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Automotive lighting design 
software models perception
This image is an application of a software 
package from EDA vendor Synopsys; ver-
sion 2.0 of Synopsys’ LucidShape lighting 
design package enables more accurate 
model creation and contains a diagnostic 
tool for evaluating how a lighting system 
will be perceived by the human eye. This is 
particularly important, Synopsys says, for 
evaluating automotive components such as 
turn signals and brake lights.
The LucidShape Visualize Module provides 
photorealistic visualisations that help design-
ers troubleshoot and improve automotive 
lighting designs at any stage in the develop-
ment process. Its Ray Data Viewer allows 
designers to preview vendor light sources 
before building model geometry, and its 
Light Pipe Tool enables fast creation of 
complete light pipe geometry. An expanded 
material library with measured BSDF data 
delivers accuracy for modelling automotive 
lighting surfaces.
LucidShape’s Visualize Module delivers high 
speed photorealistic images of an automo-
tive lighting system’s lit appearance, which 
demonstrate luminance effects when light 
sources in a model are illuminated.
 (Full story here)
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The information that reaches you on these 
pages comes via a variety of channels; often, 
it reaches me in the form of a presentation 

from the designers or makers of the product, 
component, technology, software or concept.  
Most often, these days, such presentations are 
conducted remotely; Webex, Skype, Go-to-Meeting 
– all of them play their part, they all get the job 
done. In passing, I often remark that we (as an 
industry) have expended a vast amount of effort in 
expanding the bandwidth for such communication – 
video calls are readily available but in practice don’t 
add much. The simple audio channel still carries the 
greatest part of the information. To put that another 
way, an old-fashioned phone call is often entirely 
adequate to the task.
Conversely, a proportion of the information is 
imparted to me in face-to-face presentations, 
and occasionally, a meeting organiser will select 
a high-profile (pun intended, read on) venue.  So 
it was, recently, that I found myself on the 34th 
floor of London’s Shard building, viewing the 
cityscape on a sunlit spring morning. (Sure, it’s 
tough, but someone has to do it.) Engineering is 
never far away, though; on entering the room there 
was a considerable amount of wind noise, and a 
maintenance operative was summoned; with a hex 
key he was able to release a complete floor-to-
ceiling glazed panel, swing it on its hinges, re-seat 
it on its seals, and restore tranquillity. It’s not hard 

to imagine how this comes about. With glazing 
panels of over 3m height, dissimilar materials 
(glass, steel, alloy, polymer seals) and temperature 
cycling, it’s unsurprising that joints might “creep” 
to a small extent. But (we say) did the architects 
and structural engineers not model this? Don’t they 
have databases of material properties to predict 
such effects and design them out? Of course they 
do, but it’s one more (literal) reminder of the gaps 
that exist everywhere in engineering between the 
simulated and the real.
My colleague Bill Schweber has been reflecting, 
in the North American edition of EDN, on another 
aspect of the way we use modelling tools; to reduce 
costs by reducing design margins. Once you have a 
model of the system you propose to build, you can 
pare it down to the bare minimum, reducing every 
part and component to the absolutely lowest-cost 
specification that still gets the job done. This is fine, 
Bill observes, if your model is entirely accurate. If 
it is not, then you have a part or component that 
might be outside margins from the start; then add 
manufacturing tolerances, and wear, and ageing 
effects, and abuse by the end-user... we know 
how it all too often ends up. Not to mention design 
revisions; over the years, EDN’s Tales from the 
Cube column has carried many accounts of working 
designs rendered problematic by a component 
substitution that looked innocuous but took a 
design beyond its tolerances.

“In the end,” Bill’s take on the topic continues, “it’s 
all about the input data and underlying assumptions 
you must make. In some ways, it’s scary how 
much we rely on these models not only to validate 
designs, but to allow us to modify them with the 
goals of reducing cost, weight, power, and other 
factors. 
“This thinking represents a substantial shift from 
design in the not-so-distant ‘old days,’ when 
models and tools such as we have now didn’t exist 
or were not relied upon to such a degree. Instead, 
humility was combined with the mistakes learned 
via experience to force designers to add a little (or 
lot) of design “insurance” in the form of extra mass, 
current drive, or “whatever” in case the calculations 
used in the design did not fully reflect reality. We 
know there’s a fuzzy border between a smart, 
minimalist design and one which is inadequate, 
either long term or even soon after deployment.”
The consequences of going that small step beyond 
“finely tuned” or “cost optimised” may take some 
time to appear, and may range from uncomfortable 
meetings called to discuss a sudden upswing 
in warranty returns, to serious damage to brand 
values. 
Faced with the slick user interface and powerful 
features of today’s modelling tools, it’s always 
possible to slip into the assumption that what we 
are looking at is 100% equivalent to reality; do you 
“add a bit for peace of mind”?

How good are your models?edn. comment
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Tektronix' claims for its 
DPO70000SX 70 GHz ATI Per-

formance Oscilloscope include the 
lowest-noise and highest effective 
bits of any ultra-high bandwidth 
real-time oscilloscope available 
on the market. Tek is aiming it at 
high-speed coherent optical sys-
tems or any leading-edge research 
workers who need capture very 
high-speed – especially single-
shot – events.
Other prospective purchas-
ers of the unit will include those 
for whom the ability to capture 
the widest possible segment of 
bandwidth in one shot is a neces-
sity. One of the first things you 
notice about the DPO70000SX is 
its compact format; in a reversal 
of recent trends to larger scope 
screens, this unit has only a small 
– if detailed – LCD screen. With 
this format, Tek recognises that 
most users will view the measure-
ments on an attached monitor; 
and that at multi-GHz frequen-
cies, short connections to the unit 

under test are essential and the 
benefits of the “compact” format 
will dominate.
Tek cites key features of the 
scopes as including;
- first 70 GHz real-time oscil-
loscope with Tektronix’ Asyn-

chronous Time Interleaving (ATI) 
technology that preserves signal-
to-noise ratio for higher fidelity. 
This means, the company says, 
that users can more accurately 
capture and measure their signals 
at higher speeds than is possible 
with any other oscilloscope avail-
able today. 
- 200 Gsample/sec sample rate 
with 5 psec/sample resolution for 

improved resolution and timing. 
- compact form factor that en-
ables the instrument to be posi-
tioned very close to the device 
under test (DUT) while providing 
flexible display and control for 
analysis. Reducing the distance 
to the DUT enables shorter cable 
lengths which in turn help to pre-
serve signal fidelity at very high 
frequencies. 

- scalable oscilloscope system 
with Tektronix’ UltraSync archi-
tecture that provides precise data 
synchronisation and convenient 
operation of multi-unit systems. 
Precise multi-channel timing 
synchronisation is key to meeting 
acquisition requirements in appli-
cations such as 100G and faster 
coherent optical modulation analy-
sis. 

Tek's ATI approach to high-
bandwidth digitising sends the 
incoming signal down two identi-
cal sampling channels, where they 
are digitised separately. Sample 
interleaving is in the time, rather 
than frequency domain; the full 
signal is digitised at a lower rate 
in both paths but the information 
to represent the full bandwidth of 
the incoming signal is still present. 
In an allusion to alternative ap-
proaches that split the incoming 
signal into two (or more) bands, 
then down-convert the higher 
band before digitising them sepa-
rately, Tek asserts that there are 
issues of phase, amplitude, and 
other mismatches which are very 
difficult to overcome when the two 
bands are reassembled. 
Precise multi-instrument tim-
ing synchronisation is required 
for high-speed coherent optical 
applications. UltraSync meets 
this requirement with a high-
performance synchronisation and 
control bus that allows multiple 
DPO70000SX oscilloscopes to 
work together to deliver the pre-
cise high-speed multi-channel 
acquisitions needed for these ap-

70 GHz real-time oscilloscope from Tek 
claims lowest noise, highest ENOB

pulse
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plications. 
DPO70000SX oscilloscopes come 
in a 5.25-in. tall form factor while 
retaining full high-performance 
functionality. This compact pack-
aging means that engineers can 
stack two oscilloscopes in the 
same space as a standard bench 
oscilloscope. 
The DPO70000SX also provides 
the flexibility to use one chan-
nel at 70 GHz, 200 Gsample/
sec or two channels at 33 GHz, 
100 Gsample/sec. Available 
dual unit systems synchronise 
two DPO70000SX units provid-
ing two channels at 70 GHz, 200 
Gsample/sec each, or four chan-
nels at 33 GHz, 100 Gsample/sec 
operating as a single, coordinated 
instrument. DPO70000SX oscil-
loscopes are available worldwide 
with export restrictions for certain 
countries. 
70 GHz ATI units start at €250,000 
with a two-unit system starting at 
€381,000. A 33 GHz non-ATI unit 
is available starting at €226,000 
with a two-unit system starting at 
€295,000. 

pulse

Complete
article, here

Dialog Semiconductor has 
designed what it terms the 

first Bluetooth Smart “Wearable-
on-Chip”; wearables is the fastest-
growing sector of the Bluetooth 
Smart market, the company 
says, and the configuration of the 
DA14680 SmartBond chip focuss-
es on power saving and power 
management.
The IC integrates all the functions 
needed to create high perfor-
mance wearable products with 
longest battery life. DA14680 
includes the functionality to create 
a fully hosted wearable computing 
product, with an ARM Cortex-M0 
core. It features flexible process-
ing power, flash memory for virtu-
ally unlimited execution space, 
dedicated circuitry for sensor 
control, analogue and digital pe-
ripherals optimised for wearable 
products, and an advanced power 
management unit. DA14680 elimi-
nates several external chips from 
wearable product design, Dialog 
says, allowing smaller form fac-
tors, lower system cost and lowest 
power consumption.

DA14680’s ultra-low power 30 µA/
MHz ARM Cortex-M0 application 
processor will run at a clock fre-
quency of up to 96 MHz. Security 
features include a dedicated hard-
ware crypto engine with elliptic 
curve cryptology (ECC), delivering 

end-to-end banking-level encryp-
tion, ensuring personal data secu-
rity. The device integrates 8 Mbit 
flash memory, audio support with 
PDM and I²S/PCM interfaces, two 
separate I²C and SPI buses, three 
white LED drivers, a tempera-
ture sensor, multi-channel DMA, 
and an 8-channel, 10-bit ADC. 
Intelligent power management, 
including system power rails and 
a Li-ion/LiPo battery charger and 

fuel gauge are also on-chip.
Although not having sensor fab-
rication in-house, Dialog says it 
addresses all of the key aspects of 
wearable design; RF, application 
processing with the resources to 
“pre-digest” data, and sensor fu-
sion. Running the M0 core at up to 
96 MHz gives the power to handle 
arrays of sensors; the DA14680 is 
also a suitable choice for smart-
home designs. Dialog sees the M0 
core, in a low-power low-leakage 
technology, but run at the higher 
clock rate, as the optimum choice 
of processor.
Dialog cites its RF experience in 
the product’s link budget specifi-
cation, and the inclusion of a bal-
un on-chip; you can, “put a paper-
clip on the output [as an antenna]” 
a spokesman added, noting, “the 
challenges are in the software and 
sensors – the RF [with this degree 
of integration] is straightforward.
The DA14680 will be sampling in 
the second quarter of 2015.

“Ideal chip for wearables” claims Dialog, for Bluetooth Smart IC

Complete
article, here
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Multicore microcontroller 
maker Xmos has refreshed 

its product line with two series; 
xCORE-200 is a general purpose 
series that steps up performance, 
memory and I/O count over its 
predecessors, and xCORE-Audio 
is a family of devices specifically 
optimised for audio applications.

