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Digital Power for a Changing World
Adaptable, High-Density, Multi-Functional POL Controller

The new UCD9240 Fusion Digital Power™ point-of-load (POL) controller from Texas Instruments gives designers faster time 
to market without sacrificing features or performance.  This flexible and adaptable multi-rail controller provides high power 
density, dynamic power supply, load-optimized phase management and configurable sequencing.
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High-Performance Analog >>Your Way

For evaluation modules and data sheets, visit >> 
www.ti.com/digitalpower
1-800-477-8924 ext 9240  
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Setting up and programming multiple test instruments is 

holding you back. Free yourself and get right to your DC bias 

testing with the new Agilent N6705A DC power analyzer. 

The N6705A integrates the capabilities of up to four power 

supplies, a DMM, an arbitrary waveform generator, a scope, 

and a data-logger into a single instrument.

Every function is controlled from the front panel, and a single 

graphical display reveals all your measurements. Even the 

controls are designed to save you time. The N6705A includes 

an easy and intuitive interface, with color-coded controls 

and convenient button placement to give you quick access 

to the functions you need.

Don’t be held back. Time savings are within reach.

© Agilent Technologies, Inc. 2007

Agilent N6705A DC power analyzer
• View critical multiple-bias-supply turn-on/turn-off sequences
• Display voltage and current versus time 
• Generate DC bias supply transients
• Log data from seconds to days

u.s. 1-800-829-4444
canada 1-877-894-4414

www.agilent.com/fi nd/dcpoweranalyzer

90% of the time spent measuring 
is in setting up the measurement.
90% of the time spent measuring
is in setting up the measurement.

7AGE07003_EDN.indd 1 4/20/07 5:49:45 PM
EDN070602_ADS.indd   2EDN070602_ADS.indd   2 6/4/2007   11:41:11 AM6/4/2007   11:41:11 AM



Untitled-2   1 2/8/2007   3:29:35 PMEDN070602_ADS.indd   3EDN070602_ADS.indd   3 6/4/2007   11:41:13 AM6/4/2007   11:41:13 AM



   

Ease the selection process with 
samples, evaluation modules and 
the Interface Selection Guide >>
www.ti.com/interfaceproducts
1.800.477.8924 ext.1105

Interface
High-Performance Analog >> Your Way TM

Interoperability, speed, distance, low jitter, magnetic immunity – regardless of your design considerations, TI has an 
interface product that meets industry standards, satisfies your application needs and helps you win in the marketplace.  
That’s High-Performance Analog>>Your Way.
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Fastest 4x4 crosspoint with VML output, 4.25Gbps, 30-ps jitter

Smallest 3:1 HDMI/DVI switch with selectable input equalization

Industry’s fi rst/only single-channel M-LVDS-to-LVTTL translator, 250Mbps

Smallest Gigabit Ethernet SerDes in 6x6mm QFN, 0.6 to 1.3Gbps

Longest life – 28 years, dual 4kV isolation, 150Mbps, lowest skew 0.2ns

First in 3-V CAN bus, 16kV ESD, auto-baud loopback and low-power standby

Highest ESD-rated RS485 with TVS, 30kV IEC, 400-W protection

Only RS485 with receiver equalization 25Mbps over 200 meter cable lengths

Highest level of integration delivers seamless PCI to PCI Express® migration

Most fl exible USB-to-serial bridge featuring programmable 8052 solution

Lowest supply-voltage 1.8V UART enables interface to latest processors

Lowest leakage (1nA max), 15kV ESD Protection, 1.5-pF

SN65LVCP404
TMDS351

SN65MLVD3 
TLK1221

ISO7220/1 
SN65HVD235
SN65LBC184
SN65HVD23

XIO2000A
TUSB3410
TL16C255x

TPD3E001
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Precision Amplifiers
High-Performance Analog >> Your WayTM

TI’s comprehensive portfolio of high-precision op amps features low power, low noise, high speed, low voltage 
and small packages. Whatever your op amp challenges, TI has the products to satisfy a broad range of applications. 
That’s High-Performance Analog >> Your Way.

Ease the selection process with 
samples, online simulation and 
filter design tools >>
www.ti.com/precisionamps
1.800.477.8924 ext.1102

OPA211

OPA827

OPA365

OPA333

OPA727

OPA355

OPA569

OPA656

INA326

Lowest Power, 1.1nV/ Hz, 36V Op Amp: 3.6mA/ch, bipolar, 80MHz, 1µV/°C drift

Lowest Noise, JFET, 36V Op Amp: 18MHz, 4.5nV/ Hz at 1kHz, 250µV VOS, 1µV/°C drift   

Zero-Crossover, RRIO Op Amp: 50MHz, 4.5nV/ Hz, 0.0004% THD+N, 100dB CMRR

Lowest Power, Zero-Drift Op Amp: 17µA IQ, 2µV VOS 0.02µV/°C drift   

eTrim™ CMOS Op Amp: 20MHz, 15µV VOS, 0.6µV/°C drift, +4V to +12V  

Fastest CMOS Op Amp: 200MHz, 360V/µs slew rate, RRO within 100mV

Best Swing-to-Rail Power Op Amp: 2.4A IO, 150mV output to rail, +2.7V to +5.5V

High-Speed Op Amp: 230MHz GBW, 100µV VOS, 2µV/°C drift, 2pA IB    

Precision, Single-Supply Instrumentation Amp: 20µV VOS, 0.1µV/°C drift   
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LDOs for Powering Digital ICs

Power Digital ICs with High-Efficiency LDOs

Low-Input LDOs Deliver 80% Efficiency with Less Than 100 mV Load Transient Response

For FREE samples, datasheets, and more 
information on LDOs contact us today at:

ldo.national.com

Or call: 1-800-272-9959

© National Semiconductor Corporation, 2007. National Semiconductor,    , and WEBENCH are registered trademarks of National Semiconductor Corporation. All rights reserved.

Ideal for powering DSPs, FPGAs, digital cores, graphics processors, and post regulation

Product ID Load Current (mA) VOUT Range (V) VIN Range (V) Features

LP38853/56/59 3000 0.8 to 1.2 1.3 to 5.5 Enable, soft start, adj. output
LP38852/55/58 1500 0.8 to 1.2 1.0 to 5.5 Enable, soft start, adj. output
LP38851 800 0.8 to 1.2 1.0 to 5.5 Enable, soft start, adj. output
LP5952 350 0.5 to 2 0.7 to 4.5 Tiny micro SMD-5 packages
LP5951 150 1.3 to 3.3 1.8 to 5.5 Small SOT23-6 and SC70-5 package
LP3991 300 0.8 to 2.8 1.65 to 3.3 1% output accuracy 

Typical Application Circuit

1.5 VIN

3V at 4.5 mA VBIAS

CSS

1.2 VOUT

CIN
10 µF

CBIAS
1 µF

CFF

COUT
10 µF Ceramic

EN

VIN

BIAS

SS ADJ

LP38853
VOUT
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Design for debugging: 
the unspoken impera-
tive in chip design

35It’s not widely dis-
cussed, but one of the 
critical components 

in a successful SOC is on-chip 
provision for bringing up the first 
silicon. by Ron Wilson,

Executive Editor
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Texas Instruments offers a wide-ranging selection of voltage-level translation devices from auto-direction-sensing and dual- 
supply-configurable devices to application-specific memory card interface translators. When mixed-voltage issues become a 
concern in your design, TI has the translation device that fits your requirements.

Finding the right translation 
solution is easy with TI’s 
Translation Selection Tool.
www.ti.com/trans1
800.477.8924, ext 365

TI Has the Translation Device for You.

Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1822A0   © 2007 TI  

Industry-Leading Voltage-Level
Translation ICs

Device Bit Width VccA (V) VccB (V) ESD Protection Smallest Package
Auto-Direction Sensing Translators*
TXS0102 2 1.65 to 3.6 2.3 to 5.5 8-kV HBM 8-bump WCSP
TXS0104E 4 1.65 to 3.6 2.3 to 5.5 10-kV Air Gap 

Discharge (IEC)
12-ball BGA

TXB0104 4 1.2 to 3.6 1.65 to 5.5 15-kV HBM 12-ball BGA
TXB0108 8 1.2 to 3.6 1.65 to 5.5 15-kV HBM 20-ball BGA
Application-Specific Translators 
(Memory Card Interface)
AVCA406 1.4 to 3.6 1.4 to 3.6 15-kV Air Gap 

Discharge (IEC)
48-ball VFBGA

AVCA406L 1.2 to 3.6 1.2 to 3.6 6-kV HBM 20-ball VFBGA
CF4320H 1.65 to 3.3 3.3 to 5 15-kV HBM 114-ball LFBGA
Dual-Supply Configurable Translators*†
SN74AVC1T45 1 1.2 to 3.6 1.2 to 3.6 2-kV HBM 6-bump WCSP
SN74AVC2T45 2 1.2 to 3.6 1.2 to 3.6 8-kV HBM 8-bump WCSP
SN74AVC8T245 8 1.2 to 3.6 1.2 to 3.6 8-kV HBM 24-pin QFN
SN74AVC16T245 16 1.2 to 3.6 1.2 to 3.6 8-kV HBM 56-ball VFBGA
SN74AVC32T245 32 1.2 to 3.6 1.2 to 3.6 8-kV HBM 96-ball LFBGA
      

* Other bit-width options available.  † Bus Hold feature available.

TXB010x

Auto-Direction-Sensing Translators

VccA

Processor Peripheral

VccB

AVCxT245

Dual-Supply-Configurable Translators

VccA

Processor

DIR

Peripheral

VccB

TXS010x/E

Auto-Direction-Sensing Translators for
Open-Drain Applications

VccA

Processor Peripheral

VccB

AVCA406L

Application-Specific Translators
(Memory Card Interface)

VccA

Processor SD/SDIO
Card

VccB

4

DATA_A

CMD_A

CLK_A

4

DATA_B

CMD_B

CLK_B

Voltage
Translators

Translation Device Selection Tool

Choose your voltage requirements 
below to select the best tranlation 
device:

Vin Vout
Translate From Translate To

Uni-directional

Bi-directional
Submit
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As increasing numbers of RF devices 
depend on integrated-circuit 
technology, RF designs’ use of dif-

ferential topologies is becoming more 
and more commonplace. Moreover, once 
a project team decides to base a product 
on a custom RFIC (radio-frequency in-
tegrated circuit), it often becomes a “no-
brainer” to have the IC perform circuit 
functions that, in an earlier era, would 
have been handled by separate passive 
components. In general, IC implementa-
tions of these functions use active, rather 
than passive, circuit elements. The result 
of this RFIC revolution is thus an explo-
sion in the use of active as well as dif-
ferential (also known as balanced) circuits 
at radio frequencies.

This situation presents a challenge 
for engineers who must accurately 
characterize RF devices. The mathemat-
ics that underlies an understanding of 
device characteristics assumes that the 
DUT (device under test) is linear. But, 
whereas passive devices sometimes exhibit 
nonlinearity, active devices are much 
more likely to be nonlinear—at least to a 
degree that calls into question the validity 
of parametric values derived through 
assumptions of linearity. In addition, 
characterizing nonlinear devices often 
requires larger numbers of more diffi cult 
and time-consuming measurements than 
does characterizing linear devices.

The assumption of linearity also 
forms the basis for the mathematics 
by which engineers have tradition-
ally extended inherently single-ended 
measurements to differential devices 
[1]. You might say, then, that the RFIC 
revolution and the resulting proliferation 
of nonlinear, differential circuit structures 
has mounted a multi-pronged attack on 

the classical methods of RF-component 
characterization and on the architecture 
of VNAs (vector network analyzers), the 
instruments at the heart of most highly 
accurate, parametric RF measurements. 
Until now, nearly all such instruments 
have, as a practical matter, been limited 
to fundamentally single-ended measure-
ments; differential results were derived virtu-
ally, which means mathematically by a linear 
superposition of single-ended measurements.

Although true differential VNA 
measurements were possible through the 
use of baluns and hybrids [2], or by add-
ing two signal sources to a conventional 
VNA [3], these techniques were limited 
by the lack of components with suf-
fi ciently ideal characteristics over a wide 
bandwidth. Furthermore, ready-to-use 
systems with true differential-measurement 
capability were not commercially available.

R&S ZVA to the rescue
With its R&S ZVA series of 300-kHz 
to 40-GHz RF VNAs (Figure 1), which 
offer an optional TruDi (true-differential) 
measurement mode, leading VNA supplier 

Rohde & Schwarz is coming to the rescue 
of RF design engineers around the world 
who need new tools to deal with the RFIC 
revolution’s new measurement challenges.

TruDi operation of the R&S ZVA 
is based on a second signal source that 
is installed in instrument versions with 
four test ports. This source can produce 
a signal whose amplitude is equal to and 
whose phase is opposite that of the signal 
from the fi rst source. The R&S ZVA can 
also produce signal pairs that have adjust-
able relative amplitude and phase, thus 
enabling the simulation of real-world sig-
nals that are not perfectly balanced—that 
is, signals that contain common-mode as 
well as normal-mode (differential mode) 
components or even purely common-
mode components—with no differential 
components. It is also possible to sweep 
the phase difference and magnitude 
imbalance to quickly reveal how a device 
responds to signal imperfections. No such 
measurements were even theoretically pos-
sible through the use of baluns and hybrids.

Going deeper into the details of the 
new R&S ZVA TruDi option, it is note-
worthy that the user-defi ned amplitude 
and phase relationship of the signals 
refers to the VNA’s outgoing single-ended 
waves, which serve as incoming (a-) 
waves for the DUT. This relationship is 
measured with full-system error correc-
tion applied at each point of each sweep. 
According to this measurement, signal 
amplitude and phase are re-adjusted 
before the desired measured quantity is 
acquired, thus taking time-varying DUT 
refl ection into account. The error terms 
that are used during wave correction 
are derived from a conventional full 
n-port calibration, which also defi nes the 
reference plane where the user-defi ned 

Flexible, easy-to-use true-differential 
VNAs eliminate guesswork
By Jochen Simon

Figure 1: The Rohde & Schwarz ZVA-
series of 300-kHz to 40-GHz RF vector 
network analyzers offer a true-differential 
source and measurement option that 
takes the guesswork out of characterizing 
active differential components, including 
structures common in modern RFICs.

S P E C I A L  A D V E R T I S I N G  S E C T I O N

Network Analysis Tech Digest
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amplitude and phase relationship is valid. 
DUT topology can be defi ned with a 
high degree of fl exibility, which means 
that any two single-ended ports can 
be combined to form a balanced port. 
Because one internal R&S ZVA source 
serves two single-ended test ports (ports 
1 and 2 belong to one R&S ZVA source; 
ports 3 and 4 to the other), the only limi-
tation for a balanced port is the require-
ment that the constituent single-ended 
ports have different sources.

An R&S ZVA with the TruDi op-
tion supports three operating modes, 
which are listed below in order of 
increasing complexity:
1. Source of fully error-corrected dif-

ferential and common-mode outgoing 
waves of amplitude and phase defi ned 
with respect to a reference plane that 
is established by conventional n-port 
system-error calibration. A user can 
shift the reference plane by defi ning 
and activating a transmission-line 
offset, which may be lossy. You can 
also sweep the amplitude and phase 
relationships between the single-ended 
signals and calibrate the signal power.

2. Source function as in 1, plus fully 
error-corrected measurement of all 
single-ended or balanced-wave quan-
tities defi ned in the DUT topology. 
After a conventional (single-ended) 
power calibration, you can even de-
termine the amplitudes of differential 
and common-mode wave quantities.

3. Source function as in 1, plus fully 
error-corrected measurement of all 
mixed-mode S-parameters defi ned for 
the DUT topology. For this measure-
ment, you stimulate each balanced 
port in two modes (differential and 
common-mode) and each single-
ended port in one mode.

A mouse-click switches modes
Switching between true-differential and 
virtual-differential (that is, mathemati-
cal superposition) measurement modes 
requires no more than a mouse-click. 
After you set up two measurement chan-
nels, you can even measure the same 
DUT in both modes at the same time. A 
comparison of the true and virtual differ-

ential modes appears in Figure 2, which 
shows the transmission of a SAW fi lter, 
a representative passive linear device. As 
you might expect, there is no notice-
able difference in measurement results 
between modes.

As an additional measurement 
example, Figure 3 shows the gain of a 
differential low-noise amplifi er (LNA) for 
WCDMA applications in a power sweep. 
At small source-signal levels, hardly any 
difference exists between the two modes. 
With increasing source power, however, 
the amplifi er reaches 1-dB compres-
sion at an input power of about -10.5 
dBm compared with about -6.5 dBm in 
the virtual mode. For other differential 
devices, you can also observe the opposite 
behavior—that is, earlier compression in 
virtual mode.

In Figure 3, the stimulus axis of the 
true-differential trace has been shifted 
by  3 dB with respect to the axis of the 
virtual mode. This shift is necessary for 
a comparison of the two modes because 
the differential-stimulus amplitudes must 
be the same. In virtual-differential mode, 
the R&S ZVA power setting refers to a 
single-ended source signal, whereas in 
TruDi mode, the setting relates to a dif-
ferential-source signal. Because half of the 
power of the single-ended source signal 
is contained in its unwanted common-
mode component, the power must be 
increased by 3 dB.

The new R&S ZVA TruDi option 
provides system designers with a valuable 
tool that allows them to measure—rather 
than guess at—key characteristics of dif-
ferential devices. Above all, designers can 
investigate the large-signal behavior of 
these devices under real operating condi-
tions. Only now have such measurements 
become possible.
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designers—especially in leading-edge 
processes—that are shrinking in num-
ber and certainly working for different 
types of companies from those they 
worked for just a few years ago.

EDN and TSMC hosted the EDAC 
(EDA Consortium) executive recep-
tion and panel on Sunday to kick off 
the show. That panel, which EDN Ex-
ecutive Editor Ron Wilson and Elec-
tronic News/Electronic Business Edi-
tor in Chief Ed Sperling co-moderat-
ed, pitted a group of senior IC-design 
managers against a group of market-
ing executives from the fab and EDA 
market. Wilson summarized some of 
the key points from the panel in his 
blog (www.edn.com/070621ed2). I’d 
like to add a few of my own thoughts 
on that panel and relate them to what 
I see as another lackluster DAC.

First and foremost, I think you can 
draw some conclusions from the chip-
designer side of the panel. Major fab-
less-IC vendors Broadcom and Qual-
comm were represented, but compa-
nies such as Cisco, Apple, and Nokia 
were not on the panel. ASIC-design 
house eSilicon was represented. But 
there were none of the ASIC designers 
working for end-product companies 

that would have been front and center 
on such a panel just a few years ago.

Now, I’ve been quick to claim in 
the past that the shrinking number 
of ASIC starts was not as bad as ad-
vertised. I still think the analysts that 
track those statistics fail to account 
for the ASSPs that are increasingly 
designed by the likes of Qualcomm. 
I’m sure that Cisco is still doing a fair 
amount of ASICs. But in what tech-
nology is Cisco working, and how 
does that align with the presumed hot 
issues at DAC?

The major issue at DAC this year 
continues to be how to verify SOCs 
(systems on chips) built in the latest 
process technologies. The panel clear-
ly indicated that Broadcom and Qual-
comm care about that. But who else 
cares? The list is short. Intel cares 
but uses internal tools. Memory ven-
dors need the latest process technol-
ogy, but they don’t need to fully verify 
memory blocks with ECC and other 
technologies that correct errors.

