness of standard
LEDs.

Available in three colors in standard 5mm
and 3mm packages, IP’s new LEDs
provide consistent optical performance. In
addition, better efficiency means you can
use less current to achieve your desired
brightness for longer battery-powered
operation.

No matter how you use them, all HP
AlInGaP LEDs come with our superior
quality, responsive distributor service, and
helpful applications support. Which
means that as you introduce your prod-
ucts, you'll be opening an ever wider gap
between you and your competition.

A pacicarn
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For technical
information,
pricing and

free product
samples call your
local distributor.

Arrow/Schweber
Electronics
1-800-777-ARROW

Future Electronics
1-800-98(-0193

Hamilton Hallmark
1-800-254-AVHP

CGOED9701



Wherever there's A THE CANCELLER™
coding and de-coding, eliminates distortion
there's low power SN/ and anybody else
Capt. COPEC™ who gets in the
way of design
completion.

o WIS

Fearing for the fate of his new
communications system,
the mayor looks to a Super Designer

for a WLL solution.

With GaAs and guts, POWER SAW™
agod of communications, sees
everything's compatible. Or else...

UH-00000000-
ULG-UMP-SLURP-
SLURP-SLURP!

Ha-Ha-Ha

...Pow R. Waster is sucking up ¥
50 much energy he could be
arrested for assault on
a battery...

In the city, Echo-Echo
is making every phone conversation
sound like heavy metal in a trash can... |

" Thrown everything
I/’ at'em and they're still
[ coming! Well, being a Super
— .-% Designer means having

it Super Friends.

e -

—



Hey guys!
The OKI Support Call.
Let's go.

A7 7, Get a whiff of this GaAs!
| That oughta stop you "freqs”
from mixing it up and
making cross-talk.

And, a fast way
to reach them!

Pow. R. Waster's mine. Hey Waster.
My 3V's outlasting your 5Y! How's
< that for a CODEC moment!

Cancel me this, Echo-Echo.

What's so quiet you can't hear it?
You!

My 55ms does it every time...

You're outta my WLL! 4

GULPI Hope he's
not thinking of
running for mayor!

p PR

Capt. CODEC says,

P - s o) -
"Visit our OKI Website ' =

OK1 ComlCs™ is to get my Capt. CODEC :

brought to you by T-shirt. It's free for Super, k) G

OKI Semiconductor. 7Z 0 e -\ L=
Super solutions for all - Pk

your wired and wireless > 1 R T :
communications designs— ek

Echo Cancellers, CODECs,
SAW filters, GaAs amplifiers
and mixers, 8-port MACs, ASICs
and more. OKl—your one-stop
Com(munication) IC source.

% Oki Semiconductor

©1997 OKI Semiconductor, 785 North Mary Avenve, Sunnyvale, CA 94086-2909. Phone: 408-720-1300. Fax: 408-720-1918
All rights reserved. All trademarks or registered frademarks are properties of their respective owners.
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IM3320G6X:
THE MOST
POWERFUL DSP
AVAILABLE
TODAY.




1-Mbit on-chip memory divided into two
512K blocks facilitates fast algorithm
execution with fewer components

per syslem.

Two multichannel serial ports
provide interface ta high-bandwidth
lelecommunicatiors trunks like T1/ET.

32-bit glueless external memory interface
supponts SDRAM, SBSRAM and SRAM
and provides high-speed connections
{o external memory for maximum

sustained performance. _ The advanced VLIW architecture, with eight functional

A units, enables sustained throughput of up lo eight
32-bit instructions per cycle at 200 MHz
/‘ St} for 1600 native MIPS performance.

? 4
‘# P-ogram RAM/Cache i Data RAM
J 512K Bits RAM 512K Bits RAM
ENIF L

'C6201 CPU Core

Instruction

Fetch/Decode Four

RISC-like instructions help N ; E Channel
enable the industry’s most DataPath1 DataPath2 < DMA ||
efficient DSP C compiler and ) 1
first DSP assembly optimizer for |
fasler development times

Host
Port

interrupts Registers/Logic

Four direct memory access (OMA}
channels with bootloading capabifity
efficiently access external memory’
peripherals without CPU interrupts

Algorithm Benchmarks TMS32066201 DSP
FFT (256 points) 13.3us

DCT (6x8) 1.13ps
Viitterbi GSM (N = 189) 362 s
Dot product (N = 100) 0.29 s
1IR filter (8 biquads) 024 ys
FIR filter (24 tap, 64 oulputs) 39ps

TI DSP SOLUTIONS

.ﬂllﬂ)' Now look even closer. TT's revolutionary TMS320C6x DSP is more than just an impressive list of
15 YEARS OF LEADERSHIP  Specs; it's also remarkably easy to use. The 'C6x’s state-of-the-art design tools — including the
world’s most efficient DSP C compiler — make designing with DSPs easier than ever. While its advanced VLIW
architecture, VelociTI™, enables a 10X performance increase over TI's ’C5x, the industry’s most popular DSP.

Ease of use and performance are critical for high-performance applications like wireless base stations, remote
access servers, telecommunications switches and voice messaging systems.

And 'C6x costs under $100*. Plus samples are available now for evaluation. So order
our free CD-ROM, which includes all 'C6x technical documentation, and see the power

of 'C6x for yourself.

To order your free 'C6x DSP CD-ROM, contact us at http://www.ti.com/sc/4079 or call 1-800-477-8924, ext. 4079.

* 5K unit precduetion price
racdnmrk of Taaw lstrunsnts I wrat 1497 T1

‘i‘ TEXAS

S0LUTIONS INSTRUMENTS
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ELECTRONIC DESIGN

EDITORIAL

Sharing The Profits And The Risks

recently had the opportunity to tour the new $1.6-billion Dominion semicon-
Iductor fab facility located in Manassas, Va. The facility, which will crank out 64-

Mbit DRAM chips later this year, was constructed in about a year and a half.
That’s about the same amount of time that it takes to construct your average
shopping mall.

Amazing.

The Dominion fab is a joint venture between long-time rivals IBM and
Toshiba. And although they’re friends at the fab end, they’ll continue to battle it
out at the product level once those new 64-Mbit DRAM chips leave the dock.
However, the cost of a modern-day fab makes strange bedfellows nowadays,
even for such industry heavyweights as IBM and Toshiba. If the joint venture is
successful, the site’s master plan allows for construction of two additional wafer
fab facilities.

It is an impressive facility and both companies obviously have a lot riding on
the success of the 64-Mbit DRAM. Production of commercial wafer lots will be-
gin soon. The fab should reach full speed next year when it is expected to churn
out 1100 wafer starts per day.

In addition, IBM has said it also will be spending an additional one billion dol-
lars to upgrade its existing semiconductor facilities. And while we're on the sub-
Ject of new facilities, Temic Semiconductors is about to open a new wafer fab fa-
cility in Itzehoe, Germany. The facility, a cooperative venture between Temic
and the Fraunhofer Institute for Silicon Technology, will be producing power
semiconductors.

In regard to the 64-Mbit DRAM market, during the time period from 1995
through 2001, the research firm Dataquest is forecasting a 225% annual growth
rate for 64-Mbit DRAM chips. And according to the Worldwide Semiconductor
Trade Statistics Organization, the worldwide demand for DRAMs is expected to
see “strong growth,” with production of 64-Mbit chips, as measured in bits, pro-
jected to surpass 16-Mbit output by 1998.

Although chip makers by and large have had their share of ups and downs so
far this year, there is certainly no lack of investment for the future. And because
the costs are so incredibly high to build a wafer fab facility, we will most certainly
continue to see more and more joint ventures, alliances, and partnerships that
will be destined to share all of the risks—and
all of the profits—at the chip level.

Tom Halligan
Editor-in-Chief
thalligan@penton.com




e |\ < ) @

We’ve taken the industry’s first TI Single-Chip

Transceiver, the DS2151, and added more

features without adding cost. The DS2152

Enhanced T1 Single-Chip Transceiver

starts with all the great features of

the original: e

Jitte

@ Incorporates line 5\3\‘e\slgti0n
interfacing, framing, 0‘\‘§“e“/
elastic stores, and .
line monitors in a
small, 100-pin LQFP
package, saving
board space,
component count,
and cost

@ Handies both long
and short haul lines
so it can be deployed
anywhere within the
network

Provides same footprint
for Tl (DS2152) and
El (DS2154) de-

vices, allowing

you to move from

the North American

to the European/

Asian market with a
simple chip change

Less Firmware; One Processor

Qfor Multiple Channels
B

ut the DS2152 then goes on to add features to increase
flexibility with two goals in mind. First, it incorporates
more functions in the hardware, eliminating the expense
and time required for firmware or external hardware de-
velopment. Second, the new chip reduces processor real-
time servicing. One processor can now service multiple
channels, reducing board space consumed and costs for
additional chips.