The latter family are “Hi-resolution 
Audio connectivity processors”, 
which Xmos says will enable “high 
resolution [sampling rate] audio to 
be deployed in a wider range of 
consumer and professional prod-
uct designs. Asked if – in the light 

of the xCORE Audio introduction, 
and the company’s recent visibil-
ity in audio-centric designs – au-
dio has become the main focus 
area for its activities, and Xmos 
spokesman says that to the con-
trary, its intent is to be a supplier 
of MCU products to the broad 
market; “Audio happens to be 

one of the sectors where 
designs have progressed 
faster [making that ac-
tivity higher profile].” 
He comments that the 
Xmos processors – with 
their multi-threaded and 
deterministic behaviour – 
have been gaining ac-
ceptance in many areas, 
and are, “finding a space 
between [conventional] 

microcontrollers and FPGAs; the 
flexibiity of FPGAs, but at the price 
point of MCUs.”
The xCORE-200 multicore mi-
crocontroller family is “Gigabit 
Ethernet enabled” - integrating 16 
32bit-RISC-processor-cores in a 

XMOS boosts performance & connectivity 
with 2nd-generation multicore MCUs

pulse
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single device, the first xCORE-200 
device delivers up to 2000 MIPs 
of real-time computing power and 
is 10/100/1000 Gigabit Ethernet-
equipped, with programmable 
MAC layer and Internet webserver 
support. This, Xmos, says, opens 
a path to  Gigabit-speed Internet-
of-Things applications. It has a du-
al-issue pipeline, that contributes 
to the “2x performance” claim; 
four times the RAM of its prede-
cessors (up to 512 kB SRAM) and 
up to  2Mbytes of on-chip flash. 
There is a programmable USB 2.0 
interface (the interface is emu-
lated by a process running in the 
xCORE multicore fabric; the Ether-
net MAC is also a software imple-
mentation).
The XE216-512-TQ128 will cost 
less than $4.75 in high volume; 
the family map will be filled in 
with parts configured to provide 
8, 10, 12 and 16 cores. Advanced 
xCORE-200 products with 24 
and 32 high-performance 32bit-
processor cores will be available 
in the second half of 2015. A new 
release of the xTIME-Composer 
Studio development tools pro-
vides full support for xCORE-200 

family, and is available through a 
free download.
xCORE-AUDIO is an optimised 
variant of the XMOS xCORE-200 
multicore microcontroller, with the 
stereo Hi-Res-2 sampling now, 
and will cost less than $2.00 in 
high volume. The first xCORE-
AUDIO Live products will follow 
in April 2015. The devices offer 
the combination of a high-grade 
USB 2.0 implementation, to audio 
standards, with the higher resolu-
tion needed to handle high-sam-
pling-rate audio streams. Xmos 
comments that the demand for 
high-resolution audio content for 
consumption on the move, and 
the complexities of creating the 
same content in the studio and 
concert hall, are well served by its 
USB 2.0 and networked audio so-
lutions. Selecting output formats 
from Xmos’ audio I/O libraries, and 
using multicore power to imple-
ment complex DSP functions, can 
produce professional audio solu-
tions at consumer prices.

pulse

Texas Instruments has intro-
duced its 32-bit MSP432 

microcontrollers. The numbering 
scheme links to the company’s 
low-power MSP430 16-bit 
series: however, the new 
parts employ ARM cores 
and are based around  
Cortex-M4F.
The original MSP desig-
nation, TI recalls, stood 
for “mixed-signal micro-
controller” and the 32-bit 
parts follow that path with 
features such as a 14-bit 
ADC. TI has developed a 
customised process at 90 
nm geometry, that it runs 
in its own fabs, to provide 
the performance/power 
characteristics it needs for 
these MCUs. 
The devices run at clock speeds 
of up to 48 MHz, achieving 95 µA/
MHz in active power and 850nA in 
standby power, and returning 3.41 
on the EEMBC CoreMark bench-
mark. TI says this is the lowest 

power Cortex-M4F MCU imple-
mentation available anywhere; 
when deciding on a 32-bit core, 
the company says it considered 

a Cortex-M0+ but quickly deter-
mined that its process allowed 
the use of the higher-performance 
M4F with no power penalty. The 
MSP432 MCUs also deliver a 
best-in-class ULPBench (also by 
EEMBC) score of 167.4 – outper-

TI takes low-power MCU line to 32-bit  
with an ARM core

Complete
article, here
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forming all other Cortex-M3 and 
-M4F MCUs, TI says.
TI uses is own flash memory on 
the chips, organised in banks that 
allow operate-from-one/erase-
another. The process does not 
support FRAM, and TI’s FRAM 
MCUs continue on their own, 
separate path. As part of its sup-
port, TI provides a driver library 
– customer profiles for its prior 
devices showed this to be suffi-
ciently popular that the company 
opted to place it in ROM on the 
432 series, providing faster run-
time operation.
An integrated DC/DC optimises 
power efficiency at high-speed 
operation, while an integrated 
LDO reduces overall system cost 
and design complexity. The 14-bit 
ADC operates at 1 Msample/sec 
and achieves and ENOB (effective 
number of bits) of 13.2: it con-
sumes 375 µA at 1Msps. MSP432 
MCUs include a selectable RAM 
retention feature that provides 
dedicated power to each of the 
eight RAM banks needed for an 
operation, so overall system pow-
er can be trimmed by 30 nA per 
bank. MSP432 MCUs can also op-

erate as low as 1.62V and as high 
as 3.7V with full-speed operation 
to lower overall system power (but 
operation direct from a single lith-
ium cell is not intended). Declared 
product plans include additional 
analogue functions and up to 2MB 
flash memory; the first part in the 
series includes 256 kB flash and 
64 kB RAM. An advanced encryp-
tion standard (AES) 256 hardware 
encryption accelerator enables 
developers to secure their de-
vice and data, while IP protection 
features on MSP432 MCUs ensure 
data and code security.
The introduction does not in 
any sense, TI adds, replace the 
MSP430 line; “We will continue 
to invest heavily in the 16-bit line, 
and the market for the 16-bit de-
vices is still growing.” If you wish 
to move from the 430 to the 432 
line, as long as your code is in 
standard C, the tools will make it 
a simple operation; standard ARM 
tool sets from Keil and IAR Sys-
tems will support the parts. 

pulse

Mentor Graphics’ Xpedition 
Package Integrator Flow for 

IC-Package-Board Design is in-
tended as a solution for integrated 
circuit (IC), package, and printed 
circuit board (PCB) co-design and 
optimisation.
Mentor has addressed what it 
sees an issue of information ex-
change between 
design teams 
working at the 
interfaces be-
tween the physi-
cal aspects of in-
tegrated circuit/
ASIC pinout; and 
the design and 
optimisation of 
custom IC pack-
ages; and the process of entering 
that package and pinout into the 
PCB place-and-route process. 
New packaging techniques – 
stacked dice, through-silicon vias 
and very high bump/pin counts – 
are forcing change, Mentor says.
There is necessarily a great deal of 

data that can be fed both forwards 
and backwards along that chain. 
An initial IC die-bump layout may 
call for a very complex pin assign-
ment and interposer design within 
the IC’s package; looking at the 
constraints of the package design 
can generate feedback to the the 
IC pin placement that can subse-

quently simplify and cut costs in 
the package design.  Similarly, an 
initial pin assignment on the pack-
age might demand a very complex 
routing escape pattern; a well-
informed revision could simplify 
the board place-and-route, and 
save layers and costs. Where a 

Smoothing the design process across chip/
package/PCB handovers

Complete
article, here
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change is necessary, it feeds back 
the required information to invoke 
a fresh run of an analysis tool, for 
example in areas such as signal 
integrity or thermal design
Mentor’s introduction addresses 
these “domain boundaries”. It 
does not link, in an active, “live 
windows” sense, the EDA pack-
ages used in each domain; but it 
facilitates extracting from each, 
just the data that is needed to 
pass key design information and 
constraints up and down the chain 
– automating a process that al-
ready takes place but with (some-
times cumbersome) manual and 
simple (e.g. spreadsheet) tools. It 
employs standardised data for-
mats already established for ex-
change of data, and Mentor says 
it is vendor-agnostic in respect of 
any of the design tools used.
This solution ensures that ICs, 
packages and PCBs are optimised 
with each other to reduce pack-
age substrate and PCB costs by 
efficient layer reduction, optimised 
interconnect paths, and stream-
lined/automated 
control of the 
design process.

pulse

Microsemi has used its Smart-
Fusion2 SoC FPGA  as the 

hardware basis of a dual-axis mo-
tor control develop-
ment package, that 
includes an IP suite 
and reference design 
to simplify motor 
control designs, and 
provide 30,000 RPM 
performance.
The kit, which sim-
plifies motor control 
designs using a 
single SoC FPGA, 
is scalable across 
a range of designs. 
Typical applications 
include factory and 
process automa-
tion, robotics, trans-
portation, avionics 
and defence motor 
control platforms. The SmartFu-
sion2 SoC FPGA dual-axis motor 
control kit comes ready to use 
with a compact evaluation board 
(hardware), access to Microsemi’s 
encrypted motor control IP, and 

a Libero Gold Edition (software) 
licence to jumpstart motor control 
designs. The kit uses a modular 

SmartFusion2 SoC FPGA daugh-
ter card that enables customers 
to partition their motor control 
solutions for hardware only or 
hardware/software implementation 
using the modular motor control 

IP suite and the ARM Cortex M3 
MCU in SmartFusion2.
SmartFusion2 with Microsemi’s 

motor control IP enables 
designers to offload 
CPU/DSP processing 
to the FPGA for faster 
parallel processing. The 
modular IP suite running 
on the FPGA is able to 
drive two BLDC/step-
per motor channels with 
the motor controller kit 
(while the IP can scale 
to six-axis) or drive mo-
tor performance beyond 
30,000 RPM. SmartFu-
sion2 SoC FPGAs can 
lower total (silicon) de-
vice power consumption 
by more than 50% and 
lower static power by 10 
times over competing 

SRAM-based FPGAs. The security 
features available in SmartFusion2 
also safeguard connected motors 
against hackers 
and intellectual 
property theft.

Dual-axis motor control kit uses mixed-signal programmable IC

Complete
article, here

Complete
article, here
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Qualcomm's DragonBoard 
410c has been designed as 

a low-cost development board 

based on the company’s 64-bit 
Snapdragon 410 processor. The 
credit card-sized development 
kit is designed to support rapid 
software development and pro-
totyping for commercialising new 
inventions and products. The 
Snapdragon 410 processor is a 
powerful enablement technology 
for embedded solutions providers 
to support off-the-shelf or custom 
system-on-modules, support and 
design services for commercial 

deployments. The DragonBoard 
410c is anticipated to be made 
commercially available by third 

party distributors this 
summer. 
It hosts quad-core ARM 
Cortex-A53 CPUs at up 
to 1.2 GHz per core and 
64-bit capability, a Qual-
comm Adreno 306 GPU 
with 400 MHz high quality 
graphics, 1080p HD video 
playback and capture 
with H.264 (AVC), support 
for 13 megapixel camera 

with Wavelet Noise Reduction, 
JPEG decoder, and other post-
processing techniques done in 
hardware. The board also comes 
with LPDDR2/3 533 MHz Single-
channel 32-bit (4.2 GBps) non-
POP/ eMMC 4.51 SD 3.0 (UHS-I), 
Qualcomm’s VIVE 802.11 b/g/n, 
Wi-Fi, Bluetooth and FM con-
nectivity and integrated location 
through the Qual-
comm IZat Gen8C 
GPS services. 

64-bit capable credit-sized dev kit  
for the makers      by Julien happich

pulse

Unparalleled accuracy over full 
temperature range at high 

speed is claimed for the latest 
version of ams’ 47 series; the 
AS5047P with incremental ABI 
output is a replacement for optical 
encoders and resolvers in mo-
tor and motion control systems, 
enabling lower system costs while 
providing high accuracy perfor-
mance.
AS5047P features ams’ DAEC (dy-
namic angle error compensation) 
technology, which produces very 
accurate angle measurements 
even at very high rotation speeds. 
The 47 series magnetic sensors’ 
high-speed performance and ABI 
incremental outputs make them 
ideal as robust replacements for 
optical encoders. The total system 
cost of a design based on the 47 
series is also normally far lower 
than the cost of an equivalent op-
tical encoder or resolver.
In the AS5047P sensor, the maxi-
mum rated measurement speed 
has been increased from 14,500 

rpm to 28,000 rpm, thus enabling 
it to support many high speed ro-
tating shaft applications that previ-
ously could only be addressed 
with optical encoders.
ams has also increased the num-
ber of steps per revolution in the 
device’s incremental ABI outputs. 
The 47 series’ ABI outputs are 
equivalent to the outputs of a 
standard optical encoder, so mo-
tor control system designers can 
replace an optical encoder without 
any change to their control soft-
ware or interface. In the AS5047P, 
the maximum resolution of the 
ABI output is raised to 4,000 
steps/1,000 pulses per revolu-
tion in decimal mode, and 4,096 
steps/1,024 pulses per revolution 
in binary mode.
AS5047P is highly immune to 
interference from stray magnetic 
fields, and is also unaffected by 
the dirt, dust, grease, humidity 
and other contaminants. DAEC 
technology in the AS5047P pro-
vides compensation for the dy-

Magnetic position sensor  
replaces optical rotary encoders

Complete
article, here
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namic engle error caused by the 
propagation delay as the sensor 
processes raw measurements of 
magnetic field strength. DAEC 
eliminates the need for system 
designers to implement discrete 
error-correction circuitry in an 
external DSP or MCU. With DAEC, 
the AS5047P achieves very high 
accuracy, rated at a maximum 
0.34° at a constant rotation speed 
of 28,000rpm (excluding integral 
non-linearity). AS5047P is priced 
at $4.63 (1,000).

pulse

Enabling simpler PCB design, 
GaNPX packaging enables use 

of conventional heat dissipation 
techniques with GaN Systems’ 
(Ottawa, Canada) high-power 
enhancement-mode gallium nitride 
power switching semiconductors. 
Topside cooling enables engineers 
to use conventional, well-under-
stood PCB cooling techniques 
when incorporating GaN Systems’ 
semiconductors.
GaN Systems’ gallium nitride 
power transistors are based on its 
proprietary Island Technology - the 

die consist of islands rather than 
traditional fingers, which brings 
significant advantages in terms 
of better current handling, lower 
inductance, scaling, isolation and 
thermal management, as well as 
enabling smaller die and lowering 
cost.  GaN Systems’ enhance-
ment-mode devices with current 
ratings ranging from 8A to 250A 
are delivered in 
its proprietary 
GaNPX pack-
aging: the die 
is embedded 
within a laminate 
construction 
and a series of 
galvanic pro-
cesses replace 
conventional 
techniques 
such as clips, 
wire bonds and 
moulding com-
pounds.  These 
near-chipscale 
high power 

switching transistors are now 
packaged to be cooled via the 
topside of the chip using a heat 
sink or fan – conventional tech-
niques that are well-understood 
and familiar to design engineers 
who may be unfamiliar with using 
GaN devices or 
using them for the 
first time.