Ironically, I’m not sure that the 
EDA vendors really care. Mentor has 
certainly done well with verification 
tools. But reading between the lines 
at the Sunday panel, tool vendors may 

not believe that there’s sufficient in-
terest—read “customers”—to inno-
vate the system-level approach that’s 
really needed in state-of-the-art chip 
design. Now, TSMC and other fabs 
clearly need the fabless chip vendors 
to fill their factories, and, certainly 
TSMC, among other fabs, has deep-
ened its level of support for leading-
edge chip designs.

Meanwhile, I suspect that the likes 
of Cisco are churning right along at 
less ambitious process nodes. The big 
communication-equipment vendors 
can’t fit everything into one chip any-
way, and they are relying on off-the-
shelf ASSPs in some cases. Apple like-
ly has no interest in designing an SOC 
for, say, the iPod. It wants to churn 
the technology twice a year anyway to 
capture the upgrade market as well as 
new customers. The company never 
sells enough of a single model to jus-
tify a custom SOC.

In short, this DAC has been more 
of the same. As I wrote last year in 
“DAC disappoints: Maturing seg-
ment needs a jumpstart” (www.edn.
com/article/CA6356786), there have 
been no real significant innovations 
in EDA. The verification story is get-
ting stale. In his blog, Wilson suggests 
that preverified IP (intellectual prop-
erty) could perhaps solve the problem. 
Alas: The news isn’t necessarily good 
there, either. At the end of a Monday 
panel entitled “Just who is providing 
the IP?” longtime EDA-industry fol-
lower and moderator Peggy Aycinena 
pessimistically noted that the panel 
on IP was almost exactly like one held 
five years ago, and that observation 
clearly calls into question industry 
progress on IP reuse.EDN
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DAC stumbles looking 
to find firm future
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 T
he June 2007 rendition of DAC (Design Automation 
Conference) in San Diego again revealed an uncertain 
direction for the chip-design community. Moreover, orga-
nizers appear to be looking for some way to stop the trend 
of a shrinking exhibition and attendee list. This year, the 
organizers in part tried to promote an automotive theme, 

although the effort has come off flat at best. For sure, the conference 
continues to offer valuable education to chip designers. But it’s the chip
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      Go to www.edn.com/070621ed1 
and click on Feedback Loop to post 
a comment on this column.
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Greater efficiency, less space. 
Bright ideas in lighting ICs.

Gate drivers improve system reliability
Combining exceptional noise immunity with high-side
driver operation that features negative VS swings of
–9.8V (VBS = 15V) to protect against negative noise,
Fairchild’s HVICs enhance system reliability and 
minimize power consumption.

High-performance SuperFET™ MOSFETs
SuperFET MOSFETs minimize conduction and switching
losses to help improve overall system efficiency. Their
combined low on-resist-
ance, DPAK packaging
and ability to withstand
high speed switching
transients make them 
the ideal MOSFETs for
ultra-slim ballast designs.

Integrated ballast control ICs simplify designs
Now you can eliminate components and complexity 
in ballast designs. For example, our new FAN7711 
features all the optimum power functions as well as 
circuitry protection required for CFL and LFL applications.
Fairchild gives you more functionality, in less space,with
improved reliability—combined.

www.fairchildsemi.com

66%
LOWER

RDS(ON)

FCDxN60
600V, 0.6~1.2� RDS(ON)

Planar
MOSFETs

To learn more about our complete lighting solutions—
including PFC ICs, IGBTs and transistors—please visit
www.fairchildsemi.com/lighting.

FAN7711 Electronic Ballast Control IC
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Vinit Jayaraj, Principal Design Engineer

The LM3405 is a 1A, constant-current buck regulator
designed to provide a simple, highly-efficient solution for
powering LEDs with the highest power density. The 
low-feedback reference voltage of 205 mV (typical) allows
the use of LEDs with large forward voltages. The LM3405
LED driver comes with an integrated 1A high-side power
switch, internal current limit, over-voltage protection and
thermal shutdown. The LM3405 driver utilizes current-
mode control with internal compensation offering 
ease-of-use and predictable, high-performance regulation
over a wide range of operating conditions. This article
describes a few of the many application solutions for the
LM3405 LED driver. The LM3405 device is offered in a
6-pin Thin-SOT (TSOT) package and operates at an
internal switching frequency of 1.6 MHz, allowing the use
of small-value inductors, thereby saving board space.

Typical Application Circuit
Figure 1 shows the typical application circuit using the
LM3405 regulator driving a single LED. The boost 
voltage can be derived from VIN or VOUT. The BOOST
to SW voltage (VBOOST-VSW) should never exceed
the operating limit of 5.5V, and must be greater than
2.5V for optimum efficiency. 

In the above circuit, the maximum VIN is 5V and there-
fore the boost voltage is derived from VIN. The
LM3405 data sheet provides a detailed description of
various circuits for boost-voltage generation. The
LM3405 driver tightly regulates the FB-pin voltage to
205 mV (typical) and this allows the LED current (IF)
to be set by the following equation: 

R1 (min) is 200 mΩ such that IF (max) is limited to 1A.
In case of an over current, the internal current limit will
trigger and turn off the internal power switch on a cycle-
by-cycle basis. In case of an over voltage (sensed at the
FB pin), the internal power switch is turned off. The
LM3405 regulator also has a built-in thermal shutdown
(with hysteresis) which also turns off the internal power
switch if the die temperature exceeds a typical value 
of 165°C.

PWM Dimming Using the EN/DIM Pin
The LEDs can be dimmed by applying a PWM-logic
signal to the EN/DIM pin of the LM3405 driver  as
shown in Figure 2.

A logic high at V_PWM enables the IC, and a logic low
disables the IC. In this manner, the LED current is turned
on and off. In order to eliminate flicker, the lowest 
PWM-dimming frequency is normally chosen to be
above 100 Hz. The upper end of the PWM frequency is
determined by the turn-on delay of the LM3405. If the
V_PWM signal has an ON-time of TON and a period of
TPER, the average IF is given approximately by the equa-
tion below. Note that the delay in enabling and disabling
the IC is not included in the following equation. Typically
the time delay from the instant where EN/DIM=1 to the
instant where IF is fully established is approximately 
100 µs (see Figure 4).

Application Note AN-1644

ANALOG edge SM

Powering and Dimming High-Brightness LEDs with the LM3405
Constant-Current Buck Regulator

Figure 1. Typical Application Circuit
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The average LED current is therefore 
controlled by TON, TPER, or both and is
perceived by the eye as a brightness change.
Figure 3 shows the measured average LED
current for varying duty cycles and 
frequencies.

The startup delay of the LM3405 device is
shown in Figure 4 for an LED-current 
setting of 1A. This is the delay from the
instant when EN/DIM=1 to the instant
when IF settles to 900 mA (90% of the set
LED current). 

Deriving a Self-Biased Boost Voltage
When Driving Two or More LEDs in
Series
In a typical application where two or more
LEDs are driven in a single string, the
boost voltage is derived from a separate,
external low-voltage source so as to meet
the (VBOOST-VSW) voltage requirement.
This is because when powering two or
more LEDs in series, VIN will be greater
than 5V and therefore VIN cannot be used
to provide VBOOST. In this case, VOUT
will also be high and cannot be used to
derive VBOOST. Figure 5 shows another

approach for deriving a self-biased 
boost voltage from the LED string itself
without the need for generating a separate
low-voltage supply.

The anode of the boost diode D2 is connect-
ed to the anode of LED3. The voltage at the
anode of LED3 is approximately equal to
205 mV plus the forward voltage VF of
LED3. This voltage is approximately in the
range of 3V to 4V (depending on the IF3
current setting) and meets the BOOST to
SW voltage requirement. It must be noted
that the current through LED1 and LED2
will be slightly larger than the current in
LED3 due to the fact that the average charg-
ing current for the boost capacitor C3 will
now be provided through LED1 and LED2.
Therefore, the LED currents are:

where IF1, IF2, and IF3 are the currents in
LED1, LED2, and LED3, respectively and
IC3 is the average current charging C3 over
one switching cycle. This approach can be
used if exact current matching (and hence
brightness) is not required between IF1 and
IF3 or between IF2 and IF3. 

For information on driving multiple 
LED strings and parallel LEDs with the
LM3405 device, please go to:
www.national.com/ae3

Conclusion
This article describes a few application
solutions using the LM3405 buck 
regulator. These solutions provide the user
with highly-compact, driving and dimming 
solutions for high-brightness LEDs. The
LM3405 data sheet may be referred to for
a detailed description of operation and 
component design guidelines. �

National Semiconductor
2900 Semiconductor Drive
Santa Clara, CA 95051
1 800 272 9959

Mailing Address:
PO Box 58090
Santa Clara, CA 95052

Figure 3. Average LED Current versus Duty Cycle and
Frequency of V_PWM at the EN/DIM Pin
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LED String When Driving Two or More LEDs in Series
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when you can get a capacitance company?
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Along with consistent, high part quality 
and reliability. Along with global availability.

Along with hundreds of new parts every 
year – some of which push the envelope 
in ways even you haven’t thought of yet. 
From the most ambitious R&D program 
in the business.

The only place you can get all of that? 
Here at KEMET, The Capacitance Company.

If it’s anything to do with capacitance, 
we can do it.

www.kemet.com
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Create “Custom” Device Configurations with Non-Volatile Programming
I2C Interface for Dynamic “On-the-Fly” Output On/Off/Voltage Control

For more information see:
www.summitmicro.com

Sequencing

Power and Control in One Chip

Features/Parameters SMB113A SMB117
Step-Down Outputs 4 4
Control Interface I2C I2C
Input Voltage Range (V)* 2.7-6.0 2.7-6.0
Output Voltage Range (V) 0.5-VIN 0.5-VIN
Switching Frequency (kHz) 800 400
Source/Sink "DDR" Mode Y Y
Max Output Current (A) 5 10
Operating Temp Range (oC) -40 to +85 -40 to +85
Package Size (mm) 5x5 5x5
Package Type QFN-32 QFN-32

Dynamic Output Voltage

“Programmable Power for a Digital World”

SUMMIT
MICROELECTRONICS, Inc.

QUAD Output, 5A and 10A PWMs Combine Integration and Flexibility
Design Your Entire Power System With an Easy-to-Use Graphical Tool (GUI)

Features
+2.7V to +6.0V or Li-Ion Battery Input *

1.5% Output Voltage Accuracy
>90% Efficiency
I2C Interface + Programmable 

Configuration
Dynamic Output Voltage Control
Pushbutton Enable Input
Programmable FET Driver “Deadtime”
Programmable Enable-Sequencing-

Output Slew Rate
UV/OV Monitors with RESET Control
+0oC to +70oC or –40oC to +85oC

Applications
Cable/Satellite Set-Top Boxes
PVR/DVR Boxes
Digital HDTV
Slimline Notebook PC’s
SOHO Networking Equipment
Automotive/Marine Navigation

*For higher input voltages – contact factory

Develop application with convenient 
programming tool and upload HEX file

Summit ships pre-programmed
“custom” units in high volume

SMB113A/117

     +0.5V to Vin (Prog.) @ 5A/10A

     +0.5V to Vin (Prog.) @ 5A/10A

+2.7V to +6.0V
or

Li-Ion

CPU Core

Analog/RF

I2C/SMBus
4 Step-
Down
(Buck)

Channels

System
Control

and
Monitoring

RESET Output
(Power Good)

Enable Input

     +0.5V to Vin (Prog.) @ 5A/10A Memory, I/O

     +0.5V to Vin (Prog.) @ 5A/10A DSP/Codec

RESET
Monitor

“Programmable Power for a Digital World”

SUMMIT
MICROELECTRONICS, Inc.

Power and Control in One Chip

EDN070602_ADS.indd   20EDN070602_ADS.indd   20 6/4/2007   11:42:30 AM6/4/2007   11:42:30 AM



pulse

JUNE 21, 2007  |  EDN  21

With high-speed, high-volume in-
dustrial-automation, laboratory-
measurement, actuator-control, 

and acoustic applications in mind, Adlink 
Technology recently unveiled a line of PCIe 
(PCI Express) data-acquisition cards. With 
a choice of input ranges and sampling 
speeds plus a differential mode to maxi-
mize noise suppression, the DAQe-2200 
series samples as many as 64 analog 
channels with a maximum data-transfer 
rate of 250 Mbytes/sec over the one-lane 
PCIe bus. The DAQe-2200 series com-
prises the 12-bit DAQe-2204 ADC card 
with a 3M-sample/sec sampling rate; the 
16-bit DAQe-2205 ADC card with a 500k-
sample/sec sampling rate; and the 16-bit 

DAQe-2206 ADC card with a 250k-sam-
ple/sec sampling rate.

The cards include analog and digital trig-
gering, two 12-bit analog outputs, 24 pro-
grammable digital-I/O lines, and two 16-
bit timer/counters. The DAQe-2200 se-
ries also features a system-interface bus 
to allow the synchronization of as many as 
four cards, autocalibration that adjusts gain 
and offset, and high-speed transfer of data 
directly to and from memory through the 
DMA controller. The DAQe-2200 series of 
cards has prices starting at $895, with vol-
ume discounts available.

—by Warren Webb
�Adlink Technology Inc, www.adlink
tech.com.

IMUs (inertial-measurement units) rely on a combination of accelerometers and gyros to 
measure acceleration and rotational change and to calculate position and motion. Typi-
cally fi nding use in aircraft and missiles, IMUs usually measure several inches along a 

side and have prices starting in the thousands of dollars—and that’s before you add in the 
complex calibration procedure of their internal sensors. In contrast, the ADIS16355 IMU, 
a new member of Analog Devices’ iSensor family, measures less than 0.75 in.3 and costs 
$359 (1000). It incorporates three MEMS (microelectromechanical-system)-based gyros 
and three MEMS-based accelerometers to provide three axes of angular-rate sensing, 
three axes of acceleration sensing, and thus 6DOF (6�-of-freedom) motion measurement.

An important system-integration cost for IMUs is their calibration for temperature and 
motion, often requiring expensive and complicated testing on 3-D, rotating calibration plat-
forms. The ADIS16355 undergoes calibration at the factory, in which operators program 
the calibration coeffi cients into each unit through its SPI (serial-peripheral interface). This 
step allows designers to integrate the IMUs into their system with no additional tempera-
ture or motion calibration. The ADIS16355 includes full-temperature-range calibration, with 
a bias-temperature stability of 0.005�/sec/�C; the ADIS16350 version provides a room-
temperature calibration with a bias-temperature stability of 0.03�/sec/�C and costs $275 
(1000).—by Margery Conner
�Analog Devices, www.analog.com.

PCI Express speeds data acquisition

EDITED BY FRAN GRANVILLE

Tiny cube packs three gyros, three accelerometers, and more

The ADIS16355 inertial-measurement 
unit provides 6DOF motion measure-
ment, comes factory-calibrated, and 
measures less than 0.75 in.3

INNOVATIONS & INNOVATORS

The DAQe-2200 series of 64-chan-
nel PCIe data-acquisition cards offers 
designers a choice of input ranges and 
sampling speeds.
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EDA start-up Gate Rocket 
Inc wants to bring hard-
ware-assisted verifi ca-

tion to designers programming 
the biggest FPGAs from Xilinx 
(www.xilinx.com) and Altera 
(www.altera.com) and claims 
that its mixed-hardware-and-
software approach will provide 
a 10- to 1000-times speed-
up in the simulation of these 
FPGAs. EDA veteran Dave 
Orecchio, GateRocket’s chief 
executive offi cer, says that Al-
tera’s Stratix and Xilinx’s Virtex 
devices are so large that most 
designers must simulate their 
FPGA designs before they can 
program them into the FPGA. 
Traditionally, FPGAs haven’t 
required this step. Designers 
could simply program their de-
signs into the targeted FPGA 
and then test that their design 
runs as they expect. If the de-
sign doesn’t run as they ex-
pect, they simply change the 
design and reprogram the de-
vice, repeating the procedure 
until it works correctly.

“These big FPGAs are 
too big for the ‘blow-and-go’ 
methodology where users de-
sign the chip and try it,” says 
Orecchio. “The methodology is 
divergent. Some people doing 
small chips still use that meth-
odology, but we’re focused on 
the larger chips where that 
methodology doesn’t work. 

And most designers using 
blow and go will tell you that, 
once they program the chip 
and it’s in their end system, 
they can’t fi gure out what’s 
wrong with it.” As a result, 
many designers working with 
the largest FPGAs test their 
designs with simulation before 
they program the FPGAs. But 
Orecchio claims that conven-
tional simulation is too slow 
and, in some cases, inaccu-
rate. “It’s pretty common that, 
if you are working with third-
party IP [intellectual-property] 
blocks, the simulation model 
you get from the IP vendor is 
very different from the physical 
version of the IP,” says Orec-
chio. “That can cause a lot of 
problems.”

The company’s 5.5-in., disk-
drive-sized RocketDrive simu-
lation accelerator contains a 
version of the targeted FPGA. 
The “device-native” product 
contains the same FPGA you 
are targeting for your end de-
sign, meaning that, when us-
ers program their designs into 
it, they get a true representa-
tion of the functions of the de-
signs running on the targeted 
FPGAs, says Orecchio. So far, 
the company fi elds versions of 
the RocketDrive containing ei-
ther an Altera Stratix II device 
or a Virtex-4 device, depend-
ing on the targeted FPGA. 

The company plans to offer 
new versions of the Rocket-
Drive supporting Virtex-5 and 
Stratix III.

Chris Schalick, GateRock-
et’s vice president of engi-
neering and chief technology 
offi cer, developed the Rocket-
Drive, which users can insert 
into their workstations or PCs. 
Alternatively, they can buy a 
rack of RocketDrives in a PC-
tower confi guration, connect-
ing the drives to their worksta-
tion through a PCIe (PCI Ex-
press)-interface card. A user 
can place an entire FPGA or 
a part of one into the Rocket-
Drive system and then run 
tests on it, with the testbench 
or the remainder of the design 
running on the user’s choice 
of commercial-logic simulator, 
such as Incisive, ModelSim, or 
VCS. Designers can also use 

the system for software devel-
opment.

The package also includes 
the RocketVision software, 
which facilitates the simula-
tor-to-RocketDrive connection 
and RocketDrive program-
ming. RocketDrive is compat-
ible with FPGA-vendor pro-
gramming tools and third-party 
FPGA-synthesis tools.

GateRocket doesn’t yet have 
any customers, but Orecchio 
says the company is just now 
launching the product, and the 
prospective market is big and 
growing. Traditionally, FPGA 
vendors sold most of their larg-
est FPGAs to ASIC designers, 
who use the FPGAs to proto-
type ASIC designs. That sce-
nario is now changing, accord-
ing to Orecchio. Most of the 
mammoth FPGA-design starts 
are targeting the use of high-
end FPGAs in end products, 
such as medical and network-
ing equipment, automotive 
applications, and test equip-
ment. He also points out that 
the number of FPGA starts 
is increasing, whereas ASIC 
starts have been decreasing 
in number. “From my analysis 
in looking through Altera and 
Xilinx annual reports, roughly 
24% of their customers are 
using these large FPGAs,” 
says Orecchio. The portion of 
that 24% who are planning to 
use FPGAs in end products is 
GateRocket’s target audience. 
Designers could use the tech-
nology for prototyping smaller 
ASICs or for either FPGA or 
ASIC in-circuit emulation. But, 
for now, the company focus-
es on supporting its use as a 
simulation accelerator for big 
FPGAs. Prices for Gate-
Rocket’s RocketDrive start at 
$25,000.