HE DALLAS

The T1 Framer for
Every Application

ver-Ch,
conditio ”.e/ T1 clock source can now serve up to 28

The New Features Menu

N, Q‘ Crystalless Jitter Attenuation: A single
"’l)g channels, greatly reducing the board space
required and the cost of multiple crystals.
This feature is especially advantageous
in multi-port designs.

@ Hardware Voice Signaling Support:
The DS2152 can move signaling across
the user’s backplane without firmware in-
tervention, which unburdens the host from
handling the real-time voice signaling and
leaves it free to perform other functions.

@ Non-Multiplexed and Multiplexed

Bus Option: Your equipment can directly
connect to an inexpensive 8-bit controller or a
complex 16- or 32-bit host.

@ Per-Channel Conditioning: The user can
“groom” each DSO channel independently as
required, especially useful in Fractional T1
applications and for testing and provisioning
DSO0 channels.

@ T1 FDL Hardware Support: The DS2152 has
a full HDLC controller with 16-byte buffers along
with a complete Bit-Oriented Code (BOC) control-
ler, allowing the host a full second of processing
latency. Even the most heavily loaded host will
have time to handle the real-time needs of the FDL.

Truly the framer for every T1 application, the DS2152
has been fully tested to meet all of the latest T1 specifi-
cations. A design kit is available to help you get up and
running quickly.

To receive data sheets and application
notes on the DS2152 Enhanced Single-
Chip T! Transceiver, visit our Web site
at http://www.dalsemi.com. Or call us
at (972) 371-4448.

B’ SEMICONDUCTOR

Visit our Web site at http://www.dalsemi.com/

4401 South Beltwood Parkway, Dallas, Texas 75244-3292 «+ Phone: 972-371-4448 < Fax: 972-371-3715
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Low Profile .2" ht.
Surface Mount

Transformers &
Inductors

All PICO surface mount units
utilize materials and methods
to withstand extreme
temperature (220°C) of vapor
phase, IR, and other reflow
procedures without
degradation of electrical or
mechanical characteristics.

AUDIO
TRANSFORMERS

Impedance Levels 10 ohms
to 10,000 ohms, Power Level
400 milliwatt, Frequency
Response *+2db 300Hz to
50kHz. All units manufactured
and tested to MIL-T-27.

POWER and EMI
INDUCTORS

Ultra-miniature Inductors are
ideal for Noise, Spike and
Power Filtering Applications
in Power Supplies, DC-DC
Converters and Switching
Regulators. All units
manufactured and tested to
MIL-T-27.

PULSE
TRANSFORMERS

10 Nanoseconds to 100
Microseconds. ET Rating to
150 Volt-Microsecond.

All units manufactured

and tested to MIL-T-21038.

Delivery—
stock to one week

> W
Nose™ ) | See EEM
A - or send direct
*\? for Free PICO Catalog.
Call toll free 800-431-1064
3 in NY call 914-738-1400
FAX 914-738-8225
P ' Co Electronics, Inc.
143 Sparks Ave., Pelham, N.Y. 10803-1837
E Mail-HLSC 73A @prodigy-com
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When Encryption Is Outlawed, Only
Outlaws Will Encrypt

he Clinton Administration’s efforts to control export of strong encryption by
T way of a key escrow recovery scheme have now been unmasked as a blatant

attempt to control the domestic use of encryption by Americans as well.
Never mind that this is quite possibly unconstitutional. That pales before the fact
that it is simply impossible. Strong encryption is leaking out everywhere around
the world and the government is caught on the horns of its own paradoxes.

Trying to restrict the export of encryption technology makes the rather
bizarre assumption that Americans are the only people who can develop encryp-
tion. Heck, the Russians do a pretty good job of it, and anybody in the world can
get it from them. A Russian company called Elvis+, in which Sun Microsystems
has about a 10% interest, used Sun’s SKIP protocol to develop a network security
system software called SunScreen SKIP E+. The code was not developed in the
U.S. and can be downloaded from http:/fwww.elvis-plus.com. The Justice Depart-
ment is reportedly “looking into” the matter.

An even stranger situation is the fact that Justice Department lawyers have
conceded in court that, while it may be illegal to ex-
port encryption software in binary form on a disk or
over the Internet, it is perfectly legal to export the
printed source code in a book. This makes the fur-
ther weird assumption that Americans are the only
people who can type. Copies of the source code
books for Phil Zimmermann’s Pretty Good Privacy
(PGP) have been mailed to a site in Norway where
their 6000 pages are being scanned and will be com-
piled and made available for anyone to download.
PGP 5.0 will be available for Windows 95, NT, and
Macintosh. The site—http://www.ifi. uio.no/pgp—is
rejecting any e-mailed or uploaded copies that may
be sent to it. Since the code was legally exported on

paper, what are the Feds going to do? Norway is TOM WILLIAMS
probably not going to enforce U.S. export laws. EMBEDDED SYSTEMS/SOFTWARE

On top of all this, strong encryption is leaking out in products. Microsoft and
Netscape have received special permission (what makes them so special?) to ex-
port 128-bit key encryption software to overseas banks. Phil Zimmermann’s
PGP Company has announced a deal with Qualcomm to integrate PGP into the
latest release of the popular Eudora e-mail program. The as yet unbroken and
unpatented Blowfish algorithm by Bruce Schneier is now in use in some 40 prod-
ucts. Some of these have encryption keys up to 448 bits long. Information on
Blowfish is available at http:/fwww.counterpane.com.

Federal courts are already working on cases involving First Amendment
rights. Mathematics professor Daniel Bernstein received a sympathetic ear
from the U.S. District Court in California when he argued that he was being ille-
gally restricted from teaching his Snuffle algorithm, disclosing it at academic
conferences, or publishing it in journals or on-line discussion groups without a li-
cense. Ifit’s legal to publish Phil Zimmermann'’s source code, why is it illegal for
Bernstein to publish his algorithms?

The government’s desperate—and ultimately pathetic—attempts to read its
citizens’ mail and invade their privacy will only work against it. Successful re-
striction of the export of strong encryption will simply cede that luerative mar-
ket to foreign competition.

Restriction will not and cannot succeed. It can, of course, land selected indi-
viduals in a lot of trouble. However, the only effective restrictions will apply to
companies and individuals who wish to conduct legitimate business. Terrorists
and criminals will not be affected. Any American who wishes to may obtain and
use strong encryption in e-mail with foreign Internet sites today. Any foreigner
who wishes to may obtain and use strong encryption in e-mail with American In-
ternet sites today. tomwillm@ix.netcom.com
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We Have Valuable Services
For Our Customers!

1SO 9002 NEW 1997
Allied Catalog
iz 24-Hour
CD-ROM ~— — Modem Access
~1-800-433-5003
‘? q

A’

Local Offices
Nationwide *

= Extended
= Sales Hours

v ‘3 Internet Address
"¢ http://www.allied.avnet.com

Keeping In Touch With Our Customer’s Needs!
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The MIPS partners

“We all offer the leading development
tools. But at IDT, we suggest choosing
your MIPS partner alphabetically.”

“We all give you great price/performance.
But the rational, reasonahle, sensible choice
is LS Logic. Logically speaking, of course.”

“You get a wide choice of MIPS
partners. LSI, NEC, IDT, NEC, Toshiba,
NEC, Philips. Did | mention NEC?”

“Before you choose a partner for this open
architecture, consider this: the last three letters of
MIPS are the last three letters of Philips. Spooky.”



“For a scalable architecture, choose any of the MIPS
partners. However, you'd he wise to select the
company whose name ends in a vowel —Toshiba.”

Can you feel their love, their admiration,
their neon-green envy when one MIPS
partner gets the design win over the others?
It’s just got to put a smile on your face.
After all, the fact that the MIPS partners are
also competitors does have its advantages.