GaN Systems uprates its custom GaN 
transistor package with topside cooling

Complete
article, here

Complete
article, here
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Infineon which, by internal de-
velopment and acquisitions, 

now has a range of power device 

architectures available to it, has 
confirmed it intends to continue 
to offer multiple options and has 
disclosed plans for a portfolio of 
energy-efficient enhancement 
mode and cascode configuration 
GaN-on-Silicon transistors.
The company has announced the 
expansion of its Gallium Nitride 
(GaN)-on-Silicon technology and 
product portfolio; Infineon now 
offers both enhancement mode 

(normally-off transistor) and cas-
code configuration (depletion 
mode, normally on with compan-
ion silicon driver transistor - illus-
tration) GaN-based platforms. 
“Infineon’s GaN-on-Silicon portfo-
lio combined with the acquisition 
of International Rectifier’s GaN 
platform together with our part-
nership with Panasonic clearly 
positions Infineon as the technol-
ogy leader in this promising GaN 
market,” claims Andreas Urschitz, 
President of the Power Manage-
ment & Multimarket Division of 
Infineon Technologies AG. “In line 
with our ‘Product to System’ ap-
proach, our customers can now 
choose enhancement mode or 
cascode configuration technolo-
gies according to their application/
system requirements. At the same 
time, Infineon is committed to 
developing Surface Mount De-
vice (SMD) packages and ICs that 
will further leverage the superior 
performance of GaN in a compact 
footprint. As a real world example, 

using our GaN technology, a lap-
top charger found on the market 
today could be replaced by one 
that is up to four times smaller and 
lighter,” he added.
Infineon says its expanded offer-
ing will include dedicated driver 
and controller ICs which enable 
the topologies and higher frequen-
cies that fully leverage the ben-
efits of GaN. Its patent portfolio 
includes, the company notes, the 
GaN-on-Silicon epitaxy process 
and 100V-600V technologies 
resulting from the acquisition of 
International Rectifier. Addition-
ally, through a strategic partner-
ship with Panasonic Corporation, 
Infineon and Panasonic will jointly 
introduce devices utilising Pana-
sonic’s normally-off (enhancement 
mode) GaN-on-Silicon transistor 
structure integrated into Infineon’s 
Surface Mount Device (SMD) 
packages, providing a highly ef-
ficient, easy-to-use 600V GaN 
power device with the added 
benefit of dual sourcing (reported 
here).

Infineon confirms dual-strand approach  
to GaN product portfolio

pulse

Silego Technology’s SLG46620V 
GreenPAK4 is the the fourth 

generation of its GreenPAK (GPAK) 
mixed-signal matrix ICs, a fam-
ily of  configurable mixed-signal 
devices that can be programmed 
to yield system functions such as 
comparators, ADCs, logic, delays, 
counters, resets, power sequenc-
ing, voltage sensing, and interface 
circuits while minimising com-
ponent count, board space, and 
power consumption. 
The SLG46620V has nearly dou-
ble the on-chip resources when 
compared to previous genera-
tion parts. This new device also 
includes new functions, such as 
a hardware reset pin and a DAC. 
The chip is available in a 2.0 x 3.0 
x 0.55 mm 20-pin STQFN.
The SLG46620 is a user program-

4th-gen 
mixed-signal 
programmables add 
analogue features, 
boost accuracy

Complete
article, here

www.edn
-europe.com
http://www.edn-europe.com/en/infineon/panasonic-deal-promises-true-second-source-gan-power-devices.html?cmp_id=7&news_id=10005967&vID=1323#.VSfLbmbdjP4
http://www.edn-europe.com/en/infineon-confirms-dual-strand-approach-to-gan-product-portfolio.html?cmp_id=7&news_id=10006027&vID=1323


15     EDN Europe  | APRIL 2015	 www.edn-europe.com 

mable device with One-Time-Pro-
grammable (OTP) memory ele-
ments that are able to construct 
combinatorial logic elements. 
Three of the I/O Pins provide a 
connection for the bit patterns 
into the OTP on board memory. 
A programming development kit 
allows the user the ability to create 
initial devices. Once the design is 
finalised, the programming code 
is forwarded to Silego to integrate 
into a production process.

pulse

For many years, scientists 
around the globe have been 

considering what a new defini-
tion for the kilogram might look 

like. A definition less prone to 
ageing and impermanence than 
the current standard kilogram ( a 
small cylinder made of an alloy of 
platinum and iridium) is thought to 
be needed. The German institute 
for metrology PTB now claims to 
have the formula. In the pursuit of 
creating standards that really are 
constant by definition, the General 
Conference on Weights and Mea-
sures has agreed to define four ba-
sic physical quantities by creating 
a reference to natural constants. 
These four constants are Ampere, 
Mol, Kelvin and the kilogram. The 

new definition for the kilogram will 
be based the Avogadro constant 
and the Planck constant. In order 
to determine these two constants 
in a complex manufacturing and 
analysis chain, the scientists have 
to count the number of atoms in a 
silicon sphere. This shape of this 
sphere has to be extremely ex-
act - the deviation from the "ideal" 
geometric sphere needs to be 
less than 100 nanometres (nm). 
The PTB scientists can measure 
the diameter of such a sphere at 
an accuracy of three atom diam-
eters; an UHV reflectrometre at the 
Braunschweig, Germany based 
institute can determine the thick-
ness of oxide layers on the surface 
with an exactness of 1 nm. 
Very high requirements also ap-
ply as to the purity of the material, 
provided by the Electrochemical 
Plant in Zelenogorsk (Russia). This 
silicon will exhibit a purity of better 
than 99.998 percent with respect 
to its isotopic composition; in use 
is polycrystalline silicon-28. Out of 
a large silicon-28 crystal, the PTB 

will produce two spheres. Dur-
ing the course of the next couple 
of months, the Leibniz Institute 
in Berlin will receive another six-
kilogram crystal of the same mate-
rial. Out of this crystal, the Berlin 
scientists will create a monocrystal 
with extremely "clean" internal 
structure and deliver it to the PTB. 
Ultimately, the PTB will have mate-
rial for four spheres at its disposal. 
These four crystal balls with their 
extremely spherical shape will en-
able the scientists to deduce the 
combination of the mass of the 
spheres and the mass of an atom: 
They will measure mass and vol-
ume of their Si sphere as well as 
the order of the atoms in the crys-
tal and the incidence of the three 
existing silicon isotopes - which 
will enable them to deduce the 
Avogadro constant and the Planck 
constant. They can count the 
number of atoms at high exact-
ness: The deviation is 2 atoms on 
100 million atoms 
counted.

Will a silicon sphere become the new kilogram standard?
By Christoph Hammerschmidt

Complete
article, here
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Maxim Integrated has post-
ed details of the MAX-

15301AA02, an efficient digital 
point-of-load (PoL) controller with 
advanced power management 
and telemetry (PMBus) features. 
It is, Maxim states, the only digital 
power IC to meet transient and 
light-load efficiency performance 
metrics set by analogue control-
lers.
Unlike PID-based digital power 
regulators, Maxim continues, the 
MAX15301AA02 uses the com-
pany’s InTune automatically com-
pensated, state-space control 
algorithm. The InTune control law 
is valid for both the small- and 
large-signal response and ac-
counts for duty-cycle saturation 
effects. These capabilities result 
in fast loop transient response 
and reduce the number of output 
capacitors compared to digital 
controllers.
The MAX15301AA02 includes 
multiple features to optimise ef-
ficiency. An internal switch Baby-

Buck regulator generates the gate 
drive and the internal bias sup-
plies for the controller with low 
power loss. An advanced, high-
efficiency MOSFET gate driver has 
adjustable non-overlap timing and 
load-variable gate-drive voltage to 
minimise switching losses over the 
full range of voltage, current, and 
temperature.
The IC has an on-board PMBus-
compliant serial bus interface for 
communication with a supervisory 
controller for monitoring and fault 
management. A full suite of power 
management features eliminates 
the need for complicated and 
expensive sequencing and moni-
toring ICs. Basic DC-DC conver-
sion operation can be set up via 
pin strapping and does not require 
user configuration firmware. This 
allows for rapid development of 
the power-supply subsystem be-
fore board-level systems engineer-
ing is completed.

Automatically-compensated digital PoL 
controller matches analogue loop performance

pulse

Polish IP company Digital Core 
Design’s DQ8051 IP, for FPGA 

or ASIC implementation, is an 
extremely-fast implementation 
of the 8051 MCU core that has a 
Dhrystone 2.1 performance rating 
of 0.27292 DMIPS/MHz, which 
therefore enables a 29.01 times 
speed-up over the original 80C51 
chip operating at the same fre-
quency.
Speed, says DCD, is not every-
thing; the DQ8051’s dynamic 
power consumption can be as 
low as 1.2 µW/MHz, which rivals 
not only all other 8051-compat-
ible cores but also low-power 
32-bit processors. The 8051, DCD 
comments, although first intro-
duced more than 30 years ago, 
is believed to be one of the most 
popular, or even the most popu-
lar, microcontroller core in history. 
Many engineers have a lot of ex-
pertise with this CPU and there’s a 
great amount of legacy code and 
8051-based tool chains around. 
But the 8051 from 1981 and the 

DQ8051 from 2015 are very dif-
ferent entities. “Using our fifteen 
years of experience on the market, 
we’ve mastered a great portfo-
lio of 8051 IP cores,” says Piotr 
Kandora, Vice President at Digital 
Core Design, “if our DT8051 is 
the World’s smallest 8051, then 
the DQ8051 is the World’s fastest 
8051 for sure. The nearest com-
petition stopped at 26x, with the 
power consumption almost two 
times higher than DCD’s.”
DCD’s DQ8051 Dhrystone score 
rates at 29.01x the original at the 
same frequency, with the size of 
7.5 kgates. The nearest solution 
consumes almost 12 kgates and 
achieves no more than 26x speed 
improvement. The DQ8051 is 
available with USB, Ethernet, I²C, 
SPI, UART, CAN, LIN, HDLC, and 
Smart Card interfaces. The core is 
also equipped with the company’s 
DoCD hardware debugger with 
Instruction Smart 
Trace technology.

Fastest 8051 IP core runs at 29x original 
80C51 performance

Complete
article, here
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In 2015, there’s not much question about 
audio storage, transmission or streaming: it’s 
digital. Apart from rare sightings of vinyl or 

open-reel tape in boutique sales or creative en-
claves, audio is digital. Done right, digital audio 
is flexible, robust, and of very high quality. PCM 
recording, lossless surround formats, and even 
lossy compression (at least at high data rates) 
provide the soundtrack for our lives.

But, of course, sound in air is not digital. The 
pressure waves created by a human voice or a 
musical instrument are recorded after exciting 
a transducer of some sort, and the transducer 
responds with an electrical voltage that is an 
analogue of the pressure wave. Likewise, at the 
end of the chain the digitised audio signal must 
eventually move air, using a voltage that is the 
analogue of the original sound wave to drive a 
transducer that creates a pressure wave.

Near the beginning of a digital chain, then, 
we must use an ADC (analogue to digital con-
verter) to transform the analogue electrical 
signal to a digital representation of that signal. 
Near the end of the chain, we must use a DAC 
(digital to analogue converter) to transform the 
digital audio signal back into an analogue elec-
trical signal. Along with the transducers, these 
two links in the chain (the ADC and the DAC) 

are key in determining the overall quality of the 
sound presented to the listener.

Testing audio converters
The conventional measurements used in audio 
test can also be used to evaluate ADCs and 
DACs. These measurements include frequency 
response, signal-to-noise ratio, inter-channel 
phase, crosstalk, distortion, group delay, po-
larity and others. But conversion between the 
continuous and sampled domains brings a 
number of new mechanisms for non-linearity, 
particularly for low-level signals. This article 
looks at problems seen in audio A-to-D and D-
to-A conversion, and some methods that have 
evolved to address these issues.