—by Michael Santarini
�GateRocket Inc, www.
gaterocket.com.
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EDA start-up GateRocket brings 
hardware-based accelerator to FPGAs

DILBERT By Scott Adams 

These big 
FPGAs are 

too big for the 
‘blow-and-go’ 
methodology 
where users 
design the chip 
and try it. ... 
That method-
ology doesn’t 
work.
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Keep in touch with your industrial 
application by using WinSystems’ wired 
and wireless modular PC/104 modules.  
Small, rugged, and operational over 
extended temperature ranges, they 
are perfect for transportation, pipeline, 
instrumentation, MIL/COTS, and 
homeland security applications.

Wireless
• GSM/CDMA Cellular
• 802.11 a/b/g Networking

Ethernet
• 10/100 Mbps Ethernet
• Gigabit Ethernet

Modem (POTS)
USB 2.0
RS-232/422/485 Serial I/O

Other I/O Expansion
• A/D, D/A
• Digital
• GPS

Embedded Platforms Supported
• PC/104 – 3.6 x 3.8 inches
• EPIC – 4.5 x 6.5 inches 
• STD Bus – 4.5 x 6.5 inches 
• EBX – 5.75 x 8.00 inches

O/S Support
• Windows® XPe and CE
• Linux 2.6
• x86-compatible RTOS

Extended Temperature Operation

Off-the-shelf delivery, knowledgeable technical
support, and long-term availability makes these
products the right choice for your application.

PC/104 Embedded
Machine to Machine
Connectivity

Call 817-274-7553 or
Visit www.winsystems.com
Ask about our 30-day 
product evaluation!

715 Stadium Drive  •  Arlington, Texas 76011
Phone  817-274-7553  •  FAX  817-548-1358   
E-mail: info@winsystems.com

WinSystems®

TM

EDN070602_ADS.indd   23EDN070602_ADS.indd   23 6/4/2007   11:42:32 AM6/4/2007   11:42:32 AM



All HB (high-brightness) 
LEDs are not created 
equal: Even within the 

same part number, their per-
formance, including wave-
length, brightness, and power, 
can vary. HB-LED manufac-

turers use a “binning” process 
to test each LED and sort it in-
to a category, which becomes 
part of the specifi cation. HB 
LEDs from different bins have 
visibly different colors, and de-
signers must allow for these 

colors in the system’s RGB-
color control. Having the ca-
pacity to allow for and adapt 
to different bins can save as 
much as 15% of the compo-
nent cost, as opposed to lock-
ing your design into one bin 
and then fi nding that its price 
is at a premium or that it is no 
longer available. In addition, an 
HB LED degrades with tem-
perature, and different colors 
degrade at different rates. De-
veloping these color-creation 
and -control algorithms is a 
complex, time-consuming part 
of the design process. 

Addressing that challenge, 
Cypress has combined the 
new EZ-Color family of HB-
LED controllers with the PSoC 
Express embedded visual-de-
sign tool to allow designers 
to input a supported vendor’s 

HB-LED part number and 
bin. The PSoC Express soft-
ware then applies the man-
ufacturer’s bin specifi cations 
and temperature-feedback 
algorithms to program the 
EZ-Color controller to com-
pensate for both HB LEDs’ 
binning characteristics and 
their temperature response. 
The family comprises the 
CY8CLED04/08/16, which 
drive as many as four, eight, or 
16 HB-LED channels. 

The EZ-Color controller us-
es Cypress’ proprietary Prism 
spread-spectrum power-con-
trol technology, rather than a 
fi xed-frequency PWM signal 
to control LED brightness. 
The advantage of Prism over 
a PWM approach is a reduc-
tion in low-frequency fl icker 
and EMI. The CY8CLED04 
sells for less than $4 (high 
volumes).

—by Margery Conner
�Cypress, www.cypress.com.
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EZ-Color controller family simplifies 
HB-LED-lighting-system designs

To ensure consistent color and brightness, the EZ-Color control-
ler uses the PSoC Express visual-design tool to allow for HB-
LED-bin characteristics, as well as temperature feedback from 
the display to account for LEDs’ age degradation. 

SIGRITY I/O PLANNER SPANS IC, PACKAGE, AND PCB

06
.2

1.
07

Sigrity Inc last month introduced OrbitIO Planner, a tool 
for dynamic I/O planning across IC, package, and PCB 
(printed-circuit-board) design. To date, the company has 
offered tools for IC, package, and PCB power and signal-
integrity analysis and packaging-design tools it acquired 
from Synopsys (www.synopsys.com). Now, the company 
is offering a tool to help I/O designers get an up-front 
estimate of how their IC layouts will affect pin placement 
in the package and, ultimately, the targeted PCB.

According to Jiayuan Fang, president of Sigrity, design-
ers changing the I/O in an IC layout traditionally have al-
so had to implement the IC in the package and PCB lay-
outs. But these three disciplines have become separate; 
thus, propagating and weighing the impact of changes 
across all three have been difficult and time-consuming. 
OrbitIO Planner aims to solve this problem. The tool em-
ploys a single data model that connects IC-, package-, 
and PCB-layout environments and allows users to make 
real-time evaluations and do what-if explorations of I/O 
assignment and connectivity options.

Users feed the tool LEF (layout-exchange-format) and 
DEF (design-exchange-format) files from IC-layout en-
vironments, input data from Sigrity or Cadence (www.
cadence.com) package-layout tools, and input data from 

PCB-layout tools. “The tool tries to find the best location 
for I/O cells and the best net assignments for the pads 
and balls on the package to minimize the number of in-
terconnection layers and crossover of the interconnects,” 
says Fang. Once users have derived an I/O plan, they can 
use the tool to feed the I/O data back to the PCB and IC 
tools in their native formats.

 OrbitIO Planner includes features to help designers 
monitor I/O hierarchy and relationships. The three dis-
ciplines often use different syntax and naming conven-
tions to describe nets, so with OrbitIO, Sigrity has includ-
ed a feature to help users manage syntactical differences 
in net names among domains, including scenarios of 
one-to-many or many-to-one net mapping.

OrbitIO Planner supports multiple package types, in-
cluding SIP (system in package) and POP (package on 
package). It also supports wire-bond, flip-chip, surface-
mount, and mixed-die-attachment methods.

Beta customers are currently using OrbitIO Planner, 
and Sigrity expects to have the product ready for the 
mass market in the third quarter of 2007 at a starting 
price of $58,000 for a one-year subscription.

—by Michael Santarini
�Sigrity Inc, www.sigrity.com.  
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Accelerate your design process at freescale.com/continuum

It lets you move 
between 8-bit and
32-bit as fast as the
market demands.

Your market won’t tolerate design holdups, so why should you? Accelerate your 

time to market with the unprecedented design flexibility found in the 8-bit and 

32-bit solutions of the Freescale Controller Continuum. Pin-for-pin compatibility,

shared peripherals and a common set of design tools let you move between the 

two architectures with the greatest of ease. It’s the shortest distance between 

your design ideas and success.

The Controller Continuum. Only from Freescale.

RS08
8-bit 32-bitColdFire® v2 ColdFire® v3 ColdFire® v4

HCS08
ColdFire® v1
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Balancing processing 
performance with en-
ergy efficiency con-

tinued to be the theme at this 
year’s Microprocessor Forum, 
which took place last month 
in San Jose, CA. The forum is 
an opportunity for companies 
not only to present new pro-
cessors, but also to provide a 
fi rst technical look at upcoming 
processor architectures.

Intel (www.intel.com) started 
off the forum with several pre-
sentations that provided a ben-
efi ts summary of the upcoming 
devices using the company’s 
45-nm process; a technical 
overview of the 45-nm Penryn 
core microarchitecture; and 
explorations of the technical 
implications of emerging de-
mands for tera-scale comput-
ing, including more scalable 
memory architectures, improv-
ing management of caches, 
and QOS (quality-of-service) 
memory-resource distribution.

A presentation from Mears 
Technologies (www.mearstech
nologies.com) described the 
MST (Mears silicon technol-
ogy), which uses a channel-re-
placement technology to derive 
an enhancement in drive cur-
rent, along with a 60% reduc-
tion in gate leakage, compared 
with an 85-nm PNO (plasma-
nitrided-oxide)-gate CMOS.

AMD (www.amd.com) intro-
duced the Griffon architecture 

and the Puma platform target-
ing mobile computing. Both in-
clude a new integrated memo-
ry controller featuring a DRAM 
prefetcher, fi xed analog- and 
I/O-voltage planes, and sepa-
rate voltage planes with inde-
pendent frequency and volt-
age scaling for each CPU core. 
The architecture also features 
an on-die north bridge; Hy-
perTransport 3 I/O links with 
support for dynamic link-width 
scaling; autonomous hardware 
power management; and mul-
tipoint thermal control, which 
uses multiple on-die thermal 
sensors to automatically re-
duce the system’s power state 
when the temperature exceeds 
defi ned limits.

A presentation by Denso 
(www.denso.co.jp/en) focused 
on future requirements for 
microprocessors in automo-
tive embedded systems, in-
cluding body electronics and 
navigation. Free scale (www.
freescale.com) introduced the 
MPC5121e, which integrates a 
power-architecture-based pro-
cessor core with a multimedia-
acceleration core, a 2- and 3-
D-graphics-acceleration core, 
a three-plane blend-display-
interface unit, and a multi client 
DRAM controller. Parimics 
(www.parimics.com) present-
ed its hardware-and-software 
approach for image analysis, 
which relies on layers of arrays 

of PEs (processing elements); 
there are 76,800 PEs per die.

Renesas (www.renesas.com) 
presented information on the 
SH-Navi2V, which integrates 
a 600-MHz SH4A processor 
core with a 2-D-graphics ac-
celerator and an image-recog-
nition engine; the image-rec-
ognition engine supports 200 
APIs (application-program-
ming interfaces).

NTT DoCoMo Communi-
cations Laboratories (www.
nttdocomo.com) covered cell-
phone-technology require-
ments for Super 3G LTE (long-
term evolution) and research 
for 4G wireless systems. IP-
Flex (www.ipflex.com) pre-
sented its dual-core, dynami-
cally reconfi gurable processor, 
which it based on the DAPD-
NA (digital-application proces-
sor/distributed-network archi-
tecture)-IMX. The presentation 
included details on the 955-PE 
matrix and the software-devel-
opment fl ow to target this type 
of architecture.

Nvidia (www.nvidia.com) dis-
cussed the SM multithread-
ed multiprocessor with eight 
SP-thread processors, which 
can handle 768 threads in 
hardware. The company also 
touched on the CUDA (com-
pute-unified-device-archi-
tecture) programming mod-
el. Stream Processors (www.
streamprocessors.com) de-
tailed its Storm-1 SP16HP 
architecture, which aligns 
with computationally inten-
sive streaming applications on 
parallel data with limited local-
ity of reference. Stretch (www.
stretchinc.com) presented its 
S6 architecture, which adds 
video surveillance to the list 
of target applications with its 
second-generation ISEF (in-

struction-set-extension-fabric) 
products.

AMCC (www.amcc.com) 
presented its dual-core Titan, 
a power-architecture-based 
processor. The company im-
plemented the processor with 
Intrinsity’s (www.intrinsity.com) 
four-phase-clock Fast14 tech-
nology, which can deliver 2-
GHz operation on each core 
with a power consumption of 
2.5W per core at 1V on the 
TSMC (www.tsmc.com) 90-
nm GT.

ARM (www.arm.com) pre-
sented its fi rst processor core, 
the Cortex-M1, which will re-
side in an FPGA device; the 
core will be available for Actel 
(www.actel.com) FPGA devic-
es this July. ARM also present-
ed information about multicore 
support for the ARM Version 
7 architecture, which touched 
on cache coherence, a coher-
ence-accelerator port, an 8-bit 
extension to the ARM Version 
6 exclusives for SMP (sym-
metrical-multiprocessing) sup-
port, and support for multiple 
paravirtualized operating sys-
tems. MIPS (www.mips.com) 
introduced its 74K core, which 
builds on the MIPS32 24KE.

Qualcomm (www.qualcomm.
com) presented information 
about its Scorpion processor, 
an instantiation of the ARM 
Version 7 microarchitecture in 
a 65-nm LP technology with a 
VeNum (vector-numerics) mul-
timedia engine, and the Snap-
dragon mobile platform. Ten-
silica (www.tensilica.com) pre-
sented its software-program-
mable Diamond 388VDO du-
al-core video decoder/encoder 
that uses a stream and a pixel 
processor to improve the per-
formance of CABAC (context-
adaptive-binary-arithmetic-
coding) compression.

—by Robert Cravotta
�Microprocessor Forum, 
www.instat.com/mpf/07.
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Microprocessor Forum recap: 
balancing power and performance

“People end up losing their jobs 
when the guys with the golden 
parachutes decide to make anoth-
er nickel by outsourcing everyone 
but themselves.”
—Robert Weise, in EDN’s Feedback Loop, at www.edn.com/
article/CA6437123. Add your comments.

FEEDBACK LOOP
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Bidirectional current monitors that make sense.
In measurement and control, analog is everywhere.

Precision over temperature—guaranteed
With our new AD8210 bidirectional current sense amplifier, you get the
industry’s most integrated, flexible, and accurate current sense monitor.
With features like �8 �V/°C maximum offset drift and 20 ppm/°C 
maximum gain drift guaranteed across the entire –40°C to +125°C 
temperature range, it represents a milestone in precision current sense
monitoring. The AD8210 improves your ability to meet your error budget
and to control more precisely a wide range of loads in communications,
industrial, and medical applications. Two other bidirectional monitors—the
AD8205 (gain of 50 V/V) and the AD8206 (gain of 20 V/V)—offer 50 kHz
operation and excellent performance over temperature.

All three amplifiers feature an innovative ratiometric output offset 
architecture that inherently improves the accuracy of your ADC and your
system. With a typical 5 V single-supply, each device can be configured 
for both bidirectional and unidirectional current sensing. Excellent output
accuracy is maintained throughout the input voltage range through the 
use of a proprietary thin film precision network.

For more information on ADI’s current sense amplifiers and monitors,
please visit www.analog.com/currentsense or call 1-800-AnalogD.

www.analog.com/currentsense
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AD8210
Bidirectional Current Sense Amplifier

• –2 V to +65 V operating common-mode voltage range
• –40°C to +125°C operating temperature range
• 120 dB typical CMRR at dc 
• 10 ppm/°C typical gain drift
• Gain of 20
• 500 kHz bandwidth
• Price: $1.79/1k
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Researchers at NIST 
(National Institute of 
Science and Technol-

ogy) have developed a table-
top apparatus that can accu-
rately characterize the gain 
and polarization of antennas 
operating in the 60- to 110-
GHz frequency range. The re-
searchers state that their inno-
vation will contribute to the pro-
liferation of higher frequency 
antennas in both military and 
civilian applications. For exam-
ple, automotive collision-avoid-
ance radar operates at 94 GHz 
and requires an antenna small 
enough to integrate into a car’s 
bumper, the researchers say.

The researchers achieved 
the antenna’s size using NIST’s 
extrapolated-gain technique, 
which makes it possible to 
compute far-fi eld characteris-
tics based on measurements 
of near-fi eld behavior. The ap-
proach employs oversampling 
and averaging techniques to 

minimize the impact of scatter-
ing and range imperfections, 
according to NIST, which has 
used the approach in lower 
frequency characterization for 
decades.

The new system uses two 
antennas—one that is fixed 
onto the table and another that 
moves along a rail—to make its 
measurements. A laser tracker 
controls alignment and posi-
tioning between the two with 
uncertainty of less than 20 mi-
crons at 1000 points/sec.

NIST scientists assert that 
the system will play a criti-
cal role in the “measurement-
traceability chain,” because re-
searchers and engineers from 
a variety of organizations and 
companies use NIST’s facilities 
to calibrate the systems that the 
engineers then use to calibrate 
other systems in the fi eld.
�National Institute of Sci-
ence and Technology, www.
nist.gov.

Students at the University of Oklahoma developed 
the winning MEMS (microelectromechanical-system) 
design in a contest that Sandia National Laboratories 
runs. The design can raise an arm 90� and 300 microns 
above its substrate. The design, parvissimus bracchi-
us, Latin for “smallest arm,” provides power and real 
estate at the end of the arm for microtools, such as a 
measuring device, a grabber, or a cutter. The design 
relies on thermal actuators and a set of ratchet teeth 
to jack up the arm and features a “shark-jaw” grabber 
tool that can further extend to seize its prey using an 
accordionlike telescoping structure.
�Sandia National Laboratories, www.mems.sandia.
gov/ua/contest.html.
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Do you think your system has heat problems? Then, consider the 
challenge the military faces with space-constrained, electronics-
packed, high-powered vehicles that must function without failures 
in extreme temperatures. A new program under the auspices of 
the DOD (Department of Defense) MURI (Multidisciplinary Uni-
versity Research Initiative) program will seek to attack the heat 
issue at the chip level.

The $7.5 million project, which funds research at the Univer-
sity of Virginia, Arizona State University, the University of Cali-
fornia—Berkeley, the University of Illinois, and Rensselaer Poly-
technic Institute, aims to explore microfabrication, nanotechnology, 
and system-control approaches to reducing chip temperatures in 
large-scale, high-temperature electronic systems. For example, 
researchers at Rensselaer Polytechnic will look into the mecha-
nisms that control heat transfer in various liquids fl owing through 
microdevices, compare micro-
channel confi gurations, and ex-
plore the impact of nanoparticles 
suspended within liquid coolants. 
The school will also develop a 
large-scale system simulator 
that the military will use to virtu-
ally prototype cooling systems 
before implementation. 
�United States DOD, www.
defenselink.mil.

Table-top setup 
characterizes antennas 
in 60- to 110-GHz range

A NIST engineer prepares a table-top system to characterize a 
94-GHz horn antenna (courtesy Geoffrey Wheeler, NIST).

BY MATTHEW MILLER

   RESEARCH UPDATE

MEMS DESIGN CAN REACH 
300 MICRONS, USE POWER TOOLS

This MEMS design 
by students at 
the University of 
Oklahoma can raise 
its arm to employ 
microtools, such as 
a “shark-jaw” grab-
ber (right).

06
.2

1.
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MILITARY-FUNDED-RESEARCH 
PROGRAM SEEKS TO BEAT THE HEAT 

A military-research program 
will examine the use of micro-
channels to control heat in dis-
tributed, high-power systems.
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Part 
Number

Resolution
(Bits)

Sample 
Rate

Max Integral 
Linearity (LSB/ppm)

SNR, noise rms
(dB/ppm of FSR)

Power @
100 kSPS

Price
($U.S.) @ 1k

AD7982 18 1 MSPS 2.5 LSB, 10 ppm 99 dB, 4 ppm 750 W 23.00

AD7690 18 400 kSPS 1.5 LSB, 6 ppm 102 dB, 2.8 ppm 4.4 mW 19.50

AD7691 18 250 kSPS 1.5 LSB, 6 ppm 102 dB, 2.8 ppm 4.4 mW 14.50

AD7980 16 1 MSPS 2 LSB, 30 ppm 91.5 dB, 9.4 ppm 750 W 19.50

AD7693 16 500 kSPS 0.5 LSB, 8 ppm 96.5 dB, 5.3 ppm 3.6 mW 18.00

AD7685 16 250 kSPS 2.5 LSB, 38 ppm 93.5 dB, 7.5 ppm 1.35 mW 6.50

AD7942 14 250 kSPS 1 LSB, 61 ppm 85 dB, 20 ppm 1.25 mW 4.75

AD7982

• 18-bit, 1 MSPS, 10 ppm INL max, 99 dB SNR
• Low power scaling with throughput:

7.5 mW @ 1 MSPS, 75 W @ 10 kSPS
• Tiny packages: 10-lead MSOP or LFCSP
• Serial SPI interface with daisy chain
• True differential input 5 Vpp or 2.5 Vpp

AD7980

• 16-bit, 1 MSPS, 7.5 mW, 30 ppm INL max 
• Same pinout as AD7982
• 5 V or 2.5 V input with ground sense

Recommended ADC Drivers

• ADA4841-x family of Op Amps
• Low noise and distortion at 1.1 mA
• Rail-to-rail outputs and dc precision

18-bits, 1 MSPS, 7.5 mW, 9 mm2: breakthrough
performance for medical, industrial designs
In medical, industrial, instrumentation, and sensor equipment, low-power 
consumption and portability are critical to performance optimization.
That’s why our new PulSAR® successive approximation analog-to-digital
converters represent milestones in precision data conversion technology.
Compared to competitive offerings, these ADCs use less than 5% of the
power, and are just 20% the size, while maintaining uncompromised 
performance in other areas such as ac specifications and dc linearity.
This family of converters is ideal for challenging applications that require
low heat dissipation, extended battery life, and high channel integration.