The obvious one is having a choice
of reliable MIPS RISC suppliers. You get the
partner and performance that’s perfect for

your embedded design.
You also get to choose from the
broadest range of industry leading tools.
So your product will hit the streets faster,
and you can get there for less than those
conventional embedded processors.
Partners working together. Each with
their own strengths. Competitors fighting
for your business.
Capitalism just keeps getting better.

www.TeamMIPS.com

g LSl Philips ,90/ A Incredible chokce
dt / technology. nc. w N Ec @ Semiconductors TOSHIBA ‘\.' omce/perfomm

SiliconGraphics
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A new
world power
has just landed.

You asked for new
High-Power International
Transformers and

Signal delivered:
in 1250VA, 1500VA
and 1750VA sizes!

Smaller and lighter than traditional
transformers, Signal’s new High-Power
International (HPI) Transformers still
pack plenty of power—now covering

a full range from 1250VA to 3500VA.
With innovations like “Touch Safe”
terminals, they can make a world of
difference in your applications for
medical instruments, measurement

and control devices, and machinery.

Plus, to reduce common mode noise
and provide low leakage current, all
HPTI transformers have 5-mil copper

foil Electrostatic Shields (ESDs).

Here’s more good news! The entire
HPI Transformer Series now offers

these design improvements:

* Advanced laminating technology for

enhanced electrical characteristics.

* Limited “in-rush” current to prevent

nuisance trips.

* Better performance consistency.
* Less losses due to lower
temperature rise.

All stock transformers available
through PRONTO™ 24-Hour
Shipment Program.

Signal. The industry leader in
International Transformers.

Call for our detailed product
literature and complete specs today!

Signal Transformer
//////{/////4

Signal Transformer Co., Inc.
Insilco Technologies Group

500 Bayview Avenue
Inwood, NY 11096-1792
Call: 516-239-5777

Fax: (24 hrs) 516-239-7208
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OLED Technology Energizes
Flat-Panel-Display Development

t’s been a few years since the concept of high-definition
Itelevision (HDTV) on thin flat-panel displays (FPDs)

that could hang on a wall was introduced. However,
turning this concept into reality has become a much more
daunting task than what was originally anticipated.

It’s assumed that HDTV technology is well defined
and understood, and that ultra-lightweight, ultra-thin
FPDs exist. While the former, according to many ex-
perts, is still years away, the second half of the equation
seems to be closer than first thought. This is due to a de-
velopment by a team of scientists (from Princeton Uni-
versity in New Jersey and the University of Southern
California) involving an independently controlled, tun-
able, three-color organic light-emitting device (OLED).

The technology hinges on a vertically stacked pixel
architecture that can provide independent tuning of
color, gray scale, and intensity. This is possible because
within each color element of the LED, the primary col-
ors red, blue, and green can be continuously and inde-
pendently varied. This allows the device to emit any
mixture of the constituent colors. Such an approach is a
radical departure from the color wheel utilized by the
more conventional CRTs, and is expected to produce
very bright, intense true color displays with higher res-
olutions than previously possible.

Although the stacked architecture is itself an innova-
tive advance, the components critical to its success are
the highly transparent organic light-emitting diodes
(TOLEDs). Their development ensued from the fact
that because organic LEDs needn’t be in a crystalline
form to be deposited on a substrate, they could be lay-
ered much thinner than was ever possible beforehand.
At such thickness, the scientists then could capture and
leverage the OLEDs’ transparency to radiation, which
leads to significant improvements in brightness, energy
efficiency, and cost effectiveness. Because of these ben-
efits, the technology is being eyed as a future replace-
ment technology for liquid crystal displays (LCDs). For
further information, call the company at (610) 617-4010. cA

Design Guidelines Define
Portable Digital Cameras

he increasing use of imaging in the desktop and por-
Ttab]e PC environments has led to the creation of a

multicompany standard for low-cost, easy-to-use
PC-compatible digital still-image cameras. These cam-
eras will allow users to capture, enhance, store, and
share images with improved compatibility and ease of
data handling. The Portable PC Camera’98 design
guideline is supported by Intel Corp., Santa Clara,
Calif,, Hewlett-Packard Co., Palo Alto, Calif., Eastman-
Kodak, Rochester, N.Y., and Microsoft Corp., Redmond,

Wash. It combines the use of Kodak’s FlashPix file for-
mat with flash-memory-based electronic film cards, and
the universal serial bus (USB) interface, along with
MMX-enabled host CPUs and a digital still-image cam-
era capable of 640-by-480-pixel resolution.

The FlashPix format is a platform-independent file
architecture that was designed with the Internet in
mind, allowing images to be opened quickly, easily
edited, and saved quickly. The format includes cali-
brated color spaces and multiple image resolutions. To
keep the camera simple and inexpensive, the guideline
suggests that the camera consist only of the lens, image
sensor, image capture logic with analog-to-digital con-
version, simple compression logic that incorporates the
proposed TIFF/EP compressed image format, and
both a USB and a memory-card interface. The images
captured by the camera are stored as electronic files us-
ing the proposed compression extension for TIFF files
(TIFF/EP), which would become the equivalent of
“digital negatives.” All of the remaining image process-
ing—image decompression, 8-bit to 24-bit interpola-
tion, image enhancement/manipulation, and file format-
ting—will be done on the host MMX-enabled PC. The
resulting file output, which is the image file format
that’s used for the FlashPix standard from Kodak, is an
open standard that’s available on the Kodak web site.

Software drivers from Microsoft are part of the re-
cently announced Windows’98 and NT 5.0 operating sys-
tems—the still image architecture (STI). They also in-
clude support for both USB and 1394 serial interfaces.
These drivers implement “push” model support (users
can initiate action at the peripheral) as well as standard
“pull” action (users at the host can initiate an action). For
additional information on FlashPix, go to Kodak’s web
site: http:/www.kodak.com/daihome/flashpix/flashpix-
home.shitml; for the STI drivers, check out Microsoft’s
web site: http:/www.microsoft.com/kwdev/pcfuture; and
for Intel: hitp://developerintel.com/design/pc98. DB

Joint Effort Targets Unified

Verification Design Flow

erification has become the most pressing concern
Vfor most ASIC designers, forcing EDA tool ven-

dors to come up with workable verification solu-
tions that can easily fit into today’s design flows. Such
solutions can be rather difficult to achieve, though,
since design flows from one company to another can
vary dramatically. On top of that, current verification
solutions consist of a host of point tools that must some-
how be interfaced. What designer has the time to worry
about interfacing tools?

In an attempt to wade through the quagmire of dis-
jointed solutions, Lucent Technologies, Murray Hill,
N.J., and Precedence, Campbell, Calif., have joined
forces in a three-year development effort to create a
unified design flow for ASIC verification. Under the
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THAT JELPED BUILD A
| BILLIOW MODE

NETWORK

Make a call from any phone and, chances are, AMD
communications silicon will connect you. Since 1979,
we've worked with our telephony and networking
customers to develop and implement innovative
communications ICs. You can find those ICs
in products from our customers like Siemens,
Ericsson, NEC, Pulsecom and DSC. Last year alone,
more than 20 million new phone lines worldwide utilized
AMD communications ICs. And the wide range of AMD
silicon used in communications hardware comprises
over 40% of our business. Work with us and together
we can put that expertise to use in your next product.

Make the call today and see how we can help.

1-800-222-9323 http://www.amd.com

4”' o,y 67

AMD communications
silicon includes
Ethemet controllers
and repeaters, linecard
ICs. programmable
logic devices, flash
and EPROM memory,
and embedded

processors.

AMD communications
technology can be
found in the phone
systems of more
than 95 countries

around the world

AMD:t
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NEWSLETTER

agreement, Lucent will purchase and standardize its de-
sign-verification environment on Precedence’s simula-
tion backplane software technology, SimMatrix Back-
plane. The two companies will then move to integrate
Lucent’s proprietary technology ATTSIM, a multilevel,
mixed-signal, high-performance simulator, into the Sim-
Matrix backplane using Precedence’s Integration De-
sign Environment (IDE). Consequently, users of the
completed verification design flow will have access to an
integrated multi-kernal solution, which will include as a
bare minimum the V-system from Model Technology,
Visual HDL from Summit Design, and NSIM from
IKOS. This backplane and unified design flow will sub-
sequently be distributed to groups within Lucent for
use in designing high-end ASICs.