Of course, ADCs and DACs are used in a 
great number of non-audio applications, often 
operating at much higher sampling rates than 
audio converters. Very good oscilloscopes 
might have bandwidths of 33 GHz and sam-
pling rates up to 100 Gsample/sec, with prices 
comparable to a Lamborghini. Although audio 
converters don’t sample at anywhere near that 
rate, they are required to cover a much larger 
dynamic range, with high-performance ADCs 
digitiing at 24 bits and having SNRs over 120 
dB. Even a high-end oscilloscope typically uses 

only an 8-bit digitiser. 24-bit conversion pushes 
the measurement of noise and other small-sig-
nal performance characteristics to the extreme 
edge of what is possible; consequently, mea-
surements of such converters require an analy-
ser of extraordinary analogue performance.

Test setups
The typical test setups are straightforward.
For ADC testing, the analyser must provide 
extremely pure stimulus signals at the drive 
levels appropriate for the converter input. For 
converter ICs, the analyser must have a digital 
input in a format and protocol to match the IC 
output, such as I²S, DSP, or a custom format. 
For a commercial converter device, the digital 
format is typically an AES3-S/PDIF-compatible 
stream. For devices that can sync to an exter-
nal clock, the analyser should provide a clock 
sync output.

Audio converter test

Testing audio ADCs and DACs 
by David Mathew, Audio Precision

Figure 1. ADC test block diagram
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For DAC testing, the analyser must have a 
digital output in the appropriate format, and 
analogue inputs of very high performance.

The graphs in this article were created by 
testing commercial converters, using the AES3 
digital transport. The analyser is the Audio Pre-
cision APx555.

As mentioned previously, ADCs and DACs 
exhibit behaviours unique to converters. The 
Audio Engineering Society has recommended 
methods to measure many converter behav-
iours in the AES17 standard. The following 
examples examine and compare a number of 
characteristic converter issues.

Idle tones
Common audio converter architectures, such 
as delta-sigma devices, are prone to have an 
idling behaviour that produces low-level tones. 
These “idle tones” can be modulated in fre-
quency by the applied signal and by DC offset, 
which means they are difficult to identify if a 

signal is present. An FFT of the idle channel 
test output can be used to identify these tones. 

The DAC in Figure 3 shows a number of idle 
tones, some with levels as high as  –130 dB. 
The idle tones (and the noise floor) in Figure 4 
are much lower.

Signal-to-noise ratio (dynamic range)
For analogue audio devices, a signal-to-noise 
ratio measurement involves finding the device 
maximum output and the bandwidth-limited 
RMS noise floor, and reporting the difference 
between the two in decibels.

With audio converters, the maximum level is 
usually defined as that level where the peaks of 
a sine wave just touch the maximum and mini-
mum sample values. This is called “full scale” 
(1 FS), which can be expressed logarithmically 
as 0 dBFS. The RMS noise floor is a little tricky 
to measure because of low-level idle tones 
and, in some converters, muting that is applied 
when the signal input is zero. AES17 recom-
mends that a  –60 dB tone be applied to defeat 
any muting and to allow the converter to oper-
ate linearly. The distortion products of this tone 
are so low they fall below the noise floor, and 
the tone itself is notched (filtered) out during the 
noise measurement. IEC61606 recommends 
a similar method, but calls the measurement 
“dynamic range”.

Below is a comparison of the signal-to-noise 
measurements of two 24-bit DACs operating at 
96 ksample/sec, using this method. As can be 
seen, some converter designs are much more 

Audio converter test

Figure 4. FFT idle channel noise, DAC “B”

Figure 2. DAC test block diagram

Figure 3. FFT idle channel noise, DAC “A”
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effective than others.

The author contin-
ues his discussion with 
examples of further 
measurements specific 
to converters targeting 
high-performance audio, 
including jitter consid-
erations; and with an 
explanatory section on 
interpretation of noise in 
FFT power spectra. Click 
to download the pdf.

Audio converter test
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Figure 5. SNR for dac “b”

Figure 6. SNR for dac “c”
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SuperSpeed USB 3.1 is poised to slowly 
take over as the newest version of 
this popular interface. It boosts data-

transfer rates to 10 Gbits/sec, compared with 
5 Gbits/sec for USB 3.0. Along with the higher 
speeds, additional changes such as the use 
of 128b/132b encoding and more complex 
equalisation increase overall design complexity 
and introduce new PHY validation and debug 
challenges. Other recent updates include the 
release of the updated USB Power Delivery 2.0 
specification and the new reversible USB Type 
C connector.

In this first of three articles, I'll outline the 
challenges associated with bumping the data 
rate to 10 Gbits/sec and then provide an over-
view of transmitter and receiver precompliance 
testing. A second article will take a closer look 
at the Type-C connector and potential test im-
plications. The third article will explore the new 
power-delivery specification and delve into test 
considerations.

In contrast to more enterprise-oriented specs 
such as PCI Express Gen3 and the upcom-
ing Gen4, the top consideration for USB 3.1 is 
cost. USB is a consumer-grade interface and it 

must be inexpensive yet provide reliable opera-
tion and keep up with application demands—
faster solid state drives with 600 MBits/sec and 
faster transfer speeds. These considerations re-
sulted in a number of tradeoffs to reduce costs, 
such as the move to a 1-m maximum cable 
length for 10 Gbits/sec data rates (compared to 
3m for previous versions of USB).

Charting the changes
Table 1 shows the differences between USB 
3.1 and the previous generation from a PHY 
validation perspective. With the release of the 
3.1 specification, USB 3.0 technically no longer 
exists. Instead, the 5 Gbit/sec data rate is now 
referred to as USB 3.1 Gen1. Regardless of 
what it's called, USB must maintain backward 
compatibility with previous versions.

While the most important difference between 
Gen1 and Gen2 is the higher date rate, those of 
you familiar with PCI Express will recognise that 
the encoding for Gen2 has changed to some-
thing closer to PCIe (128b/130b). All previous 
USB PHYs use 8b/10b encoding, which has 
been around a long time and is used by many 
serial-bus standards. Now, we have a new 
state machine that speaks another language, 

128b/132b. Why the difference? The biggest 
driver was faster data rates under real-world 
conditions. The use of four bits in the header 
results in better reliability and better error han-
dling. For example, if there is a single bit error, 
it can actually be corrected without a need to 
retransmit the data. Not only does USB 3.1 
Gen2 transmit twice as many bits compared 
to USB Gen1, it makes better use of those bits 
with better error handling and less overhead 
(20% for 8b/10b vs. 3% for 128b/132b).

In addition to encoding, USB 3.1 Gen2 has 
new compliance patterns, although they're not 

Test & Measurement

USB 3.1 testing: Start to finish, part 1 
By Randy White, Tektronix

Table 1. Higher data rates and a new 
128b/132b encoding scheme headline the 
changes in the USB 3.1 Gen 2 PHY.
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as difficult to implement as the new encod-
ing. Data is scrambled using a higher-order 
scrambler (the same polynomial that is used for 
PCIe). This same pattern is used for measur-
ing jitter and eye height as well as for receiver 
testing. The jitter measurements also require a 
separate clock pattern in addition to the data 
pattern. When a Gen 2 device goes into trans-
mitter compliance mode it will initially transmit 
the Gen1 CP0 clock pattern. To get the CP9 
scrambled data pattern and CP10 clock pattern 
you can use the standard pattern toggle meth-
od (ping.LFPS) to step through each pattern.

With the higher data rate, more loss is to be 
expected, which is one of the reasons for the 
change in channel length. While the target ref-
erence channel loss for Gen1 was under -20 dB 
at 2.5 GHz, the loss is now targeted at about 
-23 dB at 5 GHz. While much of the signal loss 
is recoverable, there is some relief from requir-
ing a more complex receiver equaliser model 
and limiting expected cable length to 1m, 
which is equivalent to -6 dB at 5 GHz. The tar-
get channel length certainly could have stayed 
at 3m, but this would likely have added design 
complexity and higher power requirements.

One other change worth discussing is Tx 
EQ (transmitter equalisation). Tx EQ for Gen1 
was required using de-emphasis. Now, a 3-tap 
model is used as the reference for Tx EQ and 

includes a normative Tx EQ setting. This will 
ensure margin to support the long 23-dB chan-
nel where much of the (now higher) determinis-
tic jitter can be compensated for.

We all know that long cables significantly de-
grade high-frequency signals, which is why you 
always check the eye diagram to make sure 
that the signal can be read. But with USB 3.1 
Gen2, you should look at short-channel scenar-
ios, too. So what is it about the short channel 
that would cause a Gen2 system not to work?

As data rates increase, equalisation is be-
coming the “secret sauce” to make things 
work. Equalisation is very sensitive to a signal 
that overdrives the receiver input and is also 
very sensitive to the signal-to-noise ratio. These 
factors make the short channel a must-test 
scenario for 10 Gbits/sec. It's also required for 
5 Gbits/sec, but I have never seen anyone fail 
the short channel case for 5 Gbits/sec. At 10 
Gbits/sec... we'll see.

Transmitter testing
Figure 1 shows the required transmitter tests 
for USB 3.1 Gen2. There are three main groups: 
clocking with spread-spectrum clocking, tradi-
tional PHY measurements such as jitter, voltage 
and eye mask, and LFPS (low-frequency peri-
odic signal) timing and voltage swing measure-
ments. The tests that are unique to 10 Gbits/
sec are highlighted in red. While there aren't 
many new measurements, the Gen2 measure-
ments have predictably tighter limits.

In the continuation of this article, Randy 
White goes into more detail on measurement 
set-ups for USB transmitter testing, covers 
receiver testing, and calibration requirements. 
Click for the PDF download.

Figure 1. The new transmitter tests for USB 3.1 
Gen 2 are highlighted in red.
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Analog Tips

With ADCs, noise figure 
(NF) and signal-to-noise 
ratio (SNR) are inter-

changeable. NF is great for un-
derstanding noise density, while 
SNR measures the total amount of 
noise in the band of interest. Let’s 
take a closer look at NF, though. 
Some tradeoffs can be misleading, 
and low NF does not always trans-
late into lower front-end noise 
seen by the converter.
NF is easy to use when trying to 
understand the dynamic implica-
tions of cascaded signal chains. 
As the source resistance is qua-
drupled, the NF will improve by 6 
dB, but the increased resistance 
also increases the Johnson noise 
seen by the converter. With higher 
source resistance, or more than 
one half full-scale input signal 
across the analogue front-end 
(transformer or amplifier), noise 
becomes more difficult to manage 
over the band of interest, ulti-
mately degrading the converter’s 
performance.
Why is this? If the full-scale input 

is lowered, the gain must be in-
creased. This looks fine on paper, 
but transformers are more gain-
bandwidth dependent than ampli-
fiers, so optimising the NF using 
a high-gain transformer makes it 
difficult to realise common high-IF 
applications above 100 MHz.   
The problem with amplifiers is 
similar: as the gain is increased, 
both the signal and the ampli-
fier noise are increased, which 
degrades the converter’s perfor-
mance. A high-order anti-aliasing 
filter using lossy resistive compo-
nents is required to preserve the 
performance.
When designing a converter front-
end, keep noise spectral density 
(NSD) in mind. Usually specified in 
nV/√Hz, NSD is what’s really im-
portant to the converter, as it will 
be processed in the digital domain 
to differentiate and ultimately pick 
out the signals of interest within 
band.
In summary, make sure the input 
and output full-scale signals are 
maximised throughout the signal 

chain by positioning gain where 
appropriate. Attenuation, padding, 
or resistance is not a good NF 
tradeoff in any signal chain, as it 
wastes power and increases noise 
due to resistors. 
The noise figure, NF, is equal to 
Pfs – SNR – 10 log BW + 174 
dBm, where Pfs is the full-scale 
power of the input network, SNR 
is measured for the input network, 
BW is the –3 dB bandwidth of the 
input network, and 174 dBm is the 
thermal noise floor = kTBW, where 

k is 1.38 ×10–23 and T is 300K for 
room temperature. 
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From its ancient origin as a tool for pro-
tecting sensitive wartime or espionage-
related messages, cryptography has 

become a foundational building-block for 
securing the systems, protocols, and infrastruc-
ture that underpin our modern interconnected 
world.  But the physical mechanisms used in 
performing encryption and decryption can leak 
information, making it possible to bypass this 
security. Protecting designs against such side-
channel attacks starts with understanding how 
such attacks operate.

At its very essence, cryptography is a branch 
of mathematics dealing with efficiently comput-
able transforms that convert inputs to outputs 
using additional data known as a cryptographic 
key. These transforms have the property that, 
despite observing many input/output pairs, 
it remains infeasible to compute or invert the 
transform without the knowledge of the key.