For more information about Analog Devices’ PulSAR technology, please visit 
www.analog.com/pulsar-small or call 1-800-AnalogD.

Precision ADCs with size and power at a record low.
In data conversion, analog is everywhere.

All products are pin-compatible in 10-lead MSOP or 10-lead 3 mm 3 mm LFCSP.

www.analog.com/pulsar-small
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When debugging a rare mode of 
failure, never attempt a direct fix. The 
test cycles associated with each at-
tempted improvement will kill your 
development schedule. Your first or-
der of business is to make the problem 
worse. Discover what triggers the fail-
ure event, and increase the rate of fail-
ure to something more reasonable. Af-
ter that, you can attempt solutions. 

You can always make a system fail 
using a hammer, but that scenario is 
not what I’m suggesting. Find some 
control that makes the system fail in 
the same way, with the same symp-
toms—just more often. Then you 
have a good handle on the problem. 
Finding two or three mechanisms that 
make the system fail would be ideal.

Digital products often fail due to 
inadequate timing margins or coinci-
dences of timing, so start your search 
there.

Suppose your system comprises sev-
eral large ICs, A through E, all fed by a 
central clock-repeater chip. Consider 
a bus carrying data from A to B. If you 
retard the clock for A, you stress the 
setup time at B. Retard the clock at 
B, and you stress the bus timing in the 
opposite direction. If the bus incorpo-
rates a robust timing margin, small ad-

justments in the clock timing should 
produce no errors. On the other hand, 
if your bus timing is marginal, then 
this technique pinpoints the culprit.

For a timing-adjustment approach 
to work, you must arrange an error 
counter. When an error occurs, your 
test setup must record it but keep 

moving. If the system stops every time 
it hits one error, it becomes almost 
impossible to debug. A bell or gong 
sound at each failure works conve-
niently. (Use earbuds to avoid annoy-
ing your lab mates.) 

Clock-timing adjustments can 
pin point problems with crosstalk as 
well as with bus timing. Clock tim-
ing affects crosstalk because it slight-
ly changes the relative time of arriv-
al of aggressive voltage spikes. If you 
can move the noise spike out of the 
clock window, then the spike no lon-
ger matters.

So, how do you change clock timing? 
Sometimes, just putting your finger on 
a clock trace adds enough parasitic ca-

pacitance to retard the clock edges. A 
little experimentation quickly teaches 
you how to calibrate your finger.

Microwave engineers perform such 
tests in a somewhat more controlled 
way. They like to glue a ¼-in.-square 
bit of copper onto the end of a wood-
en stick or pencil and touch that to 
the trace. The capacitance to ground 
of that bit of metal produces a small 
phase adjustment in the circuit. If you 
need to advance the timing, use a neg-
ative-delay circuit (Reference 1).

What if your clock traces aren’t 
on the surface where you can touch 
them? Oops! That’s an important 
point about board layout: Each clock 
trace must be accessible, somehow, 
somewhere, for the purpose of adjust-
ing the clock timing. 

Systems with two or more clock do-
mains complicate the testing process. 
As two clocks precess in phase, prob-
lems may occur at only one phase re-
lationship. To test for this scenario, 
rig up an external phase-locked dual-
clock source with a knob that inten-
tionally adjusts the phase relationship 
of the two clocks. Connect this device 
to your system and use it to dial around 
the phase circle, looking for a phase re-
lationship that causes more errors than 
normal. For instance, adjust the two 
clocks straight on top of each other, or 
offset slightly, trying to stimulate var-
ious modes of ground bounce, board 
crosstalk, or metastability that you be-
lieve might influence your system. 

If you find a phase relationship that 
greatly increases the error count, lock 
it down and then go find that bug!EDN

R E FE R E N CE
Johnson, Howard, “Negative delay,” 

EDN, Aug 30, 2001, pg 24,  www.
edn.com/article/CA152889.

BY HOWARD JOHNSON, PhD

Finger the culprit

,,
S I G N A L  I N T E G R I T Y

1

 L
ast week, at a class in Rochester, NY, one of my students 
asked, “What is the most difficult kind of problem to de-
bug?”

My answer came quickly: “Something that fails every two 
weeks.” If a device fails less often, you can pretend it isn’t 
happening and ship the product anyway. If it fails more of-

ten, you stand a much better chance of tracking down the source. Every 
two weeks is about the worst it can be.

Howard Johnson, PhD, of Signal Con-
sulting, frequently conducts technical 
workshops for digital engineers at Oxford 
University and other sites worldwide. 
Visit his Web site at www.sigcon.com or 
e-mail him at howie03@sigcon.com.

Your first order of 
business is to make 
the problem worse.
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configuration. Back then, there were 
no monolithic ICs to perform this task. 
The design involved using MOSFET 
and JFET transistors as the chopping 
switches along with some monolithic 
amplifiers surrounded by resistors and 
capacitors. The design was challenging. 
An early problem was that the offset 
of one of the amplifiers drifted for the 
first 100 hours of operation, causing the 
instrument to lack long-term stability. 
The cause was an ion-contamination 
problem at the IC manufacturer. After 
solving this problem, the final amplifier 
achieved about 50 pA of input current, 

offset drift of less than 50 nV/�C, and 
noise of approximately 30 nV/�Hz. 

LI-COR manufactured various light 
sensors using different-colored filter 
glass in front of a photodiode to shape 
the spectral response. We input the 
photodiode output to the chopper-sta-
bilized amplifier configured as a trans-
impedance amplifier. The amplifier had 
several gain options that a rotary-switch 
selection of various resistor settings de-
termined, ranging from approximately 
1 k� to more than 50 M�. The output 
of the amplifier drove a precision analog 
meter as an indicator.

Later, a production technician asked 
whether I would help him troubleshoot 
a bunch of the amplifier boards that 
had failed to pass their performance 
test. He had been unable to determine 
their cause of failure and had accumu-
lated about 40 boards in a box. 

The first amplifier had a peculiar 
behavior. When the gain was set with 
a feedback resistor greater than 10 k�, 
the amplifier output would saturate to 
its supply rail. With a feedback resistor 
of less than 10 k�, the amplifier would 
behave within specification. Failures 
on the production line are always more 
challenging to troubleshoot, because 
the circuit has never worked normally. 
This one ended up being a microscopic 
solder short between the positive and 
negative inputs of the amplifier.

However, most of the failures were 
boards that seemed to fully work but 
had excess noise. In examining signals 
on all the nodes throughout the circuit, 
everything looked normal, but the me-
ter readout was unstable. Although its 
mean reading was correct, it erratically 
jumped around. I examined the circuit 
operation, then looked at the defective 
board alongside one that was working 
properly. Then I saw it: a resistor in-
stalled backwards.

To minimize board space, the as-
semblers mounted the resistors, most 
being axial-leaded 1⁄8W resistors, on the 
board standing up. The first amplifier 
stage had two resistors to set its gain. 
The resistor going from the negative 
input of the amplifier to ground had 
been assembled with the lead going to 
the amplifier input facing up in the air. 
In this configuration, the lead became 
an antenna that allowed the injection 
of interference directly into the input 
of the first amplifier stage—the source 
of the excess noise.

We inspected the rest of the amplifi-
er boards; most had the resistor in back-
ward. We added a note to the board’s 
test procedure to carefully check the 
position of this resistor before begin-
ning the electrical tests.EDN
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BY JEROME JOHNSTON • CIRRUS LOGICT A L E S  F R O M  T H E  C U B E

 I
n the mid-1970s, I joined a company that designed and 
manufactured scientific instruments for studying plants. 
LI-COR (www.licor.com) provided instruments such as the 
world’s only portable leaf-area meter, used to measure the 
area of a leaf without detaching it from the stem of a plant. 
My first assignment was to develop a new light-measuring 

instrument—a quantum radiometer photometer. The core was 
to be a chopper-stabilized amplifier used in a transimpedance 

The eyes have it
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Jerome Johnston is a principal engi-
neer at Cirrus Logic.
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THE POWER MANAGEMENT LEADER

PRECISE, RELIABLE, HIGH BRIGHTNESS
LED DRIVER ICs

for more information call 1.800.919.7898 or visit us at 
www.irf.com/lighting

For Constant LED Current Regulation

IR’s high-brightness LED driver IC’s, adapt and
compensate to LED parameter variations to enable
a highly accurate and inherently  stable design.

FEATURES
• 200V or 600V control IC in compact 

8-pin DIP or SO package

• Incorporates continuous mode, 
time-delayed hysteretic buck regulator

• External high-side bootstrap circuit 
delivers frequencies up to 500kHz 

• Low-side driver provided for 
synchronous rectifier designs

• Micro-power startup of less than 500µA

• 140ns deadtime for continuous current regulation

• Auto restart, non-latched shutdown
and PWM dimmable capability

Part No. Package Voltage
Load 

Current 
Regulation

Micro-
power 

Start-up
Deadtime Frequency

IRS2540PbF DIP8, S08 200V +/-5% <500µA 140ns <500kHz

IRS2541PbF DIP8, S08 600V +/-5% <500µA 140ns <500kHz
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www.sem.samsung.com

HDI/FCBGAs : High density interconnected PCB for mobile
phone and FC BGA for CPU, chipset and memory, combining circuit
miniaturization and build-up technology

Man-Hun, Hur (martin.hur@samsung.com)

Technology ahead of
everyone - Samsung
Samsung Electro-Mechanics manufactures the world’s fastest, brightest and thinnest
products through high tech development. Imagine your world and Samsung will make it real.
Samsung Electro-Mechanics will be your most reliable partner.

Camera Modules : Excellent image quality with high-resolu-
tion CMOS technology and advanced opto-mechanics, like auto-
focus (Piezo and VCA), 5MP 3X Zoom and DIS

Yoon-Chul, Park (y.c.park@samsung.com)

Chip Components : Leading edge chip components including
world-first ultra small MLCC based on nano materials and creative
design simulation Sang-Koo, Kang (semksk@samsung.com)

Digital Tuners : Total solution for multimedia device, includ-
ing TV, set-top box and portable device; multiple functions coupled in
single package or very small form factor possible

Young Lee (young20@samsung.com)

LED/LED BLU : Specialized High Power LED (1,3W
Cool/Warm White) and Middle Power LED (RGB, R/G/B, Cool/Warm
White) for signage, electric sign, scene and mood lighting

Martin Cho (martinch@samsung.com)

Antennas : CBA (Ceramic Block Antenna at 6*2*1.5t) simpli-
fies mobile tuning with easy connectivity. IMA (In Mold Antenna)
provides enhanced features like space, cost, and performance using
IML technology

Network Modules : Wireless connectivity solution; Bluetooth,
wireless LAN, GPS, Wimax, ZigBee, UWB, NFC, and various combo
solutions for current and LTE.

Hyun-Seok, Jeong (jamejung@samsung.com)

Power Supplies : High efficiency, high power density, and
high quality in Flat Panel Display ( LCD-TV, PDP-TV)  IT , computer
and renewable energy devices

Su-Jung, Jung (sj282.jung@samsung.com)

Precision Motors : Precision-geared solution and vibration
motors based on integrated mechanical technology and hall 
technologies Brian Yoo (byoo@samsung.com)
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the participation of the chip-design 
team. And it occurs at discrete points 
in the design cycle: during first silicon 
bring-up, during reliability studies, and 
during field failure analysis.

Given this profile, you might think 
that a good DFT strategy would be suf-
ficient to meet the needs of silicon de-
bugging—and, in fact, it often was. But 
with the growing complexity of SOC 
(system-on-chip) designs, leading de-
sign teams report that they are dedicat-
ing more and more planning, implemen-
tation, and silicon area to circuitry that 
supports debugging rather than test.

“Ten years ago, when we were de-
signing with three layers of metal, this 
was not a big issue,” observes Bay Mi-
crosystems’ Senior Vice President of En-
gineering Tony Chiang. “If there was a 
problem with the chip, you could probe 
the metal directly to watch the circuit-
ry, and, with a focused-ion-beam sys-
tem, you could even rewire it. Now, 
with nine metal layers and 0.2-micron 
metal pitch, that’s simply not possible. 
We have to make the circuitry observ-
able and controllable from outside the 
chip, without exceeding our cost goals 
or overrunning our schedule.”

That situation, in a nutshell, describes 
the world of designing for debugging.

A PANORAMA OF TECHNIQUES
Debugging is not entirely divorced 

from DFT. Broadcom, for example, has 
a corporate-level team of about 70 en-
gineers who work with all the chip-de-
sign teams in the company on both de-
bugging and testing, according to that 
company’s senior director of test-devel-
opment engineering, Kris Hublitz. And 
Hublitz repeatedly cites DFT vendor 
LogicVision as a key partner in Broad-
com’s chip-debugging strategy.

Others agree. “Design for debug is not 
too distant from manufacturing test,” 
says David McCall, a vice president at 
CSR (Cambridge Silicon Radio). “Both 
start at about the same point.”

That point, numerous design manag-
ers emphasize, is the quest for control-
lability and observability. In debugging, 
as in manufacturing test, the fundamen-
tal problem is to place the circuitry in-
to a known state, start it running, and 
observe its behavior. In the days of me-
dium-scale integration, boundary-scan 
techniques could adequately accom-

 T
esting and debugging present different problems. 
In testing, the goal is to determine as quickly as 
possible whether the chip is working correctly, 
with high, but not absolute, certainty. Chip-de-
sign teams now universally recognize that doing 
so requires the addition of DFT (design-for-test) 
circuitry on the chip, and third-party-tool and IP 
(intellectual-property) companies can aid in this 
purpose.

Debugging is quite another story. The goal of debugging is not 
simply to determine that the chip is not working, but to find out 
why it is not working. This inquiry is not confined to a few seconds 
on a test floor, but may last weeks. It is not automatic, but requires

Design for    
  debugging: 

IT’S NOT WIDELY DISCUSSED, 
BUT ONE OF THE CRITICAL COMPONENTS 
IN A SUCCESSFUL SOC IS ON-CHIP PROVISION 
FOR BRINGING UP THE FIRST SILICON.

BY RON WILSON • EXECUTIVE EDITOR

JUNE 21, 2007  |  EDN  35

      the unspoken 
  imperative 
         in chip design
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plish this task. Because chips had little 
internal state, you could thoroughly test 
them by sending the inputs through a 
known series of states, clocking the cir-
cuit, and observing the outputs.

With the advent of the microproces-
sor, things became more complicated. 
Microprocessors have lots of internal 
state, so simply forcing the inputs to a 
known vector and watching the outputs 
is not particularly informative. Early 
on, the industry tried a variety of tech-
niques to make microprocessors debug-
gable—from providing scan for each 
cloud of logic between registers to re-
lying on the same sort of trace, break-
point, and single-step functions that 
minicomputers use for software debug-
ging. A combination of those two did 
the trick.

Designers use the same suite of tools 
on the digital portions of SOCs today.  
A separate collection of techniques 
serves analog and mixed-signal circuits. 
But no one approach can encompass an 
entire complex SOC. So, the process of 
designing for debugging comprises par-
titioning the system into independently 
debuggable blocks, implementing a de-
bugging strategy for each block, and in-
tegrating these strategies into a plan for 
the full chip that keeps the user inter-
faces for individual blocks similar and 
minimizes the silicon resources that the 
circuitry requires. As a final step, de-
signers must double-check that, using 
these debugging resources, the fully in-
tegrated operation of the chip is both 
controllable and observable, because 

you cannot observe some bugs by look-
ing at functional blocks in isolation. 

DIGITAL SOCs
The most basic form of SOC is a CPU 

core surrounded by simple, often non-
programmable, peripheral blocks and 
memories. In most cases, the CPU core 
is third-party IP, and it comes at least 
with the option of an internal debug-
ging kernel, the inclusion of which the 
software-development team usually in-
sists upon. This kernel combines with 
the normal DFT circuitry that the design 
team implements for the peripherals to 
give sufficient observability and control-
lability to isolate problem nets. You can 
use the debugging kernel in the CPU 
core to stimulate all but the asynchro-
nous portions of the core and to capture 
results. The kernel can also, by making 
the CPU read and write peripheral reg-
isters, stimulate and observe the periph-
erals, usually allowing designers to pin-
point a malfunction down to the level at 
which scan chains can take over.

But such simple SOCs are not that 
common today (Figure 1). More often, 
the chip will have several CPUs, or a 
host CPU core and several other formi-
dable processor cores of various kinds. 
Even some of the peripheral controllers 
may be sufficiently complex that simply 
stimulating them via the CPU and ob-
serving the results won’t be sufficient to 
diagnose them. And there will be mul-
tiple clock domains, often not synchro-
nized with each other. Such chips call for 
sterner measures.

In this case, several tactics are avail-
able. One, suggests Broadcom’s Hublitz, 
is simply to make the inputs and outputs 
of all the major functional blocks acces-
sible to pins on the chip. This approach 
can mean a great deal of multiplexing. In 
designs that incorporate a large number 
of I/O and memory interfaces, the die 
may be pin-limited before the inclusion 
of any additional access for debugging 
purposes, so designers find that they have 
to reuse pins for debugging access. And 
simply bringing out the inputs and out-
puts of very complex blocks may be no 
more useful than exercising them with 
the host CPU core; designers may need 
to bring out internal signals, as well.

All of this multiplexing and routing 
adds up and may simply be impractical. 
Further, the resulting additional inter-
connect may mean that even if all the 
blocks are physically accessible from 
the pins, they may not be accessible 
at speed. And this problem is a serious 
one. “We find that we must test cir-
cuits—and especially the interconnect 

between blocks—at-speed,” 
Hublitz says. “This is partic-
ularly true at 65 nm. Other-
wise, you’d be lucky to find 
half the faults in the chip.”

Hublitz emphasizes that a 
good DFT strategy support-
ed by ATE (automatic test 
equipment) can enormously 
help the debugging process. 
“We do our first debugging 
pass on the ATE systems,” 
he says. “After we are sure 
the chip won’t melt, we give 
it to the design guys on the 
bench, and, from there, it’s 
a joint effort.” Hublitz says 
that the chip may repeatedly 
go back to Broadcom’s test 
floor so that the ATE sys-
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Figure 1 Single-chip network devices, such as this Jennic 513x device, present debugging engineers 
with a plethora of digital, analog, and RF challenges.

AT A  G LAN CE
For complex ICs, silicon debug-

ging requires on-chip hardware. 