If successful, this technology agreement will serve
as a model for future implementations of unified de-
sign and verification flows. Contact Precedence at
(408) 345-4880; Internet: hitp://www.precedence.com. CA

Solutions Eyed For Hardware
And Software Co-Verification

ith more and more hardware and software com-

ponents being embedded into IC designs, major

issues surrounding component design and veri-
fication are unfolding. Looking to provide solutions for
designers facing these issues, two EDA companies,
Viewlogic, Marlboro, Mass., and IKOS, Sunnyvale,
Calif., have joined forces in a technology agreement.
Under the terms of the agreement, the companies will
work together to develop high-performance co-develop-
ment solutions for the design of embedded systems, as
well as hardware/software co-verification solutions.

Many of the issues stem from growing complexity
and shrinking market windows, placing tremendous
pressure on designers to accelerate the integration of
hardware and software—even before silicon prototypes
are available. Traditionally, a hardware prototype has
been required to verify the software. This meant that
software developers had to wait until the hardware de-
sign was complete. But, when problems are found in the
hardware prototype using this design scenario, they can
be deadly both cost- and time-wise.

By concentrating on designing interfaces between a
host of development and verification tools, the compa-
nies hope to show that hardware/software verification
of traditional embedded systems as well as systems
with Intellectual Property (IP) cores is possible using a
high-performance virtual model of the hardware. With
such an approach, software bottlenecks can be reduced
substantially.

During the first phase of the technology agreement,
interfaces will be developed for the Eaglei and EagleV
products from Viewlogic, coupled with the Voyager and
Gemini mixed-level simulation products from IKOS.
The next phase will focus on creating an interface to
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IKOS’ VirtuaLogic and Avatar in-circuit emulation
products. For additional information, contact IKOS at
http://fwww.itkos.com or (408) 255-4567. cA

Computers Will Have To Go Into
Deep Freeze To Meet Goals

he industry’s projected goal for the year 2007: gi-

gascale integration. That means single high-perfor-

mance chips with feature sizes of 0.1 ym and con-
taining nearly 1 billion transistors, operating at 1 GHz.
To reach that goal, according to Kenneth Rose, profes-
sor of electrical, computer, and systems engineering at
Rensselaer Polytechnic Institute, Troy, N.Y., high-per-
formance computers are going to have to get very, very
cold. Rose said at an Electromechanical Society meet-
ing in Montreal, Canada, that the move to gigascale in-
tegration in the next ten years makes it necessary to re-
examine the potential of eryoelectronics—electronic
devices that operate at extremely low temperatures.

Rose, who is a member of Rensselaer’s interconnect
research center, indicates that interconnects are a ma-
Jjor limiting factor in the move to faster, more powerful
computers. And, current proposed changes in intercon-
nect materials and design can overcome some, but not
all, of their limitations. But if the new chips are cooled to
77K (-196°C), they will meet the goals targeted for
2007: Testing has shown that it’s possible to design chip
packages that can dissipate sufficient heat to maintain
this temperature.

Interconnects, which are now made of aluminum,
will switch to copper. This will offer about half as much
electrical resistance. Replacing silicon dioxide insula-
tion with polymers will accelerate the chip further.
More resistance can be cut on the longest wires by mak-
ing them fatter, with more wiring layers.

Cooling interconnects reduces resistance because of
changes that occur on the atomic level, i.e. eliminating
lattice-structure vibrations. Refrigeration was consid-
ered by industry before, but other approaches were
taken. Nonetheless, gigascale integration is pushing
materials to their limits, which seemingly makes cryo-
electronics one of the best options.

Cost-effective, compatible cooling is critical if eryo-
electronics is to be successful, says Rose. The package
that holds the chips must dissipate heat more efficiently
than any packages now being used. In conjunction with
Intermagnetics General, which manufactures super-
conductors, Rose created a nine-chip silicon package
can do just that. Microchannels 100 pm wide and about
200 pm deep help remove heat. As mentioned before,
the package was successfully tested at 77K in liquid ni-
trogen. At this temperature, the resistance on the in-
terconnects would be cut by at least a factor of six.

For more information, call (518) 276-2981; e-mail:
krose@unix.cie.rpi.edu. RE

Edited by Roger Engelke




The new UCC3858 makes power conversion flexibie. 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 Limits

The UC(3858 Advantages

¢ Programmable PWM Frequency Foldback

¢ Leading-Edge PWM for Reduced Output Capacitor Ripple
Current

o SmartSync™ Interface Automatically Syncs PFC During
Non-Foldback Operation

¢ Input RMS Feedforward Optimizes
Performance Over /\f
international Voltage Range -W

¢ 100pA Startup Supply Current EPA POLLUTION PREVENTER

-@ UNITRODE

|- The Linear IC Company Everyone Follows

TEL: (603) 429-8610
hitp://www.unitrode.com » FAX: (603) 424-3460 « 7 Continental Boulevard « Merrimack, NH 03054
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The Largest Selection of Single
and Multi-Protocol Interface
Transceivers in the World

Over the past five years, through design and Single Ghip If your application requires... RS-232,
Solutions for RS-422, RS-485, RS-449, EIA-530, Appletalk
market leader in serial interface transceivers. . or V.35... with features such as... 10KV of
Multiple Interface ESD protection, up to 400 kbps RS-232 data
of single protocol circuits in the industry Requirements rates, up to 10Mbps RS-485 data rates, +5V
along with the industry’s first and most . . operation, low power, or software selectable

process innovations, Sipex has become the

Today, Sipex provides the largest selection

extensive line of programmable protocols...call the industry

lti-protocol transcei 4 M’X leader... call Si
Mmuill-protoCol transceivers. €ader... call S1pex.

Sipex Corporation, 22 Linnell Circle, Billerica, MA 01821 Tel. 978-667-8700 Fax 978-670-9001
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| O Plus rail =1V used bond wires as inductors to get

| . ¢ aie g O the circuit’s “Q” or “quality factor” to

[ loops on a practical value relative to that
‘m: J:rds ' achieved by spiral inductors printed |

TECHNOLOGY BREAKTHROUGH

Sophisticated Techniques Are Being Applied
To Lower Voltage And Power Levels For Analog ICs

ost designers trying to lower IC
M power levels beyond those

reached by cutting the supply-
voltage rails, and/or trying to recover
the speed lost by that supply voltage
cut, are doing so by working on digital
logic. They are using sophisticated cir-
cuit techniques such as adiabadic logic

(also called charge-recovery logic) and
process-based multithreshold CMOS.
A few brave souls have now taken
some of these techniques with conven-
tional analog functions by using a few of
the same circuit tricks.

For example, designers from the
Massachusetts Institute of Technol-
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1. This 1.8-GHz voltage-controlled oscillutor (VCO) contains a 2.1-nH on-chip inductor sporting
| 0 Q of 13. It was built from loops of bond wire 2-mm long bonded to pads at each end.

ogy (MIT), Cambridge, Mass., and
Analog Devices Inc., Wilmington,
Mass., have come up with a voltage-
controlled oscillator (VCO) on a single
chip, including the resonator, that
runs at 1.8 GHz. Moreover, it dissi-
pates just 5 mW running offa 1-V
power supply—one of the “analog-
only tricks” employed that helped get
the resonator on the chip. The team

on oxide over silicon substrates (Fig.
1). In addition, they reduced noise (jit-
ter) by impedance matching in the
feedback circuit (Fig. 2). As a result,
the output spectrum of the VCO is
very narrow, and phase noise runs at -
114 dBc/Hz.

A team from Oregon State Univer-
sity, Corvallis, developed a 4-stage
CMOS op amp that runs off 1.8 V. It’s
a true op amp providing a stable gain
of over 110 dB coupled with a unity
gain bandwidth of 21 MHz at a phase
margin of 68°. It dissipates just 19
mW while running off a 2-V rail.

In addition, a team from Analog
Devices built a 13-bit digital-to-audio
converter (DAC) that, while running
at an update rate of close to 50 kHz,
took just 0.6 mW from a 3-V supply
rail. Basically a binary weighted
charge redistribution DAC, it is built
from an 8-bit course DAC overlapped
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| 2. The output of a spectrum analyzer shows the 1.8-GHz voltage-controlled oscillator (VCO) to be virtually free of phase noise. This makes it
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I svitable for use in low-power RF transceiver front ends.