An example of a cryptographic transforma-
tion is the symmetric-key based Advanced 
Encryption Standard (AES-256).  An AES-256 
encryption device that has access to a 256-bit 
secret cryptographic key, can transform any 

sensitive message - known as plaintext - into 
an unintelligible form known as the cipher-
text.  Anyone observing the ciphertext, without 
knowing the plaintext or the key, cannot re-
cover the plaintext or the key. Further, even an 
observer who knows or can choose the plain-
text and can observe the corresponding cipher-
text can still not recover the secret key being 
using within the encryption device. However, 
any AES decryption device that has access to 
the same 256-bit secret key as the encrypting 
device, can readily recover the plaintext from 
the ciphertext.

Another example of a cryptographic trans-
formation is a public-key based RSA (Rivest-
Shamir-Adelman) digital signature algorithm.  
This algorithm uses pairs of cryptographic keys 
consisting of a non-secret public key and a 
secret private key. A signing device that has ac-
cess to a secret private key can attach a "tag" 
or digital signature to any message. This RSA 
signature has the property that without knowl-
edge of the private key, it is infeasible to calcu-
late the digital signature to a message.  Anyone 
who receives a message with a digital signature 
on that message can use the corresponding 
public key to establish the authenticity of the 

message by verifying that the digital signature 
corresponds to that message.

Strong mathematical guarantees make cryp-
tographic primitives (established, low-level 
cryptographic algorithms) highly popular as 
building blocks for securing systems and in-
frastructure. Encryption is widely deployed 
to protect confidential data during storage or 
transmission over insecure networks. Digital 
signatures are widely used for validating the 
authenticity and integrity of software, software 
updates and the data that systems rely upon. 
Other cryptographic primitives such as mes-
sage authentication codes, key agreement 
protocols, and hash functions are also widely 
deployed for protecting information and sys-
tems from attacks.

However, successful attacks on fielded cryp-
tographic systems have also highlighted the 
pitfalls of relying on purely mathematical guar-
antees for securing physical systems. It may be 
infeasible to extract keys mathematically from 
message traffic, but monitoring message traf-
fic is only one of many possible approaches to 
breaking encryption.

System Security

Defend encryption systems against side-channel attacks 
By Pankaj Rohatgi, Rambus
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One common attack vector is exploiting 
deficiencies in protecting secret cryptographic 
keying material. Real world systems need to be 
carefully designed so that secret keys cannot 
be easily recovered by malicious software or via 
a simple hardware attack.  Unfortunately, inci-
dents where systems get compromised due to 
poorly protected secret keys are still common.

Another source of problems has been poor 
communication between the cryptographers, 
who are mostly mathematicians, and the en-
gineering community that actually develops 
these systems. If cryptographers do not prop-
erly convey all the requirements needed for the 
mathematical proofs of security - such as the 
non-reuse of certain parameters or the quality 
of certain random inputs – to the system de-
signers, the resulting implementations may be 
vulnerable to a mathematical attack. For ex-
ample, hackers were able to recover the digital 
signature key used for signing code for the 
Sony PlayStation 3 because designers reused 
a once-per-signature parameter across multiple 
signatures. 

Side-channel attacks
Even if a system protects keying material and 
meets all the mathematical requirements of the 
security proofs, there is a class of attacks on all 
cryptographic implementations that can easily 
and non-invasively recover secret keys from a 
system. These attacks, known as side-channel 
attacks, rely on the fact that any physical reali-
sation of cryptography in hardware or software 
cannot be an atomic black-box transform as 
assumed by the mathematical proofs of secu-
rity. A physical system must necessarily leak 
information about the process of computing the 
transform into the environment. 

The article continues with examples of this 
"side-channel" information, and outlines how 
hackers can extract critical details from them. It 
goes on to describe the history of side-channel 
attacks as directed at Smart-cards, the “myth” 
that such vulnerabilities are limited to Smart-
cards, and the growing list of devices that might 
come under attack as the IoT develops.
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“Companies designing complex SoCs [are 
moving] increasingly toward licensing IP 
cores for a majority of the building blocks 

of their designs instead of building their own 
in-house custom versions. Selecting the right 
IP cores is the fundamental challenge of this 
developing paradigm.”

Companies designing new system-on-chip 
(SoC) products are subject to ongoing mar-
ket pressure to do more with less and achieve 
higher returns.  The result is shrinking engi-
neering teams, reduced design tool budgets 
and shortened time lines to get new products 
to market. This has led companies designing 
complex SoCs to move increasingly toward 
licensing IP cores for a majority of the build-
ing blocks of their designs instead of building 
their own in-house custom versions. Selecting 
the right IP cores is the fundamental challenge 
of this developing paradigm and the means of 
evaluating and presenting it is as important to 
the purchaser as it is to the developer.

The reality is that IP cores are offered with 
a huge variety of features and options.  And, 
even once you’ve sorted through the catalogue 
of potential vendors and products, there is still 

a vast range in IP quality.  The trick is to sepa-
rate the truly robust and capable from IP that is 
buggy, insufficiently tested, and lacking in real 
world performance and a wide and active set of 
successful users. 

CogniVue is innovating with embedded vision 
enabling small smart cameras that see and 
react to the world around them, cars that see 
and avoid accidents, cameras on our TVs that 
recognise our faces and gestures, and smart 
phones that see and give us an augmented 
view of the world around us. CogniVue with its 
Image Cognition Processing is enabling dra-
matically new levels of embedded vision, mak-
ing previously impossible small smart cameras 
possible. When it comes to vision processing, 
CogniVue aims not only to have the highest 
quality IP to offer, but also ensure that it meets 
the  needs of the widest range of application, 
both for today and tomorrow.  This is a field 
where use cases are still developing and where 
many won’t know their real needs until the de-
sign project is well underway. 

CogniVue’s APEX image cognition processing 
core, shown in Figure 1, is designed for efficient 
pipelining of embedded image and vision pro-
cessing algorithms. The Image Cognition Pro-

cessor (ICP) is in production and used in many 
applications including automotive cameras 
such as Zorg Industries for AudioVox as well as 
some new wearable type consumer products 
such as the Neo.1 smart pen from NeoLAB 
Convergence Inc., as shown in Figure 2. Its 
deployment in these kinds of consumer ap-
plications comes thanks to the ability to deliver 
100x better performance per area per power for 
vision processing compared with conventional 
processor architectures. For the NEO.1 product 
the APEX core was able to provide processing 
at rates of 120 frames per second while still 
maintaining very low power dissipation, 

FPGA Prototyping

Demonstrating ASIC IP performance and quality demands an FPGA-neutral design flow 
By Ali Osman Örs and Daniel Reader, Cognivue, Quebec, Canada 

Figure 1. Example of vision-enabled SoC 
architecture with a CogniVue APEX2-642 Core

www.edn
-europe.com


26     EDN Europe  | APRIL 2015	 www.edn-europe.com 

allowing this battery-powered device to last 
for many days on a single charge.

This kind of success is achieved both 
through a fundamental knowledge of image 
processing requirements and through an ex-
haustive testing and demonstration approach 
that targets customer needs within their indus-
trial landscape.  Before any core is delivered, 
extensive validation is needed, especially in 
markets such as automotive where compliance 
to industry standards for safety (e.g. ISO 26262 
"Road vehicles – Functional safety") is required.

Although testing is necessitated by such re-
quirements, there is also ancillary motivation for 
IP companies to provide validation and evalu-
ation platforms that not only show functionality 

and compliance, but that also perform at levels 
capable of highlighting their true value to pro-
spective customers.

As an example of this motivation, consider 
the fact that it is less difficult to create vision 
IP that performs well for narrow, targeted ap-
plications that are currently known.  Building 
vision usefulness and flexibility into the technol-
ogy from the ground up is, however, what will 
ensure that the IP can perform at the highest 
levels across multiple applications.  And we 
know that talk is cheap; the IP quality and fit for 
the application may not be apparent without a 
real-world “eyes-on” demonstration to prove 
that the IP’s quality and capabilities exist.

The challenge for the fabless IP provider 
looking to enable their partners and customers 
is to demonstrate a real IP application running 
in the real world.  Thankfully FPGA platforms 
continue to leap forward alongside the rest of 
the technology world, providing a vehicle for 
this demonstration. In other words, FPGAs can 
provide the necessary capacity and perfor-
mance to demonstrate what is possible if the IP 
is selected for use in the next generation cus-
tom ASICs.   In spite of this, it seems that we 

always operate on the edge, pushing the limits 
of FPGA capacity and performance, and always 
wanting a little bit more.

FPGA vendors are getting very good at soft-
ware tool development. But such tools tie use 
of IP to an individual FPGA company.  A demo 
running on one FPGA vendor today should 
stand ready to work and move to an entirely 
different FPGA vendor tomorrow.  This can be 
driven by internal teams or the end customer, 
and can be due to a combination of factors 
such as preference/familiarity, legacy infra-
structure (hardware and software components), 
and sometimes the availability of new faster, 
less costly, better-sized platforms.  Moreover, a 
common RTL code base must work in both the 
eventual ASIC design flow and in the FPGA “IP 
demonstration” design flow, as shown in Fig-
ure 3.    

The authors continue this article with a further 
description of their methodologies for migrating 
from prototyping to final ASIC implementation – 
click for PDF download.
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core powers the NeoLAB 
Convergence Inc. NEO.1 
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Eye on Standards

In days of yore, PLLs (phase 
locked loops) recovered clocks 
from data signals. Since the 

clock is embedded in logic transi-
tions, PLL clock-recovery circuits 
couldn't handle waveforms with 
long strings of identical bits. To 
assure that the clock recovery 
circuit would never have to face 
more than five identical bits in a 
row, we introduced 8B/10B en-
coding, which dedicated an extra 
pair of bits to every eight bits of 
data. The 20% overhead seemed 
necessary. But technology moves 
forward.
PLL-based clock-recovery circuits 
take up too much chip space, use 
too much power, and engineer-
ing innovation waits for noth-
ing. Phase interpolators came 
along and reproduced PLL per-
formance—more or less—with 
lower power while taking up less 
area. Then the phase interpolator 
evolved into a DLL (delay-locked 
loop). DLLs can maintain a syn-
chronised data-rate clock signal 
even with dozens of bits without 

a transition. Of course, even DLLs 
need some transitions, so we 
implemented 64B/66B (100 GbE 
and FibreChannel) or 128B/130B 
(PCIe), and chanted, "Hallelujah!" 
at our gain of nearly 20% band-
width.
In going from 8B/10B to 64B/66B 
encoding, FibreChannel kept the 
overhead in their rate-doubling 
naming scheme. While 1GFC runs 
at 1 Gbit/sec, 2GFC at 2 Gbits/
sec, and so on, up to 8GFC at 8 
Gbits/sec, in switching to 64B/66B 
they doubled the payload data 
rate but 16GFC runs at 14 Gbits/
sec and 32GFC at 28 Gbits/sec. 
I guess it makes more sense to 
confuse engineers than analysts 
and users.

The nearly 20% bandwidth re-
claimed by switching from 8B/10B 
to 64B/66B or 128B/130B wasn’t 
free.
The waveform of an 8B/10B signal 
uses bandwidth from 1/10th the 
data rate to about 3/2 the data 
rate; for a 10 Gb/sec signal, that’s 

1 GHz to 15 GHz. The waveform 
of a 128B/130B signal covers a 
bandwidth from not quite 1/64 
to 3/2 the data rate; for 10 Gbits/
sec, that’s about 160 MHz to 15 
GHz. To see where those num-
bers come from, let's start with a 
square wave.

Figure 1 shows a square wave 
with its Fourier series representa-
tion—all odd harmonics.

At the high end, [the figure of] 3/2 
the data rate, or 1.5fd, comes from 
the fact that high speed serial 
standards typically set minimum 
required rise and fall times and 

that limits the square wave Fourier 
components to just the first and 
third harmonics, though elements 
of the fifth can show up, too. At 
the low end, you can see how 
CIDs (consecutive identical bits) 
introduce low frequency content 
by picturing the digital waveform 
and drawing in the fundamentals 
for each sub-sequence, as I did in 
this graphic (figure 2).

Limiting the number of CIDs, like 
the 5 CIDs for 8B/10B, puts a floor 
on the low frequency content. Re-
move that limit and the floor falls 
into the basement.

Trading signal complexity for bandwidth    By Ransom Stephens

Figure 1. A square wave with its Fourier series representation—all odd 
harmonics
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Eye on Standards

Who cares about extra low fre-
quency content?
Your equaliser cares and, if it 
cares, than so does your BER (bit 
error ratio). The equaliser’s job —
whether at the transmitter in the 
form of pre- or de-emphasis; or 
at the receiver in a combination 

of CTLE (continuous time linear 
equaliser) and DFE (decision feed-
back equaliser)—is to correct ISI 
(inter-symbol interference). ISI is 
caused by the frequency response 
of the channel. The wider the sig-
nal bandwidth, the greater the ISI.