The need for on-chip hardware 
goes beyond the needs of design 
for testing.

Digital and analog blocks 
demand different strategies.

Teams should have a full plan 
for bringing up silicon during 
architectural design.
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tems can collect large amounts of data or 
perform at-speed checks for the bring-up 
team. “It really helps to have your own 
ATE capability in-house,” he reports. 
“We have 28 systems, and we add a new 
one about every quarter. They are all pri-
marily for debug, and new silicon has 
priority on the equipment.”

Even with access to ATE systems, how-
ever, some signals and states are inacces-
sible to a probe card. They require anoth-
er strategy: internal stimulation and logic 
analysis. Sometimes, the only effective 
way to stimulate a block at speed and to 
capture its behavior is with circuitry built 
into the block itself. Bay, which organizes 
its network-processing chips as strings of 
independent processors, widely uses this 
technique, according to Chiang. Impor-
tant blocks may have their own debug-
ging kernels, including single-step and 
breakpoint capability and trace buffers to 
capture internal state in real time. This 
approach permits what Jun-wen Tsong, 
Bay’s director of logic design, describes as 
a multistage-verification process.

“First, we exercise the chip at the 
module level. In this mode, each module 
is isolated: We can inject enough state 
to start it running and then observe its 
behavior stand-alone.” These tests must 
be conducted at full clock speed for them 
to be accurate. In this way, the designers 
wring out each stage in the string of pro-
cessors. At this time, designers also iso-
late the I/O ring from the internal blocks 
so that inputs go directly to the output 
FIFOs. Once Bay’s designers have inde-
pendently verified the I/O ring and the 
internal blocks, they reunite the two and 
test the chip as a whole.

Obtaining meaningful data from full-
chip, at-speed operation takes planning, 
however. The debugging kernels in the 
individual processors must be able to 
recognize not only local instructions 
and data words, but also big-picture data 
types important to the operation of the 
chip: packets and data grams. Addition-
ally, a 36-bit bus runs through the entire 
chip, bringing out critical signals from 
any block to the package pins in real 
time, so that debugging engineers can 
watch the operation of blocks while the 
chip is processing packets at full speed. 
In addition, hardware monitors specific 
assertions, such as FIFO full/empty as-
sertions, in real time. Broadcom has a 
similar approach. Hublitz says that the 
company’s wireless-LAN chips have 
enough internal debugging hardware 
that engineers can track vector magni-
tude all the way through the chip, from 
input to baseband to output.

Once they’ve isolated a problem to a 
function within a block, debugging en-
gineers can turn to a lower level of di-
agnostic tools, based on familiar DFT 
strategies. “We have clock control for 
triggering and single-stepping within the 
blocks, and scan for what we consider to 
be the important signals,” explains Bay’s 
distinguished engineer and silicon archi-
tect, Barry Lee. “Ideally, we can see ex-
actly how a particular pipeline is execut-
ing down to the pin and register level.”

THE ANALOG CHALLENGE
When analog circuits are involved, 

everything changes. “We partition the 
analog apart from the digital circuits for 
debug,” Lee explains. “The debug tech-
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Figure 2 A series of loop-back connections renders this CSR transceiver more visible 
to the debugging engineer.
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niques for the two are different. In the 
analog world, you want to peel open 
the loop-back paths. And you may have 
to bring everything out to the package 
pins.” Because the primitives of activity 
in analog circuits are not synchronized 
to a clock, there is no way to capture 
them.

Analog, like digital, designers have 
seen their ability to probe and experi-
ment with their designs vaporize with 
shrinking geometries, observes Ana-
log Devices’ fellow, Paul Ferguson. “We 
used to simply have a laser cutter on the 
probe station, and, if we wanted to mod-
ify a circuit, we did. Later, as geometries 
shrank, we moved to focused ion-beam 
systems. But they are only really useful 
at pitches of about 250 nm or greater. 
That means, practically speaking, that if 
you are working in a 65-nm process, you 
can make changes only to the top two 
metal layers.”

This situation has led to an interest-
ing change in analog-design style, ac-
cording to Ferguson. “We were recent-
ly doing a PLL for a 90-nm design and 
found that we would have to complete 
the VCO [voltage-controlled oscilla-
tor] before we had really proper models. 
So, we brought some lines for adjusting 
the gain and some other parameters up 
to the top metal layers where we could 
get at them. It really helped in the de-
bug process.”

Matt Ball, mixed-signal project en-
gineer at single-chip-radio vendor Jen-
nic, also emphasizes the importance of 
bringing up critical analog signals where 
you can get to them. “We put in as 
much programmability and digital trim-
ming as possible,” he says. “Some things 
have to be metal-trimmed, though, and 
we bring all those locations up to a sin-
gle mask level for accessibility.”

Beyond bringing up live signals to 
the top metal layers or to the package 
pins, today’s analog designers have other 
weapons at their disposal to set and ob-
serve the state of their circuits. The fore-
most is the reality that at fine geometries, 
there is intense cooperation between the 
analog circuits and the digital circuits 
that calibrate and monitor them.

CSR’s McCall says that in its designs, 
ADCs monitor many points in the ana-
log circuitry for digital supervisory cir-
cuits. These points naturally give debug-
ging engineers access to the behavior of 
the analog section simply by bringing 

the outputs of the converters to the out-
side of the package. “Often, important 
analog signals are going to get digitized 
at some point anyway,” says Ball. “So, 
why not pick up the samples, filter them 
with your on-chip DSP, and output the 
result so we can see it?”

Designing a filter or an amplifier so 
that digital circuits can trim all its im-
portant electrical characteristics might 
seem like massive overkill. But it can 
make the difference between first-time-
working silicon and silicon that has to 
have two new metal masks before de-
bugging can even start on the digital 
portion of the design. And, given the in-
creasing variability with which designers 
must contend at processes smaller than 
90 nm, this much digital trimming may 
be necessary anyway, just to yield an ad-
equate number of working chips.

But how do you see to trim? For sig-
nals of reasonable precision and frequen-
cy—the IF (intermediate-frequency) sig-
nals in a radio chip, for instance—you 
can simply use careful routing and ana-
log multiplexers to bring the signals out 
of the package in test mode. “At IF, the 
buffers can be quite good,” Ball says. “You 
can get signals from important nodes out 
to pins and see what you need to see.” 
Analog Devices’ Ferguson agrees. “For 
debug purposes, you often don’t need 
more fidelity than an analog multiplexer 
can provide; you can see oscillations or a 
20% gain error quite well.”

If you can’t bring the signals out of 
the package, you can sometimes route 
them to on-chip data converters. “We 
will typically have an auxiliary ADC 
on the chip to monitor die temperature, 
battery voltage, and the like,” Ferguson 
explains. “We put a huge [multiplexer] 
on the front of it and use it to examine 
other nodes in the analog section dur-
ing debug. But be wary: The extra mea-
surement circuits you put in can corrupt 
something else. For instance, turning on 
the multiplexer to observe a node may 
add just enough capacitance to stabilize 
a circuit that was oscillating. And, if you 
inadvertently cross power domains with 
your debug signals, you can introduce 
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sneak current paths that you hadn’t 
counted on.”

Ball echoes the warning that you 
have to be selective with this approach. 
“The 10 or 20 fF you incur by buffering 
an analog signal can change the behav-
ior of a node,” he concurs. Jennic tends 
to build its debugging provisions around 
only those areas that have presented 
problems before, such as bandgap cells. 
“We tend to put in bypass circuits, just 
in case,” Ball adds. This conservatism 
can minimize the chances of disrupting 
functional circuits.

With planning, good luck, and a bit 
of elegance, it is possible to reuse func-
tional blocks for debugging purposes. 
Many analog signals terminate in a data 
converter and so are at least partially ob-
servable through it. Ferguson points out 
that you can easily switch sigma-delta 
converters to operate as filters, provid-
ing visibility into the incoming analog 
signal. Alternatively, you can carefully 
route their bit streams out to pins, giv-
ing observability of both sides of the 
converter. Once you digitize the data, 
you can use CPU or DSP blocks to con-
dition and compress it or to test asser-
tions against it.

It is also possible to build debug in-
telligence—the equivalent of a simple 
network analyzer, for example—into a 
block. A loop-back path can use a trans-
mitter and a receiver to check each oth-
er (Figure 2), and a little more circuitry 
can extract the resulting analog wave-
forms. “On our Gigabit PHY [physical-
layer] designs, we are capturing some 
analog data in the PHY block,” Broad-
com’s Hublitz reports.

OUTLOOK FOR THE FUTURE
It is not hard to imagine a scenario in 

which, during early system design, each 
functional block receives enough self-
test capability to diagnose itself during 
at-speed operation, down to the lev-
el at which the DFT-scan chains can 
take over. This approach would usually 
require an input buffer or a signal gen-
erator to stimulate the block, an out-
put capture register or ADC to observe 
it, and enough internal breakpoint and 
trace capability to reveal the block’s 
internal workings. Some SOC design 
teams now do this planning. Actual 
implementation then becomes a com-
promise between the level of debugging 
support the architects feel necessary and 

the amount of overhead the design can 
tolerate.

Taking the concept a step further, a 
designer of an elegant system can come 
up with ways to repurpose some func-
tional blocks to serve as signal sources 
or capture devices for other blocks. The 
auxiliary ADC is an excellent example, 
but more such opportunities exist. The 
addition of a fast data converter, for in-
stance, might turn a signal-processing 
block into the equivalent of a network 
analyzer or a digital oscilloscope. A few 
additions to the control logic might 
convert a buffer-SRAM array into a 
trace buffer.

In this manner of thinking, the func-
tional blocks on the chip become a pool 
of debugging resources, available with 
only the resetting of a few multiplex-
ers and mode switches. But this process 
requires forethought. Such an organiza-
tion impacts floorplanning and global 
routing, so it must occur at the outset 
of the design rather than during late im-
plementation.

And it is a process that could stand 
some tool support, as well, Ferguson 
argues. Elaborate tools exist to auto-
matically install such structures as scan 
chains, scan controllers, and vector gen-
erators. And, DFT hardware can be in-
dispensable in register-level diagnosis of 
problems. But no such tool support ex-
ists to create debugging structures. Fer-
guson, for one, would like at least to 
see an inspection tool that would rate a 
mixed-signal block for observability and 
controllability, as well as to scan it for 
simple mistakes. Ideally, a tool could tra-
verse a design and propose a debugging 
architecture and process. But that mat-
ter is for the future.EDN
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PROCESSOR-BASED SYSTEMS RELY ON MULTIPLE, HETERO-
GENEOUS MEMORY SUBSYSTEMS TO DELIVER BETTER SYSTEM 

PERFORMANCE, POWER, AND COST EFFICIENCIES.

BY ROBERT CRAVOTTA • TECHNICAL EDITOR

AA 
key performance characteristic of pro-
cessor architectures is how much appli-
cation-specific work they can perform 
per unit of time. The EEMBC (Embed-
ded Microprocessor Benchmark Con-
sortium) benchmark, unlike Dhrystone 

MIPS (millions-of-instructions-per-second) scores, de-
scribes the performance of processors executing tasks 
in embedded-system applications. Version 1.0 of the 
EEMBC benchmarks does not capture the system-level 
influences, such as the memory subsystems, of processing 
performance because the benchmarks can often run from 
within the processor’s L1 cache. However, EEMBC’s sec-
ond-generation, system-level benchmarks for networking 
and digital entertainment more realistically stress even 
those processors with large cache memories.

EXPLORING 
MEMORY

ARCHITECTURES:
PILLARS OF PROCESSING 

PERFORMANCE

It is increasingly important to consider the system-level impact of 
the memory subsystems of a processor because the types and sizes of the 
memories and access methods in the system define the upper limit of a 
processor core’s performance. According to Gerard Williams III, a fellow 
at the processor division of ARM, a processor with an ideal memory sys-
tem never misses in the cache and has ideal access to the bus. Chip de-
signers must first understand the processor’s IPC (instructions-per-cycle) 
capability and then try to implement a memory architecture that mini-
mizes the performance loss. This performance loss can result from cach-
ing or memory-access effects, such as miss rate due to capacity misses, 
cache size, or conflict misses. 

A well-matched memory subsystem can in the best case merely pre-
serve the processor’s maximum IPC rate, whereas a mismatched memory 
subsystem can drastically reduce the processor’s performance by starv-
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ing and idling the core’s execution units. 
Building and implementing memory 
subsystems that do not adversely affect 
the processor core’s performance contin-
ue to be challenging because the perfor-
mance gap between processor logic and 
the memories is widening with each pro-
cess-technology reduction. In essence, 
the improvement in memory-access la-
tency, the time it takes to receive the 
first bit of a memory request at each pro-
cess-technology step, gets smaller than 
the commensurate clock-rate improve-
ment of the processor’s core logic.

Likewise, the best performance im-
pact software developers can accomplish 
with insightful placement of program 
instructions and data within the mem-
ory subsystem is to preserve the pro-
cessor’s maximum IPC rate. However, 
mismatching the placement of program 
instructions and data in the memory 
subsystem with the application’s usage 
scenario can significantly degrade the 
processor’s performance. Freescale’s ap-
plication note on preventing M1 memo-
ry contention provides an example that 
exhibits a worst-case 54% processor-per-
formance degradation due to memory 
contention that the developer can avoid 
with better placement of the data buf-
fers (Reference 1). 

In general, compilers and profiling 
tools can provide limited assistance with 
global optimizations for placing instruc-
tion and data in memory. Green Hills’ 
optimizing compilers support the reor-
dering of functions in memory to op-
timize cache hits. Texas Instruments’ 
CodeSizeTune profile-based-compila-
tion tool assists a developer’s ability to 
explore configurations by automating 
the building and profiling of different 
versions of the software with different 
compiler settings that affect code size 
and execution speed (Figure 1). In gen-
eral, though, for many high-efficiency 
and real-time-constrained systems, the 
burden falls on the software developer 
to understand the memory subsystem 
to avoid incurring unnecessary BOM 
(bill-of-materials) costs because of the 
system’s inefficient use of processing and 
memory resources.

TOLERANCE OF LATENCY
A primary concern when implement-

ing memory architectures is making the 
processor tolerant of the access laten-

cies of the memories the system uses. 
A properly designed memory subsystem 
can mask much of the system’s memory-
access latency and provide a sufficient 
read/write throughput rate—that is, the 
memory-access time for subsequent data 
in the same block of data—to support 
continuous access. This scenario avoids 
starving the processor’s execution units 
of instructions and data. Memory de-
signers must also balance masking the 
memory’s access latency against the sili-
con area of the memory, the total power 
the memory consumes, and the ease of 
use of the memory by software develop-
ers and tools (see sidebar “Ease of use”).

Direct drivers of memory-access la-
tency are the time it takes to perform 
address decoding, activating the appro-
priate word line, sensing the bit line, 

and driving the output from the sense 
amps. The address-decoding latency is 
the time it takes to latch the address and 
decide which word line requires activa-
tion; this process takes O(n log n) time 
as a function of the size of the memo-
ry’s row and column addresses. So, as the 
memory structure gets bigger, so too does 
the time to decode the addressing. The 
word-line-activation latency is the time 
it takes to raise the word line; it is pri-
marily an RC delay related to the length 
of the line, with longer lines driving lon-
ger delays. The bit-line-sensing latency 
is the time it takes for the sense ampli-
fiers to detect the cell contents. The bit-
line architecture, the RC of the sense-
drive line, the cell-to-bit capacitance ra-
tio, and the sense-amplifier topology all 
affect bit-line-sensing latency. The out-
put-driving latency, an RC delay, drives 
the time it takes to propagate the data 
from the sense amps to the output.

Memories and the logic to manage 
them dominate the silicon area of many 
processor-based devices. As a result, 
memories can be the largest components 
of the device’s silicon cost and the larg-
est consumer of both dynamic and static 
power in the system. The many types of 
volatile and nonvolatile memory avail-
able involve numerous trade-offs, and 
the system designer must balance and 
manage the key parameters to deliver 
good enough memory performance at 
lower cost and power consumption. 

To balance masking memory-access 
latency, silicon cost, and power con-
sumption, processor-based devices usu-
ally rely on a hierarchical memory struc-

AT A  G LAN CE
Memory subsystems and soft-

ware can best impact a processor 
by merely preserving its theoretical 
maximum performance.

The processor’s architecture is
 a first-order driver of the options 
available to design the memory 
subsystem.

A processor’s tolerance of 
latency is a balance of the speed, 
cost, and power consumption of 
implementing a hierarchy of fast and 
expensive or slower and cheaper 
memories.

Preserving the mechanisms that 
provide tolerance of memory-access 
latency is still a mostly manual 
exercise for developers.
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Figure 1 Software developers can graphically explore and compare the effect of config-
urations and compiler settings with CodeSizeTune to best select the balance between 
code size and processing cycles (courtesy Texas Instruments).

edn070602cs_id   46edn070602cs_id   46 6/6/2007   2:46:17 PM6/6/2007   2:46:17 PM



Enter xx at www.edn.com/info

© 2006 National Instruments Corporation. All rights reserved. CVI, LabVIEW, National Instruments, 
NI, ni.com, and NI TestStand are trademarks of National Instruments. Other product and company 
names listed are trademarks or trade names of their respective companies.  7769-101

(800) 891 8841
To read the “Top 10 Things to Consider when Selecting
a Oscilloscope/Digitizer,” visit ni.com/oscilloscopes.

Define your test system with 
NI modular instrumentation.

More Channels
60 MS/s, 8 simultaneous channels,
Lowest price-per-channel
NI PXI-5105 (NEW)

Broaden Your   Scope

The most complete range of modular PXI and 
PCI-based digitizers/oscilloscopes. 

Integrated Software
• Interactive benchtop measurements
• Single NI-SCOPE driver for all NI oscilloscopes
• Support for National Instruments LabVIEW and LabWindows/CVI, 

Microsoft Visual Studio, and NI TestStand

Tight Synchronization
• Create a 136-channel oscilloscope for high-channel-

count applications
• Add digital lines to your oscilloscope for mixed-signal applications

From DC to RF, NI modular instruments power measurements from prototype 
to production.

Higher Resolution
From 24 bits, 500 kS/s to 16 bits, 15 MS/s
NI PXI-5922

Higher Speeds
2 GS/s, 300 MHz
NI PXI-5152 (NEW)

with NI PXI Digitizers

Multimeters 71⁄2 digits, 1000 V

Audio Analyzers 24 bits, 500 kS/s

Digitizers/Oscilloscopes 8 to 24 bits, up to 2 GS/s

Signal Generators Up to 16 bits, 200 MS/s

High-Speed Digital I/O Up to 400 Mb/s

RF Up to 6.6 GHz, 20 MHz RTB

Switching Multiplexers, matrices,
digital I/O, counters 

Multifunction I/O Analog I/O, digital I/O,
counters

Untitled-1   1 10/30/2006   2:17:31 PMEDN070602_ADS.indd   47EDN070602_ADS.indd   47 6/4/2007   11:44:24 AM6/4/2007   11:44:24 AM



ture that places smaller amounts of fast-
er yet more expensive memories closer 
to the processor core and larger amounts 
of slower and less expensive memories 
farther from the processor core (Figure 
2). After the processor registers, which 
are the fastest and scarcest memory re-
sources in the system, memory hierar-
chies may use local memories or TCMs 
(tightly coupled memories), multiple 
layers of caches,  and volatile and non-
volatile on- and off-chip memories. 