When we developed the

UltraFlex modular power sup-

plies, we reduced the time it takes to

get a custom-configured power solution from

months or years to a matter of weeks. Now we're

. bringing it down to three days.
In fact, we're so confident in our new

configuration and testing process that we'll give

‘ you your full-featured prototype if we don't ship it

within 72 hours of accepting your order.

This guarantee applies to AC or DC input versions




“We'll ship -

your custom- x

onfigured

power supp lx
in 72 hours,

or it’s free!

Refer to attached reply card for 72 hour delivery conditions.

with complete interface and monitoring signals. Economi-  urator at our website. Or call 1-800-LAMBDA-4, ext. 8834.
cal models with fewer signal features can also be ordered. We've always promised you quality and reliability. Now
So just tear off this card and design yourself a power we’re promising responsive delivery. And putting our

supply. Or, for even faster response, use the on-line config- ~ money where our mouth is.

lﬂMBM www.lambdapower.com/uf
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3. This low-power CMOS op amp employs 4 cascaded stages. An internal charge pump raises their common-mode voltage (CMV).

with a 10-bit fine DAC to get 13-bits
of resolution.

A 5-mW 1.8-GHz VCO

As portable wireless communication
products have become high-volume
consumer devices operating in the 1-to-
2-GHz band, there has been a push to
integrate RF front-end circuits in high-
vield silicon IC processes. VCOs re-
main a basic element in most RF trans-
ceivers, and their performance (output
noise spectrum) can severely limit the
capabilities of wireless data transmis-
sion systems. Therefore, any well-inte-
grated VCO must sport both low noise
and low power.

The MIT/Analog Devices VCO de-
sign team had access to Analog De-
vices' ADRF bipolar process, which of-
fers the designer a veritable cookie jar
of devices including double-polysilicon
npn transistors with a cutoff frequency
(f)) of 25 GHz, n+ capacitors, and two
levels of aluminum-copper (AICu) met-
allization. The design team preferred
tried-and-true bipolar junction transis-
tors (BJTs) for this application because
they sport a lower noise figure at the
operating frequency for a given level of
power consumption relative to that
available from today’s high-speed
CMOS processes. The team concluded
that a4 VCO with the desired minimum
noise should be possible at lower power
with BJTs.
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The trick was to get an inductor
with a high enough Q, because in a
typical oscillator, phase noise is in-
versely proportional to the square of
the Q factor. (It should be noted that
Inductor Q = the ratio of the induec-
tor's reactance to its resistance or
XL/R.) Typically, the way to integrate
aninductor is to deposit a spiral induc-
tor on a layer of oxide that has been
grown on the silicon substrate. How-
ever, many processes cannot produce
high-Q inductors—the resistance is
too high and the resistance of the sub-
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strate below the oxide provides a par-
asitic resistance that looks like it is in
series with the coil. The parasitic re-
sistance is coupled to the substrate by
the oxide’s parasitic capacitance.

A few processes with some combina-
tion of a very-high-resistance sub-
strate, multiple, metal (ideally gold)
layers, and maybe a thicker layer of ox-
ide have produced Qs of 10 to 15. The
MIT/Analog Devices team discovered
all their process could achieve at 1.8
GHz, for inductances up to 11 nH, wasa
Q of only 2 to 5. Therefore, they moved
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4. The efficiency of a classic Dickson charge pump (a) was increased by the circuit of (b).
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5. The resistors in the nested Miller frequency compensation circuit consist of p-channel MOSFETs.

to another approach. They used loops
of bond wire, bonded at both ends to a
bonding pad. Using 1-mil (25.4-um) alu-
minum bond wire 3-mm long created
inductances with values between 0.7
and 4.5 nH with Qs between 11 and 15
at 1.8 GHz (Fig. 1, again.)

For the VCO itself, they built a one-
port structure consisting of two paral-
lel bond wires, each 2-mm long and con-
nected by the top metal at one end.
Inecluding self-inductance, mutual cou-
pling, and parasitic capacitance, the fi-
nal device yielded a 2.1-nH inductor
sporting a Q of 13 at 1.8 GHz. Simula-
tion revealed that allowing for skin ef-
fect and the coil’s resistance of 0.8 2, a
Q of 28 should result. This suggests
that the substrate effects remain sig-
nificant. Consequently, while the Q of
bond-wire inductors rises with their
height above the chip, they also may
benefit from thicker oxide. Of course,
the sticking point here may be the
molding of the IC. The molding process
could really move the inductor around
and change its Q.

As noted earlier; to further cut phase
noise and create a clean spectrum, the
researchers impedance-matched the
positive-feedback loop created by ca-
pacitors C1, C1, and C2 (Fig. 1, again).
Optimizing the loop minimizes noise
and helps create the VCO’s low-jitter
spectrum analyzer curves of Figure 2.
The VCO tunes smoothly (almost lin-
early) from 1.64 GHz to 1.69 GHz with a
control voltage from0to 5 V.

A 19-mW 1.8-GHz Op Amp
It’s virtually impossible to design
low-voltage, single-cascoded-stage, op

amps running off supply rails as low as
1.8 V. However, as noted earlier, a
team from the Oregon State Univer-
sity came up with a high-performance
device in a 0.6-um n-well CMOS
process. They came up with an op amp
consisting of four cascaded stages us-
ing “nested Miller” compensation
(Fig. 3). This amplifier employs a
unique charge-pump circuit that per-
forms two functions. It raises the am-
plifier's common-mode voltage (CMV)
bringing it closer to the supply rails. In
addition, it tracks the effects of
process variations, temperature, and
supply-voltage variations on the com-
pensation components,

The team upped the efficiency of the
classical Dickson charge pump by pro-

viding first-order clock-feedthrough
cancelation op amp (Flig. 4). The nested
Miller frequency compensation in the
4-stage design requires six capacitors
and six MOSFETS which act as vari- |
able resistors (Fig. 5). The process-sen-
sitive charge pump output is applied to
the gate of each MOSFET to stabilize
the nested Miller frequency compensa-
tion. Simulation indicated the charge
pump raised the CMV 145 mV when
running off a 1.2-V rail. Upping the
CMYV by 145 mV increases the avail-
able overhead by 12%.

A 0.6-mW 45-kHz 13-Bit DAC

Switched-capacitor (charge-redis-
tribution) technology has been largely
avoided in the design of general-pur-
pose DACs because of the need for
clock cireuits and to avoid switching
noise on the continuous-time output.
Instead, most work has focused on
switched-current and resistive-ladder
DACs. However, in most of today’s
mixed-signal ICs, polysilicon capaci-
tors provide the best component
matching per unit area. Therefore, it |
makes sense to use polyoxide-polysili-
con capacitors in a high-resolution con-
verter. For highly-integrated mixed-
signal ICs, where a cloek is readily
available, a capacitor-based DAC can
save area and power relative to one
based on matching currents or voltages
in transistors and/or resistors.

The Analog Devices team came up
with a design technique suitable for im-
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6 This basic 5-bit charge-redistribution digital-to-analog converter (DAC) moves charge from
the 5 input capacitors to the integrating capacitor C;.
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7. This complex 5-bit charge-redistribution DAC contains a zero-order sample-and-hold amplifier

that autozeroes the output.

plementing a low-power, small-area,
high-accuracy switched-capacitor
DAC. In a this type of DAC, samples of
charge proportional to the unit capaci-
tor value C, the reference voltage V .,
and the digital input word, are sampled
onto the array of input capacitors dur-
ing phase 2 (F'ig. 6). During ®1, charge
from these input capacitors is inte-
grated onto the integrating capacitor
C; to generate an output proportional
to the digital input word.

The switch in parallel with C; per-
forms two functions: It removes charge
from the integrating capacitor on a sam-
ple-by-sample basis, and it auto-zeroes
the amplifier, preventing the op amp’s
offset voltage from appearing at the out-
put. The converter still needs a sample-
and-hold amplifier (SHA) to remove
each charge sample from the integrating
capacitor to avoid putting the “reset”
voltage on the output at every cycle.