The tradeoff in going from 8B/10B 
to 64B/66B or 128B/130B to 
reclaim that 20% payload band-
width is that more sophisticated 
equalisation schemes are required 
to maintain a low BER.
Once the equalizer is implemented 
in the serdes, it’s cheap.
Well, not so fast. Don’t forget your 
looming crosstalk problems; these 
high-speed buses employ multiple 
fast serial channels in parallel. 
When so many high-speed serial 
lanes reside in a single system, 
they're bound to interfere with 
each other. Increased pre-/de-em-
phasis blasts high-frequency noise 
through the circuit board making 
aggressors ever more aggressive. 
CTLEs selectively amplify high 
frequency content which makes 
victims ever more vulnerable. 
DFE, on the other hand, with its 
magical, nonlinear logic feedback, 
doesn’t affect crosstalk, but will 
DFE be enough? And we’re back 
at making the receiver ever more 
complicated.
Once you have four lanes at 28 
Gbits/sec or eight at 50 Gbits/sec, 
that extra bandwidth might not 
look so cheap.

Figure 2. A digital signal with frequency content indicated for different 
subsequences (Copyright Ransom Stephens).

Figure 3. Time averaged eye diagram so you can see all the ISI.
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The rise of the Internet of Things (IoT) 
marks an important and radical shift in 
the nature of embedded systems devel-

opment. By allowing disparate devices to work 
together across the Internet, it is possible to 
build more intelligent and responsive systems 
than ever, create fascinating innovations for 
users’ lives and revolutionise numerous indus-
tries.

For example, a logistics company has real-
time access to all its vehicles and packages; 
different parts of an off-shore factory line can 
be remotely monitored, optimised and con-
trolled from anywhere in the world; or city traffic 
systems can intelligently share information on 
load and interruptions, providing real-time guid-
ance for public transit or digital road signs. 

IoT can also be applied to create individual 
smaller scale systems of connected sensors, 
for instance in applications for fitness and 
health. Multiple sensors distributed around the 
body can detect motion and other body func-
tions, such as heart rate and blood pressure. 
The sensors use their own built-in intelligence 
to only relay important changes to a host con-
troller worn on a belt or carried in a bag. The 
controller further processes the data to work 
out whether changes in the user’s condition 

need attention. But the controller does not 
need to perform all of the processing itself. 
Some of it might be devolved to servers run-
ning in the cloud, allowing the use of highly 
complex signal-processing techniques. 

The use cases and innovations that Internet 
of Things can enable are fascinating and the 
technical pieces for creating such systems and 
their cloud back-ends are already in place. 
However, looking at this from the perspective 
of embedded software design, creating these 
systems has increased the complexity and 
technical requirements of an embedded system 
dramatically. In order to avoid future pitfalls in 
integration, one would need to manage a whole 
portfolio of different front and back end tech-

nologies and perceive the whole system when 
starting an architecture design.

A whole new world through cloud connectivity
By allowing devices to cooperate seamlessly, 
the IoT architecture makes it possible to deploy 
complex services – some of which may not 
even have been considered during the initial 
rollout – using comparatively inexpensive and 
power-efficient devices. Not only that; services 
can be upgraded over time without needing to 
disturb software running on every device, es-
pecially if the technologies used allow dynamic 
changes to software or have flexible, well-
designed external APIs that use, for instance, 
plugin-based design patterns to allow easy 
extension of services. 

The cloud servers can be used as permanent, 
device-independent storage and archive con-
tent and hold important information about the 
state of each device. In a consumer-entertain-
ment context, this can be realised as the ability 
for a user to pause music they listen to on a 
mobile device and then play it from that mo-
ment on when they sit down in front of their PC. 
Through the cloud, systems can push notifica-
tions down to devices as well as receive sensor 
data, process and analyse usage statistics. 

As the data storage and complex data analy-
sis are centralised into the cloud backend, 
the capacity and computational power can be 
dynamically scaled up without affecting the 

IoT Services

A software infrastructure for the Internet of Things 
By Tuukka Ahoniemi, The Qt Company
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individual connected devices. Also, random 
loss of connection to a device doesn’t make a 
critical difference for other parts of the system. 
The requirement for availability is of course still 
there, just for the cloud backend. So, to ensure 
the functionality of an individual device without 
connection to the backend, an offline cache 
and logical offline behaviour needs to be well 
designed.

REST assured: higher level functionality
Although the IoT concept brings with it the po-
tential to build flexible, future-proof networked 
systems, there are associated development 
challenges that need to be addressed. The 
architecture of the Internet and World-Wide 
Web provide facilities to ease some aspects of 
IoT creation. For example, the representational 
state transfer (REST), which is an architecture 
based on the simple HTTP protocol operations, 

offers higher degrees of 
flexibility than traditional 
client-server architec-
tures, such as SOAP.

A RESTful API allows clients and servers to 
interact in complex ways without any require-
ment for the client to know details about pos-
sible services before it connects to the server. 
This is very important when we consider the 
extensibility of a system with arbitrary devices 
or services. A simple universal resource identi-
fier (URI) is all that is required to allow the client 
to find the server. From this point on, server 
and client perform a series of negotiation and 
data transfer steps using the HTTP operations 
that provide information about the services on 

offer and how to access them.
Although the core REST mechanisms avail-

able within HTTP are flexible, they operate at a 
low level. An applications framework such as 
Qt can abstract these low-level details through 
convenience classes, while also providing high-
level object-oriented classes for other parts of 
the application. 

Read the continuation of this article, which 
includes a flexible-end-device use-case, in the 
PDF download, click right.
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In high speed signal generation applications 
bandwidth and resolution are the critical 
requirements.  Modern signal generation 

applications use high speed digital-to-analogue 
converters (DACs) to produce various types 
of waveforms – from single tones to complex 
multichannel waveforms with several hundred 
megahertz of bandwidth.  These applications 
demand high speed DACs that are fast enough 
to produce these waveforms without sacrific-
ing analogue performance.  In many signal 
generation applications phase noise will limit 
the number of channels and the spacing of the 

channels that is possible.  Phase noise is tradi-
tionally set by the clock that is driving the DAC 
clock inputs, but any phase noise added by the 
DAC will show up in the output spectrum and 
can limit the signals that it is possible to gen-
erate.  The ideal DAC for any general purpose 
signal generation application should be as fast 
as possible, with low noise, high linearity, and 
very low additive phase noise.  If any one of 
these specifications is lacking, then the gener-
ated waveform will not be adequate to meet the 
application’s needs.

Bandwidth
In any signal generation application the most 
important design criteria is bandwidth.  The first 
question any designer will ask is:  How much 
bandwidth do I need to generate the signal 
of interest? The designer may need a certain 
amount of bandwidth for a particular signalling 
protocol or for a particular application.  The 
bandwidth that the designer is trying to achieve 
can only be generated with a DAC that is at 
least twice as fast as the bandwidth of inter-
est.  This relationship between bandwidth and 
sample rate (fs) was defined by Harry Nyquist 
and describes how signals behave in sampled 
systems.  

While it is possible to generate a signal that 
spans from DC to the fs/2 limit, it is often not 
practical to do so due to the images of the 
generated signal that appear in the output 
spectrum.  Images will occur at N*fs ±fout, where 
fout is the frequency of the generated signal.  In 
practice, reconstruction filters are required to 
attenuate any images of generated signal that 
may appear in the output spectrum.  Even if 
the generated signal does not extend up to fs/2 
but closely approaches it, the images will be 
difficult to filter out due to constraints on the 
filter. The reconstruction filter is implemented 

Analogue Design

Critical requirements in high speed signal generation applications 
By Clarence Mayott, Linear Technology

Figure 1. LTC2000 and LTC6946 block diagram
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in the analogue domain with real components.  
Unlike digital filters, these components are not 
ideal, which leads to non-ideal passband with 
ripple and insertion loss.  Generally, the higher 
order these filters are, the more ripple and 
insertion loss they will have, making an ideal 
filter more challenging to design.  The closer 
the bandwidth of the signal is to fs/2, the higher 
order the filter must be to attenuate the images 
produced by the sampling process.  This higher 
order filter requires more components, and will 
have more insertion loss and passband ripple.  

By using a DAC with a faster sample rate, the 
usable bandwidth will increase, which will ease 
the requirements of the filter.  This allows for a 
filter with fewer components and less complex-
ity, which simplifies the design and produces 
better results.  The LTC2000, which is a high 
performance, 16-bit, 2.5 Gsps high speed DAC, 
for example, has an fs/2 frequency of 1.25GHz.  
Thus, for a signal bandwidth of 800 MHz there 
will be an image of the signal beginning at 1.7 
GHz. There will be 900 MHz between the fre-
quency band of interest and the image frequen-
cy.  With 900 MHz of guard band the image 
can easily be filtered out with a simple low pass 
filter.  A DAC with a slower sample rate would 
produce images that are closer to the frequen-
cy of interest requiring a more aggressive and 
complex filter.

Another issue with generating a signal that 
extends out to fs/2 is that with any DAC there 
will be a SINC (sin(x)/x) roll-off that will at-
tenuate the generated signal as the frequency 
increases.  This roll-off has a zero at the sample 
frequency (fs), making it impossible to produce 
a signal that appears at exactly the sample 
rate; the resulting signal would just be a DC 
voltage.  For practical applications, about 60% 
of the Nyquist zone (DC to fs/2) can be used 
without much SINC attenuation.  If 0 dB is the 
signal level at DC, then at 60% of Nyquist the 
signal level would be down by 6 dB.  The in-
verse of this roll-off is frequently implemented 
in the digital domain, which corrects for the 
natural roll-off of the generated signal.  This 
allows DACs to produce waveforms with con-
stant amplitude over frequency.  Using a higher 
speed DAC will reduce the roll-off of the SINC 
function as the output frequency of the DAC 
increases.

Phase noise
Another important consideration in signal gen-
eration applications is the phase noise of the 
output.  The phase noise that is present on the 
output signals limits how closely the signals 
can be spaced and can limit the order of modu-
lation that is possible to produce.  The more 
phase noise that is added in the signal genera-
tion process, the lower the SNR and the higher 
the bit error rate of the generated signal will be.  

Jitter is a measurement of the accuracy of the 
zero crossings of a signal in the time domain.  
A perfect signal will have a zero crossing at the 
same point in time each period.  In reality there 
will be a certain distribution of times that these 
zero crossing occurs.  If this distribution is 
translated to the frequency domain, then phase 
noise can be seen as spectral leakage around 
the fundamental tone.  If there are several 
tones closely spaced, the SNR of a tone can be 
degraded by the spectral leakage of its neigh-
bours, which will reduce the bit error rate of the 

Analogue Design

Figure 2. LTC2000 and LTC6946 phase noise 
Fout = 80 MHz
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signal and the accuracy of the signal produced.  
This loss of signal integrity can be avoided by 
reducing the phase noise introduced into the 
generated signal. 

The easiest way to avoid introducing phase 
noise into a signal generation system is by 
starting with an extremely low phase noise 
clock.  A low phase noise clock will transpose 
less phase noise onto the generated signal.  It 
is also important to note that there will be an 
attenuation of the phase noise of the clock 
on the generated signal that is proportional to 
the ratio of the generated signal to the clock 
sample rate.  This relationship means that 
generating low frequency signals with a high 
sample frequency clock produces less phase 
noise on the output signal than generating a 
high frequency signal with the same clock.    If 
the generated spectrum is wideband, the gen-
erated signals at the high end of the spectrum 
will have more phase noise than the signals at 
the lower frequencies.

The LTC6946 is a frequency synthesiser that 
can produce signals from 370 MHz up to 5.7 
GHz without an external VCO.  It has excel-
lent phase noise and very low spurious con-

tent, making it ideal for use as a clock source 
for signal generation applications.  When the 
LTC6946 is used to drive the LTC2000 high 
speed DAC, the resulting phase noise is low 
enough for most demanding signal genera-
tion applications.  A typical schematic of the 
LTC6946 driving the LTC2000 is shown in 
Figure 1. Figure 2 shows a plot of the phase 
noise of the LTC6946 and the LTC2000.  The 
LTC6946 uses an internal VCO which trades 
convenience for phase noise. Even lower phase 
noise is achievable by using the LTC6945 with 
an external VCO.  For both the LTC6945 and 
LTC6946 frequency synthesisers, the domi-
nant source of phase noise is the VCO.  The 
LTC2000 has an additive of -165 dBc/√Hz at a 
1 MHz offset when producing a 65 MHz output 
tone.  This ensures the phase noise of the clock 
will dominate the additive phase noise of the 
LTC2000 itself.   To avoid other noise degrading 
the output signals, care should be taken to use 
proper layout techniques in the analogue out-
put section – which is where the article contin-
ues in the PDF download, click below..
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    In 1938, the Journal of Scientific Instru-
ments published details of a comparator circuit 
that converted a slowly varying input signal into 
an abrupt change in output voltage. Based on 
cross-coupled thermionic valves, the circuit 
was developed by American scientist O. H. 
Schmitt. Since then, the Schmitt trigger has 
become a staple building block in many signal 
processing circuits. Hysteresis – the difference 
between upper and lower voltage thresholds – 
is inherent in the Schmitt trigger’s operation. 
Provided the input signal crosses both thresh-
olds, the circuit will reject noise contained in 
the input signal and will produce a rectangular 
output signal at the same frequency as the 
input.