Modern optimizing compilers are 
competent at managing the use of the 
processor registers, but they are weaker 
at managing and optimizing the other 
memories. This situation is due partly 
to the fact that optimizing the use of the 
registers works well as a tactical exercise 
with a local view of the program code. 
To optimize the use of the other memory 
structures, such as the TCMs, in a pro-
cessor-based system requires a more glob-
al view of the system, and this capability 
is still emerging in most compilers.

Local memories or TCMs connect 
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EASE OF USE
Ease of programming is a 
feature that is important 
to software developers. 
A fl at address space 
that hides the memory 
hierarchy makes it easier 
for the developers to 
program. Brian Boles, 
digital-signal-controller-
division technical fellow 
at Microchip Technology, 
shares that, “Generally, 
it is easier for a compiler 
to target an application 
to a generalized memory 
structure.” It is more 
diffi cult for compilers to 
optimally allocate the 
code and data to ap-
plication-specifi c memory 
structures without vis-
ibility to the global and 
dynamic characteristics of 
the application code.

For sophisticated 
applications that require 
operating systems, such 
as Linux, the memory 

architecture may need to 
support virtual addressing. 
However, a consideration 
for developers using 
heavy operating systems 
to meet time-to-market 
schedule pressures is the 
potential loss of insight 
into how to partition the 
software to take advan-
tage of on-chip resources 
to save power and cost. 
Part of the confl ict is bal-
ancing and determining 
how much of the on-chip 
memory the operating 
system requires to oper-
ate mainly out of on-chip 
memory and how much of 
the memory this approach 
leaves for the application. 
“To date, general-purpose 
operating systems do not 
have hooks to specify 
the complete physical-to-
memory-system mapping 
so as to facilitate the 
most optimum use of 

the underlying memory 
system,” says Phil Ames, 
segment-marketing 
manager for the Embed-
ded and Communications 
Group at Intel. “However, 
it is common in embedded 
designs to hand-tune the 
software to make best use 
of the memory system.”

Managing each dif-
ferent class of memory 
may require specialized 
software. For example, 
small-block NAND fl ash 
(528 bytes per page) 
usually requires different 
fl ash-management 
software from large-block 
NAND fl ash (2112 bytes 
per page). One approach 
to manage this situation 
is to modularize the soft-
ware into layers so that 
the software developer 
has to rewrite as little as 
possible when changes 
are necessary. According 

to Doug Wong, member 
of the technical staff at 
Toshiba’s memory-prod-
ucts group, “NAND fl ash 
appears to be the fi rst 
commodity memory to add 
signifi cant intelligence to 
the memory device itself 
in order to make it easier 
to use.” Toshiba’s LBA-
NAND and eMMC-compli-
ant embedded NAND both 
contain built-in controllers 
that perform NAND-man-
agement functions, such 
as block management, 
wear-leveling, logical-to-
physical-block translation, 
and automatic error 
correction. This approach 
signifi cantly reduces the 
burden on the system 
architect or software 
engineer in managing the 
NAND-fl ash device for an 
FFS (fl ash fi le system) or 
for FTL (fl ash translation 
layer).

PROCESSOR-CORE
LOGIC

BUS
INTERFACE

ON-CHIP RAMEXTERNAL RAM
CONTROLLER

OFF-CHIP
DYNAMIC RAM

PROCESSOR
INSTRUCTION

CACHE

PROCESSOR
INSTRUCTION

RAM

MEMORY LATENCY
FROM PROCESSOR

~10
CYCLES

~100
CYCLES

LOCAL INSTRUCTION-
MEMORY INTERFACE

ON-CHIP GLOBAL BUS

Figure 2 The memory-access latency may increase tenfold for each level of the memory 
hierarchy from the processor (courtesy Tensilica). 
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to the processor core through local- or 
dedicated-memory buses for access per-
formance similar to that of cache mem-
ories. Memory-access determinism is a 
key difference between TCMs and cach-
es. Cache-line locking manually and 
temporarily enables a cache at the line 
level to act as a TCM. Program-instruc-
tion and code access through a TCM is 
deterministic, but, with a cache, the de-
signer must consider the worst-case sce-
nario of cache misses. “A typical rule of 
thumb for the penalty of a cache miss is 
an order of magnitude longer access la-
tency than the previous level,” says Da-
vid Fisch, director of architecture at In-
novative Silicon. “An L2 memory access 
has 10 times longer latency than an L1 
cache access, and it also has a 10 times 
shorter latency than an L3 memory ac-
cess.” However, using TCMs puts the 
onus on the software developer to man-
ually manage that memory space, usu-
ally with a DMA controller, so that the 
necessary code and data are in the TCM 
when the processor needs them.

 Cache comprises less of a faster 
memory to mask the latency of a larg-
er amount of slower memory. Slower 
memory is denser and, hence, cheaper. 
Caches rely on the premise of temporal 
and spatial locality to mask the memo-
ry-access latency of the slower memory. 
“Temporal locality” describes the prem-
ise that, if the processor requests some 
data, then the processor will soon need 
that same data again. By keeping a copy 
of the data in its storage, the cache can 
avoid going to the slower memory. “Spa-
tial locality” describes the premise that, 
if the processor requests code at a mem-
ory location, then it is highly likely that 
the next processor request will be the 
code at the next memory location or 
close to that location. By prefetching 
some amount of the data near the cur-
rently requested data at the same time 
as the original fetch, the cache can have 
the next few data locations in its store 
without incurring the latency of another 
fetch from the slower memory.

Larger caches usually mean fewer 
cache misses at the cost of more silicon 
area. Increasing the cache-set associa-
tivity, which refers to the number of lo-
cations where a given memory can re-
side in the cache, almost always reduces 
cache misses. The cache line’s length 

can vary positively or negatively based 
on an application’s behavior. According 
to Bill Huffman, chief architect at Ten-
silica, “Configuring caches is an itera-
tive task that is highly dependent on the 
application set that will execute on the 
processor.”

Balancing the various cache param-
eters can be a complex process that in-
volves trade-offs between silicon area 
and miss rates (Figure 3). In the fig-
ure, the explored cache configurations 
span from a 4-kbyte, direct-mapped, 16-
byte-line configuration with a load-miss 
rate of 13.4% to a 32-kbyte, four-way-
set-associative, 64-byte-line configura-
tion with a load-miss rate of 1.9% for a 
JPEG-encoding application (Reference 
2). Even though the larger cache is bet-
ter, there is a diminishing return of ben-
efits for the 32-kbyte cache. There is a 
larger performance benefit from increas-
ing the cache-line size than from dou-
bling the size of the cache; the longer 
cache lines reduce silicon cost. Also, al-
though higher cache-set associativity is 
better, in this example, going from two-

way to four-way-set associativity yields 
fewer benefits. In short, no clear rule of 
thumb exists for configuring caches.

DECISION DRIVERS
The processor-core architecture is the 

first-order driver of the memory-archi-
tecture options that a designer has. The 
reason is that the designer builds the 
core with assumptions about how the 
memory components interface with and 
complement the core. Von Neumann 
and Harvard architectures are two com-
mon processor architectures that model 
and implement different ways to view 
and access memory. Processors based on 
a von Neumann architecture model the 
system memory as a single storage struc-
ture that hosts both the program instruc-
tions and data; a single bus interface ser-
vices all program and data accesses. Pro-
cessors based on a Harvard architecture 
model the system memory for program 
instructions and data as physically and 
logically separate storage structures with 
separate bus interfaces—one for instruc-
tions and the other for data. The Har-
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Figure 3 A data-memory-stall graph based on different cache sizes, line lengths, and 
associativity levels for a JPEG-encoding application shows cache configurations from 
a 4-kbyte, direct-mapped, 16-byte-line configuration with a load-miss rate of 13.4% to 
a 32-kbyte, four-way-set-associative, 64-byte-line configuration with a load-miss rate of 
1.9% (courtesy Tensilica).
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vard architecture supports simultaneous 
access for program instructions and data, 
whereas the von Neumann architecture 
does not. 

To choose an optimized memory de-
sign, a designer must also understand 
the application’s behavior and require-
ments. Considerations for the memory 
design are: How will application data 
enter and exit the system, and will the 
processor directly load the data or will 
an external agent, such as a DMA con-
troller, load the data into the processor’s 
local RAM? You must ask similar ques-
tions about outputs: Will the processor 
directly drive the output ports, or will an 
external agent, such as a DMA control-
ler, transfer the data from the processor’s 
local RAM to an I/O interface. Other 
questions include: What is the applica-
tion’s start-up scenario, can the system 

make efficient use of special memory in-
terfaces, and can the on-chip-memory 
resources accommodate all or even just 
the performance-sensitive code and da-
ta of the application?

The application start-up requirements 
affect where you can store the initializa-
tion code and through what interfaces 
the system can retrieve it. On-chip OTP 
(one-time-programmable) ROM is use-
ful for storing boot code because it is 
small with high silicon density. It sup-
ports fast start-up because it needs no 
wait time after start-up to begin execut-
ing. The initialization code could re-
side in and execute in place from flash 
memory; it could also reside in off-chip 
memory and be shadowed into on-chip 
instruction RAM, which can result in 
longer system start-up. If the applica-
tion code and data can reside in on-chip 
memories, it might be unnecessary to 
support off-chip-memory interfaces. If 
the performance-sensitive program code 
can fit into local memories, the designer 
may not need to implement caches. 

Designers can tailor the processor to 
the known constraints of the applica-
tion they are targeting to include only 
the amount of random and nonvolatile 
memory the application requires. The 
sizing and parameters of TCMs, caches, 
or special memories target the applica-
tion. Processors targeting a wider set of 
applications typically implement a gen-
eralized memory architecture that in-
cludes the maximum resource require-
ments of the set of applications with 
variants of the device offering fewer re-
sources to meet lower costs. For systems 
with similar processor-core architec-
tures, the memory subsystem becomes 
a higher order driver for differentiat-
ing the system’s deliverable processing 
performance, power consumption, and 
price (see sidebar “Multiple options” at 
the Web version of this article at www.
edn.com/070621cs). 

Memory controllers abstract the im-
plementation of the memory block they 
service so that it appears as a data pipe 
to the processor system. They contain 
the logic necessary to read the memory 
block and, as appropriate to the type of 
memory they service, write, refresh, test, 
and correct errors. For on-chip memo-
ries, the memory controller can mani-
fest the company’s proprietary innova-
tions, which differentiate its processor 
device from a similar device from its 
competitor. As a result, most processor 
vendors are unwilling to discuss the spe-
cifics of their memory controllers. They 
hint at techniques for use in memory 
controllers, including using wide data 
buses, multiplexed or staggered access of 
banks, buffering, pipelining, and trans-
action reordering, as well as specialized 
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and speculative access patterns.
In addition to the characteristics of 

the implemented memory, system-lev-
el factors that affect the design and ef-
ficiency of memory controllers include 
how physical addresses map to the in-
ternal representation of the memory 
system; the type of addressing patterns, 
such as burst, random, and concurrent-
access patterns; the mix of reads and 
writes; and how unused memory en-
ters low-power modes. Its primary usage 
model normally dictates the architec-
ture of a memory controller, such that a 
graphics or a multimedia memory con-
troller might optimize for sequential ac-
cesses whereas a memory controller for 
an embedded-communication-system 
application might optimize random ac-
cesses over a large memory span. For 
those embedded memories with system-
level reliability requirements, the mem-
ory controller, for additional complex-
ity, can provide ECC (error-correction-
code) protection.

The traffic pattern at the memory 
controller differs significantly between 
single- and multiple-processor-core sys-
tems. A memory controller for a single-
core system may use a stream, but the 
memory controller for a shared mem-
ory in a multicore system might need 
the ability to handle multiple streams 
and random traffic. For multicore de-
signs, the memory architecture must 
enable fast and efficient message pass-
ing and data sharing between proces-
sors. Although different approaches 
exist for accomplishing these goals, no 
single configuration is efficient for all 
types of communications. Fast, point-
to-point channels and queues are essen-
tial to exchange short and critical mes-
sages, whereas shared memory is better 
for sharing larger data structures. When 
using shared memories, users need pro-
gramming support for synchronization 
and memory management.

As more embedded systems incorpo-
rate multiple cores, especially heteroge-
neous cores, as part of the design, devel-
opment tools will most likely evolve to 
better assist developers with the spatial 
and temporal placement of code and 
data to sustain better latency tolerance 
and squeeze out better performance in 
increasingly complex designs. The de-
velopment tools must assist developers 
in better understanding the global be-

havior of the system and matching that 
behavior with memory subsystems avail-
able in the system. Otherwise, memory 
and chip designers must continue to in-
corporate ever-more-complex control 
algorithms in their memory controllers 
to invisibly compensate for software 
signers’ and development tools’ lack of 
visibility into the behavior of the mem-
ory system.EDN
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 S
limmer cell phones with more functions and fea-
tures have created a number of system-design 
challenges. The problems are well-known: man-
aging energy consumption and minimizing noise 
while moving data around in a handset. The situ-
ation provides an opportunity for silicon design-

ers to tackle a system-level-design problem. By applying expe-
rience designing SERDES (serializers/deserializers) for devices 
from laptop computers to cell phones, Fairchild’s design team 
learned valuable lessons about the systems approach.

A product initially targeting cell phones required an in-
depth study of the systems and in-depth discussions with sev-
eral customers. What Fairchild now calls its �SERDES (mi-
cro-SERDES) family had design requirements that differed 
greatly from versions developed previously for computers. Dif-

ferences between the previous SERDES and the cell-phone 
application included issues that the Fairchild team faced for 
the first time, such as serialization of a microcontroller inter-
face, power as a critical design factor, the need for bidirection-
ality, and the fact that a radio would be an integral part of the 
application using the SERDES.

The needs and perceptions in this market differed so greatly 
from those in other applications that the semiconductor sup-
plier and systems manufacturers even used different terms. 
The systems manufacturers worried about ESD (electrostatic-
discharge) events that would temporarily cause the LCD to 
stop working, and the semiconductor manufacturers worried 
about ESD events that would permanently destroy the device. 
The difference in views over this one small question of ESD 
was sufficiently interesting to warrant the summary that Table 

BY MICHAEL FOWLER  •  FAIRCHILD SEMICONDUCTOR

The evolution of SERDES 
designs for cell phones
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Figure 1 The basic building blocks of a bidirectional, 16-bit SERDES include a PLL and a clock generator.
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1 provides. Needless to say, all the first-time technical issues 
and supplier-user nomenclature and perspective differences 
made for several surprises along the way.

IDENTIFYING THE OPPORTUNITY
It all began at a customer trade show in 2001, when a prod-

uct engineer from a cell-phone manufacturer and one of 
Fairchild’s engineers began discussing the flip, or clamshell, 
phone design. The application intrigued the Fairchild engi-
neer, who had been involved with the novel implementation 
of SERDES for laptop computers. In many ways, the situations 
were the same: The displays were in different places from the 
processors. In the computer application, SERDES technology 
allowed the application to pass government EMI (electromag-
netic-interference) testing, such as FCC (Federal Communi-
cations Commission) requirements. The increasingly high-
er frequency interfaces were using LVCMOS (low-voltage-
CMOS) signaling that created a very-high-EMI environment 
that could no longer meet the EMI limits. With this previous 
experience, the Fairchild engineer concluded that a SERDES 
approach could be as important for the cell-phone applica-
tions as it had been for laptop computers. As it turned out, 
the EMI issue was a much larger concern than for the laptop 
from a systems perspective. However, it was also a much small-
er concern, when selecting devices, than two other key issues: 
susceptibility and the number of wires.

USER INPUT
As the Fairchild design team became more focused on 

providing a SERDES option for cell phones, its members real-
ized that an active engagement with the key cell-phone cus-
tomers’ design engineers would be crucial to success. So, the 
team traveled the world to discuss the application require-
ments with every major cell-phone manufacturer. It soon 
became obvious that this application was not standard for a 
SERDES. The cell-phone SERDES would require some radi-
cal changes to be acceptable.

After the initial discussions with customers, the team found 
that the system may not always be synchronous and that there 
may not be a defined free-running clock to load and transfer 
the data. An important design consideration was a bidirec-
tional datapath, which was required to serialize a microcon-
troller datapath; a clock, synchronous with the data, would 
not be available. In addition, write as well as read cycles would 
be beneficial.

These initial requirements indicated a radically different 
implementation of a SERDES and turned out to be just the 
initial design surprises. The team would need to decouple the 
parallel-input interface from the serial interface as far as tim-
ing was concerned. Data would not be coming at convenient, 

regular clock intervals. Data would arrive whenever the mi-
crocontroller “felt like” sending it. For a read operation, while 
data was going in one direction, which happened to be the 
wrong direction, control signals still needed to go in the op-
posite direction. Both of these requirements were well beyond 
the capability of a standard run-of-the-mill SERDES.

A high-end SERDES, such as an Ethernet SERDES, had 
some of these qualities but was far too expensive for this type 
of application and did not match all of the requirements. 
Packetizing the data, including header information, error de-
tection, and error correction for transferring information to a 
display approximately 10 cm away was clearly overkill. The 
design needed to be a basic SERDES that could transfer data 
in both directions and use an asynchronous signal to latch the 
incoming data.

Another key insight—another design surprise—occurred at 
this time. Although previous SERDES-application designers 
had to worry about FCC regulations, this one had much worse 
issues to deal with concerning EMI. Previous applications had 
to be below radiation levels of �60 dBm to make sure the 
system did not interfere with other systems. The cell phone 
could not tolerate EMI at such levels, due to the radio. The 
µSERDES design could not interfere with radio transmission 
and reception from an antenna that may be only a quarter of 
an inch away. So, �60 dBm was no longer the target; �120 
dBm was the new target.

The next specification that was out of line was power con-
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Figure 2 The first-generation µSERDES required significant 
trade-offs in design.

TABLE 1 COMPARISON OF ESD REQUIREMENTS
Parameter Previous requirement Cell-phone requirement

ESD Destructive test Phone glitch

EMI �70 dBm �120 dBm

Susceptibility NA No bit errors
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sumption. The power consumption of the typical SERDES was 
off by orders of magnitude from the requirement. Battery life is 
one of the most important factors in cell-phone design. Every 
milliamp of operational current is a concern for talk time, and 
every microamp of current is a concern for standby time. As 
the team dissected SERDES implementations, it became clear 
that there were three main components of power consumption 
in the SERDES pair. Both the digital logic in the device and 
the serial link would consume significant current, as would the 
PLLs (phase-locked loops). The team had determined that it 
would use differential signaling for this application due to the 
minimum radiation it provided, as well as its high bandwidth. 
At this point, the engineers had not realized the importance 
of this decision. For the most significant reduction in power, 
the PLLs needed further investigation. Both the operational 
current and the standby current were unacceptable. Standby 
current was off by three orders of magnitude.

A PRELIMINARY SPEC
All of this information was beginning to take form in an 

initial product specification. The engineers needed a bi-
directional device with serialization for at least a camera and 
an LCD, current consumption of less than 5 �A at standby 
and less than 7 mA in operation per device, and less than 
�120-dBm EMI. Another key item for this market was that 
most of the engineers who would use the device had never 
dealt with serialization, so it was also critical that they make 
the device as easy to use as possible.

A rough sketch of a device showed how it would operate 
and meet most of the criteria. However, a few questions still 
remained concerning how to provide the key features. Figure 
1 shows the approach the engineers began presenting to cus-
tomers.