The DAC team’s SHA adds a second
op amp to perform the “HOLD” func-
tion (Fig. 7). It allows the output to be
held at its previous value while the in-
tegrating capacitor is being reset. Dur-
ing @2, when the previous output value
is being removed from the integrating
capacitor, the output is held constant on
the hold capacitor Cy. When a new
word is to be evaluated during @1, the
two op amps are cascaded forming a
two-stage op amp. The hold capacitor
forms the two-stage op amp’s compen-
sation capacitor.

To put it another way, the new cir-
cuit now looks exactly like the circuit in
Figure 6. That is, during phase 2, the
first half of the amplifier auto-zeros the
DAC while the second half of the ampli-
fier holds the continuous-time output
stable at the previous value. The sec-

ond op amp’s offset gets divided by the
gain of the first stage when referred to
the input.

The auto-zero function also removes
the amplifier’s low-frequency 1/f noise
because it performs a correlated dou-
ble-sampling of the first op amp’s input
referred noise. The circuit also drives
the output directly, eliminating the
need for an additional amplifier. As if
that were not enough, the switched-ca-
pacitor DAC itself consumes no static
power. That is, this analog technique
that has been redistributing charge for
some 20 years inherently employs tech-
niques just now coming of age in the
digital arena (adiabadic logic moves
charge around rather than throwing it
away.)

The 13-bit DAC looks similar to the
5-bit circuit of Figure 7 except that an
8-bit DAC has been added between the
two op amps, and the zero-order SHA
performs deglitching. In addition, the
integrating capacitor and the parasitic
capacitance at its output is precharged,
further cutting power.

The three developments were de-
scribed at the International Sympo-
sium on Low Power Electronies ‘97
(ISLPED’97) at the Monterey Conven-
tion Center, Monterey, Calif.

For more information on the VCO,
contact Don Hitko of MIT at (617) 258-
8142; e-mail: dahitko@mtl.mit.edu. For
more information on the charge-pump
op amp, contact D.J. Allstot of the
Dept. of ECE, Oregon State Univer-
sity at (541) 737-6739; e-mail:
allstot@ece.orst.edu. For more infor-
mation on the DAC, contact Lapoe
Lynn of Analog Devices at (617) 937-
1315. e-mail: lapoe.lynn@analog.com.

Frank Goodenough
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For Shop Floor Data Acquisition, The AD7731
Gives You More Flexibility Than Any Other
24-Bit ADC.

For starters, it delivers 16 bits of peak-to-peak
resolution at 800 Hz output and lets you tailor
it for higher speeds or higher resolutions — from
11 bits at 6400 Hz (20 mV) to a guaranteed

19 bits at S0 Hz (=1.28 V). Switching is fast, too,
requiring less than 1 mS settling time while main-
taining noise-free 13-bit resolution from =40 mV
to =1.28 V. And it’s priced right at just $9.86."

Choose From Seven Input Ranges.
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has burnt out or vour reference has died.

hitp://www.analog.com

And it will let vou know if a step input has
changed on any channel, responding instantly
to keep the outpur data as accurate as possible.

Pick Your Package.
Configurable for three-wire operation, the
AD7731 serial interface is also compatible with
microprocessors and DSPs. Several self- and
system-calibration options are avail-

able. And the part is available in a Q.

24-pin plastic DIP, a 24-lead SOIC,
or a 24-lead TSSOP package.
So meet all your industrial
needs with the only 24-bit
A ADC that’s high on
speed and low on noise.

7

For immediate delivery of samples and complete
technical information including evaluation board
information, call 1-800-ANALOGD (262-5643). For

data sheets dial AnalogFax® at 1-800-446-6212
(Faxcode 2131) or visit us on the World Wide Web.

ANALOG
DEVICES

Analog. Digital. Solutions.

Amalog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood. MA 02062-9106
Distribution, offices and application support available worldwide,

USD 1,000s, recommended resale, FOB US.A
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™ Exploring advances in power conversion for high-end, high-volume applications

Second-Generation DC-DC Converters
Up Power Density And Lower Cost

Using The Latest Integration Technology And Innovative Magnetics,
The Converters Also Improve Reliability And Speed Time-To-Market.

Ithough high-density de-
Adc converter modules

have been popular since
their introduction in the mid-
80s, the inherent limitations of
their basic designs have been a
major handicap in terms of
power density, cost, and turn-
around time. To exacerbate the
situation, the rocketing demand
for these devices in increasingly
varied and demanding applica-
tions has maxed out the original
design to the extent that noth-
ing short of a complete redesign
is required.

Stepping up to the challenge,
Vicor Corp., Andover, Mass.,
has introduced what it defines
as the “second generation” of
de-de power modules, called the
VI1-300 series. Based on the
company’s patented zero-cur-
rent-switching (ZCS) and zero-voltage-
switching (ZVS) power-processing ar-
chitectures, the modules incorporate
recent advances in control integration,
packaging, magnetics, and noise and
thermal management. The end result
brings the devices closer to the “ideal
power component” with a tripling in
power density, higher reliability, lower
cost, and faster time to market.

The converters come in a number of
standard versions, and are an integral
part of the company’s overall Concept
300 strategy, which includes advanced
factory and design automation. Plans
for the near future include making the

Patrick Mannion

modules available in an unlimited vari-
ety of standard versions, to the extent
that the line between custom and stan-
dard modules will become almost
indistinguishable.

First-Generation Power

While first-generation converters,
or power components, provided many
benefits at the time, including reduced
size and faster time-to-market, their
relatively high cost and inability to
break the 100-W/in.3 barrier limited
their widespread use in mainstream
markets. In addition, first-generation
power-converter manufacturers had

COVER FEATURE

to adapt the concept of the
product to available manufac-
turing technologies. As a re-
sult, few of the processes used
in their manufacture are
specifically tailored for power
devices. For example, the sur-
face-mount technol-
ogy used to mount
the over 200 components in a
typical first-generation con-
verter has been borrowed from
mainstream electronic manu-
facturing, while the magnetic
structures used are often
slightly modified, 30-year-old
pot-core technologies and car-
ryovers from telecom applica-
tions. As such, they were de-
signed to process signals, not
power, so they tend to limit
power density while adversely
affecting noise and heat man-
agement. In addition, the generic TO-
220 packages used for the switching
devices limit mounting options and are
plagued with excessive parasitic in-
ductance and capacitance, again lead-
ing to high noise levels.

The limits of first-generation
power components were stretched
and pulled to suit popular applications
such as telecom, industrial, ground-
based military, and high- to mid-range
electronic data procession (EDP), and
other areas that could afford the cus-
tom modifications. As applications ex-
pand into other systems, including
low-end, high-volume EDP and busi-
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TECH INSIGHTS DC-DC CONVERTERS |

ness equipment, the unsuit-
ability of these devices, in
terms of power density,
ruggedness, cost, and turn-
around, has become obvious.

Complete Redesign
To overcome the con-
straints of first generation

+n
PC

L )
-In

0t subjected to a full 100% burn-
in, while cycling from -65° up
3 to 125° C.

While the natural by-prod-

s¢ | ucts of this cut in parts count
are improved reliability and

S | lower cost, the extra space !

O also means that the bulk of ‘

the converter ean now be de-

power components, Vicor 1.The VI-300’s Z(S/ZVS power-processing architecture enables
efficient, low-noise, high-frequency operation. The main switch is
common drain for improved thermal and noise management, the reset
switch is common source for ease of control, while a secondary reverse
boost switch narrows the frequency range and allows for synchronous
rectification.

started from scratch with a
design based on its patented
ZCS/ZVS high-efficiency,
low-noise, high-frequency
power-processing architec-
ture (Fig. 1). A complete re-
design of the control, magnetic,
switching, and packaging elements of
the modules has resulted in a compo-
nent with a power density of up to
120 W/in.3 in three package sizes—
maxi (4.6 by 2.2 by 0.5 in.); mini (2.28
by 2.2 by 0.5 in.); and micro (2.28 by
1.45 by 0.5in.).

The modules have one-third the
number of parts of their predecessors
and can be ordered pre-configured in
nine input ranges, and nine output
voltages. Resistors can be used to
trim up or trim down the output volt-
age if necessary. Custom models can
be ordered with any input voltage
from 4.5 to 450 V, any output voltage
from 1to 100 V, and at any power level
up to 600 W. Two pin styles, four base-
plate options, and a variety of data
collection and reporting options are
available. The devices have an operat-
ing temperature range of -55° to over
110°C and come in three product
grades—C, T, and M. User-defined
grades also are available.