Whether you implement a Schmitt trigger us-
ing transistors, op amps, or comparators, you 
need to determine how much hysteresis is re-
quired and what the threshold voltages should 
be. This is usually a simple process if you know 
the amplitude of the input signal and how much 
noise it is likely to contain. However, if these 
parameters are variable or largely unknown, 
setting the thresholds to produce reliable trig-
gering can be tricky: too much hysteresis can 
prevent the input signal from crossing one or 

both thresholds; too little hysteresis can lead 
to false triggering if the input signal has large 
noise content.

The Design Idea shown in Figure 1 solves 
these problems by implementing a circuit which 
automatically adjusts the trigger thresholds to 
suit the amplitude of the input signal. Compara-
tor IC1A together with analogue switch IC2B 
and capacitor C1 form a positive peak detector. 
When the input signal rises above the volt-
age stored on C1 at the comparator’s inverting 
input, the comparator output goes high causing 
IC2B to switch into the position shown in the 
schematic. The detector now samples the input 
signal and tops up the charge stored on C1. 
When the input signal drops below the voltage 
on C1, the switch changes state such that the 
voltage VU stored on C1 is a DC level corre-
sponding to the upper peak value of the input 
signal.

Comparator IC1B, analogue switch IC2C and 
capacitor C2 form a negative peak detector. 
This operates in the same way as the positive 
peak detector described above, but instead 
sampling on the negative peaks of the signal, 
such that the voltage VL stored on C2 is a DC 
level corresponding to the lower trough value of 

the input signal.

The resistor network formed by R1, R2, and 
R3 provides a discharge path for the charge 
stored on the sampling capacitors and also 
sets the upper and lower threshold voltages, 
VTU and VTL respectively, for the final compara-
tor IC4A. The resistor values are chosen such 
that VTU is just slightly less than VU, and VTL is 
just slightly greater than VL. If we set R1 equal 
to R3, the voltage difference in percentage 
terms is given by:

     Voltage difference = [R1/(2R1 + R2)] × 100%

With the values shown in the figure, VTU is 5% 
less than VU, and VTL is 5% greater than VL. In 

Schmitt trigger adapts its own thresholds     By Anthony Smith

Instrumentation amp makes an accurate transimpedance amp too

Figure 1.  Self-adaptive Schmitt trigger

www.edn
-europe.com


36     EDN Europe  | APRIL 2015	 www.edn-europe.com 

designideas
this way, the thresholds are constantly adjusted 
to track the input signal amplitude and DC 
level. For example, a 1V peak-peak signal rid-
ing on a DC level of 2V (i.e., VU = 2.5V and VL = 
1.5V) would produce thresholds of VTU = 2.45V 
and VTL = 1.55V. It can be seen that the hyster-
esis voltage VH given by VH = VTU - VTL (in this 
example 0.9V) is always just slightly less than 
the peak-peak amplitude of the input signal.

The threshold voltages are buffered by IC3A 
and IC3B before being fed to analogue switch 
IC2A. To understand how the final part of the 
circuit works, assume that IC2A is in the state 
shown in the figure such that threshold voltage 
VTU is fed to the comparator’s inverting input, 
and that the input signal at the comparator’s 
non-inverting input is rising up from its negative 
peak. The digital output signal, VOUT, is currently 
at its low level. At the moment when the input 
signal just crosses VTU, the comparator output 
immediately goes high causing IC2A to change 
state and feed VTL to the comparator’s invert-
ing input. This positive feedback – typical of 
Schmitt trigger behaviour – ensures rapid, clean 
switching of the digital output signal. Buffers 
IC3A and IC3B are necessary (particularly at 
high frequencies) to prevent stray capacitance 
around IC4A’s inverting input from introducing 
aberrations into VTU and VTL when IC2A chang-
es state.

The oscillographs in Figures 2 and 3 show 
the performance of a test circuit built using 
comparators IC1 and IC4 = TLC3702 and op 
amp IC3 = TLC2272. These fairly extreme ex-
amples illustrate the circuit’s ability to handle 
widely differing input signals.

In Figure 2, the source signal was a 500Hz 
sinewave at 1.56V P-P modulated by a 100 kHz 
sinewave at 2.88 VP-P, resulting in a composite 
signal of around 4.4 VP-P riding on a DC level 
of 2.5V. Despite the “noise” amplitude being 
almost double the source amplitude, the circuit 
output switches cleanly at the source frequency 
and is completely unaffected by the HF modu-
lation.

Figure 3 shows the circuit’s response to very 
small input signals. Here, the source signal is 
a 100 kHz sinewave at around 30 mVP-P rid-
ing on a DC level of 400 mV. The presence of 
switching spikes in the input signal (due to less-
than-perfect breadboard layout) results in some 
jitter in the output signal. Note that the input 
signal in Figure 2 is over a hundred times larger 
than that in Figure 3. In fact, provided the input 
signal remains within the common mode range 
of the comparators and buffers (in this case, 
around 0 to 4V), the circuit can handle differ-
ent signal amplitudes that vary by as much as 
two orders of magnitude. AC coupling is only 
required if the signal’s DC level is outside the 
input common mode range.

Instrumentation amp makes an accurate transimpedance amp too

Figure 2.  500Hz signal with modulation "noise" Figure 3.  Low amplitude input
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    Transimpedance amplifier circuits are 
often used to convert photodiode current to a 
voltage signal. In the conventional transimped-
ance amplifier schematic of Figure 1, the cur-
rent-to-voltage conversion factor is given by 
the value of the op-amp feedback resistor RF. 
Obviously, neglecting any non-ideal behaviour 
of the op-amp, the accuracy of the I-V convert-
er is tied to that of RF (on both its absolute 
value and thermal coefficient).

High precision thin film resistors are available, 
either as a single components or as an array of 
matched-value resistors. In both cases, typical 
tolerance of commercially available precision 
resistors is ±0.1%, and ratio tolerances are 
commonly found in the 0.02% - 0.05% range. 
The cost of such components may dominate, 
being easily greater than that of a low-noise, 
low-offset, precision op-amp. This Design Idea 
presents an alternate approach.

Monolithic three-op-amp instrumentation 
amplifiers (IAs) usually integrate laser-trimmed 
precision resistors, with accurate absolute val-
ues for the first-stage feedback parts, and high 
matching-accuracy for those around the out-
put difference amplifier (see, for example, the 
AD620 or INA129). The overall gain error and 
gain non-linearity can be as low as ±0.01% and 
±0.001%, respectively. Also thermal coefficient 
is very low – on the order of tens of ppm/K.

Programmable IA integrated circuits usually 
have a design as in Figure 2. The connections 
shown allow one to realise a highly accurate 
current-to-voltage converter having a tran-
simpedance dependent only on the RF value of 

Instrumentation amp makes an accurate 
transimpedance amp too     By Stefano Salvatori

Schmitt trigger adapts its own thresholds

Figure 1.  A classical transimpedance amplifier 
for photodiode signal conditioning. The current-
to-voltage conversion factor is given by RF

You should choose C1 and C2 to suit the 
anticipated frequency range. Values of around 
100 nF are suitable for frequencies above 300 
Hz or so. Below this level, the sampling capaci-
tance should be increased to prevent exces-
sive decay ripple appearing on VU and VL. The 
TLC3702 comparators work well up to around 
100 kHz, but beyond this level you may need 
faster devices.

Be aware that when the positive peak detec-
tor samples the input signal, capacitor C1 takes 
a gulp of charge from the input; the associated 
current that flows from the input is limited only 
by the on-resistance of IC2B. The same pro-
cess occurs on the negative peaks with C2 and 
IC2C. If the input source impedance is signifi-
cant, these current pulses can produce spikes 
in the input signal which can lead to erratic trig-
gering. Therefore, it may be necessary to buffer 
the input signal to avoid these problems. 

The circuit is not a panacea for all trigger-
ing applications, but it should prove useful for 
cases where the fixed thresholds of the con-
ventional Schmitt trigger are not suitable. If it 
were not for my lack of temerity, and the confu-
sion it might cause, I would suggest calling it 
the Smith Trigger. 
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the IA input stage. Indeed, neglecting OA1 and 
OA2 inverting-input bias currents, the same 
photodiode Iph current flows in the two RF feed-
back resistors. Since the IN(+) and IN(-) input 
pins are connected to ground, the OA3 differ-
ence amplifier will see RF × Iph and -RF × Iph volt-
ages at its inputs. The IA output voltage VO is:

VO = 2 × RF × Iph         (1)

where Iph is the photodiode photocurrent. The 
output, VO, will be positive, as the Iph current 
flows in the direction shown in Figure 2.

If a bias voltage is necessary for photodetec-
tor biasing (a reverse bias for a photodiode, or 
a polarisation for a photoresistor), the compo-
nent can be connected with opposite polarity 
at the G1/G2 pins compared to that in Figure 
2. Then, Vbias can be applied to the IN(-) input 
of OA1 such that the same potential is virtually 
maintained by OA1 at the detector cathode. 
If the same voltage is applied to the IA’s REF 
input, Equation (1) still remains valid, though 
watch the allowed common-mode voltage am-
plitude on the IA inputs.

A typical circuit’s VO will range from a few mil-
livolts to a few volts; fixed gain, but adequate 
for many applications. In order to overcome 
this limitation, a precision programmable-gain 
amplifier (e.g., the PGA204) can follow the cir-
cuit of Figure 2.

Schmitt trigger adapts its own thresholds

Figure 2.  An instrumentation amplifier 
integrates precision matched resistors. 
Feedback resistors RF typically have absolute 
tolerances as low as ±0.01%. This configuration 
turns the IA into a transimpedance amplifier 
for photodiode signal conditioning with 
transimpedance equal to 2 × RF.

www.edn
-europe.com
http://tm-eetimes.com/
http://www.electronics-eetimes.com/newsletter


39     EDN Europe  | APRIL 2015	 www.edn-europe.com 

productroundup

www.edn
-europe.com


40     EDN Europe  | APRIL 2015	 www.edn-europe.com 

30A high integration DC/DC for FPGA PoL regulation

A DC/DC conversion module from Altera’s Enpirion acquisition features 
adaptive digital control and is optimised to power FPGA cores: spe-

cifically, Altera’s Generation 10 devices of which the Arria 10 variants are 
now shipping. Altera claims the EM1130 as having the densest-available 
footprint, with close output regulation, and fast transient response.  The 

digitally-controlled modules are equipped with PM-
Bus which provides the interface for Altera Smart-
VID technology.  PMBus also allows the EM1130 to 
communicate with the system to provide telemetry—
measurement of key parameters such as current, 
voltage and temperature.

80-V half-bridge FET module  
offers drop-in GaN evaluation

From Texas Instruments, the first 80-V, 10-A fully-integrated gallium 
nitride (GaN) field-effect transistor (FET) power-stage prototype con-

sists of a high-frequency driver and two GaN FETs in a half-bridge con-
figuration – all in an easy-to-design quad flat no-leads (QFN) package. 
The module will help first design-ins of next-generation GaN power-con-

version solutions;  TI says, “One of the biggest 
barriers to GaN-based power design has been 
the uncertainties around driving GaN FETs and 
the resulting parasitics due to packaging and 
design layout....with power-con-
version topologies with frequen-
cies up to 5 MHz.”

Complete embedded UI has A8 processor,  
OS and display

In andersDX’ entry-level DX series Embedded Display platforms, the 
DX1 is priced at under £100 (UK£ or equivalent) and based on the latest 

600MHz ARM Cortex A8 processor from Texas Instruments. DX1a has 
a pre-integrated TFT touch screen, and a pre-loaded Linux, Android or 
Windows CE operating system, and becomes a fully working prototype 
system with the addition of the application software. Booting the DX is no 

harder than booting a new desktop PC, and 
developers just need to load their application 
to create a prototype platform for their design 
that can be used to prove a 
concept and deliver a working 
demonstration.