The figure depicts a design close to the device that went 
into production for the initial generation. It is bidirectional 

and can work with a microcontroller interface or a pixel in-
terface. Of course, some questions still remained about how 
to hit some of the parameters, such as power, EMI, and micro-
controller-read operation, as well as the separation of parallel 
and serial clocking. For example, EMI needed to be much low-
er than previous SERDES with a target of �120 dBm versus a 
typical target of �70 dBm. It was also necessary to provide an 
approach for a standard pixel interface with pixel clock, verti-
cal synchronization, horizontal synchronization, and pixel da-
ta. But that exercise was rather straightforward, and the team 
expected it to be similar to the previous SERDES.

Now, the engineers had some important insights into the 
application and the customers’ needs. It was clear that every 
customer required both pixel and microcontroller interfaces 
that varied according to platform needs. In some applications, 
the baseband processor required a microcontroller interface 
to the LCD, whereas other baseband processors required the 
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Figure 3 The 24-bit FIN324, a ULP device, consumes roughly 6 
mA per pair of devices for a 5.44-MHz pixel interface.

TABLE 2  DESIGN TRADE-OFFS AND DECISIONS
Parameter First option Second option Decision

No. of serial 
signals

Send the bit clock 
separately, which 
involves using more 
wires but less power; 
embed the word 
clock

Embed all of the 
clocking and use 
a single signal in 
each direction

Because power is so critical to cell-phone design, the team decided 
against embedding all of the clocks, which would have required a PLL’s 
consuming a lot of current. The engineers embedded the word clock with-
out consuming additional power. They considered a number of alternatives 
that they deemed unworkable because of radio-susceptibility concerns.

Parallel interface Pixel interface Microcontroller 
interface

The team decided to use both. One device handles all of the LCD 
interfaces at the customer level, enhancing marketability.

No. of bits for the 
LCD-interface 
device

27 bits to support 24 
bits of RGB data

22 bits to sup-
port 18 bits of 
RGB data

The team selected the main device for the LCD, the FIN24AC, for 22 bits.  
Minimizing the size of the device seemed more important than supporting 
24 bits of RGB. Display vendors were not yet offering 24-bit RGB.

Read interface for 
microcontroller

Provide a single 
device that could 
support read, write, 
and pixel interfaces

Separate the 
device that could 
do the read

The team separated the device that could do the read. For most custom-
ers, the write-only choice was satisfactory.

Packaging MLP BGA The team initially selected MLP because it did not require a substrate, 
which incurs additional cost. The package seemed small. Customers 
quickly informed us that the package was too big. The design ended up 
requiring both packages, because the MLP is excellent for mounting 
on a fl ex cable.
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more standard pixel interface. Because almost every system 
manufacturer used processors from multiple suppliers, a single 
manufacturer almost always required both interfaces.

So, it would be advantageous to provide a single device that 
could provide an approach for both interfaces. In addition, the 
same device needed to provide both the parallel-to-serial and 
the serial-to-parallel transition. This approach would be a huge 
advantage to customers, because they could purchase one prod-
uct rather than four or six devices. It would reduce inventory 

requirements and provide a volume-pricing advantage. Design 
decisions specified that the device would be bidirectional, with 
each device containing both a serializer and a deserializer for 
microcontroller operation, and that the serial I/O would be dif-
ferential to reduce EMI.

One of the critical breakthroughs for the design team in-
volved the differential I/O. All differential I/Os, although 
called current mode, used voltage-level receivers. The receiv-
ers looked for a voltage difference between the two signals to 
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determine a one or a zero. After careful consideration, the de-
sign team decided to look instead for current direction. Like a 
lot of good ideas, the advantages seem obvious in retrospect. 
Current direction is more stable than voltage levels, so the 
amount of drive necessary to distinguish between a one and a 
zero should be significantly less. In fact, it was possible to go 
as low as a 50-mV swing rather than the minimum of approxi-
mately 250 mV of voltage differential. That value represents 
five times less drive across the same 100� termination. The 
team termed this new I/O technology CTL (current-transfer 
logic).

CONFIRMATION/FEEDBACK
The new technique required another round of customer vis-

its to explain this concept and seek further insight into the ap-
plication requirements. In discussions with customers on this 
round, the team gathered a few more key details. The camera 
and the LCD were in a similar location, and the data paths on 
both ends were in a similar location. The 
engineers had a bidirectional �SERDES, 
so why not try to use a single pair to per-
form both sets of operations? One of the 
most critical pieces of information, es-
sentially another design surprise, came 
to light at this time.

A knowledgeable engineer at one of 
the key customers to which we were pre-
senting CTL and the advantages of the 
low swing for EMI and power consump-
tion mentioned that the low swing could 
be a problem due to susceptibility. “Sus-
ceptibility” is the electrical signal’s vul-
nerability to radio noise that could dis-
turb the signal enough to cause data cor-
ruption. This insight was absolutely key. 
Now, there were barriers on both sides of 
the signaling equation. On one side, the team had a radiation 
issue, so it needed to make the signal as small as possible. On 
the other side, the team had radio noise that could cause sig-
nificant disturbance to the signal if it were too small.

The engineers were getting close to a reasonable solution, 
and the customers were intrigued with the idea of using a sin-
gle pair of �SERDES to even further reduce the number of 
wires on the flex without adding another pair of devices. An 
interesting point here is that it was becoming clear that the 
customers had little fear of EMI. They had always had to deal 
with it, so EMI was less of an issue than the number of wires. 
Reducing the number of wires was the struggle for system de-
signers due to the advent of the flip phone and the need to 
send all of these signals through a tiny hinge between the 
flip and the base of the phone. They could have gone with 
LPLVDS (low-power low-voltage differential signaling) as 
the easier path, but they had great confidence in CTL. There 
would be considerable advantages of supplying a signaling 
structure that would emanate less than �120 dBm, because it 
would reduce the need for shielding on the flex for the differ-
ential signals. More important, the shielding could affect the 
characteristic impedance of the flex. In addition, CTL could 

provide power savings and is also robust for susceptibility due 
to the receiver structure.

FINAL DESIGN DECISIONS
The approach for the microcontroller-interface clocking was 

to completely separate the timing of the serial and the paral-
lel clock. The team still needed to generate the serial clock 
through PLL-based multiplication and the main control sig-
nal—for example, write enable—to strobe in the parallel data. 
The extrapolation of this insight would lead to the develop-
ment of a second-generation device, ULP (ultralow-power) 
�SERDES.

On the power front, CTL would significantly reduce power 
over LPLVDS, but those savings were not enough. The team 
needed to eliminate the use of at least one of the PLLs, which 
would provide a significant power savings. Between eliminat-
ing one of the PLLs and reducing current with the use of CTL, 
the team could almost halve the current. The problem was 

that the team needed to send three sets 
of information between the serializer and 
the deserializer: the data, the bit clock to 
clock the individual bits as they arrived 
at the deserializer, and the word clock or 
word boundary that identified the first 
bit of a word for the deserializer.

Unless the engineers were willing to 
send three signals over six wires, they 
would need a PLL at the deserializer to 
provide either the bit clock or the word 
clock. Otherwise, they would have to 
come up with a seriously innovative 
approach. They concluded that it was 
critical to discard one of the PLLs, and 
the only place to eliminate one without 
placing an unreasonable burden on the 
customers was at the deserializer. The 

simplest approach was to send the serial data along with a bit 
clock to clock the data into the deserializer. Now, the chal-
lenge was how to send the word clock without using a PLL or 
adding another differential signal.

One of the engineers determined that the team could solve 
the problem if it could do something clever with the two sig-
nals to encode the word boundary. Adding two bits to the se-
rial stream produces a unique pattern to define a word bound-
ary. At the point in time of these two bits, if the clock did not 
toggle but the data did, a singular sequence would occur that 
you could easily identify as the word boundary. Even better, 
you could identify it exclusively for every word. Most schemes 
for encoding a clock take a PLL and thousands of words to 
find the word boundary through a repetitive recognition algo-
rithm. This ingenious scheme allowed immediate recognition 
of the word boundary. If the system lost the word boundary 
due to a huge noise event, it would lose only one word. 

DESIGN TRADE-OFFS
The team had now knocked down just about every known 

barrier to provide an initial SERDES approach for cell-phone 
designers. The units satisfied the needs of the customers and 
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ON THE FLEX WITHOUT 
ADDING ANOTHER 
PAIR OF DEVICES.
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provided state-of-the-art power, EMI, 
and susceptibility, and they were us-
able with a microcontroller or a pixel 
interface.

The engineers needed to make a 
number of trade-offs on this first-gener-
ation product (Figure 2). Table 2 lists 
some of the most important ones. The 
main parameters involved power, size, 
and cost—all of which were equally im-
portant for the cell-phone design.

The major disappointments on 
this project were that the half-du-
plex approach that the team original-
ly envisioned for using a single pair of 
�SERDES was just too cumbersome to 
implement at a system level, and the read operation did not 
work as well as the team had expected.

Because of the systems approach and close interaction with 
customers in the design phase, the company started shipping 
products as soon as it received approval for production. The 
team was happy with the success of this project. There were 
three variations to accommodate the camera and LCD, as well 
as a product for special applications. A 12-bit device target-
ed the camera, which is almost always an 8-bit-pixel interface. 
This device has also seen use in 8-bit-LCD-pixel interfaces. A 
second version targeted the typical 16- or 18-bit-LCD-pixel 

interface. A third part targeted micro-
controller usage.

Because the SERDES concept was so 
new to cell-phone designers, the engi-
neers developed detailed application 
notes on the modes of operation and pro-
vided evaluation cards to ease testing. 
To further simplify the implementation 
of technology that was a significant de-
parture from previous cell-phone designs 
and because schedules were so critical, 
they provided cell-phone hookups show-
ing the use of the µSERDES in the appli-
cations. The applications group acquired 
multiple cell phones from customers, 
took them apart, inserted the µSERDES 

pair into the designs, and demonstrated that they worked.

THE NEXT STEP 
In parallel with the initial project, the team had begun 

identifying the next-generation product. This next product 
improved the initial design concept but required development 
time that was outside the scope of the initial project. Recently 
introduced ULP devices use the separation of the parallel and 
the serial clocking for even greater reduction in power con-
sumption.

Because there was no need for synchronizing the parallel 
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THE APPLICATIONS 
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MULTIPLE CELL PHONES 
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THAT THEY WORKED.
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and serial data streams, it was possible to elimi-
nate the second PLL. Eliminating all PLLs had 
been a goal since the beginning of the first-genera-
tion product. The team realized that it could use 
just an internally generated clock to provide the 
clocking for the serial stream. It significantly low-
ers power and provides a microcontroller interface 
that does not require a system clock.

Eliminating the second PLL was a breakthrough 
on its own. It turned out to be even better when the team re-
alized that the clock could always run at the maximum fre-
quency of the specifications. In this case, the serial stream 
could burst across the interface, and the pair of devices could 
go into a pseudo-power-down state, burst standby, for most 
of each transfer cycle instead of staying powered up continu-
ously.

Engineers often regard dynamic power as dependent on 
the frequency of operation. This assumption is inaccurate. 
The reality is that dynamic power depends on the number 
of edges per unit of time. Because the team was transferring 
a specific number of bits, or edges, per unit of time, the dy-
namic power did not suffer due to the higher speed. Instead, 
the burst standby after the transfer considerably reduced the 
static power. Furthermore, for a microcontroller that is not in 
continuous operation, the average power would drop drasti-
cally due to the burst standby between operations.

As a comparison, the first-generation 24-bit 
FIN24xx had state-of-the-art power consump-
tion, using roughly 14 mA per pair of devices for 
a 5.44-MHz pixel interface with a constant clock. 
The 24-bit FIN324, a ULP device, consumes 
roughly 6 mA per pair of devices for a 5.44-MHz 
pixel interface (Figure 3). A microcontroller in-
terface requires an assumption of percentage of 
time of operation. A reasonable estimate is that 

the microcontroller operates roughly 30% of the time. This 
estimate gives a power number of approximately 3 mA if the 
microcontroller cycle frequency is the same 5.44 MHz.

In the end, the engineers’ experience showed them that you 
can apply expertise in SERDES design from one market—the 
computer industry—to a different market with different re-
quirements. But making this transfer required intensive re-
search, dialogue with customers, and a willingness to shift the 
focus of design from the chip to the end system (Figure 4). It 
also meant accepting that design communities have not only 
different concerns, but also different language for discussing 
them.EDN
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The Power Integrations Top-
switch family (www.powerint.

com/topgxproduct.htm) of integrated 
flyback-regulator ICs provides excep-
tional performance in small, low-pin-
count packages. For the lowest-pin-
count packages, the multifunction, or 
M, pin serves multiple purposes, in-
cluding on/off control and undervolt-
age- and overvoltage-input detection. 
Other package types include an L pin, 
which also provides this function. 
The application notes and data sheets 
show how to implement the various 
features available at these pins. For 
example, to allow remote on/off con-
trol and still preserve undervoltage 
and overvoltage functions, the appli-
cation drawings show an NPN tran-
sistor, QR, which connects between 
the M or L pin and the Control pin 

(Figure 1). To turn off the regulator, 
QR must be biased on. To achieve this 
goal requires a base voltage of 2.6V dc 
or greater.

The circuit in Figure 2 provides a 
new feature that allows you to switch 
the regulator on or off using a grounded 
switch that is sometimes more conve-
nient to implement than a switch that 
references to the Control pin. In the 
case of a mechanical switch, this cir-
cuit would require no external power 
to implement this function. This fea-
ture is important in applications in 
which the Topswitch power supply is 
the only source of power. This circuit 
does not disturb the functioning of the 
undervoltage and overvoltage func-
tions of the M or L pin. To understand 
the functioning of the circuit in Figure 
2 requires an explanation of the inter-

nal workings of the M or L pin. This 
pin acts as a constant voltage source at 
approximately 2V dc and sinks current 
from the external circuit, which RLS 
supplies. The internal current-sense 
thresholds for undervoltage and over-
voltage detection are roughly 50 �A 
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supplies
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Figure 1 Adding transistor QR to the 
L pin of a Topswitch switching power 
controller enables an on/off-control 
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Figure 2 Instead of using just the external transistor to switch a Topswitch on 
or off, a simple on/off switch provides manual on/off control.
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It’s almost a corollary to Moore’s 
Law: Next year, microcomput-

ers will have more features, and the 
software team will have bigger ideas. 
Unfortunately, though, the number of 
output pins will stay the same. Find-
ing even one spare output for diagnos-
tics, test, or even standard I/O can be 
a tussle. The single-pin “bus” in Figure 
1 can provide an unlimited number of 
parallel outputs with simple addition-
al hardware. A microcomputer output 
with an RC lowpass filter controls se-
rial-to-parallel converter HC164. To 
enter data into the serial-to-parallel 
converter, each bit consists of a one-to-
zero-to-one transition, which alters the 
length of the low state. If the low state 
is longer than the lowpass filter’s time 
constant, a zero shifts into the regis-
ter. If the low state is short, then a one 
shifts into the register. The clock and 
data signals thus combine into one sig-
nal. A lowpass filter separates the clock 
and data signals (Figure 2).

Listing 1, a simple “Whip” routine, 

designideas

with 30 �A of hysteresis for undervolt-
age and 225 �A for overvoltage. That 
is, when the current into the M or L 
pin is less than 20 �A, or 50�30 �A, 
the regulator output switches off be-
cause of undervoltage. When the cur-
rent into the M or L pin exceeds 225 
�A, the regulator output switches off 
because of overvoltage. When the cur-
rent into the M or L pin is 50 to 225 
�A, the output is enabled.

The circuit of Figure 2 works as fol-
lows: When the switch in the collec-
tor lead of Q1 is open, Q1 functions as 
a simple diode with a 0.6V drop from 
emitter to base. All the current that 
RLS supplies flows into the M or L pin 

through the base-emitter junction of 
Q1 and the 150-k� resistor. In this 
mode, the Topswitch IC senses the un-
dervoltage and overvoltage thresholds. 
However, when the switch to ground 
closes, Q1 functions as a nonsaturated 
transistor with high gain. The circuit 
siphons off most of the current through 
RLS to ground as the collector current 
of Q1. Only a small base current from 
Q1 plus 4 �A through the 150-k� re-
sistor flows into the M or L pin. For 
the values in Figure 2, this base cur-
rent is less than 3.8 �A, even when Q1 
has minimum gain and input voltage 
is at a maximum of 450V dc. There-
fore, 3.8�4 �A, or 7.8 �A, flows into 

the M or L pin. This low current flow-
ing into the pin “fools” the regulator 
into “thinking” that the input voltage 
is undervoltage, and the regulator out-
put switches off.

If another voltage or current source 
is present, you could replace S1 with an 
open-collector switch that sinks cur-
rent only. If the remote on/off driver 
can source and sink current, as the out-
put of a logic gate can, then you should 
insert a diode in the collector lead of 
Q1, and the driver must drive the cath-
ode of that diode above 2V dc to turn 
off the regulator (optional in Figure 
2). The M pin also allows current-lim-
it-threshold adjustment.EDN

RC lowpass 
filter expands 
microcomputer’s 
output port
Rex Niven, Forty Trout Electronics, 
Eltham, Victoria, Australia
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Figure 1 This single-pin “bus” can provide an unlimited number of parallel 
outputs with simple additional hardware.

LISTING 1 WHIP-ROUTINE OUTPUT FUNCTION
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performs the output function for eight 
bits. Assume that the RC time con-
stant is 3 �sec, and the instruction 
time should be 1 �sec or less at a crys-
tal frequency of 4 MHz or greater. The 
routine uses bitwise manipulation of 
output My_Bit of port My_Port.

Although the circuit in Figure 1 can 
control slow-reacting devices, such as 
relays or LCDs, using it with LEDs 
can give an annoying flicker when 
the HC164 is writing. To address that 
problem, the circuit in Figure 3 uses 
another serial-in/parallel-out register, 
the 4094, which has a strobe input to 
allow simultaneous updates of all out-
puts without temporary levels. A twin 
monostable circuit supplies the data 
and strobe signals. This circuit should 
be able to control parallel devices, such 
as display modules based on HD44780 
devices.EDN
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Today’s small electronic appli-
ances, such as washers, dryers, 

and stoves, use switched-mode power 
supplies to replace bulky, heavy, linear-
power supplies. The engineer testing 
these power supplies, which range in 
current from 50 mA to 1A, typically 
uses resistors or standard off-the-shelf 
electronic loads. An engineer would 
employ a variety of high-wattage resis-
tors to verify multiple loading condi-
tions to satisfy a proper design. Most 
off-the-shelf electronic loads target an 
average of 300W. When measuring 
50 to 300 mA, a display is inaccurate; 

most of them display 0.1A, but accu-
racy is questionable at that low range. 
You can alternatively use the simple 
dual constant-current-load design in 
Figure 1, which you can build with in-
expensive, common parts.

The load current passes through a 
MOSFET and a 1%, 1� sense resistor, 
R6. Pin 2 of IC1A compares the voltage 
drop in the resistor to a reference volt-
age. IC1, an LM358 op amp, compares 
the two inputs and adjusts its output 
accordingly. The reference voltage at 
Pin 3 of IC1A comes from a voltage-di-
vider potentiometer, R2 or R3, which 

derives from a TS431 1.25V 1% refer-
ence. Because the maximum voltage 
can be 1.25V and the sense resistor’s 
value is 1�, the maximum current per 
channel can reach 1.25A.

R2 and R3 are 15-turn, 1-k� poten-
tiometers, which you can finely adjust 
to the desired load. One can set a mini-
mum current, and the other can set a 
maximum current. Switch S1 can then 
switch between minimum load, no 
load in the middle position, and maxi-
mum load. Furthermore, by attaching 
a standard DMM (digital multimeter) 
across R6, you can directly read the cur-
rent and adjust it to the proper level.