Other specifications include a no-
load to full-load regulation of 0.1%, a
programmable output of 10% to 100%,
conversion efficiencies of up to 92% de-
pending on the voltage combination
and power level chosen, and an input-
to-output isolation voltage of 3000 V
rms. All models are parallelable with
N+M fault tolerance and current shar-
ing, and are phased-array-control com-
patible. Paralleling architectures in-
clude de- and ac-coupled single wire.

The end result, as far as the power-
supply designer is concerned, is a high-
power-density component, with a wide
range of options, and with high reliabil-
ity, that reduces the cost of a power
supply from $0.50 to $2/W down to
$0.25 to $1/W (see the table).

Key to the VI-300 converter’s de-
sign is its high level of component-level
integration (Fig. 2). With the aid of hy-
brid technology and a Class 10,000
clean room, the device packs all control
functions and active circuitry into two
(primary and secondary side) ICs occu-
pying a total volume of less than 1/10
in.3 each. As a result, the parts count
has been slashed from the typical 115to
200 parts of first-generation compo-
nents of down to 35. The ICs, or
“brains,” are molded and include a cop-
per plate that is soldered directly to the
baseplate to provide a thermal escape
path to the baseplate. The devices are

2. The control circvitry in the first-generation power module, marked red in {a), has been
integrated into two (primary and secondary side) ICs, or “brains,” marked red in the second-
generation module, (b). The end result is a reduction in parts from a typical 115 to 200 down to
35, with the ensving savings in cost and increase in reliability. The scheme also provides extra
room for the power train.

voted almost exclusively to
the power train (i.e., the mag-
netic and switching elements
at the core of the design).
The most noticeable aspect
of the revamped and enlarged
power train is the absence of
the traditional potted-core magnetics
with their primary and secondary
windings laid concentrically on top of
one another (F'ig. 3). This close proxim-
ity of input to output, necessary for effi-
cient magnetic coupling, also can lead |
to electrical coupling of primary to sec-
ondary windings via parasitic capaci-
tance. This coupling can result in unac-
ceptable levels of common-mode noise.
With second-generation devices, the
potted-core design has been replaced
by proprietary plated-cavity cores that
use copper armor, plated onto the fer- |
rite core, to more closely confine the
magnetic flux to couple widely sepa-
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Largest Selection of microPackage Amplifiers and A/D Converters—

. » » e (800) 548-6133 | Reader
Amplifiers S0T-23-5 MSOP-8 SSOP-16 FAXLINE# | Service #
MicroPower, Precision CMOS Op Amp, 1g=20pA/Chan. 0PA336 0PA2336 O0PA4336 11380 350
Precision Single-Supply Op Amp, 13=250pA 0PA234 11318 351
MicroPower, Single-Supply Op Amp, Ig=350p1A/Chan. 0PA237 0PA2237 OPA4237 11327 352
Low Distortion, Wideband Op Amp, 450MHz 0PAB42 11190 353
Low Distortion, High Gain Op Amp, 900MHz OPA643 11191 354
Wideband, Unity-Gain Stable Op Amp, 560MHz 0PA650 0PA2650 11264 355
Wideband, Gain>2 Op Amp, 950MHz 0PAG651 11265 356
Wideband Current-Feedback Op Amp, 900MHz 0PA658 OPA2658 11268 357
Instrumentation Amplifier, 1g=175pA INA126 INA2126 11365 358

Black=single Biue=dual Red=quad
» (800) 548-6133 | Reader
A/D Converters MSOP-8 FAXLINE# | Service #
12-Bit, Unipolar, Serial Output—200kHz Sampling A/D Converter at 2.5mW ADS7816 11355 359
12-Bit, Bipolar, Serial Qutput—200kHz Sampling A/D Converter at 2.5mW ADS7817 11369 360
12-Bit, Unipolar, Serial Qutput—75kHz Sampling A/D Converter at 0.6mW ADS7822 11358 361
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TECH INSIGHTS DC-DC CONVERTERS |

rated primary and secondary windings. |
The wider separation provides greater |
isolation and therefore lowers input-to- i
output parasitic capacitance and noise. !
The plated cavity also serves to con- |
duct heat away from the transformer |
to the baseplate, thus increasing the |
power-handling capability of the power E
train allowing the transformer to han- !
dle a power density of 1000 W/in.?, with !
a30°C rise. )
The power-train assembly itself is
contained between the baseplate and a !
terminal block assembly, with input !
and output pins recessed. The modules
may be wave-soldered or plugged into
inboard or surface-mount terminals.
Proprietary sockets handle up to 100 A.

Switching Elements !

The switching elements, mounted to |
the baseplate, have done away with the |
TO-220 package with its high parasitic |
inductance and capacitance and high !
thermal impedance. Instead, the VI- !
300 devices use a proprietary, low- |
noise, integrated power device (IPD)
that has an order of magnitude lower E
parasitic effect. :

The IPDs are soldered to 20-mil- |
thick, electrically and thermally con- |
ductive, primary and secondary |
shields, inset within the grounded alu- i
minum baseplate. In addition, the !
thermal path from the MOSFET die !
to the baseplate has been reduced |
through the elimination of a number .
of layers and the use of materials such i
as kapton, in place of epoxy and a !
Faraday shield. This shortening of the |
path has helped reduce the thermal |
impedance from junction to baseplate

BENEFITS OF COMPONENT POWER

Custom-switching

Parameters power supply
Size  3Win?
Development time Six months
Cost $0.15 to $1/W

The advances made in
the converters are
backed by equally

significant advances in
the methods used to
manufacture them.

(Rgyp) from the 3°C/W typical of the
VI-200, to 1.5°C/W for the VI-300.

The advances made in the overall
design of the VI-300 have been com-
plemented by equally significant ad-
vances in the technology used to man-
ufacture them. Instead of the generic
assembly lines that have simply been
adapted for power components, Vicor
has invested in a custom, fully auto-
mated assembly line specifically de-
signed for the assembly of second-
generation power components.

The second-generation factory is
designed to accommodate four lines
and ancillary processes, with a theo-
retical total capacity of one module
every two seconds. According to Vi-
cor, the total cycle time, when the line

1st=Generation 2nd-Generation-

Component Component
Power System Power System
10 Wiin.2 20 Wiin?
Two months 0.5 months
$0.50 to $2/W $0.25 to $1/W

is fully up and running;, is predicted to
be approximately four hours.

To further augment its VI-300, and
follow through on its Concept 300
strategy, Vicor has created a user in-
terface, called the Vicor Design Assis-
tance Computer (VDAC), that will
run from the customer’s site and give
the customer the flexibility to spec
components from a remote location at
any time of the day or night. Between
the factory floor and VDAC lies the
ABM which automatically generates
the necessary bill of materials. The
ABM communicates directly with the
computer-integrated manufacturing
process to produce the required prod-
uct, in quantity, in a matter of days.

PRICE AND AVAILABILITY

The maxi module. 600 W, 375-V (250 to
425 V) input. 48-V output, is priced at $248.
The mini module, 300 W, 375-V (250 to 425)
imput, 12-V output, is priced at $1,8; The mi-
cro module, 150 W, 48-V (36 to 75 V) output,
is priced at $112. Standard modules are
shipped in fouwr to eight weeks in quantity.
For more information, contact Vicor Ex-

it First-Generation Transformer

Bobbin

Secondary 1
windings

Primary windings

Ferrite

press al (800) 735-6200. CIRCLE 554
How VALUABLE CIRCLE
HiGHLY 555
MODERATELY 556
SLIGHTLY 557

Second-Generation Transtormer Bolllbm Ferrte

Bobbin Copper

Bobbin

Ferrite
- —

Secondary

i windings

Secondary

Copper

p——

Primary
winding

3. With primary and secondary windings concentrically on top of each other, first-generation transformers achieved adequate magnetic coupling.
However, electric coupling due to parasitic capacitance can lead to excessive common-mode noise. To avoid this, second-generation transformers
place the primary and secondary windings far apart, but contain the magnetic flux using a copper armor plated onto the ferrite core. The armor also
conducts excess heat to the baseplate.
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Status/
O Shutdown
{/0 Pin

0 to 750mA
Adjustable
Current Limit

0PA547—simple to use and it packs power with a peak
output of 750mA (500mA continuous). It's ready-made for
driving heavy loads such as motors, valves, solenoids, speakers,
or as a programmable V/I source.