LED light-engine-maker endorses thermal substrate

Lumichip,  developer of LED packaging solutions and light engines, has 
designed-in Cambridge Nanotherm’s thermal management technol-

ogy for LEDs. Using the material has contributed to the performance of 
Lumichip’s newly-released range of high performance UVA LED modules. 
Thorough tests by Lumichip revealed Cambridge Nanotherm’s technol-

ogy to have “extraordinarily” high levels 
of thermal performance, well beyond that 
of comparable solutions and approaching 
the thermal performance of exotic ceramic 
materials such as AlN (aluminium nitride). 
Lumichip has outlined its 
test results in a free-to-
download whitepaper.
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Atmel adds ARM Cortex-M based MCU at 35µA/MHz

Staking a claim for the lowest power microcontroller based on the ARM 
Cortex-M core series, the  Atmel | SMART SAM L Family uses one-

third the power of alternative offerings. With power consumption down to 
35 µA/MHz in active mode and 200 nA in sleep mode, the SAM L21 com-
bines ultra-low power with Flash and SRAM that are large enough to run 
both the application and wireless stacks. The family integrates the com-
pany’s proprietary ultra-low power picoPower technology. While running 
the EEMBC ULPBench benchmark, the SAM L21 achieves a score of 
185, the highest publicly-recorded score for any Cortex-M based proces-
sor or MCU. Atmel’s SAM L21 family consumes less than 940 nA with full 
40 kB SRAM retention, real-time clock and calendar and 
200 nA in the deepest sleep mode.

LED driver delivers up to 40A pulsed

LT3744 is a synchronous step-down DC/DC converter designed to de-
liver constant current to drive high current LEDs. Its 3.3V to 36V input 

voltage range suits it for applications including industrial, DLP projection 
and architectural lighting. It uses two external switching MOSFETs, deliv-

ering up to 20A (80W) of continuous 
LED current from a nominal 12V 
input. In pulsed LED applications, it 
can deliver up to 40A of LED current 
or 160W from a 12V input. Deliver-
ing efficiencies up to 95%, it can 
eliminate the need 
for external heat 
sinking.

10-Ω, solid-state switches build multiplexers,  
with fault detection/protection

A solid-state switch for a wide variety of signal-routing applications, 
including relay replacement, in areas such as analogue I/O, process 

control, data acquisition, instrumentation, avionics, ATE, and communica-
tions systems, the ADG5436F contains two in-
dependently controlled single-pole/double-throw 
(SPDT) switches. They conduct equally well in 
both directions when on, and have an input sig-
nal range that extends to the supplies. They can 
safe handle tens of mA in the switched channel, 
up to 113 mA depending on drive 
and temperature conditions, and 
switch in around 0.5 µsec.

3D stacked structure flash memory at 16 GB

Toshiba has announced the development of the world’s first 48-layer 
three dimensional stacked cell structure flash memory called BiCS, 

a 2-bit-per-cell 128-Gigabit (16 GigaBytes) device. The BiCS is based 
on a 48-layer stacking process, which Toshiba says enhances the reli-
ability of write/erase endurance and boosts write speed, and is suited 

for use in diverse applications, primarily solid 
state drives (SSD). The structure stacks flash 
memory cells in a vertical direction, from a 
silicon plane, which allows significant density 
improvement over conventional NAND flash 
memory, where cells are ar-
rayed in a planar direction on 
a silicon plane.
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IO-Link temperature sensor reference design

Maxim Integrated’s IO-Link smart temperature sensor refer-
ence design lowers cost and increases uptime for industrial 

control and automation; the company says it is more flexible, ro-
bust, and lower cost than any discrete alternative, while consum-
ing minimal power and providing better than ±0.5°K accuracy. 
The temperature appears immediately on an LED display for a 

quick and convenient snapshot of coarse 
temperature values. It supports all three 
IO-Link speeds. The MAXREFDES42# is 
available for use with a 2-wire, 3-wire, or 
4-wire PT100 RTD over a 
wide temperature range.

EDA tool automates exploration & design  
of application-specific instruction sets

Synopsys’ ASIP Designer tool speeds the design of application specific instruc-
tion set processors (ASIPs) and programmable accelerators, with a language-

based approach that allows the automatic generation of synthesisable RTL and 
software development kits (SDKs) from a single input specification, accelerating 
the processor design and verification effort by up to five times compared to tradi-
tional manual approaches. ASIP Designer enables users to explore multiple pro-
cessor architecture alternatives in minutes. Using a single input specification in the 
nML language, the tool automatically generates both the synthesisable RTL of the 
processor as well as an SDK that includes an optimising C/C++ compiler, instruc-
tion set simulator, linker, assembler, software debugger and profil-
er. The compiler generation technology includes an LLVM compiler 
front end and support for the OpenCL kernel language.

Software simulation of ST power devices

A free software tool from STMicroelectronics includes accurate 
dynamic simulation for VIPower devices. TwisterSIM is a free 

software suite that includes a Smart Interactive Selector and a Dy-
namic Electro-Thermal Simulator for Automotive Low/High-side driver/

switches and H-bridges for motor con-
trol built using ST’s VIPower technology. 
The tool allows complex evaluations with 
accurate dynamic simulations of load-
compatibility, wiring-harness optimisation, 
fault condition impact analysis, diagnostic 
behaviour analysis and 
dynamic thermal perfor-
mance.

Formal-methods checking of FPGAs in hi-rel designs

Microsemi and OneSpin Solutions (Munich and San Jose, California) are 
targeting high-reliability design verification with a formal-based FPGA 

equivalency checking solution; OneSpin’s 360 EC-FPGA is used to verify 
Microsemi FPGA designs, including SmartFusion2 SoC FPGAs and IGLOO2 
FPGAs, for safety-critical applications. OneSpin 360 Equivalence Check-
ing (EC)-FPGA verification software now fully supports Microsemi’s Libero 
System-on-Chip (SoC) design flow. Equivalency checking, Microsemi notes, 
has become a critical component in the verification of high-reliability designs 
such as safety critical components, ensuring that no issues are introduced 
during the design refinement process. OneSpin’s EC-FPGA product aug-
ments Microsemi’s Libero design flow to ensure the function-
al consistency of high-reliability designs throughout design 
refinement, reducing the risk of an end-product fault.
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600V GaN transistor in a TO-247 package

This low on-resistance “Quiet Tab” TPH3205WS enables up to 3 kW 
high-efficiency inverter designs and titanium class power supplies 

without the need for parallel-connected transistors. 
Transphorm is now offering engineering sam-
ples of its TPH3205WS transistor, the first 600V 
GaN  transistor in a TO-247 package. Offering 
63 mOhm R(on) and 34A ratings, the device 
uses the company’s Quiet Tab source-tab con-
nection design, which reduces EMI at high dv/
dt to enable low switching loss and high-speed 
operation in power supply and 
inverter applications.

5 GHz power amplifier module extends WLAN range

A PA module from Microchip cuts the cost and complexity of imple-
menting wireless LAN installations based on the IEEE 802.11ac Wi-Fi 

standard. SST11CP22  is a 5 GHz power amplifier module (PAM) for the 
IEEE 802.11ac ultra high data rate Wi-Fi standard. This PAM delivers 19 

dBm linear output power at 1.8% dynam-
ic EVM with MCS9 80 MHz bandwidth 
modulation. It delivers 20 dBm linear 
power at 3% EVM for 802.11a/n applica-
tions, is spectrum mask compliant up to 
24 dBm for 802.11a communication, and 
has less than - 45 dBm/
MHz RF harmonic output 
at this output power. 

Low-cost arbitrary/function generator

Tektronix’ AFG1022 offers a high level of price/performance, and inte-
grates with the TekSmartLab Wireless Lab Management configura-

tion. Compared to scope-based signal generators or stand alone AFGs in 
its price class, the AFG1022 offers better performance and greater flex-
ibility, Tek asserts. Key performance specifications include dual-channel, 

25 MHz bandwidth with 1 mVpp to 10 
Vpp output, 14-bit vertical resolution and 
1 µHz frequency resolution. It provides 
a 125 Msample/sec sample rate along 
with 64 MB of built-in non-volatile mem-
ory and USB memory 
expansion for user-de-
fined waveforms.

Rogowski current probes measure power 
semiconductor switching currents

Power Electronic Measurements’ CWT MiniHF is an AC probe with 
improved common mode immunity to local high voltage transients, 

and more precise measurement delay which can be compensated for to 
give improved power loss measurement. Combining a novel shielding 
technique, low sensitivity coil and low-noise signal-conditioning circuitry, 
the CWT MiniHF wide-band screened probe boosts immunity to local dV/

dt transients while maintaining small size, flexibility, 
and 3 dB bandwidth of up to 30 MHz for a 100 mm 
coil. The probes feature a coil 4.5 mm thick with 
5 kV insulation voltage, and can 
handle maximum current slope of 
100 kA/µsec.
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I worked a number of years ago, 
in the '70s, for a large telephony 
manufacturer. When I joined the 
firm we were shipping the last 
Strowger Switch CO (Central Of-
fice) out the door and just starting 
to build the first digital CO.
I worked in the final test area at 
a test set, which had a −48V DC 
supply, ring generator, card in-
terface, plug bank, switch bank, 
light bank, patch bank, rotary dial, 
and some other things I cannot 
remember. The test process in-
volved interconnecting the vari-
ous hardware for the card under 
test and then working your way 
through a manual switch proce-
dure, observing that specific lights 
came on and others went off, and 
at times measuring relay closure 
make and break times with an os-
cilloscope. Sometimes, there was 
no need to measure the timing; 
simply listening for the relay clo-
sure was sufficient.
An intermediate transition point 
on the way to the full digital CO 
switch was the use of reed relay 
matrix cards. We made our own 

reed relays on-site. We had an 
automated machine that cut glass 
tubes and cut raw material wire 
into proper lengths, magnetized 
the wire, posi-
tioned the two 
contacts, and 
surrounded them 
with the glass 
envelope, seal-
ing them inside 
with an inert gas 
and annealing the 
ends of the glass. 
It was a fast 
machine kept in a 
clean room and it 
worked flawlessly.
On another line, 
we made injec-
tion moulded 
plastic bobbins. 
Ultimately, two 
of those reed relays would find 
themselves inserted by another 
machine into these plastic bob-
bins and this assembly went on 
to another production line to wind 
coils around the plastic bobbins 
connecting the wire ends to pins 

inserted into the plastic bobbins 
by another machine.
All these in the thousands went 
to assembly and found their way 

into a module by the hundreds. All 
those coils on all the bobbins were 
driven by a matrix by silicon con-
trolled rectifiers (SCRs).
We made PCBs that had approxi-
mately 100 relays on them. These 
PCBs were four layer and had no 

silk screen, top or bottom. Initially, 
all of our production was hand 
assembly, but to reduce costs 
and time to build, we introduced 
pick and place machines into the 
operation.
We started having intermittent 
problems with these relay boards 
shortly after our first batch had 
had their through-hole compo-
nents, resistors, diodes, and some 
ICs, inserted by the pick and place 
machines. The remaining com-
ponents, transistors and relays, 
were all hand inserted, some hand 
soldered.
I decided to work on this problem 
personally before calling in the 
engineering support staff. They 
had shut the production line down 
earlier and that was costly. I found 
that certain boards failed at certain 
test stations and after a few hours 
of testing (remember this was on 
telephony test set and the test 
took close to an hour per module), 
I had also found that some boards 
failed when slightly twisted, even 
though they had passed 100% 
earlier in the evening.
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In those days, we didn’t know 
anything about BPST (basic prob-
lem solving techniques), but we 
did have a break in the cafeteria 
over coffee and cigarettes, and 
that was pretty close to the same 
thing. We brainstormed on this 
amongst ourselves and decided 
that we would look at how the 
components were being inserted 
by the pick and place machines.
Right away, we noticed that hand 
placed components were mount-
ed slightly above the board, not 
completely flush on the board, 
with one end or both ends of a 
two wire through-hole component 
being off the board surface. The 
pick and place machines punched 
the components into the board, at 
least that's what the rapidity of its 
operation looked like to us, and 
components were flush with the 
PCB board surface.
It looked brutal, so we started to 
surmise that the machines were 
physically damaging components. 
We got the component labora-
tory involved to remove compo-
nents and test them and there 
were no failures. The diodes on 
these boards were wired across 

each relay’s primary coil to clamp 
the CEMF (counter electromotive 
force) and prevent the drive tran-
sistors from blowing.
While one of the guys was prob-
ing transistors and diodes with 
a scope probe (by now I had the 
whole test group interested in 
solving this problem before the 
engineers did), he noticed he 
could make the fault occur when 
he placed more force on the oscil-
loscope probe against the diode’s 
PCB trace. I pulled out my pliers 
and gently lifted the lead on the 
diode and the fault permanently 
went away.
I told the engineers that the diodes 
were shorting out the PCB traces, 
and instead of scrapping every-
thing we re-worked the boards 
by lifting the diodes off the PCB 
board surface on one end.

Richard Tomkins is a consultant, 
involved in technical writing, web 
development, computer support 
and a founder of PiXCL Automa-
tion Technologies, developing a 
language for ARM MCUs. https://
www.linkedin.com/in/tomkinsrich-
ard
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