Input-voltage change does not af-
fect the DMM’s reading because it 
monitors the constant current through 
sense resistor R6. The second channel 
is a duplicate of the first. Each chan-

designideas

Simple dual constant-current load 
tests low-current power supplies
John S Lo Giudice, STMicroelectronics, Schaumburg, IL
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This Design Idea further devel-
ops a previous one integrating a 

stepper-motor driver in a CPLD (Ref-
erence 1). However, this idea integrates 
not only the driver, but also a simple 
one-axis stepper-motor motion control-
ler. Depending on the size of the tar-
get CPLD, you can implement multiple 
motion controllers into a single device. 
For example, a single-axis motion con-
troller fits into a Xilinx (www.xilinx.
com) XC95108 using 68 of, or 63% of, 
the available macrocells. The motion 
controller rotates the stepper motor 
clockwise or counterclockwise a given 
number of steps with a given speed pro-
file versus time. When a motion begins, 
the controller accelerates until it reach-
es the cruise speed and then decelerates 
before stopping (Figure 1).

The controller can adjust the motor 

speed to 16 values, V�VMAX�speed/16, 
where speed is an integer with a value 
of one to 16. During the acceleration 
phase, the speed ramps up by increasing 
from one to 16; during the cruise phase, 
speed stays at 16; finally, during the de-
celeration phase, speed ramps down 
to one before stopping. If 
there are insufficient steps 
for the controller to reach 
the cruise phase, the con-
troller goes directly from 
the acceleration phase to 
the deceleration phase. 
You can adjust the accel-
eration/deceleration rate 
in the program, which you 
can find at www.edn.com/
070621di1 by the constant 
“accel,” which can be one 
to 255. A high value of ac-

cel results in a slow acceleration/decel-
eration, and a low value results in a fast 
acceleration/deceleration. The inputs 
of the CPLD stepper-motor controller 
are clock, direction, full/half-step, re-
set, Nstep, start, and stop.

The clock input is active on the pos-
itive edge of the clock pulse. The max-
imum motor speed is one step every 
16 clocks. The direction input deter-
mines the motor’s rotational direction. 
The motor runs clockwise or counter-

designideas

nel can control 0 to 1.25A and can 
handle a voltage of 3 to 50V. The ca-
pacitor input and the MOSFET set the 
upper limit. The two inputs can be in 

parallel to a load of 2.5A. For a two-
output power supply, you can set the 
minimum and maximum current by 
precisely reading the level on a multi-

meter and then quickly testing a ma-
trix of no load, minimum load, and 
maximum load. A 9V battery powers 
the unit.EDN

Stepper-motor motion controller and 
driver fit into a CPLD/FPGA
Stephan Roche, Santa Rosa, CA

�

Figure 1 This dual constant-current load can measure the performance of dual power supplies supplying 0 to 1.25A per 
channel.
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Figure 1 This design can control the motor with 
16 speeds. The maximum speed in the cruise 
phase is such that the motor makes a step or 
half-step every 16 clock cycles. 
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DUAL CARD INTERFACE
SIMPLIFIES SMART-CARD

APPLICATIONS
Provides ±6kV ESD-Protected Connections to

Two 5V, 3V, or 1.8V IC Cards with Few External Components

Part Temp Range
(°C)

Card Voltages
Supported (V)

Supply Voltage
(V) Package

DS8007+ENG -40 to +85 1.8, 3, 5 2.7 to 6.0 48-LQFP

Price†

($)

2.65

♦±6kV ESD Protection on Card-Interface Pins
♦Integrated ISO-7816 UART Provides

Communication and Timing
♦Short-Circuit and High-Temperature Protection

♦Supplies Power to 5V, 3V, and 1.8V Cards
♦Parallel Interface to Host µC
♦Designed for EMV and GSM 11.11

Applications
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CARD
INTERFACE

2

ISO
UART

HOST
µC

DC-DC
CONVERTER

DS8007

SET-TOP BOXES

ATMs POINT-OF-SALE TERMINALS

†1000-up recommended resale. Prices provided are for
design guidance and are FOB USA. International prices

www.maxim-ic.com/DS8007-info

1-800-777-2776 1-800-332-86381-888-MAXIM-IC

DIRECT
D I S T R I B U T I O N

/

FREE A/D Converters Design Guide—Sent Within 24 Hours!
CALL TOLL FREE 1-800-998-8800 (7:00 a.m.–5:00 p.m. PT) for a Design Guide or Free Sample

Distributed by Maxim/Dallas Direct, Arrow, Avnet Electronics Marketing, Digi-Key, and Newark.
The Maxim logo is a registered trademark of Maxim Integrated Products, Inc. 

© 2007 Maxim Integrated Products, Inc. All rights reserved.
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designideas
clockwise, depending on the level of 
this input and the motor connections. 
That value is latched at the first rising 
clock edge after start goes high. The 
full/half-step input determines the an-
gular rotation of the motor for each 
clock pulse. In the low state, the mo-
tor makes a full step for each applied 
clock pulse, and, in the high state, the 
motor makes a half-step. A high level 
on the reset input sets the motor in a 
defined state. The motor ignores any 
clock pulse when reset is high. The 
16-bit Nstep value defines the number 
of steps the next motion will perform. 
That value is latched at the first ris-
ing clock edge after start goes high. A 
high level on the start input starts the 
motion, and a high level on the stop 
input stops the motion, aborting the 
current motion.

The outputs of the CPLD stepper-
motor driver are A, A_N, B, and B_
N (Figure 2). The A and A_N out-
puts control one of the motor’s coils 
through power drivers, and the B and 
B_N outputs control the motor’s sec-
ond coil through power drivers.

The CPLD/FPGA cannot directly 
drive the motor, so it requires external 
drivers. The driver must arrive at the 
motor’s nominal voltage. The Schottky 
diodes at the output of each driver al-
low current freewheeling in the motor 
coils. If you use MOSFET drivers, exter-
nal Schottky diodes should be unnec-
essary because MOSFETs have built-in 

diodes; the Microchip (www.microchip.
com) TC4424A dual driver can drive 
motor coils to 18V and 3A.EDN

R E FE R E N CE
Roche, Stephan, “Implement a 

stepper-motor driver in a CPLD,” 
EDN, Feb 15, 2007, pg 90, www.
edn.com/article/CA6413791.

CPLD

VCC VD VD

STOP

START

NSTEP

RESET

CLOCK

CW_CCW

FULL_HALF_STEP

A

A_N

L1

L2

VD VD

VD

B

B_N

L3 L4

M

Figure 2 The FPGA/CPLD requires external drivers.

Entering the Third Dimension

AS5046 – 12-bit Magnetic 
Rotary Encoder IC

4.096 positions per revolution

User-configurable Hall-array

Vertical distance recognition

2-wire digital interface

Ratiometric analog output

West Coast (408) 345-1790  East Coast (919) 676-5292
www.austriamicrosystems.com

1
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World’s First Single-Chip Clock Conditioner
with Jitter Performance as Low as 200 fs

LMK03000/01 and LMK02000 Features
• Fully integrated VCO option delivers unprecedented

jitter performance, reducing board space and risk 

• Can be configured as jitter cleaner or clock generator

• Available in three performance grades for clocking 
various high performance applications with diverse 
jitter requirements

• Footprint compatibility between performance grades

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

• Wide clock output frequency range of 1 to 785 MHz 

• Small form factor minimizes PCB space by 70%

National Integrates the PLL, VCO, and Distribution Circuitry to Deliver the Industry’s Smallest Solution

© National Semiconductor Corporation, 2007. National Semiconductor, Signal Path Designer, and     are registered trademarks of National Semiconductor Corporation. All rights reserved.

For FREE samples, datasheets, Signal Path Designer, and 
more information on the LMK03000/01 and LMK02000, 
contact us today at www.national.com/see/timing
Or call 1-800-272-9959

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

SerDes
DS92LV18

ASIC
ADC

ADC14155

PLL + VCO
LMX2531

LMK03000C

Distribution Network

Divider

FPGA
DAC

DAC

Other
Circuits

ASIC

Amp
LMH6552 Filter

TXCO

FPGA

SerDes

Backplane

PLL

DelayDivider

DelayDivider

DelayDivider

DelayDivider

DelayDivider

DelayDivider

DelayDivider

DelayDivider

VCO

DAC14135

Loop
Filter

Performance Jitter (RMS Typ)
LMK02000 200 fs
LMK03000C/LMK03001C 400 fs
LMK03000/LMK03001 800 fs

Performance Grade Table
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Optically coupled isola-
tors suit 6-kV isolation

The optically coupled OPI7000 
isolator family includes an infra-

red-emitting diode coupled to an NPN 
silicon phototransistor. A reversed emit-
ter-and-collector pinout provides direct 
pin-for-pin replacement of lower-isola-
tion-voltage, four-pin, dual inline op-
tocouplers. Features include a �6-kV 
input-to-output isolation voltage and a 
100-mW power-dissipation rating. The 
OPI7002 and OPI7010 have an 890-nm 
LED peak wavelength, and the OPI7320 
and OPI7340 isolators have an 890- or 
935-nm LED peak wavelength. The 
OPI7000 series costs $3.25 (1000).
Optek Technology, www.optekinc.com

OPTOELECTRONICS/DISPLAYS

productroundup

�

High-voltage LED driver withstands 
harsh operating environments

Targeting automotive and general-lighting applica-
tions, the MAX16831 high-voltage, high-power, con-

stant-current LED driver features analog and PWM (pulse-
width-modulation) dimming. The device integrates a float-
ing LED current-sensing amplifier and a dimming MOSFET 
driver, reducing the component count and providing high 
reliability in applications using high-brightness LEDs. Suit-
ing harsh operating environments, the device has a 5.4 to 
76V operating input-voltage range, allowing cold start and 
an 80V load-dump compliance. Aiming at front-light auto-
motive designs, the device suits high- and low-beam assem-
blies, adaptive front-light systems, DRLs (daytime running 
lights), and fog lamps. Available in a TQFN-32 package, the 
MAX16831 costs $2.33 (1000).
Maxim Integrated Products, www.maxim-ic.com

�

Untitled-1 1 5/25/2007 10:33:08 AM

Color-sensing chip comes with 
an embedded-system interface

Aiming at automatic LCD-backlight-control devices, 
such as CCFLs (cold-cathode fluorescent lamps) or 

white LEDs, the VM6101 color-sensing chip provides col-
or- and ambient-light sensing with an embedded-system in-
terface requiring no external components. Using a light-to-
frequency-pixel architecture, the device provides a 30 mil-

�
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High temperature Peel-A-Way Removable Terminal
Carriers save time and money by replacing hand loading
operations, and by making solder inspection faster 
and easier. Available in standard designs, and easily 
customized with multiple terminal types and unique 
footprints, low profile Peel-A-Way carriers maintain 
accurate spacing. Peel-A-Way terminal carriers can 
be easily removed or left in place for added stability. 

Visit www.advanced.com/peel to learn more 
about The Advanced® Difference in innovative 
interconnect solutions.

www.advanced.com
1-800-424-9850

Environmentally Friendly...
And YES, it’s that flexible!

Photomicrosensors 
accurately detect 
motion and position

Available in a fixed U-shaped 
housing and carrying both the 

emitter and the detector, the nonam-
plified EE-SX1 slotted phototransis-
tor series provides  accurate alignment 
and aiming. 
Able to detect 
the presence 
of an object 
without direct 
contact, these 
slotted, micro-
miniature, transmissive photomicrosen-
sors accurately detect motion and po-
sition. Measuring 3�3�3.4 mm with 
slots measuring 1 to 5 mm, the device 
provides high resolution through a 0.15- 
to 0.5-mm aperture width. The EE-SX1 
is available in SMD, through-hole-
PCB, and panel-mount-with-connector 
mounting styles, and prices range from 
50 cents to $1.10 (10,000).
Omron Electronic Components, www.
components.omron.com

�

Ultrabright white 
SMD LEDs use 
InGaN technology

The ultrabright white VLMW1100 
SMD LEDs have a 0603 footprint 

with InGaN (indium-gallium-nitride) 
technology. Features include an 80� an-
gle of half-intensity, a 140- to 280-mcd 
luminous-intensity range, and a 5500K 
typical color temperature. Measuring 
1.6�0.8�0.6 mm, the VLMW1100 
SMD LEDs cost 25 cents.
Vishay Intertechnology, www.vishay.
com

Vacuum-fluorescent 
display features multi-
colored-LED backlights

Using multicolored LEDs func-
tioning as backlights allows this 

vacuum-fluorescent display to provide 

a bright-colored or multicolored back-
ground. The display features a 5V pow-
er supply and size compatibility with 
the U-version LCD module. Price for 
the device is $36 to $80, depending on 
quantity.
Noritake, www.noritake.com

�

�

lion- to 30,000-lux dynamic range. Ad-
ditional features include 1-mA power 
consumption in active mode and 1-�A 
power consumption in standby mode. 
Available in a 3�3�0.7-mm MLPD-
8 package, the VM6101 costs 77 cents 
(10,000). 
STMicroelectronics, www.st.com
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I2C real-time clocks inte-
grate nonvolatile FRAM

Adding nonvolatile FRAM (ferro-
electric-random-access memory) 

to a real-time clock, the 2-kbit�8-bit 

INTEGRATED CIRCUITS

productroundup

�

Mechanically Flexible
Architecture
- Power the way you need it

••• Universal AC and 48 VDC Inputs

••• 12, 24 and 48 VDC Outputs

••• 350 W in 6.8 x 3.2 x 1.5” Formats

••• Both U-Channel and Hot-Swap Formats

••• Fits 1U x 2U, Horizontal or Vertical

••• High Power Density to 11.15 W/in3

••• High Efficiency to 89%

••• 5V Standby & 12V Fan Outputs

••• Power Fail Detect, DC OK, Remote On/Off 
& Current Share

Accelerate your product's time-to-market with
the MFA350, the smallest 350 Watt power
supply designed to accommodate a multitude
of packaging and power options.

www.xppower.com

(800) 253-0490

Call now 
for your FREE
Power Supply
Guide 2007/08

For more information or to request a 
Power Supply Guide 2007/08, call toll free:

DS32B35 and 8-kbit�8-bit DS32C35 
devices keep time within one minute 
per year over the 0 to 70�C tempera-
ture range. Suiting GPS (global-posi-
tioning systems), utility-power meter-
ing, and server applications, the devices 

use an I2C interface to access the real-
time clock and the FRAM. The FRAM 
provides true nonvolatility without re-
quiring an energy source for data reten-
tion without the write-cycle or block-
erase limitations of EEPROM or flash 
memory. Designers can size a separate 
battery or capacitor for the backup re-
quirements of the real-time clock, pro-
viding flexibility in layout and sourcing 
of components. The devices also feature 
an integrated accurate TCXO (temper-
ature-compensated crystal oscillator) 
and a crystal. The devices come in a 0 
to 70�C commercial-temperature range 
or a �40 to �85�C industrial-tempera-
ture range. Available in a 300-mil SO-
20 package, the DS32B35 costs $4, and 
the DS32C35 costs $4.80 (1000).
Dallas Semiconductor, www.maxim-
ic.com

Step-down dc/dc con-
verter provides 100-, dual 
200-, and 300-mA outputs 

Using a constant-frequency cur-
rent-mode architecture, the 2.25-

MHz LTC3544 quad-synchronous buck 
regulator generates a 0.8V output volt-
age, targeting use in low-voltage DSPs 
and microcontrollers. This step-down 
dc/dc converter provides 100-, dual 200-, 
and 300-mA outputs and has a 2.25 to 
5.5V input-voltage range, suiting single-
cell lithium-ion/polymer or multicell al-
kaline/NiCD/NiMH (nickel-cadmium/
nickel-metal-hydride) applications. 
Burst-mode operation provides a 70-�A 
quiescent current for four channels un-
der no-load conditions; the LTC3544B 
achieves a lower output ripple using a 
pulse-skipping mode instead of burst 
mode. Additional features include 1-�A 
shutdown current; 95% efficiency; low-
dropout, 100%-duty-cycle operation; 
short-circuit protection; and overtem-
perature protection. Each channel has 
independent enable pins and internal 
soft-start. Available in a 3�3-mm, lead 
QFN-16 package, the LTC3544 and the 
LTC3544B cost $2.95 each (1000).
Linear Technology, www.linear.com

�
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scope
CHART YOUR COURSE

LOOKING AHEAD

A growing number of system architects say 
that memory is one of the hardest problems 
they face. They must decide which kind 
of memory structures to use, where to put 
them, how to organize and implement them, 
how to model the resulting system perfor-
mance, and how to deal with the impact of 
memory choices on system reliability and 
other issues. Surprisingly, the only confer-
ence to deal explicitly with these semicon-
ductor-memory issues is vendor-organized 
MemCon, which Denali Software runs. The 
2007 edition of MemCon, which takes 
place July 17 through 19 at the Hyatt 
Regency in Santa Clara, CA, will emphasize 
memory in the consumer-electronics indus-
try. Three days of technical and strategy 
tracks, including one on high-speed-
interface design for memory systems, 
explore the design and business 
aspects of the memory world.

A single-sideband transmitter designed jointly by the US 
Army Signal Engineering Labs and Continental Electronics 
can reach any point on earth even through severe interfer-
ence, according to the designers. Using a beam antenna, 
the unit reaches an effective power of 24 MW. The device’s 
filters remove the carrier and one sideband from the modu-
lated signal, directing all power into the remaining side-
band. The transmitter can operate across the short-wave 
band from 4 to 30 megacycles at any of 10 previously 
set frequencies—selected from a single switch—and car-
ries up to 64 teletype or four voice signals simultaneously. 
The transmitter occupies only a 50-square-foot room. The 
final stage is a 150-lb RCA vacuum tube operating at 18 
kV.—Electrical Design News, June 1957

Where have all the ASICs gone? Design starts are down, and vendors are quietly de-emphasizing 
or even dropping out of the business. Probably several factors are at work. One is the increasing 
capacity of chips. Designs that used to require a half-dozen 100,000-gate ASICs now fit easily 
into one chip. But the advance of process technology has had less obvious effects, too. That one 
chip today is likely to be an entire system, including specialized accelerators and multiple CPU 
or DSP cores. These SOCs (systems on chips) are often beyond the skills of the typical system 
OEM, and so design activity is shifting to a handful of SOC specialist houses and fabless-chip 
vendors, which may sell the result as an ASSP (application-specific standard product), not an 
ASIC. Instead of doing its own chip design, the OEM may customize or order an ASSP. In China, 
for financial reasons, manufacturers are spinning off ASIC design to small, fabless ASSP start-
ups, further distorting the picture as China grows in design activity. The designs are still there, but 
they are increasingly difficult to count.

AT GLOBAL COMMUNICATIONS, ’50s-STYLE

LOOKING BACK

LOOKING AROUND

FOR THE DISAPPEARING ASIC

TO MEMCON SAN JOSE
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Samsung Memory and Windows Vista… 
performance worth celebrating
Windows Vista represents a new era in computing. To take full advantage of all the new operating 

system features, Samsung offers the key hardware components your PC will need. Our full range of 

DRAM, fl ash memory devices, graphics memory, and hybrid hard drives, makes Samsung the fi rst stop 

for Vista-optimizing hardware. Sourcing your parts from Samsung means you’re getting quality products 

from one of the industry’s most trusted brands. Learn more about our Vista-enhancing components at: 

www.samsung.com/semi/vista 
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