OPA547 simplifies your high power op amp circuits. It operates
on up to +30V dual supplies or a +60V single supply. Input
common-mode range extends to (and slightly below) V- to
simplify single supply circuits.

More Control

OPA547 gives you more control over your high output current
circuitry. Current limit and thermal shutdown protect it from
overload. A single low power resistor, potentiometer, or a
programming voltage sets the current limit. A logic output signal

Burr-Brown Corporation

Power Op A

on the status 1/0 pin tells you if thermal shutdown has occurred.
You can even apply a logic signal to this same pin to shut down
the amplifier, forcing the output stage to a high impedance state
and reducing the quiescent current. The easy-to-use OPA547 has
the options you need to control your high power loads.

Key Specifications

* Qutput Current....................... 750mA peak, 500mA continuous
* Qutput Voltage at 100mA................ ( V-)+0.8V to (V+)-1.5V
* Supply Voltage..........cccocvvvvvrecann... .8V to 60V single supply
# SIBW RALE.......coeeceeteecee e 6V/us

» Packages: 7-lead DDPack surface mount and 7-lead T0-220
* Priced from $4.08 in 1000s

www.burr-brown.com/Ads/GPA547-Ad.html
BURR - BROWNZ®
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TECH INSIGHTS ’

DESIGN APPLICATION

Line-Driver Design For Broadband
Communications Applications

Following Is A Practical Guide To Designing, Low-Power, Low-
Distortion Circuits For XDSL And Cable Moden Systems.

EAMON NASH, Analog Devices Inc., 804 Woburn St. Wilmington, MA 01887; (617) 937-1239, e-mail:

eamonnash@analog.com.

sets for wired communications

standards such as High Bit-rate
Digital Subscriber Line (HDSL),
Asymmetrical Digital Subscriber
Line (ADSL), and HFC are being im-
plemented using LSI CMOS technol-
ogy, the line-driving function gener-
ally requires high-quality bipolar
amplifiers. Requirements vary from
application to application, but in gen-
eral, the line driver must be capable of
delivering high-output current while
maintaining low signal distortion.
Bipolar technology is generally fa-
vored by IC designers when designing
such amplifiers. However, because to-
day’s modems are predominantly digi-
tal, there is an increasing need for ana-
log line-driving amplifiers to operate
from low supply voltages, and some-
times from single supplies.

Within these constraints, the line-
driver designer has a number of archi-
tectural degrees of {reedom that make
the clesign task a little easier: If a high
signal swing (compared to the supply
voltage) is required, differential line
driving can be used to double the
available peak-to-peak voltage of the
signal. If transformer coupling is nec-
essary, a step-up or step-down trans-
former can be used to optimize signal
size. However, this does change the
current demand on the amplifier.

In power-critical applications, com-
ponent selection is not a trivial matter
of finding devices with low quiescent
current. In considering the “total”
power consumption of the driver, one
has to look at the quiescent power con-
sumption, the power delivered to the
load, the dynamic power, or the power
that the amplifier must consume to de-
liver the requisite power to the load.

HDSL is becoming popular as a

Even though highly integrated chip

means of providing full duplex data
communication at rates up to 1.544
Mbits/s (2.048 Mbits/s) over moderate
distances via conventional telephone
twisted-pair wires. Traditional T1 (E1
in Europe) requires repeaters every
3000 to 6000 ft. to boost the signal
strength and allow transmission over
distances up to 12,000 feet.

Driving HDSL Lines

To achieve repeater-less transmis-
sion over this distance, a HDSL mo-
dem requires transmitted power level
of +13.5 dBm (assuming a line imped-
ance of 135 W). HDSL uses the Two
Binary One Quaternary line code
(2B1Q). A sample 2B1Q waveform is
depicted (Fig. 1). The digital bit
stream is broken up into two-bit
groups. Four analog voltages (called
quaternary symbols) are used to rep-

resent the four possible combinations
of two bits. These symbols are as-
signed the names +3, +1, -1, and -3.

These voltage levels are produced
by a digital-to-audio converter (DAC)
that is usually part of an Analog Front
End Circuit (AFEC). Before it’s ap-
plied to the line, the DAC output is
low-pass filtered and acquires the si-
nusoidal form shown in the dotted line
of Figure 1. The filtered signal is then
applied to the line driver. The line volt-
ages that correspond to the quater-
nary symbols +3, +1, -1, and -3 are 2.64
V.0.88 V,-0.88 V, and -2.64 V. This re-
sults in a peak-to-peak line voltage of
528 V.

Many of the elements of a classic
differential line driver are shown in
the HDSL line driver (Fig. 2). A 6-V
peak-to-peak differential signal is ap-
plied to the input. The differential gain

Symbol | Voltage
name
3 264V A : DAC output
o 203 T Filtered output
A 0.88V ; to line driver
RV g w, [ o2 F p- -~ |- - i f--F----
4 |08y Ll
-3 -2.64V i b
-1 8 + | -3 |3 |+ + | -3 -1 -1 + -1 -3
01| 10 1] 00 00 1 10 00 [} 01 1" ] 00

1. Data transmitted on HDSL lines are coded with 2B1Q (2 bits | Quaternary) which consists of 4
discrete voltage levels. Each level or symbol corresponds to a 2-bit sequence. The discrete
voltage levels are produced by a DAC, filtered and applied to a line driver. The line driver must
deliver a peak-to-peak voltage amplitude to the line of 5.28 V to the line. This corresponds to a

power level of +13.5 dBm (RL =135 Q).
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standard
Package

Power as a Component FEATURES

DCPO1 is the first isolated DG/DC converter family in industry standard « Indefinite Short Circuit Protection + No Derating
JEDEC plastic package. This is power in comparent packaging and is ideal s o . .

for high volume PCB assembly—use standard processing and handling— =D IE S B OEHEA TS
no special reflow soldering techniques required. And, # features a low » Remote On/Off * 14-Pin PDIP
profile—only 0.15” (3.8mm). DCPO1 is perfect for point-of-use conversion, % -

digital interface power, ground loep elimination, data acquisition, phs O IALCAIEELLS
industrial process control and instrumentation applications.
(800) 548-6133
Products Vin Vour Emclency Isolatien Switching Package FAXLINE#
lL(:EOLI)SOSP 5V SV 1% 1000Vrms 400kHz  14-Pin PDIP 11336
| DCPO10512P 5V 12V 2% 1000Vrms 400kHz 14-Pin PDIP 11366
| DCPO10515P 5V 15V 73%  1000Vrms 400kHz 14-Pin PDIP 11367
| DCP0105050P 5V 35V 1% 1000Vrms 400kHz ~ 14-Pin PDIP 11336
| DCP0105120P SV +12V 12% 1000Vrms 400kHz  14-Pin PDIP 11357
| DCPO10515DP 5V 15V 75% 1000Vrms 400kHz 14-Pin PDIP 11356 |
| DCPO11512DP 15V 12V - T6% 1000Vrms 400kHz _14-PinPDIP 11382
| DCPO11515DP 15V +15V 76% 1000Vrms 400kHz ~ 14-PinPDIP 11382
| DcPo1240sP  2av 5V ~ 65% 1000vrms ~ 400kHz  14-Pin PDIP 11383
DCP01241 5DP 24V +15V 16% 1000Vrms 400kHz 14-Pin PDIP 11383
WWW. hurr-brown.l:llllﬂlis/ncpll'l -Ad.html BURR - BROWN?®

Burr-Brown Corporation
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| of the amplifier (1+2R/Rg) is set to
+2, so that the resulting differential
output signal is 12 Vpp.

As is normal in telephony applica-
| tions, a transformer galvanically iso-
lates the differential amplifier from
the line. In this case, a 1:1 turns ratio is
used. To correctly terminate the line,
it is necessary to set the output imped-
ance of the amplifier to be equal to the
impedance of the line being driven
(135 Q2 in this case). Because the trans-
former has a turns ratio of 1:1, the im-
pedance reflected from the line is
equal to the line impedance of 135 Q
(R REFL= RL]NE/I‘ums Ratio). As are-
